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Preface

In the fifth edition of this classic textbook, the en-
tire format was revised to reflect the dramatic
changes that had occurred in orthopaedic surgery
since the previous edition. The text was condensed
to one volume and structured to be concise enough
for the resident and medical student to obtain a
broad presentation of the specialty in a limited
amount of time. The textbook maintained the broad
approach to adult and pediatric orthopaedics, but
eliminated the details of specific surgical treatment
as technologic advances that dictate surgical alter-
natives require more in-depth presentations that are
only appropriate for the advanced-level resident. In
the sixth edition, we have added 16 new authors,

ix

all authorities in their fields, and have added a
chapter on biomechanics and gait and one on the
fundamentals of fracture repair and management.

The sixth edition of the textbook remains true to
the original purpose of orthopaedics—to transmit
knowledge that stimulates enthusiasm for the prac-
tice of orthopaedics and creates interest and curios-
ity that leads to further investigation that advances
the specialty.

Stuart L. Weinstein, MD

Joseph A. Buckwalter, MD

Iowa City, Iowa 2005
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Musculoskeletal Tissues 
and the Musculoskeletal System

The stability and mobility of the body depend on the tissues that form the
musculoskeletal system: bone, cartilage, dense fibrous tissue, and muscle. These
tissues differ in vascularity, innervation, mechanical and biological properties, and
composition, but they share a common origin from mesenchymal cells. Under-
standing of diseases and injuries of the musculoskeletal system and their treat-
ment depends on knowledge of these tissues. Failure to consider the biological and
mechanical properties of the tissues, tissue changes caused by disease or injury, or
the responses of the tissues to persistent changes in use can lead to misinterpreta-
tion of diagnostic information, suboptimal treatment decisions, and undesirable
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4 CHAPTER 1 � Musculoskeletal Tissues and the Musculoskeletal System

results of treatment. Furthermore, future advances in
the diagnosis and treatment of musculoskeletal prob-
lems will depend on increased knowledge of the cell
and matrix biology of the musculoskeletal tissues.

To provide the basis for understanding muscu-
loskeletal diseases and injuries, this chapter reviews
the structure and composition of the musculoskeletal
tissues and the organization of the musculoskeletal
system. The first section summarizes the distinctive
characteristics of connective tissues including mes-
enchymal cells and the matrices they synthesize. The
next sections review the structure, composition, and
properties of bone; periosteum; the dense fibrous tis-
sues (tendon, ligament, and joint capsule); tendon,
ligament, and joint capsule insertions into bone; ar-
ticular cartilage; growth cartilage; meniscus; syn-
ovium; muscle-tendon junction; and intervertebral
disc. Although skeletal muscle is not a connective tis-
sue, it is included in this chapter, because it forms a
critical part of the musculoskeletal system. The last
section discusses the formation and development of
the musculoskeletal system.

CONNECTIVE TISSUE

The gross and microscopic studies of nineteenth-
century histologists and pathologists led them to
view connective tissue as a continuous basic tissue,
or connecting substance, that extended throughout
the body and assumed specialized forms including
cartilage, periosteum, bone, tendon, fibrous septa,
and fascia in different locations without altering the
basic character of the tissue. The definition of basic
connective tissue structure proposed by Virchow,
“the greater part of the tissue is composed of inter-
cellular substance, in which, at certain intervals
cells are embedded,” remains unchanged. 

The role of connective tissue is most apparent
in the musculoskeletal system, but all tissues and
organ systems of multicellular organisms depend
on connective tissue for mechanical support. The
parenchymal cells of liver, kidney, and brain could
not maintain the organization of these tissues or the
tissue functions without their structural connective
tissue framework. Normal function of the respira-
tory and cardiovascular systems depends on the
repetitive mechanical performance of the connective
tissues that form the airways and the blood vessels.

The group of specialized connective tissues that
form the supporting structure and joints of the mus-
culoskeletal system (bone, cartilage, dense fibrous
tissue ligaments, tendons, and joint capsules) have

primarily mechanical functions. Because of their
obvious mechanical roles, and the prominence of
their matrix component relative to their cellular com-
ponent, these tissues are often regarded as homoge-
neous and inert. Yet, even in the mature skeleton they
remain metabolically active, the cells and matrices
are degraded and replaced, and the tissues respond
to hormonal, metabolic, and mechanical stimuli.

Mesenchymal Tissues Versus Epithelial
Tissues

During embryonic development two morphologic
and functional classes of tissues appear: epithelium
and mesenchyme. The skeletal connective tissues
originate from a subdivision of the mesenchyme.
Mesenchyme (Greek mesos, middle and enchyma, in-
fusion) refers to the location of mesenchyme between
the epithelial layers of endoderm and ectoderm. Epi-
thelial tissues may develop from endoderm, ecto-
derm, and mesoderm, but mesenchyme appears to
develop only from mesoderm.

The relationships of the cells to each other and
the relationship of the cells to the matrix distinguish
epithelia from mesenchyme. Epithelial cells form
sheets or layers of cells. They establish close relation-
ships with adjacent cells, frequently binding their
membranes together with specialized cell junctions
and devoting a large portion of their membranes to
contact with other cells. Epithelial tissues generally
have a sparse extracellular matrix, and a specialized
form of matrix, basement membrane, that frequently
serves as the bed for epithelial cells and separates
them from mesenchymal tissue. Mesenchymal cells
do not generally form sheets or layers. In the mes-
enchyme forming the skeletal connective tissues,
cells rarely establish extensive contact with other
cells and they surround themselves with an abun-
dant extracellular matrix consisting of a macromole-
cular framework synthesized by the cells and water
that fills the macromolecular framework. The cell
membranes bind to specific macromolecules within
the matrix, and although the cells may appear fixed
in place by the surrounding matrix, they can migrate
through the matrix.

Mesenchymal Cells

Undifferentiated mesenchymal cells not only can
move through the tissue, they have the potential to
divide rapidly and differentiate into specialized
musculoskeletal tissue cells including the cells of
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cartilage, bone, dense fibrous tissues, and muscle.
Systemic factors including nutrition and hormonal
balance combined with local factors in the cell envi-
ronment such as the composition of the matrix, con-
centrations of oxygen, cytokines and nutrients, pH,
and mechanical forces influence mesenchymal cell
proliferation and differentiation. These systemic
and local factors interact with the genomic potential
of the cell to determine the progression from undif-
ferentiated stem cells to highly differentiated cells
like chondrocytes and osteocytes.

The progressive differentiation proceeds through
a series of stages with transition from one stage to
the next dependent on signals from the local envi-
ronment. The variety of forms these mesenchymal
cells can assume include blood, fat, and muscle cells
as well as the specialized connective tissue cells, fi-
broblasts, chondrocytes, osteoblasts, and osteocytes.
Cell differentiation creates persistent, but not neces-
sarily permanent changes in the cells. In general, the
differentiated cell form persists through many gen-
erations of the cell. Some cells, like chondrocytes,
rarely divide but maintain their differentiated form
for their entire life. During cell differentiation, the
cells not only change their form but also change
the types of molecules they synthesize and thus the
composition and organization of the matrix that sur-
rounds them.

Even in the skeletally mature individual, un-
differentiated mesenchymal cells persist. With in-
creasing age they may lose some of their capacity
for proliferation and differentiation, but they can
still respond to appropriate signals by migrating,
proliferating, and differentiating into the mature
cells of bone, cartilage, and dense fibrous tissue in-
cluding osteoblasts, osteocytes, chondrocytes, and
fibroblasts.

Mesenchymal Matrices

The matrices of the musculoskeletal tissues consist
of elaborate highly organized frameworks of organic
macromolecules filled with water. Light microscopic
examination of these matrices shows fibrils embed-
ded in an amorphous ground substance. Biochemi-
cal examination shows that the fibrils consist of
multiple types of collagen and elastin, the ground
substance consists primarily of water and proteogly-
cans, and the matrix contains another class of macro-
molecules called noncollagenous proteins. In
addition to an organic matrix, bone has an inorganic
matrix that consists primarily of calcium phosphate.

Organic Matrix Macromolecules

COLLAGENS. Collagens give all connective tis-
sues their basic form and tensile strength, but the
tissues vary in collagen concentration and organiza-
tion, and in the types of collagens that form part of
their organic matrix. All collagens function as struc-
tural proteins in the extracellular matrix and a sig-
nificant portion of each collagen molecule consists
of a triple helix formed from three amino acid
chains (Figure 1-1). This helical structure gives the
molecules stiffness and strength.

More than 20 genes direct the synthesis of at
least 16 different types of collagen. Differences in
molecular topology and polymeric form divide the
13 known collagen types into three classes: class I
(fibrillar collagens), class II (basement membrane
collagens), and class III (short chain collagens). A
specific type of collagen may vary slightly among
tissues. For example, bone type I collagen, which
normally mineralizes, appears to differ in structure
and composition from tendon type I collagen, which
does not mineralize under normal conditions.

Class I Collagens (Fibrillar Collagens). Class I col-
lagens form the cross-banded fibrils seen by electron
microscopy in all connective tissues. The five colla-
gens in this group—types I, II, III, V, and XI—have
triple helical domains consisting of about 1,000
amino acid residues in each of three polypeptide
chains. Type I collagen forms the principal matrix
macromolecule of skin, bone, meniscus, annulus fi-
brosis, tendon, ligament, joint capsule, and all other
dense fibrous tissues. Figure 1-2 shows the assembly
of type I collagen microfibrils. Type II collagen forms
the banded fibrils found in hyaline cartilage, the nu-
cleus pulposus of the intervertebral disc, and the vit-
reous humor of the eye. The “minor” fibrillar
collagens, types V and XI, also contribute to the ma-
trices of the connective tissues. Type V forms part of
the matrix in tissues containing type I collagen, usu-
ally about 3% of the amount of type I. Type XI forms
part of the type II collagen fibrils. Type III collagen
occurs in association with type I collagen in most tis-
sues other than bone and appears in repair tissue.

Class II Collagens (Basement Membrane Collagens).
The class II collagens—types IV, VII and VIII—
form critical parts of basement membranes. Type
IV contributes the major structural component of
basement membranes. Type VII acts as an anchor-
ing filament in epithelial basement membranes,
and type VIII forms part of endothelial basement
membranes.
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6 CHAPTER 1 � Musculoskeletal Tissues and the Musculoskeletal System

FIGURE 1-1. Type I collagen. (A) A stained microfibril of collagen exhibiting characteristic cross-
striations with a regular repeat period (D) of approximately 680 Å. (B) A two-dimensional representa-
tion of the packing arrangement of tropocollagen macromolecules in the microfibril. (C) Each
tropocollagen molecule has large numbers of darkly staining bands, and five of these, which are sepa-
rated by a regular distance of 680 Å, account for the repeat period (D) in the microfibril. The H2N-
terminal and probably the HOOC-terminal ends of the molecule are atypical and nonhelical in
structure and are called “telopeptides.” (D) Each tropocollagen molecule consists of three polypep-
tides, two with identical amino acid sequences (�1 chains) and one with a slightly different amino acid
sequence (�2 chain). Each � chain is coiled in a tight left-handed helix with a pitch of 9.5 Å, and the
three chains are coiled around each other in a right-handed “super-helix” with a pitch of about 104 Å.
(E) Gly occurs in every third position throughout most of the polypeptide chains, and large amounts
of Pro and Hypro occur in the other two positions. X and Y represent any amino acid other than Gly,
Pro, Hypro Lys, or Hys. (Grant ME, Prockop DJ. The biosynthesis of collagen. N Eng J Med
1972;286:194, 242, 291)

Class III Collagens (Short Chain Collagens). The
forms and functions of class III collagens—types VI,
IX and X—remain less understood than the forms
and functions of the other classes of collagens. Type
VI collagen appears in small amounts in many tis-
sues. When examined by electron microscopy, it

appears as filamentous banded aggregates. These
aggregates often appear in the matrix immediately
surrounding cells. Type IX collagen forms covalent
bonds with type II collagen molecules and thus con-
tributes to the extracellular matrix of hyaline carti-
lage. It may influence type II collagen fibril diameter
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FIGURE 1-2. Electron micrographs
showing the structure of proteoglycan
aggregates. (A) A large aggregate. The
central filament is hyaluronic acid and
the projecting side arms are proteogly-
can monomers. (B) A smaller proteogly-
can aggregate.

and the organization of the hyaline cartilage matrix.
Type X collagen occurs in the calcified cartilage re-
gion of the physis, articular cartilage, and bone frac-
ture callus. Although its limited distribution suggests
that it may have an important role in chondrocyte
enlargement or cartilage mineralization, its func-
tions remain unknown. The forms and functions
of types XII and XIII collagens likewise remain
unknown.

ELASTIN. Elastin, like collagen, forms protein
fibrils, but elastin fibrils lack the cross-banding pat-
tern seen in electron microscopic studies of fibrillar
collagens (Figure 1-3) and differ from collagens in
amino acid composition, confirmation of the amino
acid chains, and mechanical properties. In addition,

elastin also forms lamellae or sheet-like structures.
Unlike collagen, elastin can undergo some deforma-
tion without rupturing or tearing. Following defor-
mation it returns to its original size and shape.
Amino acid chains of elastin contain two amino
acids not found in collagens (desmosine and
isodesmosine), and the elastin amino acid chains
form random coils, unlike the highly ordered triple
helices of collagens. The random coil confirmation
of the amino acid chains makes it possible for
elastin fibers and sheets to undergo some deforma-
tion without molecular damage and then resume
their original shape and size.

Elastin does not form part of the matrices of
hyaline cartilage or bone, and it contributes only a
small amount to the extracellular matrices most of
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8 CHAPTER 1 � Musculoskeletal Tissues and the Musculoskeletal System

FIGURE 1-3. Electron micrograph
showing cross-banded collagen fibrils
lying parallel to an elastic fiber con-
sisting of multiple dark microfibrils
and regions of amorphous elastin.

other connective tissues. Trace amounts appear in
the intervertebral disc and meniscus. Many liga-
ments also have some elastin, usually less than 5%,
but a few ligaments, such as the nuchal ligament
and the ligamentum flavum, have high elastin con-
centrations, up to 75%.

PROTEOGLYCANS. Proteoglycans form the
major nonfibrillar macromolecule of the cartilage,
intervertebral disc, dense fibrous tissue, bone, and
muscle matrices. These musculoskeletal tissues
vary considerably in the concentration and possi-
bly the function of proteoglycans. The highest con-
centrations of proteoglycans occur in hyaline
cartilages and nucleus pulposus. In these tissues
the concentration of proteoglycans may approach
30 to 40% of the tissue dry weight, and these mole-
cules significantly influence fluid flow through the
matrix and help give the tissues stiffness to com-
pression and resilience. They may have similar
space-filling and mechanical roles in the other tis-
sues, but the much lower concentrations in these
tissues (in the dense fibrous tissues and bone, they
contribute at most a few percent of the dry weight)
make their effect on the tissue mechanical proper-
ties proportionately less. Muscle also contains spe-
cific types of proteoglycans, but they form only a
small fraction of the tissue.

Proteoglycan aggrecan molecules (formerly
called monomers), the basic units of proteoglycan
molecules, consist of polysaccharide chains cova-
lently bound to protein. Most types of proteogly-
cans contain relatively little protein, about 5% or

less. Glycosaminoglycans, a special class of polysac-
charide consisting of repeating disaccharide units
containing a derivative of either glucosamine or
galactosamine and carrying one or two negative
charges, form the principal part of proteoglycan
molecules (Figure 1-4). Connective tissue gly-
cosaminoglycans include hyaluronic acid, chon-
droitin 4 sulfate, chondroitin 6 sulfate, dermatan
sulfate, and keratan sulfate.

Aggrecans (proteoglycan monomers) and Proteogly-
can Aggregates. Aggrecans consist of protein core
filaments with multiple covalently bound oligosac-
charides and longer chondroitin and keratan sul-
fate chains. Each glycosaminoglycan chain creates
a string of negative charges that bind water and
cations in solution. Because of this property, aggre-
cans can expand to fill a large domain in solution.
In most musculoskeletal tissues, an intact collagen
fibril network limits the swelling of the proteogly-
cans, but loss or degradation of the collagen fibril
network will allow a tissue that contains a high
concentration of large proteoglycans to swell, in-
creasing the water concentration, and the perme-
ability of the tissue.

Proteoglycan aggregates, consisting of a central
hyaluronic acid filament with multiple attached ag-
grecans and link proteins, may reach a length of
more than 10,000 nanometers with more than 300
aggrecans (Figure 1-2). Link proteins stabilize the
association between monomers and hyaluronic acid
and may have a role in directing the assembly of ag-
gregates in the matrix. Aggregates appear to help
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FIGURE 1-4. Diagrammatic
representation of the structures
of the glycosaminoglycans, chon-
droitin sulfate, keratan sulfate,
and hyaluronate. Chondroitin sul-
fate has two negative charges per
disaccharide and the others have
one. (From Buckwalter JA, Cooper
RR. The cells and matrices of
skeletal connective tissues. Chap-
ter 1. In: Albright JA, Brand RA,
eds. The Scientific Basis of Or-
thopaedics. Norwalk, CT: Apple-
ton & Lange, 1987:23)

anchor aggrecans within the matrix, preventing
their displacement and thereby organizing and sta-
bilizing the macromolecular framework. They also
help determine the permeability of the matrix and
thus the flow of water through the matrix.

Small Nonaggregating Proteoglycans. Small nonag-
gregating proteoglycans may contain chondroitin sul-
fate and dermatan sulfate. They consist of one or two
glycosaminoglycan chains covalently bound to a pro-
tein core. They form specific associations with colla-
gen fibrils and may influence matrix organization and
the ability of cells to bind to the matrix collagen fibrils.

NONCOLLAGENOUS PROTEINS. Less is known
about noncollagenous proteins and glycoproteins
than about the collagens, elastin, or proteoglycans.
Although they form part of the macromolecular
framework of musculoskeletal tissues, few noncol-
lagenous proteins have been identified and their
functions have not been well defined. Most of them
consist primarily of protein with small numbers of
attached monosaccharides and oliosaccharides. They
appear to have roles in the organization and main-
tenance of the macromolecular structure of the
matrix and in establishing and maintaining the rela-
tionships between the cells and the other matrix
macromolecules.

Examples of noncollagenous proteins found
within the musculoskeletal tissue matrices include
link protein, fibronectin, and tenascin. Link protein
helps organize and stabilize the extracellular matrix
through its effect on proteoglycan aggregation. Solu-
ble fibronectin occurs in many body fluids including

plasma, urine, amniotic fluid, and cerebral spinal
fluid. Insoluble or cellular fibronectin appears in
most musculoskeletal tissue matrices. Fibronectins
examined by electron microscopy appear as fine fila-
ments or granules. They may coat the surface of fib-
rillar collagens and associate with cell membranes.
Tenascin, another matrix glycoprotein, occurs in
perichondrium, periosteum, tendon, and muscle-
tendon junction.

Inorganic Matrix

Normal function of the musculoskeletal tissues
depends on rapid controlled mineralization (deposi-
tion of relatively insoluble mineral within the organic
matrix) of some organic matrices and prevention of
mineralization in others, yet the conditions that con-
trol and promote normal and pathologic mineraliza-
tion of musculoskeletal tissues remain poorly
understood. Bone, the growth plate cartilage longitu-
dinal septa, and a thin zone of articular cartilage or-
ganic matrices all mineralize normally. The organic
matrices of other cartilage regions and dense fibrous
tissues mineralize in association with certain dis-
eases including chondrocalcinosis, and muscle and
some dense fibrous tissues mineralize following
some injuries. The deposition of mineral in the or-
ganic matrix radically changes the properties of
the tissue. It increases stiffness and compressive
strength of bone, but pathologic mineralization of
cartilage and dense fibrous tissue may accelerate
or be associated with degenerative changes in
these tissues.
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10 CHAPTER 1 � Musculoskeletal Tissues and the Musculoskeletal System

BONE

The strength and stiffness of bone combined with
its light weight gives vertebrates their mobility, dex-
terity, and strength. Bone has an elaborate vascular
supply and several specific types of bone cells that
form and resorb the bone matrix. Like the other
musculoskeletal tissues, bone consists of mesenchy-
mal cells and an extracellular matrix, but unlike the
other tissues bone matrix mineralizes.

Structure

Gross Structure

BONE SHAPES. Bones assume a remarkable va-
riety of shapes and sizes. They vary in size from the
ear ossicles to the long bones of the leg. The variety
of shapes allows them to be classified into three
groups: long bones, short bones, and flat bones.
Long bones like the femur, tibia, or humerus have
an expanded metaphysis and epiphysis at either
end with thick walled tubular diaphysis. The thick
cortical walls of the diaphysis become thinner and
increase in diameter as they form the metaphysis,
and articular cartilage covers the epiphyses where
they form synovial joints. The metacarpals,
metatarsals, and phalanges, like the larger limb
bones, have the form of long bones. Short bones,
like the tarsals, carpals, and centra of the vertebrae,
have approximately the same length in all direc-
tions. Flat or tabular bones have one dimension that
is much shorter than the other two, like the scapula
or wing of the ilium.

CORTICAL AND CANCELLOUS BONE. Examina-
tion of the cut surface of a bone shows that the tis-
sue assumes two forms: the outer cortical or
compact bone and the inner cancellous or trabecu-
lar bone (Figure 1-5). Cortical bone forms about 80%
of the skeleton and surrounds the thin bars or plates
of cancellous bone with compact lamellae. In long
bones, dense cortical bone forms the cylindrical dia-
physis that surrounds a marrow cavity containing
little or no trabecular bone. In the metaphyses of
long bones, the cortical bone thins and trabecular
bone fills the medullary cavity. Short and flat bones
usually have thinner cortices than the diaphyses of
long bones and contain cancellous bone. Cancellous
and cortical bone modify their structure in response
to persistent changes in loading, hormonal influ-
ences, and other factors.

Because of their differences in density and or-
ganization, equal size blocks of cortical and cancel-
lous bone have different mechanical properties. The
two types of bone have the same composition, but
cortical bone has much greater density. Because the
compression strength of bone is proportional to the
square of the density, cortical bone has compressive
strength that may be in order of magnitude greater
than that of cancellous bone. Differences in the or-
ganization and orientation of cortical and cancel-
lous bone matrices may also make a difference in
their mechanical properties.

Microscopic Structure

MINERALIZED AND UNMINERALIZED BONE MA-
TRIX. During skeletal growth and bone remodel-
ing, osteoblasts form seams of unmineralized bone
organic matrix, called osteoid, on the surface of min-
eralized bone matrix. Normally, osteoid mineralizes
soon after it appears. Therefore, normal bone con-
tains only small amounts of unmineralized matrix.

Osteoid lacks the stiffness of mineralized bone
matrix. For this reason, failure to mineralize bone
matrix during growth or during normal turnover
of bone matrix in mature individuals produces
weaker bone. Individuals with impaired mineraliza-
tion of bone matrix may develop skeletal deformi-
ties or fractures. In children, the clinical condition
associated with impaired mineralization, rickets,
predisposes the patient to skeletal deformity. In
adults, the clinical condition associated with im-
paired mineralization, osteomalacia, predisposes
the patient to fractures.

FIGURE 1-5. Longitudinal section of a human phalanx.
Outer lamellae of cortical bone surround the inner cancel-
lous bone. The metaphyses contain more cancellous bone
than the diaphysis and the thick cortical bone of the diaphysis
becomes thinner in the metaphysis. Larger bones like the
femur follow the same structural pattern. (From Buckwalter
JA, Cooper RR. Bone structure and function. In: AAOS In-
structional Course Lectures, XXXVI, Park Ridge, IL: Amer-
ican Academy of Orthopaedic Surgeons, 1987:27–48)
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WOVEN AND LAMELLAR BONE. Mineralized
bone exists in two forms: woven (immature, fiber,
or primary) bone and lamellar (mature, secondary)
bone. Woven bone forms the embryonic skeleton
and the new bone formed in the metaphyseal parts
of growth plates. Mature bone replaces this woven
bone as the skeleton develops and during skeletal
growth. Small amounts of woven bone may persist
after skeletal maturity as part of tendon and liga-
ment insertions, the suture margins of cranial
bones, and the ear ossicles. With these exceptions,
woven bone rarely appears in the normal human
skeleton after 4 or 5 years of age, although it is the
first bone formed in many healing fractures at any
age and it also appears during the rapid turnover
and formation of bone associated with metabolic,
neoplastic, and infectious or inflammatory diseases.

Woven and mature bone differ in mechanical
properties and the rate of bone formation. Cells rap-
idly form the irregular, almost random, collagen fib-
ril matrix of woven bone. The appearance of the
irregular arrangement of collagen fibrils gives
woven bone its name. It contains approximately
four times as many osteocytes per unit volume of
lamellar bone, and they vary in size, orientation,
and distribution. The mineralization of the woven
bone matrix also follows an irregular pattern with
mineral deposits varying in size and their relation-
ship to collagen fibrils. In contrast, cells form lamel-
lar bone more slowly and the cell density is less.
The collagen fibrils of lamellar bone vary less in di-
ameter and lie in tightly aligned parallel sheets
forming distinct lamellae 4 to 12 microns thick with
an almost uniform distribution of mineral through-
out the matrix.

Because of the lack of collagen fibril orientation,
the high cell and water content, and the irregular
mineralization, the mechanical properties of woven
bone differ from those of lamellar bone. It is more
flexible, more easily deformed, and weaker than
mature lamellar bone. For this reason, the immature
skeleton and healing fractures have less stiffness
and strength than the mature skeleton or a fracture
remodeled with lamellar bone.

Composition

Cells

The formation and maintenance of bone de-
pends on the coordinated actions of different
types of bone cells. The morphology, function, and

characteristics of bone cells separate them into
four groups: undifferentiated or osteoprogenitor
cells, osteoblasts, osteocytes, and osteoclasts.

UNDIFFERENTIATED OR OSTEOPROGENITOR
CELLS. Undifferentiated or osteoprogenitor cells,
small cells with single nuclei, few organelles, and ir-
regular forms, remain in an undifferentiated state
until stimulated to proliferate or differentiate into
osteoblasts. They usually reside in the canals of
bone, the endosteum, and the periosteum, although
cells that can differentiate into osteoblasts also exist
in tissues other than bone.

OSTEOBLASTS. Osteoblasts, cuboidal cells with
a single, usually eccentric, nucleus, contain large
volumes of synthetic organelles: endoplasmic reticu-
lum and Golgi membranes (Figure 1-6). They lie on
bone surfaces where, when stimulated, they form
new bone organic matrix and participate in control-
ling matrix mineralization. When active, they as-
sume a round, oval, or polyhedral form and a seam
of new osteoid separates them from mineralized ma-
trix. Their cytoplasmic processes extend through the
osteoid to contact osteocytes within mineralized ma-
trix. Once they are actively engaged in synthesizing
new matrix, they can follow one of two courses.
They can decrease their synthetic activity, remain on
the bone surface, and assume the flatter form of a
bone surface lining cell or they can surround them-
selves with matrix and become osteocytes.

OSTEOCYTES. Osteocytes contribute more
than 90% of the cells of the mature skeleton. Com-
bined with the periosteal and endosteal cells, they
cover the bone matrix surfaces. Their long cytoplas-
mic processes extend from their oval- or lens-
shaped bodies to contact other osteocytes within the
bone matrix or the cell processes of osteoblasts,
forming a network of cells that extends from the
bone surfaces throughout the bone matrix (Figures
1-7 and 1-8). The cell membranes of the osteocytes
and their cell processes cover more than 90% of the
total surface area of mature bone matrix. This
arrangement gives them access to almost all the
mineralized matrix surface area and may be critical
in the cell mediated exchange of mineral that takes
place between bone fluid and the blood. In particu-
lar, they may help maintain the composition of bone
fluid and the body’s mineral balance.

OSTEOCLASTS. Osteoclasts, large irregular cells
with multiple nuclei, fill much of their cytoplasm
with mitochondria to supply the energy required for
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FIGURE 1-6. Electron micrograph of an osteoblast from demineralized rat alveolar bone showing
the arrangement of the organelles. Numerous collagen fibrils, which these cells secrete, are present in
the adjacent prebone or osteon and bone (upper right). The procollagen, which is the precursor of the
collagen fibrils, is carried within secretory granules (arrowheads) originating from the Golgi saccules.
Procollagen is released into the prebone by fusion of the secretory granule with the apical plasma
membrane of the cell. (�12,000) (From Melvyn Weinstock; Ham AW, Cormack DH. Histology, 8th
Ed. Philadelphia: JB Lippincott, 1979) 

these cells to resorb bone. They usually lie directly
against the bone matrix on endosteal, periosteal, and
Haversian system bone surfaces (Figure 1-9), but un-
like osteocytes, and presumably osteoblasts, they can
move from one site of bone resorption to another. Os-
teoclasts appear to form by fusion of multiple bone-
marrow-derived mononuclear cells. When they have
finished their bone resorbing activity, they may di-
vide to reform multiple mononuclear cells.

One of the most distinctive features of osteo-
clasts is the complex folding of their cytoplasmic

membrane where it lies against the bone matrix at
sites of bone resorption (Figure 1-10). This ruffled or
brushed border appears to play a critical role in
bone resorption, possibly by increasing the surface
area of the cell relative to the bone and creating a
sharply localized environment that rapidly de-
grades bone matrix. The fluid between the brush
border and the bone matrix probably has a high
concentration of hydrogen ions and proteolytic en-
zymes: the acidic environment could demineralize
bone matrix, and the enzymes could degrade the
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FIGURE 1-7. A photomicrograph of a ground bone sec-
tion. The lacunae in which the osteocytes reside are dark
flattened oval structures. The fine lines connecting these are
canaliculi. The canaliculi extend to the empty canal on the
right. In life this contained blood vessels that supplied tissue
fluid to the canaliculi. (Preparation by H. Whittaker; Ham
AW, Cormack DH. Histology, 8th Ed. Philadelphia: JB Lip-
pincott, 1979)

FIGURE 1-8. Low-power electron micrograph of an os-
teocyte and its processes in a section of decalcified bone.
The nucleus (0) and an arrow point to a process in a
canaliculus. Two processes in canaliculi cut in cross section
can be seen one near the upper right corner and the other
toward the lower left corner. (From S. C. Luk and G. T.
Simon; Ham AW, Cormack DH. Histology, 8th Ed.
Philadelphia: JB Lippincott, 1979)

organic bone matrix. In cancellous bone, osteoclasts
resorbing the bone surface create a characteristic
depression called a Howship’s lacuna. In cortical
bone, several osteoclasts lead the osteonal cutting
cones that remodel dense cortical bone.

Bone Matrix

Bone matrix consists of the organic macromol-
ecules, the inorganic mineral, and the matrix fluid.
The inorganic matrix component contributes ap-
proximately 70% of wet bone weight, although it
may contribute up to 80%. The organic macromol-
ecules contribute about 20% of the bone wet
weight and water contributes 8 to 10%. The or-
ganic matrix gives bone its form and provides its

tensile strength; the mineral component gives bone
strength in compression.

Removal of the bone mineral or digestion of the
organic matrix show the contributions of the inor-
ganic and organic matrix components to the me-
chanical properties of bone. Removal of either
component leaves bone with its original form and
shape, but demineralized bone, like a tendon or lig-
ament, has great flexibility. A demineralized long
bone, such as the fibula, can be twisted or bent
without fracture. In contrast, removal of the organic
matrix makes bone brittle. Only a slight deforma-
tion will crack the inorganic matrix and a sharp
blow will shatter it.

ORGANIC MATRIX. The organic matrix of bone
resembles that of dense fibrous tissues like tendon,
ligament, annulus fibrosis, meniscus, and joint cap-
sule. Type I collagen contributes over 90% of the or-
ganic matrix. The other 10% includes small

WeinCh01v2.qxd  1/2/04  1:42 AM  Page 13



14 CHAPTER 1 � Musculoskeletal Tissues and the Musculoskeletal System

FIGURE 1-9. Photomicrograph of a cross section
of the shaft of a bone showing a resorption cavity in
cross or somewhat oblique section. The large dark
cells are osteoclasts; their activity explains the
etched-out borders of the cavity. (Ham AW, Cor-
mack DH. Histology, 8th Ed. Philadelphia: JB Lip-
pincott, 1979)

FIGURE 1-10. Electron micrograph of a section of a bone surface undergoing resorption. Calcified
bone appears black at the left. The main part of the picture is occupied by the cytoplasm of an osteo-
clast. Extending from the top to the bottom, in the middle of the picture, is the ruffled border of the
osteoclast; this consists of complex folds and projections that abut on the bone at the left. Between the
ruffled border of the osteoclast and the heavily calcified bone is an area where the calcium content is
much less, which suggests that the osteoclast is dissolving or otherwise removing mineral from this
area. Black granules of mineral can be seen in some of the large vesicles that are indicated by horizon-
tal arrows, and that probably form because of the bottom of crypts being pinched off. In the original
print a collagenic microfibril showing typical periodicity could be seen at this site indicated by the ver-
tical arrow. (�20,000) (From B. Boothroyd and N. M. Hancox; Ham AW, Cormack DH. Histology,
8th Ed. Philadelphia: JB Lippincott, 1979) 

WeinCh01v2.qxd  1/2/04  1:42 AM  Page 14



Bone 15

proteoglycans, many of noncollagenous proteins in-
cluding osteonectin and small amounts of type V
collagen and possibly other collagens.

Mineralization changes and stabilizes the compo-
sition of the bone organic matrix. Compared to bone
organic matrix, osteoid contains more noncollage-
nous macromolecules and water. Once mineraliza-
tion occurs, the organic matrix remains stable until
resorbed. Abnormalities of the organic matrix can
weaken bone. For example, many patients with os-
teogenesis imperfecta have disturbances of synthesis,
secretion, or assembly of the collagen component of
the bone organic matrix that increase bone fragility.

INORGANIC MATRIX. The mechanisms that ini-
tiate and control the transformation of osteoid into
mineralized bone matrix remain unclear, but mor-
phologic studies show that soon after osteoblasts
produce osteoid, mineral appears within the bone
type I collagen fibrils and then extends through the
matrix without altering the organization of the colla-
gen fibrils (Figure 1-11) or affecting osteocytes within
the mineralized matrix. Mineralization of the bone
matrix not only increases the stiffness and strength of
bone, it provides a reservoir for minerals needed for
normal function of other tissues and organ systems.

The bone matrix contains about 99% of the body’s
calcium, 80% of the phosphate, and large propor-
tions of the sodium, magnesium, and carbonate.

Newly mineralized bone matrix contains a vari-
ety of calcium phosphate species that range from
relatively soluble complexes to insoluble crystalline
hydroxyapatite. As bone matures, the inorganic ma-
trix becomes primarily crystalline hydroxyapatite,
although sodium, magnesium, citrate, and fluoride
may also be present. Because the degree of mineral-
ization increases with maturation, the material
properties of bone change as well. In particular,
with increasing mineralization, bone stiffness in-
creases. This change helps explain why children’s
and adult’s bones may differ in their patterns of
fracture. When subjected to excessive load, normal
adult bone usually breaks rather than deforming
permanently. In contrast, children’s bones may bow
or buckle rather than break.

Control of Bone Cell Activity

Throughout life, osteoclasts remove bone matrix and
osteoblasts replace it. The reason for this physiologic
turnover of bone tissue has not been established, but

FIGURE 1-11. Electron micrograph of an undecalcified unstained section of embryonic chick bone.
The ordered disposition of the dense mineral phase along the axial direction of the collagen fibrils is
evident. Note also that the mineral phase is in lateral register as well. (�110,000) (Glimcher MJ. A
basic architectural principle in the organization of mineralized tissues. Clin Orthop 1968:61:16) 
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it may have a role in maintaining the structural in-
tegrity of the bone tissue. To preserve normal bone
mass and mechanical properties, osteoblastic bone
formation must balance osteoclastic bone resorp-
tion. A variety of stimuli can alter this balance. For
example, repetitive loading of the skeleton can in-
crease bone formation relative to bone resorption
and thereby increase bone mass and strength. Im-
mobilization decreases bone formation relative to
bone resorption, thereby decreasing bone mass and
strength.

Bone mass normally changes with age. It in-
creases to a maximum value about 10 years after
completion of skeletal growth, remains stable for a
variable period, and then begins to decrease, pro-
gressively weakening the skeleton. The reasons for
the age-related loss of bone mass and the mecha-
nisms that normally coordinate and control bone
cell function remain poorly understood, but investi-
gations of bone turnover show that both systemic
and local factors help control osteoclast and os-
teoblast function.

Systemic Factors

Systemic factors that influence the balance be-
tween bone resorption and bone formation in-
clude nutrition, exercise, and hormonal activity,
especially parathyroid hormone. Additional fac-
tors include Vitamin D and its metabolites, thy-
roid hormone, growth hormone, insulin, estrogens,
testosterone, and calcitonin. Dietary abnormali-
ties, lack of physical activity, and some distur-
bances of hormone balance are the most common
known causes of clinically significant systemic in-
creases in bone resorption relative to bone forma-
tion. Protein deficiency impairs bone formation
during bone growth and remodeling. Prolonged
lack of exercise will decrease bone mass. Vitamin
D deficiency and abnormalities of Vitamin D me-
tabolism produce rickets or osteomalacia. Exces-
sive parathyroid hormone increases bone turnover
and decreases bone mass; excessive thyroid hor-
mones can have similar effects. Exogenous corti-
costeroids decrease the synthetic activity of
osteoblasts and may interfere with the ability of
undifferentiated cells to assume the form of os-
teoblasts and adversely affect calcium balance. As
a result, patients receiving corticosteroids for pro-
longed periods may develop severe osteopenia
and multiple pathologic fractures. Estrogen also
influences bone cell function. In many women,
bone mass begins to decrease rapidly after

menopause and then continues to decrease rap-
idly for 5 to 10 years. Estrogen replacement can
slow or reverse this rapid loss.

Local Factors

In addition to systemic factors, local factors in-
cluding oxygen tension, pH, local ion concentrations,
interactions between cells, local concentrations of nu-
trients and metabolites, mechanical and electrical
signals, and interaction between cells and matrix
molecules can influence the balance between bone
loss and bone formation. Localized mechanical load-
ing of bone has particular significance. Immobiliza-
tion or decreased loading of a limb causes a relatively
rapid loss of bone mass whereas repetitive increased
loading can increase bone density.

Recent work suggests that cytokines, small
protein molecules that influence multiple cell
functions, can influence bone cell function and
may help couple bone resorption and formation.
Cytokines produced by neoplasms may increase
bone formation or, more frequently, increase bone
resorption. Interleukin-1, a cytokine produced by
monocytes, stimulates osteoclast formation and
osteoclastic bone resorption. It may contribute to
the loss of bone in conditions like rheumatoid
arthritis. Transforming growth factor b, a cytokine
present in bone matrix, may be one of the factors
that balances bone resorption and bone formation.
Osteoclastic resorption of bone matrix may release
or activate transforming growth factor b. Acti-
vated transforming growth factor b then may in-
hibit osteoclastic activity and stimulate osteoblasts
to form bone.

Blood Supply

An elaborate system of vessels extends throughout
bone, penetrating even the densest cortical bone
(Figure 1-12). No cell lies more than 300 microns
from a blood vessel.

Long bone diaphyses and metaphyses have
three sources of blood supply: nutrient arteries, epi-
physeal and metaphyseal penetrating arteries, and
periosteal arteries (Figure 1-13). The nutrient arteries
pass through the diaphyseal cortex and branch prox-
imally and distally forming the medullary arterial
system that supplies the diaphysis. The proximal and
distal branches of the nutrient arteries join multiple
fine branches of periosteal and metaphyseal arteries
that contribute to the medullary vascular system.
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Under normal circumstances this medullary vascular
system supplies most of periosteum covered bone,
therefore the primary direction of blood flow through
the cortex is centrifugal. In regions of dense fascial
insertions into bone, such as muscle insertions or in-
terosseous membrane insertions, periosteal or inser-
tion site vessels usually supply the outer third of the
bone cortex.

Before closure of the physis, medullary vessels
rarely cross the growth plate, and epiphyses depend
on penetrating epiphyseal vessels for their blood
supply. With closure of the physis, interosseous
anastomoses develop between the penetrating epi-
physeal arteries and the medullary arteries, but
these anastomoses rarely provide sufficient blood
flow to support the epiphyseal bone cells without
the contribution of the epiphyseal vessels. For this

reason, even after closure of the physis, the blood
supply to many epiphyses is vulnerable to interrup-
tion. This is a particular problem in the region of the
femoral head where a dislocation of the hip or dam-
age to the epiphyseal penetrating vessels can cause
necrosis and eventually collapse of the femoral
head.

Nerve Supply

Nerve fibers have been identified within the
medullary canals of bone and particularly in associ-
ation with blood vessels. Presumably, these nerves
have the primary function of controlling bone blood
flow. Specialized complex nerve endings have not
been described within bone tissue.

FIGURE 1-12. Distribution of nutrient blood supply to the diaphyseal and epiphyseal regions of a
long bone. (A) Basic pattern of nutrient circulation to a long bone (human tibia). (B) Pattern of cir-
culation in epiphyseal–metaphyseal region. Arteries perforate thin cortical shell to enter cancellous
bone. (C) Structure of cancellous bone. (D) A trabeculae of bone. Capillaries abut against thin tra-
becula. In thicker trabecula, an osteon can be seen. (B´) Cross section of mid diaphysis. Here there is
a single nutrient artery and vein. Lateral branches arise from the artery to supply the cortical bone.
(C´) Cortical bone. Osteons and interstitial bone between osteons. (D´) Diagrammatic concept of a
single osteon canaliculi of the osteocytes are canals in which the processes of the osteocytes are lo-
cated. It is by way of these canaliculi that nutrition if derived from the vessels in the Haversian canal
(Kelly PJ, Peterson LFA. The blood supply of bone. Heart Bull 1963;12:96)
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FIGURE 1-13. Blood supply of a long
bone. Three basic blood supplies are
shown: (1) nutrient; (2) metaphyseal,
which anastomoses with epiphyseal after
epiphyseal closure; and (3) periosteal.
The numerous metaphyseal arteries arise
from periarticular networks and anasto-
mose with terminal branches of ascend-
ing and descending medullary arteries.
Periosteal capillaries emerge from the
cortex (efferent blood flow). (4) A pe-
riosteal arteriole feeds capillaries that
provide afferent blood flow to a limited
outer layer of cortex (Rhinelander FW.
Circulation of bone. In: Bourne GH
(ed). The Biochemistry and Physiology
of Bone, 2nd Ed. New York: Academic
Press, 1972: 2)

PERIOSTEUM

Except for the articular cartilage surfaces and the in-
sertions of tendons, ligaments, joint capsules, and in-
terosseous membranes, a tough thin membranous
fibrous tissue, the periosteum, covers the external
surface of bone. It allows some ligaments, tendons,
and joint capsules to attach to bone and also provides
a source of cells that can form new bone or cartilage.

Structure

Two tissue layers form the periosteum: an outer fi-
brous layer and an inner more cellular and vascular
layer (Figure 1-14). The outer layer consists of a
dense fibrous tissue matrix and fibroblast-like cells.
Tendon, ligament, and joint capsule insertions that

do not penetrate directly into bone attach to this
layer. In some regions, the dense fibrous tissue in-
sertions form a continuous sheet or membrane of
tissue with the periosteum. The inner osteogenic, or
cambium, layer contains cells capable of forming
cartilage and bone. 

Periosteum changes with age. The thick cellular
vascular periosteum of infants and children readily
forms new bone. It shows this capacity when os-
teomyelitis or trauma destroys the diaphysis of a
young individual’s bone and the periosteum regener-
ates a new diaphysis. With increasing age periosteum
becomes thinner and less vascular and its ability to
form new bone declines. The cells of the deeper layer
become flattened and quiescent, although they con-
tinue to form new bone that increases bone diameter
and they still have the potential to form bone or carti-
lage in response to injury.
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Blood Supply

In many areas a plexus of small vessels lies on the
outer fibrous layer of the periosteum. At intervals
these periosteal blood vessels anastomose with the
vessels of the overlying muscle. Branches of the ves-
sels on the surface of the periosteum penetrate the
fibrous layer and contribute to the vascular system
of the deeper layer of the periosteum and to the
blood vessels that penetrate bone to join the
medullary vascular system.

Nerve Supply

Nerve cell processes lie on the external periosteal sur-
face and often accompany periosteal blood vessels.
Presumably, they help regulate periosteal blood flow.

TENDON, LIGAMENT, 
AND JOINT CAPSULE

The specialized musculoskeletal dense fibrous
tissues—tendon, ligament, and joint capsule—have
a major role in providing the stability and mobility

of the musculoskeletal system. These tissues differ
in shape and location, and vary slightly in structure,
composition, and function, but they have in com-
mon their insertion into bone and their ability to re-
sist large tensile loads with minimal deformation.
Tendons transmit the muscle forces to bone that pro-
duce joint movement; ligaments and joint capsules
stabilize joints and the relationships between adja-
cent bones while allowing and guiding joint move-
ment. Diseases or injuries that affect these tissues
can destabilize joints or lead to loss of muscle func-
tion. Contractures of these tissues limit muscle and
joint motion and contribute to skeletal deformity.

Structure

Tendons, ligaments, and joint capsules take the form
of tough yet flexible and pliant fibrous sheets, bands,
and cords that consist of highly oriented dense fi-
brous tissue. The high degree of matrix organization
and density of the matrix (reflecting a high concen-
tration of collagen) (Figure 1-15) distinguish these
tissues from irregular dense fibrous tissues and loose
fibrous tissues.

FIGURE 1-14. A longitudinal
section of a rabbit’s rib close to a
fracture that had been healing for
a short time. During this time the
osteogenic cells of the perios-
teum have proliferated and some
have differentiated into os-
teoblasts, which have laid down a
layer of new bone on the original
bone that was fractured. Three
layers are labeled at the right: pe-
riosteum, new bone, and old
bone. Within the periosteum the
fibrous layer is labeled FIB.L.,
the osteogenic layer, OS.L., and
the layer of osteoblasts, OB.
Within the layer of new bone the
intercellular substance is labeled
I.S., and osteocyte in a lacuna is
labeled O.S. in LAC., and the ce-
menting line between the new
bone and the old is labeled C.L.
Within the old bone intercellular
substance is labeled I.S., an os-
teocyte in a lacuna, O.S. in LAC.,
and a blood vessel in a canal is la-
beled B.V. (Ham AW, Cormack
DH. Histology, 8th Ed. Philadel-
phia: JB Lippincott, 1979)
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Tendon

Tendons vary in shape and size from the small
fibrous strings that form the tendons of the lumbri-
cal muscles to the large fibrous cords that form the
Achilles tendons, but in any shape or size they unite
muscle with bone and transmit the force of muscle
contraction to bone. They consist of three parts: the
substance of the tendon itself, the muscle-tendon
junction, and the bone insertion (Figure 1-16). Con-
nective tissues surrounding tendons allow low fric-
tion gliding and access for blood vessels to the tendon
substance. Many tendons have a well-developed
mesotendon, a structure that attaches the tendon
to the surrounding connective tissue and consists
of loose elastic connective tissue that can stretch
and recoil with the tendon and provide a blood

supply to the tendon substance. In certain loca-
tions, the surrounding connective tissue forms
sheaths that enclose the tendon, and specialized
pulleys of dense fibrous tissue that influence the
line of tendon action. 

TENDON SUBSTANCE. Multiple fascicles or
bundles, consisting of fibroblasts and dense linear
arrays of collagen fibrils, form the tendon sub-
stance and give tendons their fibrous appearance.
The endotendon—a less dense connective tissue
containing fibroblasts, blood vessels, nerves, and
lymphatics—surrounds individual tendon fascicles.
The separation of tendon fascicles by endotendon
may allow small gliding movements between adja-
cent tendon bundles. The endotendon tissue contin-
ues to form the epitenon, a thin layer of connective

FIGURE 1-15. Electron micrographs of
the type I collagen fibrils of ligament. (A)
A longitudinal section shows the densely
packed highly oriented collagen microfib-
rils. (B) A transverse section also shows the
densely packed collagen microfibrils.
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tissue that covers the surface of the tendon. Where
the tendon joins the muscle, the fibrous tissue of the
epitenon continues as the thin fibrous covering of
the attached muscle called the epimysium.

MUSCLE-TENDON JUNCTIONS. Muscle-tendon
junctions must efficiently transmit the force of muscle
contraction to the tendon. The attachment of muscle
to tendon occurs through continuation of the collagen
fibrils of the fibrous tissue layers of muscle (epimy-
sium, perimysium, and endomysium) into the colla-
gen fibrils of the tendon and through elaborate
interdigitation of the muscle cell membrane with the
collagen fibrils of the tendon. This interdigitation of
muscle cell and tendon has the appearance of inter-
locking fingers when examined by electron mi-
croscopy, and provides a strong bond between the
muscle cell and the tendon collagen. Collagen fibrils
do not enter the muscle cells but lie next to their base-
ment membranes. The muscle cell plasma membrane
thickens at the muscle-tendon junction and muscle
myofilaments extend directly to it.

FIGURE 1-16. Diagrammatic representation of the tibialis
anterior tendon showing the muscle-tendon junction, the
tendon substance, and the bone insertion. The epimysium
and endomysium of muscle and the epitenon and endotenon
of tendon form continuous structures. The epimysium con-
sists of a fibrous envelope that surrounds the muscle, and the
endomysium consists of the fine sheaths that surround indi-
vidual muscle fibers. Permysium refers to the fibrous sheath
enveloping primary bundles of muscle fibers. Loose connec-
tive tissue surrounds the tendon proximally where it pursues
a straight course, but a sheath forms distally where it
changes direction. (From Buckwalter JA, Maynard JA, Vailis
AC. Skeletal fibrous tissues: tendon, joint capsule, and liga-
ment. Chapter 14. In: Albright JA, Brand RA, eds. The Sci-
entific Basis of Orthopaedics. Norwalk, CT: Appleton &
Lange, 1987:388)

PERITENDONOUS STRUCTURES. Normal ten-
don gliding, efficient transmission of muscle forces to
move joints and tendon nutrition, depend on the peri-
tendonous connective tissue structures sometimes
called peritenon. These structures range from loose
connective tissue to elaborate well-defined mesoten-
dons, sheaths, and pulleys.

Where tendons follow a straight course, the sur-
rounding tissue usually consists of loose areolar tis-
sue. In some locations, this tissue must stretch
several centimeters and then recoil without tearing
or disrupting the tendon blood supply. It consists of
an interlacing meshwork of thin collagen fibrils and
elastic fibers filled with abundant soft, almost fluid
ground substance.

Where tendons change course between their
muscle attachment and their bone insertion, often
as they cross or near a joint, the surrounding con-
nective tissue may form a bursa or a discrete ten-
don sheath. These structures allow low friction
movement between the tendon and adjacent bone,
joint capsule, tendon, ligament, fibrous tissue reti-
nacula, or fibrous tissue pulleys. Tendon bursae
and sheaths consist of flattened synovial-lined
sacks that usually cover only a portion of the ten-
don circumference. Tendon sheaths and bursae re-
semble synovial joints in that they consist of
cavities lined with synovial-like cells, they contain
synovial-like fluid, and they facilitate low friction
gliding between two surfaces. Mesotenons gener-
ally attach to one surface of a tendon within a ten-
don sheath and provide the blood supply to this
portion of the tendon. 

Distinct dense fibrous tissue retinacula, pulleys,
or fascial slings lie over the outer surface of some re-
gions of tendon sheaths. These firm fibrous struc-
tures direct the line of tendon movement and
prevent displacement or bowstringing of the ten-
don that would decrease the efficiency of the muscle-
tendon unit. For example, the dense fibrous tissue
(extensor tendon retinacula) of the wrist keep the
wrist and digital extensor tendons from displacing
dorsally when they extend the fingers and dorsiflex
the wrist. The flexor tendons of the fingers and
thumb pass through a more elaborate series of pul-
leys and sheaths that make efficient finger flexion
possible.

Joint Capsule and Ligament

Joint capsules and ligaments have similar struc-
tures and functions, and in some regions ligament
and capsule form a continuous structure. Like ten-
dons, both of them consist primarily of high-oriented,
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densely packed collagen fibrils. Unlike tendons, they
more often assume the form of layered sheets or
lamellae. Both ligament and capsule attach to adja-
cent bones and cross synovial joints, yet allow at least
some motion between the bones. Ligaments have the
primary function of restraining abnormal motion be-
tween adjacent bones. Joint capsules also restrain ab-
normal joint motion or displacement of articular
surfaces, but usually to a lesser extent. Both capsule
and ligament consist of a proximal bone insertion,
ligament, or capsular substance and a distal bone in-
sertion, and both contain nerves that may sense joint
motion and displacement.

JOINT CAPSULE. Joint capsules form fibrous
tissue cuffs around synovial joints. A synovial mem-
brane lines the interior of the joint capsule and loose
areolar connective tissue covers the exterior. This
loose tissue often contains plexes of small blood
vessels that supply the capsule. Nerves and blood
vessels from this loose connective tissue penetrate
the fibrous capsule to supply the capsule and outer
later of synovium. Each end of the capsule attaches
in a continuous line around the articular surface of
the bones forming the joint, usually near the periph-
ery of the articular cartilage surface. Tendons and
ligaments reinforce some regions of joint capsules.
For example, the glenohumeral ligaments form part
of the glenohumeral joint capsule and the expan-
sion of the semimembranosus tendon contributes to
the posterior oblique ligament of the knee and part
of the knee joint capsule.

LIGAMENT. Surgeons and anatomists have
named ligaments by their location and bony attach-
ments (for example, the anterior glenohumeral liga-
ment or the anterior talofibular ligament) or by their
relationship to other ligaments (the medial collateral
ligament of the knee or the posterior cruciate liga-
ment of the knee). Unlike joint capsules, ligaments
vary in their anatomic relationship to synovial joints.
This variability separates ligaments into three types:
intra-articular or intracapsular ligaments, articular or
capsular ligaments, and extra-articular or extracap-
sular ligaments. Intra-articular ligaments, including
the cruciate ligaments of the knee, have the form of
distinct separate structures. In contrast, capsular liga-
ments, like the glenohumeral ligaments, appear as
thickenings of joint capsules. Extra-articular liga-
ments, like the coracoacromial ligament, lie at a dis-
tance from a synovial joint. Despite these differences
in relationship to joints, the function of the three liga-
ment types remains that of stabilizing adjacent bones
or restraining abnormal joint motion.

Composition

Individual tendons, ligaments, and capsules differ
slightly in cell and matrix composition; but they
all contain the same basic cell types, share similar
patterns of vascular supply and innervation, and
have the same primary matrix macromolecule,
type I collagen.

Cells

Fibroblasts form the predominant cell of ten-
don, ligament, and joint capsule. The endothelial
cells of blood vessels, and in some locations nerve
cell processes, exist within tendon, ligament, and
joint capsule, but they form only a small part of the
tissue. The fibroblasts surround themselves with a
dense fibrous tissue matrix and throughout life con-
tinue to maintain the matrix. They vary in shape, ac-
tivity, and density among ligaments, tendons, and
joint capsules and among regions of the same struc-
ture. Most dense fibrous tissue fibroblasts have long
small diameter cell processes that extend between
collagen fibrils throughout the matrix. Generally,
younger tissues have a higher cell density and cells
with a larger cytoplasmic volume and intracellular
density of endoplasmic reticulum. With increasing
age, the cell density usually decreases and the cells
appear to become less active.

Matrix

Tissue fluid contributes 60% or more of the wet
weight of most dense fibrous tissues, and the matrix
macromolecules contribute the other 40%. Because
most dense fibrous tissue cells lie at some distance
from blood vessels, these cells must depend on dif-
fusion of nutrients and metabolites through the tis-
sue fluid. In addition, the interaction of the tissue
fluid and the matrix macromolecules influences the
mechanical properties of the tissue.

Collagens, elastin, proteoglycans, and noncol-
lagenous proteins combine to form the macromol-
ecular framework of the dense fibrous tissues.
Collagens, the major component of the dense fi-
brous tissue molecular framework, contribute 70 to
80% of the dry weight of many dense fibrous tis-
sues. Type I collagen commonly forms more than
90% of the tissue collagen. Type III collagen also oc-
curs within the dense fibrous tissues; in some tis-
sues it forms about 10% of the total collagen, and
other collagen types may also be present in small
amounts. Most dense fibrous tissues have some
elastin, less than 5% of their dry weight, but some
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ligaments, in particular the nuchal ligament and lig-
amentum flavum, have much higher elastin concen-
trations, up to 75% of the tissue dry weight.
Proteoglycans usually contribute less than 1% of the
dry weight of dense fibrous tissues, but may have
important roles in organizing the extracellular ma-
trix and interacting with the tissue fluid. Most
dense fibrous tissues appear to contain both large
aggregating proteoglycans and small nonaggregat-
ing proteoglycans. The large proteoglycans presum-
ably occupy the interfibrillar regions of the matrix
and the small proteoglycans lie directly on or near
the surface of collagen fibrils. Noncollagenous pro-
teins also form a critical part of the dense fibrous tis-
sue matrix even though they contribute only a few
percent to the dry weight of most of the tissues. Fi-
bronectin occurs in all dense fibrous tissues; other
noncollagenous proteins also contribute to the
structure of these tissues, but their composition,
structure, and function have not been well defined.

Insertions into Bone

The bony insertions of tendons, ligaments, and joint
capsules attach the flexible dense fibrous tissue se-
curely to rigid bone, yet they allow motion between
the bone and the dense fibrous tissue without dam-
age to the dense fibrous tissue. Despite their small
size, insertions have a more complex and variable
structure than the substance of the tissue; and they

have different mechanical properties. They vary in
size, strength, and the angle of their collagen fiber
bundles relative to the bone and in the proportion of
their collagen fibers that penetrate directly into bone.
Based on differences in the angle between the colla-
gen fibers of the dense fibrous tissue structure and
the bone and on the proportion of collagen fibrils
that penetrate directly into bone, dense fibrous tissue
insertions can be separated into two types: direct in-
sertions (insertions where many of the collagen fib-
rils pass directly into bone) and indirect or periosteal
insertion (insertions where only a few of the collagen
fibrils pass directly into bone) (Figure 1-17).

Direct Insertions

Direct insertions, like the insertion of the me-
dial collateral ligament of the knee into the femur,
consist of sharply defined regions where the liga-
ment joins the bone; only a thin layer of the sub-
stance of the ligament, tendon, or capsule joins the
fibrous layer of the periosteum. Most of the collagen
fibrils at the insertion pass directly from the sub-
stance of the tendon, ligament, or joint capsule into
the bone cortex, usually entering at a right angle to
the bone surface. These fibrils then mingle with the
collagen fibrils of the organic matrix of bone creat-
ing a strong bond between the tendon, ligament, or
capsule and the bone matrix. Where dense fibrous
tissue structures approach the bone surface at
oblique angles, the collagen fibrils may make a
sharp turn to enter the bone at a right angle.

FIGURE 1-17. Diagrammatic representations of direct and indirect dense fibrous tissue insertions
into bone. (A) In direct insertions, a high proportion of the collagen fibers pass directly into bone, and
the fibrocartilage and mineralized fibrocartilage zones are well developed. (B) In indirect insertions, a
high proportion of the collagen fibers pass into the periosteum and the fibrocartilage and mineralized
fibrocartilage zones often are not well developed. (From Buckwalter JA, Maynard JA, Vailis AC.
Skeletal fibrous tissues: tendon, joint capsule, and ligament. Chapter 14. In: Albright JA, Brand RA,
eds. The Scientific Basis of Orthopaedics. Norwalk, CT: Appleton & Lange, 1987: 391)
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The deeper collagen fibers that enter the bone
pass through four zones of increasing stiffness: the
substance of the dense fibrous tissue structure, fi-
brocartilage, mineralized fibrocartilage, and bone.

In the fibrocartilage zone, the cells are larger
than the fibroblasts of the tendon, joint capsule, or
ligament and more spherical. A sharp border of un-
mineralized matrix separates the zone of fibrocarti-
lage from the mineralized fibrocartilage zone.

Indirect Insertions

The less common indirect insertions, like the in-
sertion of the medial collateral ligament of the knee
into the tibia, usually cover more bone surface area
than direct insertions because a larger proportion of
their collagen fibrils join the periosteum. Like direct
insertions, indirect insertions have superficial and
deep collagen fibrils, but most of their collagen fib-
rils form the superficial layer that joins the fibrous
layer of the periosteum. The deep collagen fibrils
enter the bone cortex, but they generally do not pass
through sharply defined zones of mineralized and
unmineralized fibrocartilage.

Blood Supply

Most dense fibrous tissues have well-developed
networks of blood vessels extending throughout
their substance. Generally, these vascular systems
follow the longitudinal pattern of the collagenous
matrix, but they may have multiple anastomoses
between parallel vessels. Some blood vessels in ten-
don, ligament, and joint capsule insertions enter the
bone.

Nerve Supply

In addition to nerve cell processes next to blood ves-
sels, like those found in periosteum and bone, dense
fibrous tissues have specialized nerve endings that
lie on the surface or within the substance of the tis-
sue. Presumably, the nerve fibers in the dense fi-
brous tissues function as pain receptors, vasomotor
efferents, and mechanoreceptors sensitive to stretch-
ing or distortion. The mechanoreceptors presum-
ably sense joint position, muscle tension, and loads
applied to ligaments, capsules, and tendons. In ten-
dons, they can adjust muscle tension. In ligaments
and capsules, they may have a role in initiating pro-
tective reflexes that oppose potentially damaging
joint movements.

MENISCI

Like articular cartilages, menisci perform important
mechanical functions in synovial joints including
load bearing, shock absorption, and participation in
joint lubrication. They may also contribute to joint
stability. Menisci and meniscus-like structures con-
sist of dense fibrous tissue, or fibrocartilage, and
project from the margins of synovial joints to inter-
pose themselves between articular cartilage sur-
faces. They include the knee menisci (two C-shaped
menisci that lie on the tibial plateaus and form part
of the knee joint), the articular discs of the stern-
oclavicular and acromioclavicular joints, the trian-
gular fibrocartilage that binds the distal ends of the
ulna and radius together and forms part of the wrist
joint, and the labra found in some joints like the hip
and shoulder. Because the structures other than the
knee menisci have not been extensively studied,
this section refers only to the knee menisci.

Structure

Within the knee, menisci collagen fibril diameter and
orientation and cell morphology vary from the sur-
face to the deeper central regions. The superficial re-
gions that lie against articular cartilage usually
consist of a mesh of fine fibrils. Immediately deep to
these fine fibrils, small diameter collagen fibrils with a
radial orientation relative to the body of the meniscus
form a thicker subsurface layer. The flattened ellip-
soid shaped cells of this layer orient their maximum
diameter roughly parallel to the articular surface. In
the deeper central or middle region, the bulk of the
meniscus is made up of large diameter collagen fibril
bundles that surround larger cells with a more spher-
ical shape. The deeper collagen fibril bundles follow
the curve of the menisci and smaller radially oriented
fibril bundles weave among the circumferential fibril
bundles. The circumferential arrangement of the
large collagen bundles gives the menisci great tensile
strength for loads applied parallel to the orientation
of the fibers. The radial fibers may resist the develop-
ment and propagation of longitudinal tears between
the larger circumferential collagen fiber bundles.

Composition

Cells

Meniscal cells, like many other types of mes-
enchymal cells, lack cell-to-cell contacts and attach
their membranes to specific matrix macromolecules.
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They have the primary function of maintaining the
meniscal matrix. Most of them lie at a distance from
blood vessels, so like chondrocytes, they rely on dif-
fusion through the matrix for transport of nutrients
and metabolites.

Matrix

Water contributes 60 to 75% of the total wet
weight of meniscus. As in the other musculoskeletal
tissues, the interactions between the matrix fluid
and the macromolecular framework significantly
influence the mechanical properties of menisci.

The macromolecular framework of meniscus
contributes 25 to 40% of the meniscus wet weight and
consists of collagens, noncollagenous proteins, pro-
teoglycans, and elastin. The collagens give menisci
their form and tensile strength and contribute ap-
proximately 75% of the dry weight of the tissue. Type
I collagen makes up more than 90% of the total tissue
collagen. Type II collagen, type V collagen, and type
VI collagen each contribute 1 to 2% of the total tissue
collagen. Noncollagenous proteins, including link
protein, fibronectin, and other noncollagenous pro-
teins, contribute 8 to 13% of the dry weight. Large ag-
gregating proteoglycans and smaller nonaggregating
proteoglycans together contribute about 2% of menis-
cal dry weight. Presumably they have functions like
the proteoglycans found in other dense fibrous tis-
sues. Elastin forms less than 1% of the tissue dry
weight. This small amount of elastin probably does
not significantly influence the organization of the ma-
trix or the mechanical properties.

Blood Supply

Most menisci and meniscal-like structures have
some blood supply, at least in their more peripheral
regions. Branches from the geniculate arteries form
a capillary plexus along the peripheral borders of
the knee menisci. Small radial branches project from
the circumferential parameniscal vessels into the
meniscal substance. These vessels penetrate into 10
to 30% of the width of the medial meniscus and 10
to 25% of the width of the lateral meniscus, leaving
the cells of the inner portions of the menisci de-
pendent on diffusion of nutrients and metabolites.

Nerve Supply

Nerves lie on the peripheral surface of the knee
menisci and other meniscal-like structures. Although
these nerves enter the more superficial regions of

some parts of the tissue, they generally do not pene-
trate into the central regions. The functions of these
nerve endings have not been clearly defined, but
they may contribute to joint proprioception.

SYNOVIUM

Synovium lines the nonarticular regions of syn-
ovial joints and the bursae and sheaths of tendons.
In synovial joints, synovium attaches directly
around the margins of the articular cartilage. It
covers the inner surfaces of the joint capsule, bone
surfaces, and intra-articular ligaments and ten-
dons. Normally it does not extend over articular
cartilage, intra-articular discs, or menisci. When
examined from inside a joint, most of the synovial
membrane has a smooth even surface, but some
regions may have small projections or villi, and in
others the synovium may form folds or fringes
that project into the joint cavity. Fat lying outside
the synovial membrane contributes to the ability
of synovium to fill potential spaces in the joint
cavity.

Structure

Synovial membranes consist of two layers: an inner
intimal layer and a peripheral subintimal layer that
lies on joint capsule or periarticular fat. Both layers
vary in thickness among joints and among different
regions of the same joint.

Intima

In most areas the intima consists of one or more
layers of synovial cells in an amorphous matrix. The
cells vary considerably in shape from flattened el-
lipsoids, to elongated cells, to polyhedral or spheri-
cal cells, and they may have cell processes. The
synovial cells do not form a continuous layer; in
some regions they leave gaps between cell mem-
branes that fill with extracellular matrices. Unlike
epithelial cells, the superficial synovial cells do not
lie on a basement membrane.

Two types of synovial cells (A and B cells) have
been identified. Type A cells have surface filopodia,
plasma membrane invaginations, and vesicles.
They contain mitochondria, lysosomes, cytoplasmic
filaments, and Golgi membranes. B cells lack most
of these characteristics, but contain a high concen-
tration of endoplasmic reticulum. Some investiga-
tors have proposed that A and B cells have different
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primary functions: they suggest that A cells pro-
duce the hyaluronic acid that serves as part of the
synovial fluid and have phagocytic capability, and
that B cells synthesize proteins, including enzymes.
Cells with features of both A and B cells appear
commonly; and the two cell types may not repre-
sent distinct phenotypes, but morphologic variants
of the same cell.

Subintima

The subintimal layer separates the intimal
synovial cell layer from the joint capsule or the
other synovial-covered tissues including bone,
tendon, and ligament. The cells of the subintima
include blood vessel endothelial cells, fibroblasts,
macrophages, mast cells, and fat cells. The subin-
timal matrix may have a loose areolar form or a
denser matrix with a higher concentration of col-
lagen and elastin.

Blood Supply

The subintimal layer of synovium commonly has an
extensive network of small blood vessels. The net-
work forms from vessels that pass through the joint
capsule. Where synovium covers bone, tendon, or
ligament, the subintimal blood vessels form anasto-
moses with blood vessels from the underlying tissue.

HYALINE CARTILAGE

Like bone and dense fibrous tissues, cartilage con-
sists of a sparse population of mesenchymal cells
embedded within an abundant extracellular matrix.
The cells contribute about 5% of the total tissue vol-
ume, and the matrix contributes approximately
95%. The roughly spherical shape of most cartilage
cells, or chondrocytes; the unique composition of
the matrix they synthesize, assemble, and maintain;
and the lack of blood vessels and nerves distinguish
cartilage from dense fibrous tissues and bone.

Differences in matrix composition, distribution
within the body, mechanical properties, and gross
and microscopic appearance differentiate three
types of adult human cartilage: hyaline, fibrous,
and elastic cartilage. Elastic cartilage forms the auri-
cle of the external ear, a portion of the epiglottis,
and some of the laryngeal or bronchiolar cartilages;
it does not form part of the musculoskeletal system.
Fibrous cartilage (also considered a form of dense

fibrous tissue) forms part of the intervertebral discs,
pubic symphysis, and tendon, ligament, and joint
capsule insertions. Menisci consist of a specialized
form of fibrous cartilage. The most widespread
form of cartilage, hyaline cartilage, forms most of
the skeleton before it is removed and replaced by
bone through the process of enchondral ossifica-
tion. It also forms the physeal cartilages that pro-
duce longitudinal bone growth until skeletal
growth ceases; in adults it persists as the nasal, la-
ryngeal, bronchiolar, articular, and costal cartilages.
This section discusses the structure of two special-
ized forms of hyaline cartilage that have important
roles in the musculoskeletal system: articular carti-
lage and growth cartilage.

Structure

Articular Cartilage

Function of synovial joints, for example, the
hip or the knee, depends on the unique mechanical
properties of the articular cartilage that forms their
bearing surfaces. It distributes loads, thereby min-
imizing stresses on subchondral bone. When
loaded, it deforms and when unloaded, it regains
it original shape. It provides a surface with almost
unequalled gliding properties and has remarkable
durability.

Although only a few millimeters thick at most,
articular cartilage has an elaborate internal organi-
zation. This organization can be described by divid-
ing articular cartilage into four successive zones
beginning at the joint surface: the superficial or glid-
ing zone, the intermediate, middle or transitional
zone, the deep or radial zone, and the calcified carti-
lage zone (Figure 1-18 and Color Figure 1-1). Within
zones, differences in matrix composition and organ-
ization distinguish three regions or compartments:
the pericellular region, the territorial region, and the
interterritorial region.

CARTILAGE ZONES. Cartilage zones differ in
matrix composition, water concentration, collagen
fibril orientation and cell alignment, and morphology. 

Superficial Zone. The superficial or gliding
zone, the smallest cartilage zone, forms the joint
surface. A thin cell-free layer of matrix, containing
primarily fine fibrils, lies directly next to the syn-
ovial cavity. Deep to this layer, elongated flattened
chondrocytes surrounded by a larger volume of
matrices per cell align their major axes parallel to
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the articular surface. The collagen fibrils of this
zone lie roughly parallel to the articular surface.

Middle Zone. The middle or transition zone
has several times the volume of the superficial
zone. Its more spherical cells contain greater vol-
umes of endoplasmic reticulum, Golgi mem-
branes, mitochondria, and glycogen. The larger
interterritorial matrix collagen fibrils of the transi-
tional zone have a more random orientation than
those of the gliding zone.

Deep Zone. The cells of the deep or radial zone
resemble the spherical cells of the transitional zone
but tend to align themselves in columns. This zone
has the largest collagen fibrils, the highest proteo-
glycan content, and the lowest water content.

Calcified Cartilage Zone. The thin calcified carti-
lage zone separates the hyaline cartilage from the
stiffer subchondral bone. Collagen fibrils penetrate
from the deep zone of cartilage directly through cal-
cified cartilage into bone, thereby anchoring articu-
lar cartilage to subchondral bone.

MATRIX REGIONS. Matrix regions differ in
their proximity to chondrocytes, collagen content,
collagen fibril diameter, collagen fibril orientation,
and proteoglycan and noncollagenous protein con-
tent and organization. 

Pericellular Matrix. The smallest matrix com-
partment, the pericellular matrix, consists of a thin
layer of matrix containing little or no fibrillar colla-
gen. It appears to attach directly to the chondrocyte

FIGURE 1-18. Diagrammatic representa-
tion of the organization of articular cartilage
into zones.
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cell membranes and probably contains noncollage-
nous proteins that help chondrocytes bind them-
selves to the matrix.

Territorial Matrix. An envelope of territorial
matrix surrounds the pericellular matrix and some-
times pairs or clusters of chondrocytes and their
pericellular matrices. Thin collagen fibrils in the ter-
ritorial matrix near the cells appear to bind to the
pericellular matrix. At a distance from the cell they
spread and intersect at various angles, forming a
basket like structure around the cells.

Interterritorial Matrix. The interterritorial ma-
trix, the largest matrix compartment, has collagen
fibrils of greater diameter than the territorial ma-
trix. The organization and orientation of these in-
terterritorial collagen matrix fibrils change as they
pass from the articular surface to the deep region of
the cartilage. In the most superficial zone they lie
primarily parallel to the joint surface, in the transi-
tion zone they assume a more random orientation,
and in the deep zone they tend to lie perpendicular
to the joint surface.

Growth Cartilage

Bones elongate by growth of the cartilage form-
ing the physes or growth plates (Figure 1-19). The
complex structure of the physes (Figure 1-20) makes
it possible for them to produce precisely directed
longitudinal bone growth. The growth cartilages in-
crease their volume and therefore bone length by
synthesizing new matrices and by cell swelling. The
organization of the growth cartilage matrix and the
surrounding fibrous tissue directs the increasing
volume of cells and matrices, so that it produces
longitudinal bone growth. In the region of the
growth cartilage nearest to the metaphysis, the lon-
gitudinal cartilage septae of the growth cartilage
mineralize, and in the metaphysis, osteoblasts cover
the mineralized cartilage bars with new woven
bone. Osteoclasts then resorb the woven bone and
calcified cartilage and osteoblasts form lamellar
bone to complete the replacement of cartilage by
mature bone.

Growth cartilages have a layered or zonal or-
ganization and a regional organization similar to
that found in articular cartilage. The matrix regions,
like those of articular cartilage, consist of the peri-
cellular, territorial, and interterritorial compart-
ments. The layered or zonal organization differs
considerably from that of articular cartilage. The
identified growth cartilage layers or zones consist

of reserve or resting, proliferative, and hypertrophic
or maturing zones.

Reserve or Resting Zone. Reserve zone cells, lo-
cated in a thin layer at the epiphyseal pole of the
growth plate, show relatively little evidence of
metabolic activity. The functions of these small cells
have not been clearly established, but they may
serve as stem cells for the proliferative zone.

Proliferative Zone. In the proliferative zone,
chondrocytes rapidly divide, synthesize a new ma-
trix, and assume a highly oriented flattened disc-
like shape. In rapidly growing bones they create
long columns of highly ordered cells that resemble
stacks of plates.

Hypertrophic or Maturing Zone

Toward the bottom of the proliferative zone, the
proliferative cells begin to enlarge, creating the hy-
pertrophic zone. From the proliferative zone to the
last part of the hypertrophic zone they increase their
volume fivefold to tenfold, contributing significantly
to bone growth, and assume a spherical or polygonal
shape. As the cells enlarge, their matrix changes: the
territorial matrix volume per cell increases signifi-
cantly as its collagen concentration decreases and
mineral appears in the interterritorial matrix.

The orientation of the interterritorial matrix col-
lagen fibrils of the growth cartilage changes among
zones. In the reserve zone and upper region of the
proliferative zone, the fibrils have little apparent
orientation, but in the middle and lower regions of
the proliferative zone and throughout the hyper-
trophic zone, these interterritorial matrix collagen
fibrils lie parallel to the long axis of the bone form-
ing longitudinal columns or septae that surround
the chondrocyte columns and their territorial and
pericellular matrices.

In the last part of the hypertrophic zone, the
zone of provisional calcification, the longitudinal
septae mineralize. The enlarged chondrocytes con-
dense and metaphyseal capillary sprouts penetrate
the territorial matrix and cell lacunae, bringing os-
teoblasts that begin to form new bone on the calci-
fied cartilage septae.

Composition

Chondrocytes

Unlike the other musculoskeletal tissues, carti-
lage contains only one cell type, the chondrocyte
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FIGURE 1-19. Micrographs showing the structure of a long bone physis. (A) A low-power pho-
tomicrograph of a longitudinal section cut through the end of a long bone of a growing rat. At this
stage of development osteogenesis has spread out from the epiphyseal center of ossification so that
only the articular cartilage above and the epiphyseal plate below remain cartilaginous. On the dia-
physeal side of the epiphyseal plate are the metaphyseal trabeculae, which (B) consist of cartilage
cores on which bone has been deposited. (Ham AW, Cormack DH. Histology, 8th Ed. Philadelphia:
JB Lippincott, 1979)

(Figures 1-21 and 1-22), and no nerve cell processes
or blood vessels. Like many other mesenchymal
cells, chondrocytes surround themselves with the
matrix they synthesize, attach themselves to the
matrix macromolecules, and do not form contacts
with other cells.

The relationship between chondrocytes and
their matrix does not end with the synthesis and
assembly of the matrix. The normal degradation
of matrix macromolecules, especially proteogly-
cans, forces the cells to synthesize new matrix
components to preserve the tissue. In addition,
the matrix acts as a mechanical signal transducer
for the chondrocytes. Deformation of the matrix
generates signals, transmitted through the matrix,
that cause the cells to alter their synthetic activity.
For example, absence of joint loading and motion

causes deterioration of the articular cartilage ma-
trix, possibly because of the lack of mechanical
signals to stimulate normal chondrocyte function.

Matrix

Tissue fluid forms the largest component of car-
tilage. Depending on the type of cartilage and its
age, water contributes 60 to 80% of the wet weight
of cartilage. The volume concentration, organiza-
tion, and behavior of the tissue fluid depend on its
interaction with the structural macromolecules.
These molecules contribute 20 to 40% of the wet
weight of cartilage and include collagens, proteo-
glycans, and noncollagenous proteins. Hyaline car-
tilage does not contain elastin. In most hyaline
cartilages, collagens contribute about 50% of the tis-
sue dry weight, proteoglycans contribute 30 to 35%,
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FIGURE 1-20. High-power photomicrograph of longitudinal section cut through upper end of tibia
of a guinea pig. Note different zones of cells in the epiphyseal plate. (Ham AW, Cormack DH. His-
tology, 8th Ed. Philadelphia: JB Lippincott, 1979)

and noncollagenous proteins contribute about 15 to
20%. The collagens form the fibrillar meshwork that
gives cartilage its tensile strength and form. The
proteoglycans and noncollagenous proteins bind to
the collagen network or become mechanically en-
trapped within it, and the chondrocytes attach
themselves to the matrix macromolecules.

Type II collagen fibrils form the cross-banded
fibrils identified by electron microscopy and account

for 90 to 95% of total hyaline cartilage collagen.
Hyaline cartilage also contains at least two other
collagens, types IX and XI, and may contain trace
amounts of other collagens. The mineralizing re-
gions of articular cartilage and growth plate carti-
lage also contain small amounts of type X
collagen.

Proteoglycans form a much larger portion of
the matrix structure in hyaline cartilage than in any
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other musculoskeletal tissue except for the nucleus
pulposus. Hyaline cartilage has a high concentra-
tion of large aggregating proteoglycans that give
the tissue its unique material properties in compres-
sion. It also contains smaller nonaggregating pro-
teoglycans like those found in dense fibrous tissues.
The large aggregates help control the fluid flow
through the matrix.

Noncollagenous proteins also have an impor-
tant role in hyaline cartilage. Link proteins stabilize
and increase the size of proteoglycan aggregates.
Chondronectin and anchorin CII may have a role in

matrix organization and in establishing and main-
taining the relationships between the chondrocytes
and the matrix macromolecules.

INTERVERTEBRAL DISC

Normal function of the spine depends greatly on
the mechanical properties of the intervertebral
discs. These 23 specialized connective tissue struc-
tures unite adjacent vertebral bodies from the sec-
ond and third cervical vertebrae to the fifth lumbar

FIGURE 1-21. Ultrastructural characteristics of a chondrocyte. The cytoplasm reveals well-devel-
oped rough-surfaced vesicles of endoplasmic reticulum and a well-developed Golgi apparatus. The
cytoplasmic processes extend off into the intercellular substance (cytoplasmic footlets). As the chon-
drocyte becomes older and synthesis of protein is less, the rough-surfaced vesicles and Golgi appara-
tus become less prominent, and glycogen and lipid material accumulate in the cytoplasm. (Ham AW.
Histology, 7th Ed. Philadelphia: JB Lippincott, 1974)
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vertebrae and sacrum. They vary in size from the
small diameter thin discs in the cervical region to
the large diameter thick discs of the lower lumbar
region. Throughout the spine they contribute to sta-
bility while allowing movement between vertebrae
and absorbing compressive loads. With age the
gross and microscopic appearance, cell content and
matrix composition of disc tissues change more
than any other tissues.

Structure

Human intervertebral discs consist of four tissues:
hyaline cartilage endplate, annulus fibrosis, transi-
tion zone, and nucleus pulposus. These tissues vary
in structure, composition, cell populations, and me-
chanical properties. 

Cartilage Endplate

Hyaline cartilage endplates cover the superior
and inferior surfaces of each disc and separate the
other disc tissues from the vertebral bone. Grossly
and microscopically they closely resemble other
hyaline cartilages. The dense collagen fibers of the
annulus fibrosis pass through the outer edges of the
endplates into the vertebral bodies. With age the car-
tilage plates mineralize and eventually cannot be
identified as distinct structures.

Annulus Fibrosis

Annulus fibrosis consists primarily of densely
packed collagen fibers formed into two compo-
nents: the outer circumferential rings of collagen
lamellae or layers (Figure 1-23) and an inner
larger fibrocartilaginous component. The collagen

FIGURE 1-22. Part of a chondrocyte showing paired membranes of rough endoplasmic reticulum
(R) with ribosome granules (arrows). The rough endoplasmic reticulum (R) with ribosome granules
(arrows). The rough endoplasmic reticulum contrasts with the smooth membranes of the Golgi appa-
ratus (G). Micropinocytotic vesicles (V). Limiting cell membrane (D). Transmission electron micro-
graph �37,500. Glutaraldehyde. (Meachim G. The matrix. In Freeman MA. Adult Articular
Cartilage, 2nd Ed. London: Pitman, 1973:1) 
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lamellae that form the outer concentric rings of
the annulus have a high degree of orientation: col-
lagen fibrils within a layer lie parallel to each
other; collagen fibrils within adjacent layers lie at
40 to 70º angles to the collagen fibers within layers
on either side. In the fibrocartilaginous compo-
nent of the annulus, collagen fibrils run concentri-
cally and vertically but lack the high degree of
orientation found in the outer concentric rings.

Transition Zone

When the intervertebral disc first forms, the nu-
cleus pulposus and annulus fibrosus have a sharp

boundary where the gelatinous nucleus pulposus
lies directly against the fibrous annulus. With
growth, a transition zone appears that lies between
the fibrocartilaginous component of the annulus fi-
brosis and the nucleus pulposus.

Nucleus Pulposus

In newborns and young individuals the soft ge-
latinous nucleus pulposus tissue has a translucent
appearance. It contains relatively few collagen fibers,
and they lack any apparent orientation (Figure 1-24).
With age, the nucleus pulposus becomes more fi-
brous making it increasingly difficult to separate

FIGURE 1-23. Electron micrograph of
the cut surface of a human annulus fibro-
sus. Notice the dense layers of collagen
fibers.

FIGURE 1-24. Electron micrograph
showing the collagen fibers of a human
nucleus pulposus. Notice loose arrange-
ment of the fibers compared with the an-
nulus fibrosus.
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the nucleus pulposus from the transition zone and
the fibrocartilaginous part of the annulus fibrosus.

Composition

Intervertebral disc tissues consist of water, cells,
and matrix macromolecules. The composition of the
hyaline cartilage plates has not been extensively
studied, but it appears to resemble other hyaline
cartilages. The annulus, like other dense fibrous tis-
sues, has water concentration of 60 to 70% through-
out life. In contrast, the water concentration of the
nucleus pulposus declines from about 80 to 90% at
birth to about 70% in adults.

Cells

Intervertebral discs contain two principal cell
types: notochordal cells and connective tissue cells.
Notochordal cells form the nucleus pulposus in the
fetus. With growth, development, and aging they
gradually disappear, and the cells found in the nu-
cleus of older individuals have the appearance of
connective tissue cells, often resembling chondro-
cytes. The connective tissue cells of the outer annu-
lus have the appearance of fibroblasts, like those
found in other dense fibrous tissues. The connective
tissue cells of the inner regions of the annulus and
other disc components have a more spherical form,
like chondrocytes. The cells of the cartilage endplate
tissue have the shape and organelles of hyaline car-
tilage chondrocytes.

Notochordal Cells

Clusters and cords of large irregular noto-
chordal cells populate the nucleus pulposus of the
newborn human intervertebral disc (Figure 1-25).
These cells contain endoplasmic reticulum, Golgi
membranes, mitochondria, glycogen, and bundles
of microfilaments. Unlike mesenchymal cells, noto-
chordal cells form multiple specialized junctions
with other cells and their membranes form elabo-
rate interdigitations with those of other cells. Dur-
ing skeletal growth, the notochordal cell clusters or
cords disappear and the glycogen content of the
cells declines. In some regions they retain cell-to-
cell contact by elongated cell processes. With aging,
the density of notochordal cells declines further,
and definite notochordal cells have not been identi-
fied in the human nucleus pulposus after age 32.

CONNECTIVE TISSUE CELLS. In the outer annu-
lus the fibroblasts lie with their long axes parallel to
the collagen fibrils. In the inner fibrocartilaginous re-
gion of the annulus more of the cells assume a spher-
ical form like those seen in other fibrocartilages
(Figure 1-26). In the nucleus pulposus connective tis-
sue cells have oval nuclei and slightly elongated
form, but most have a more spherical shape. The pro-
portion of viable nucleus pulposus cells declines
with age, but even in discs from elderly people some
viable connective tissue cells survive.

Matrix

The matrix macromolecular framework of the
human intervertebral disc forms from collagens,

FIGURE 1-25. Electron micrograph of
a human nucleus pulposus notochordal
cells. Notice that, unlike connective tis-
sue cells, the membranes of notochordal
cells bind to the membranes of adjacent
cells.
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elastin, proteoglycans, and noncollagenous pro-
teins. The concentrations and specific types of these
molecules vary among the disc tissues.

The collagens, including fibrillar and short
chain collagens, give the disc its form and tensile
strength. The concentration of collagen decreases
progressively from the outer annulus to the most
central portion of the nucleus. In the adult disc the
contribution of collagen to the tissue dry weight de-
clines from 60 to 70% in the outer rim of the annulus
to 10 to 20% in the most central part of the nucleus.

The annulus fibrosus contains fibrillar and
short chain collagens. The fibrillar collagens found
in the annulus fibrosus include type I, type II, type
III, and type V. The concentration of type I collagen
declines from about 80% of the total collagen in the
outer rim of the annulus to 0 in the transition zone
and nucleus. The concentration of type II collagen
follows the opposite pattern. It increases from 0 to
80% of the total collagen from the outer rim of the
annulus to the transition zone and nucleus. Type III
collagen occurs in trace amounts and type V colla-
gen contributes about 3% of the total collagen of the
annulus fibrosus. The short chain collagens found
in annulus fibrosus include type VI and IX. Type IX
collagen forms only about 1% of annulus fibrosus
collagen, but type VI occurs in unusually high con-
centrations; it forms about 10% of total annulus fi-
brosus collagen.

Fibrillar and short chain collagens also form
part of the matrix of the nucleus pulposus. It con-
tains at least three fibril-forming collagens: type II,
type III, and type XI. Type II is the predominant

collagen contributing about 80% of the total nu-
cleus pulposus collagen. Type III occurs in trace
amounts, and type XI contributes about 3% of the
total collagen of the nucleus. Nucleus pulposus
short chain collagens include type VI and type IX.
As in the annulus fibrosus type IX forms only about
1% of the total collagen, but type VI contributes
even more to the nucleus than to the annulus,
forming about 14 to 20% of the total collagen. The
reason for the unusually high concentration of type
VI collagen in the annulus and nucleus remains un-
known. This short chain collagen forms banded fib-
rillar aggregates of longitudinal fibrils about 5 nm
in diameter with alternating transverse bands con-
sisting of two 15 nm wide dark bands separated by
a 15 nm wide lucent strip. These fibrillar aggre-
gates occur most frequently in the matrix immedi-
ately surrounding cells. They may have a role in
resisting tensile loads on the matrix or may provide
a loose fibrillar network that helps organize other
matrix molecules.

Aggregating and nonaggregating proteogly-
cans form a significant part of the disc macromolec-
ular framework and help give disc stiffness to
compression and resiliency. Their concentration in-
creases from the periphery of the disc to the center.
They contribute about 10 to 20% of the dry weight
of the outer annulus and as much as 50% of the dry
weight of the central nucleus.

Annulus fibrosus and nucleus pulposus pro-
teoglycans differ from those found in hyaline carti-
lages like the disc cartilage endplates, articular
cartilage, or epiphyseal or growth plate cartilage.

FIGURE 1-26. Electron micrograph of
a human connective tissue cell from the
inner region of the annulus fibrosus. No-
tice that this cell lacks any contact with
other cells and has formed a distinct peri-
cellular matrix.

Intervertebral Disc 35
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The proteoglycan populations found in annulus fi-
brosus and nucleus pulposus include fewer aggre-
gates, smaller aggregates, and smaller more variable
aggrecans. Many disc proteoglycan aggregates con-
sist of star-shaped clusters of monomers rather
than long aggregates. Aggregated and nonaggre-
gated disc proteoglycan monomers have shorter
protein core filaments, vary more in size, and have
less chondroitin sulfate and more keratan sulfate
than those found in hyaline cartilages. The high
concentration of these small variable monomers in
the nucleus pulposus suggests that fragments of
degraded proteoglycans accumulate in the central
regions of the disc.

Elastin occurs in trace amounts in annulus fi-
brosis and nucleus pulposus. In the annulus,
elastin appears as fusiform or cylindrical fibers
lying parallel to the collagen fibrils. In the nucleus,
elastin assumes irregular lobular shapes without
apparent relationship to collagen fibrils. The contri-
bution of elastin to disc mechanical properties re-
mains unclear.

As in other musculoskeletal tissues, noncollage-
nous proteins appear to help organize and stabilize
the extracellular matrix of intervertebral disc and
may facilitate adhesion of cell membranes to other
matrix macromolecules. The concentration of disc
noncollagenous proteins increases with age. In the
annulus, the proportion of tissue dry weight con-
tributed by noncollagenous proteins increases from
5 to 25% with increasing age and in the nucleus it
increases from 20% of the dry weight to 45% of the
dry weight. Some of the increasing concentration of
noncollagenous proteins may be due to accumula-
tion of degraded molecules. Electron microscopic
studies have identified dense granular sheaths
around disc collagen fibers. These sheaths increase
in volume with increasing age, suggesting that they
represent collections of noncollagenous proteins.

Blood Supply

Small blood vessels and plexes of vessels lie on the
surface on the annulus fibrosus, and occasional
small vessels penetrate a short distance into the
outer layers of the annulus. The intraosseous blood
vessels of the vertebrae contact but do not penetrate
the cartilage endplates. This arrangement of blood
vessels leaves the central disc as the largest avascu-
lar structure in the body. The cells must rely on dif-
fusion of nutrients and metabolites through a large
volume of matrix. Mineralization of the endplates

with increasing age may further compromise diffu-
sion of nutrients to the central regions of the disc.

Nerve Supply

Perivascular and free nerve endings lie on the outer
surface of the annulus and some of these nerve cell
processes penetrate the outer most collagen lamel-
lae. Despite multiple investigations of disc innerva-
tion, no nerves have been identified deep to the
outer annular layers. The cartilage plates also have
perivascular nerves.

Age-Related Changes in Disc Tissues

Growth, maturation, and aging dramatically alter
disc tissues, especially the nucleus pulposus. The
four tissue components of the disc are easily identi-
fied in the newborn. A clear gelatinous nucleus fills
almost half the disc and consists almost entirely of
notochordal tissue. A narrow transition zone and
larger ring of annulus fibrocartilage surround the
nucleus. The outermost layers of the annulus encir-
cle the annular fibrocartilage. As the disc grows and
matures during childhood the nucleus gradually
becomes opaque. The decreasing water concentra-
tion makes it dense, firm, and difficult to separate
from the fibrocartilage and transition zones. The an-
nular fibrocartilage ring increases in size as the pro-
portion of the disc occupied by the nucleus
decreases. In the elderly, the components of the disc
inside the outer annular layers consist almost en-
tirely of fibrocartilage, and clefts and fissures ap-
pear in the central parts of the disc.

The disc cells also change with age. Viable noto-
chordal cells fill most of the fetal nucleus pulposus.
With growth and maturation, their numerical den-
sity progressively decreases and cells with the mor-
phologic features of connective tissue cells appear
in the nucleus pulposus. In adults, few if any noto-
chordal cells remain and the percent of necrotic cells
in the nucleus increases from about 2% in the fetus
to about 50% in adults. In adults and the elderly a
dense pericellular matrix forms around most cells
in the nucleus pulposus and the inner annulus fi-
brosus, possibly because of accumulation of cell
products and metabolites. In the elderly less than
20% of the nucleus cells remain viable. The causes
of these age changes remain unclear. They may re-
sult from decreased nutrition of central disc cells
due to increased disc volume, decreased diffusion
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of nutrients into the disc following mineralization
of the cartilage endplates, and accumulation of cell
products and metabolites in the matrix.

MUSCLE

The ability of muscle cell contraction to produce
joint motion or stabilize joints against resistance de-
pends not only on the composition and structure of
the muscle cells, but on the muscle nerves and
blood vessels, the organization of the tissue, and the
attachment of muscle cells to tendons. Unlike the
musculoskeletal connective tissues, muscle consists
primarily of cells contained within a small volume
of highly organized matrix (Figure 1-27). The matrix
contains collagens, elastin, proteoglycans, and non-
collagenous proteins that maintain the structure of
the tissue including the muscle nerves and blood
vessels.

Structure

Muscle cells (myofibers or muscle fibers) cluster
into bundles called fascicles. Aggregates of fascicles
combined with their extracellular matrix form
named muscles. Although the extracellular matrix
makes up only a small fraction of muscle volume
(Figure 1-28), it is critical for normal muscle func-
tion, maintenance of muscle structure, and healing.
A basal lamina containing collagens, noncollage-
nous proteins, and muscle-specific proteoglycans
surrounds each myofiber. The basal lamina together
with the surrounding irregularly arranged fine col-
lagen fibers form the endomysium. A thicker matrix
sheath composed primarily of collagen fibers and
elastic fibers (the perimysium) covers muscle fasci-
culi. The epimysium, a denser peripheral sheath of
connective tissue, covers the entire muscle and usu-
ally joins with the fascia overlying the muscle and
with the muscle-tendon junction.

FIGURE 1-27. (A) Skeletal muscle, longitudinal section. Note that the fibers do not branch or anas-
tomose. Each fiber has many flattened, slender sarcolemmal nuclei lying peripherally beneath the
membrane and oriented parallel with the long axis of the fiber. In muscle disease these nuclei come to
occupy a central position. Large numbers of axially disposed myofibrils are contained within the fiber.
(�670) (B) Striated muscle, cross section. An enlargement of a muscle fiber is depicted. The myofib-
rils are separated by sarcoplasm. The matrix consists of the endomysium, perimysium, and epimysium.

continued
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Composition

Cells

Muscles contain connective tissue cells, en-
dothelial cells of blood vessels, and nerve cell
processes, but most of the tissue consists of large
highly differentiated muscle cells. Each muscle cell,
or myofiber, contains multiple nuclei, a unique form
of endoplasmic reticulum called the sacroplasmic
reticulum and contractile protein filaments (actin
and myosin) organized into cylindrical organelles
called myofibrils (Figure 1-28). When viewed by the
electron microscope, actin filaments appear as thin
filaments and myosin filaments appear as thick fila-
ments (Figures 1-29 and 1-30). Each myofibril con-
sists of regular repeating units, consisting primarily
of actin and myosin, called sarcomeres. These my-
ofibrils often extend through the entire length of the

cell and fill most of the cell volume. Flattened vesi-
cles of sarcoplasmic reticulum surround the myofib-
rils and a series of invaginations of the cell
membrane, called transverse tubules, extend from
the cell surface to lie next to each myofibril and the
membranes of the sarcoplasmic reticulum (Figure
1-31). The interfibrillar sarcoplasm contains mito-
chondria, lysosomes, and ribosomes.

Myofibers form by fusion of multiple small
mesenchymal cells called myoblasts. Myofibers
cannot proliferate; therefore, increase in muscle
mass occurs through cell growth. The myofibers can
grow in length by fusion with myoblasts, thereby
increasing the number of nuclei. They can grow in
diameter by increasing the size and number of my-
ofibers. In mature individuals, some myoblasts sur-
vive. They remain next to mature myofibers, and
following muscle injury they can proliferate and
fuse to form new muscle cells.

FIGURE 1-27. (Continued)
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FIGURE 1-28. The dimensions and arrangement of the
myofibrils in a muscle. The whole muscle (A) is made up of
fibers (B) that contain cross-striated myofibrils (C, D).
Myofibrils consist primarily of actin and myosin filaments
(E) that overlap and interdigitate in a stereospecific man-
ner. (Huxley HE. The molecular basis of contraction. In:
Bourne GH, ed. The Structure and Function of Muscle.
New York: Academic Press, 1972)

FIGURE 1-29. Longitudinal section of frog
sartorius muscle (top) together with a diagram
showing the overlap of filaments that gives
rise to the band pattern. The A band is most
dense in its lateral zones where the thick and
thin filaments overlap. The central zone of
the A band (the H zone) is less dense, since it
contains thick filaments only. The I bands are
less dense still because they contain only thin
filaments. The sarcomere length here is about
2.5 u. (Huxley HE. The molecular basis of
contraction. In: Bourne GH, ed. The Struc-
ture and Function of Muscle. New York: Aca-
demic Press, 1972)
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Matrix

Because of difficulties in extracting, purify-
ing, and studying the small volume of matrix
found in muscle, the composition and organiza-
tion of the muscle matrix remains poorly under-
stood. The muscle basal lamina contain laminin (a
noncollagenous protein that forms part of base-
ment membranes), types IV and V collagen, and
heparin sulfate proteoglycan. The outer connec-
tive tissue envelopes of muscle consist primarily of
type I collagen fibrils.

Blood Supply

Large numbers of blood vessels penetrate the
epimysium passing between muscle fasciculi
within the muscle tissue matrix. They then enter the
muscle fascicles to form rich capillary networks
around individual myofibrils.

Innervation

Initiation, coordination, and control of muscle contrac-
tion require elaborate innervation. Nerves that sense
muscle tension terminate on intrafusal fibers and
Golgi tendon organs. Three types of motor neurons
supply myofibers: (1) a motor neurons innervating

extrafusal myofibers, (2) b motor neurons inner-
vating both extrafusal and intrafusal myofibers,
and (3) g motor neurons innervating intrafusal
myofibers.

One motor neuron innervates each myofiber,
but each motor neuron generally innervates more
than one myofiber. A motor unit consists of the
motor neuron and the muscle fibers it innervates.
Motor nerves attach to myofibers through neuro-
muscular junctions that transmit signals from the
motor nerve terminas to limited regions of the my-
ofibers. Neuromuscular junctions consist of five
principal parts: (1) the nerve terminal filled with
thousands of vesicles containing neurotransmitter,
(2) a Schwann cell overlying the nerve terminal, (3)
a synaptic space lined with basement membrane,
(4) the postsynaptic membrane containing recep-
tors for the neurotransmitter, and (5) postjunctional
sarcoplasm necessary for the structural and meta-
bolic support of the postsynaptic membrane. Re-
lease of neurotransmitter from the motor nerve
terminal into the synaptic space creates an action
potential in the muscle cell membrane. The action
potential in the muscle cell membrane extends into
folds in the cell membrane to the sarcoplasmic retic-
ulum. The sarcoplasmic reticulum releases calcium
ions, and the rapid increase in intracellular calcium
triggers simultaneous contraction of myofibers
throughout the cell.

FIGURE 1-30. Structure of striated muscle, showing overlapping arrays of actin- and myosin-
containing filaments, the latter with projecting cross-bridges on them. To facilitate showing the rela-
tionships, the diagram is drawn with considerable longitudinal foreshortening, with filament
diameters and side-spacings as shown. The filament lengths should be about five times the lengths
shown. (Huxley HE. The molecular basis of contraction. In: Bourne GH, ed. The Structure and
Function of Muscle. New York: Academic Press, 1971)
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FIGURE 1-31. Three-dimensional drawing of parts of four myofibrils to illustrate (1)
the sarcolemma (labeled pm on the right), (2) the transverse tubules that extend into the
substance of the fiber from the sarcolemma (from points indicated by arrows on the
right), and (3) the sarcoplasmic reticulum, which is interposed, and so lies between my-
ofibrils, over their I, A, and H portions (labels for the latter on left). The transverse
tubules are delicate tubules that are invaginations of the sarcolemma; hence their walls
are composed of cell membrane, and their lumens open onto the outer surface of the sar-
colemma. Transverse tubules (in the frog) enter the fiber at the level of Z line (indicated
by arrows on right side), and each one branches as it extends across the fiber so as to sur-
round myofibrils whose Z lines are in register with the site where it entered, as is shown
by following the two tubules in this illustration, from right to left. The sarcoplasmic
reticulum consists of cisternae and channels of smooth-surfaced endoplasmic reticulum
that lie between and so surround myofibrils. In the region of the I band, the extent of
which is indicated at the left of the illustration, the cisternae, known as terminal cister-
nae, are large and flattened, but they may be more or less distended (ds); they lie to either
side of the transverse tubule (ct). The cisternae, by means of channels that run longitudi-
nally (lt) over the A band to the region of the H zone, connect with a network of more or
less flattened sacs called the H sacs (hs). The site of the H zone in the A band is indicated
at the left of the illustration. (From C. P. Leblond; Ham AW. Histology, 7th Ed.
Philadelphia: JB Lippincott, 1974)
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FORMATION AND DEVELOPMENT
OF THE MUSCULOSKELETAL
SYSTEM

Normal structure and function of the musculoskele-
tal system depend on the formation and growth of
the specific skeletal connective tissues and muscle,
and the integration of these tissues into the system
that provides the stability and mobility of the body.
Cartilage, muscle, bone, and dense fibrous tissue
form, grow, and become organized into the muscu-
loskeletal system during early prenatal life so that by
6 months the final form of the musculoskeletal sys-
tem is easily recognized (Figure 1-32). Disturbances
of these processes cause congenital abnormalities

including failure of segmentation of vertebrae, con-
genital dislocations of the hip, clubfeet, and absence
of part or all of a limb. Following birth the muscu-
loskeletal system continues to grow and modify its
form until the physes close.

Cartilage, Muscle, and Bone

Within the first few weeks of intrauterine life, the em-
bryo takes shape, developing the head, the trunk,
and protrusions called limb buds. Between the ecto-
derm and the entoderm lies the diffuse, loose, cellu-
lar mesenchyme, which differentiates into the
musculoskeletal connective tissues and skeletal mus-
cle. The first recognizable musculoskeletal structures
appear as dense concentrations of mesenchymal cells
that take the shape of the bones.

As early as the fifth embryonic week, mes-
enchymal cells enlarge, become more compact, and
differentiate into a sheet of cells recognized as pre-
cartilage. Then, matrix is laid down between the
cells (Figures 1-33 and 1-34). Cartilage increases in
thickness by growth, both internally and externally
(Figure 1-35). Internal growth occurs by multiplica-
tion of cartilage cells and production of new matrix.
Peripheral growth occurs from the investing sheath
(the perichondrium), whose inner cells are trans-
formed into chondrocytes. Figure 1-33 shows the
development of cartilage and skeletal muscle from
mesenchyme.

Bone first appears after the seventh embryonic
week. It forms either from mesenchymal mem-
branes (e.g., facial and cranial bones) or from carti-
lage (e.g., the long bones of the limbs). Although the
bone is identical in each instance, in the latter type
the cartilage must first be removed before bone can
be laid down.

Intramembranous Bone Formation

The mesenchymal or connective tissue mem-
brane first forms the original model of the facial
and the cranial bones. At one or more central
points of the membrane, intramembranous ossifi-
cation begins (Figure 1-36). These ossification
centers are characterized by the appearance of os-
teoblasts that lay down a meshwork of bony tra-
beculae spread radially in all directions. The
mesenchyme at the periphery differentiates into a
fibrous sheath (the periosteum), the undersurface
of which differentiates into osteoblasts, which in
turn deposit parallel plates of compact bone (the
lamellae). This is periosteal ossification, by whichFIGURE 1-32. Skeletal development of a 6-month-old fetus.
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FIGURE 1-33. (A) Origin of a limb bud. Development of the upper limb bud and histogenesis of the humerus are shown. The
limb bud originates as a small elevation of the body wall and at first consists of a condensed mass of proliferating mesoblastic cells.
Within a few days, a central condensation of mesoblasts occurs. This is the skeletomuscle condensation, so-called because sepa-
rate muscle and skeleton cannot be identified. At the same time, a broad sheet of branching nerve trunks from the cord and the
spinal ganglia stream into the base of the arm bud (top, left). A few days later, muscular and skeletal condensations become dis-
tinct, and massive nerve trunks enter the center of the muscle condensations (top, right). In the next section, definite muscle
groups can be identified (bottom, left) containing conspicuous nerve trunks, and major branches of the brachial plexus are obvious.
At the same time, the central part of the skeletal condensation is being transformed into cartilage (this tissue appears lighter in
color). The cartilage of different bones is deposited separately in the last section (bottom, right) so that these central cartilaginous
cores within the skeletal bed acquire the shape of the bones of which they are forerunners. These sections represent develop-
mental periods of about 2 days each. (B) These diagram drawings correspond to these sections in A. (From the Carnegie Institu-
tion of Washington, Streeter GL. Developmental horizons in human embryos (Pub 583), Contrib Embryol 1949;33:149.)

continued

WeinCh01v2.qxd  1/2/04  1:42 AM  Page 43
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FIGURE 1-33. (Continued)

FIGURE 1-34. Early fetal anlage of a long bone.
It is composed of mesenchyme at the center of
which the cells become rounded and assume the
appearance of chondrocytes. Later, the periph-
eral mesenchyme will give rise to vascular tissue
that will invade the calcified cartilage and replace
the latter with bone.
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FIGURE 1-35. Appositional and interstitial cartilage growth. Cartilage grows from the
perichondrium when fibroblast-like cells enlarge into chondroblasts and become encapsu-
lated. They multiply, form groups, and synthesize new matrix producing appositional
growth. Cells within the tissue also proliferate and synthesize matrix producing interstitial
growth. (Ham AW. Histology, 7th Ed. Philadelphia: JB Lippincott, 1974)

the inner and the outer tables of the skull are
formed. Trabeculae are arranged mainly along lines
of greatest stress.

Enchondral Bone Formation

A cartilaginous model of the structure precedes de-
struction of cartilage and its replacement by bone.
Two processes are involved: ossification centrally
within the cartilage, or endochondral ossification,
and ossification peripherally beneath the perichon-
drium (or periosteum), or perichondrial or periosteal
ossification.

In the center of the cartilaginous precursor, the
cells enlarge and become arranged radially as the
matrix mineralizes. Invading from blood vessels
the perichondrium (Figures 1-37 and 1-38) bring

osteoblasts that deposit new bone that replaces the
cartilage.

As the central bone formation occurs, the cells of
the inner layer of perichondrium (now more appro-
priately named the periosteum) lay down parallel lay-
ers of compact bone. The cartilaginous physes form at
the end of each long bone and produce enchondral
bone throughout skeletal growth. Periosteal ossifica-
tion contributes to growth thickness of the structure.

Joints

Two types of joints develop between bones:
synarthorses, which allow little movement, and di-
arthroses, which allow low friction movement.

The synarthorses form by the differentiation of
mesenchyme into a uniting layer of connective tissue
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(the suture or syndesmosis), cartilage (the synchon-
drosis), or bone (the synostosis).

Diarthroses have joint cavities that arise from a
cleft in the mesenchyme. The joint capsule and liga-
ments form from the dense external tissue, which is
continuous with the periosteum. The cells on the
inner surface of the capsule flatten into the synovial
membrane. Menisci and meniscus-like structures
form from mesenchyme that projects into the joint
cavity.

The Axial Skeleton

The notochord is the primitive axial support for
the body. Mesenchymal tissue (designated as scle-
rotomes) migrate toward the notochord and come

FIGURE 1-36. Intramembranous bone formation. Fibrob-
lasts (F). Homogeneous interstitial bone substance (I), col-
lagenous fibrils no longer visible. Connective tissue cells (O)
that have developed processes to become osteoblasts and
later osteocytes.

FIGURE 1-37. Ossification of a fetal cartilaginous long
bone. The cartilage cells at the center of the calcified carti-
lage have become enlarged, and the matrix is sparse. A bone
collar has formed about this level and is gradually replacing
the cartilage.

to lie in paired segmental masses alongside the
notochord. Intersegmental arteries separate each
sclerotomic mesenchymal mass from similar
masses before and behind. Each sclerotome then
differentiates into a caudal compact portion and a
cranial less dense half. The denser caudal half
then unites with the looser cranial half of the suc-
ceeding sclerotome to form the substance of the
vertebra (Figure 1-39). Both the condensed and
the looser portions grow about the notochord to
form the body of the vertebra. From the denser
(now cranial) half, dorsal extensions pass around
the neural tube to form the vertebral arch, and
paired ventrolateral outgrowths form the costal
processes or forerunners of the ribs. The mes-
enchymal tissue in the intervertebral fissure gives
rise to the intervertebral disc. The nucleus pulpo-
sus in the disc constitutes the remnant of the noto-
chord. The two parts of sclerotomes, in joining,
enclose the intersegmental artery, which therefore
passes through the center of the vertebral body. In
the seventh embryonic week, centers of chondrifi-
cation appear, two in the vertebral body and one
in each half of the vertebral arch. These four cen-
ters enlarge and fuse into a complete cartilaginous
vertebra. Vertebral ossification starts in the tenth
week. A single center in the body and one in each
half of the arch appears, but union is not com-
pleted until several years after birth (Figure 1-40).

Continued growth in length of the body occurs
by enchondral ossification at the cephalad and the
caudad epiphyseal plates. About the rim of the su-
perior and the inferior surfaces, a prominent ring of
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FIGURE 1-38. Development of a typi-
cal long bone. (a) Cartilage model. (b)
Periosteal bone collar appears. (c) Cen-
ter of calcifying cartilage. (d) Further de-
velopment of calcified cartilage. (e)
Vascular mesenchyme enters, resorbs
calcified cartilage, and new bone is laid
down toward either extremity of the
model. (f) Endochondral ossification is
further advanced, bone increased in
length. (g) Blood vessels and mes-
enchyme enter upper epiphyseal carti-
lage. (h) Development of epiphyseal
ossification center. (i) Ossification center
develops in lower epiphysis. (j and k)
The lower and then the upper epiphyseal
cartilage plates disappear, bone ceases to
grow in length, a continuous bone mar-
row cavity traverses the entire length of
the bone, and blood vessels of diaphysis,
metaphysis, and epiphysis intercommu-
nicate. (Redrawn from Maximow AA,
Bloom W. A Textbook of Histology.
Philadelphia: WB Saunders, 1968)

FIGURE 1-39. Early stages of differentiation of vertebrae. (Redrawn from Arey LB. Developmental
Anatomy. Philadelphia: WB Saunders, 1974)
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FIGURE 1-40. Development of vertebra. Three primary ossification centers develop in utero; three
secondary centers appear during the growth period and, with epiphyseal plates, become completely
ossified as growth is completed. (After Goss CM. Gray’s Anatomy, 28th Ed. Philadelphia: Lea and
Febiger, 1966)

cartilage exists to which is attached the fibers of the
longitudinal ligament of the spine (Figure 1-41). It
does not participate in growth. Gradually, it devel-
ops secondary ossification centers that are triangular
in cross section but actually skirt the rim of the body.
Eventually, this center appears as a line parallel with
the upper and the lower surfaces of the body and
resembles a plate (Figure 1-42). The term plate is
reserved for the growth cartilage that intervenes

between the ring and the main body of bone. The
secondary centers fuse with the main body by the
age of 17. The central artery can be seen up to 6 years
of age, after which it is obliterated (Figure 1-43). It
may persist beyond this time in certain conditions
(e.g., Scheuermann’s disease).

An exception in the development of the verte-
bra occurs in the atlas. The body differentiates typi-
cally but soon is taken over by the axis serving as a

FIGURE 1-41. Sagittal section through adjacent vertebral bodies during ossification of the cartilagi-
nous ring. (Redrawn from Schmid P. Zur Entstehung der Adolezentenkyphose. Dtsch Med Wochen-
schr 1949;74:798)
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FIGURE 1-42. Ossification of the vertebrae.

peg-like extension (dens) of the latter, about which
the atlas rotates. The atlas is left as a ring. The
sacral and the coccygeal vertebrae represent verte-
bra with reduced vertebral arches. The sacral verte-
brae eventually fuse into a single mass. The
coccygeal vertebrae exist as rudimentary structures.
The entire spine at birth displays one continuous
curve convex posteriorly. As the erect posture is as-
sumed after the first year, secondary forward
curves develop the cervical and the lumbar regions.

Finally, the lordosis in the cervical and the dorsal
regions is balanced by the kyphosis in the thoracic
and the sacral regions.

The original union of the costal process with the
vertebra is replaced by a joint for the head of the rib.
The center of ossification appears at the tangle of
the rib. However, the distal ends of the long ribs al-
ways remain cartilaginous. In the neck the ribs are
represented by their tubercles, which are fused with
the transverse processes and their heads fused with
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FIGURE 1-43. The appearance of normal thoracic vertebrae in children at various ages. (A)
Normal thoracic vertebrae, fully developed, lateral view. (B) Lateral roentgenographic view of
vertebral bodies in children under 6 years of age. (C) Lateral view in children, 6 to 9 years of
age. Ossification starting in the cartilaginous ring is most visible anteriorly. (D) At 9 to 15 years
of age. Ossification is more extensive in the ring and progresses posteriorly. The nutrient fora-
men normally is obliterated after 6 years of age.

the bodies; between these processes is an interval,
the transverse foramen, through which the verte-
bral arteries course. When the costal processes are
overdeveloped in the cervical region, a supernu-
merary rib is formed, which may lead to compres-
sion of nerve structures.

The sternum originates from the junction of two
bars of ventrolaterally placed mesenchyme, which
initially have no connection with the ribs or which
each other.

At birth, the posterior bony arch is separated
from the anterior bony centrum by cartilaginous
bridges. The bony arch is completed by the second
year. Junction between arch and body occurs be-
tween the third and sixth years.

The Appendicular Skeleton

The appendicular skeleton is derived directly from
the unsegmented somatic mesenchyme. Definite
masses are formed at the sites of the future pectoral

and pelvic girdles and limb buds. The sequence of
bone development through cartilaginous and os-
seous stages follows.

The clavicle is the first bone of the skeleton to
ossify. Before ossification, a peculiar tissue resem-
bling both membranous and cartilaginous tissue
makes it difficult to classify the origin. Two primary
centers of ossification appear.

The scapula is a single plate with two chief cen-
ters of ossification and several epiphyseal centers
that appear later. An early primary center forms the
body and the spine. The other, after birth, gives rise
to the coracoid process.

The humerus, the radius, and the ulna all os-
sify from a single primary center in the diaphysis
and an epiphyseal center at each end. Additional
epiphyseal centers are constant at the lower end of
the humerus. Each carpal bone ossifies from a sin-
gle center. The metacarpals ossify from a single
primary center and an epiphyseal center (Figures
1-44 and 1-45).
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At first, the cartilaginous plate of the pelvis lies
perpendicular to the vertebral column. Later, it ro-
tates to a position parallel with the vertebral col-
umn and in relation to the first three sacral
vertebrae. Three main centers of ossification appear
for the ilium, the ischium, and the pubis. The three

FIGURE 1-44. The appearance at birth of the upper extremity. The ages at which the ossification of
the epiphyses appear are shown with the differentiation between male and female indicated.

elements join at a cup-shaped depression, the ac-
etabulum, the articulation for the head of the femur.

The development of the femur, the tibia, the
fibula, the tarsus, the metatarsals, and the pha-
langes corresponds to that of the bones of the upper
extremity (Figures 1-46 and 1-47).
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FIGURE 1-45. Stages of advancing ossification and epiphyseal closure of the upper extremity.
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FIGURE 1-46. The appearance at birth of the lower extremity. The ages at which ossification of the
epiphyses appear are shown with the differentiation between male and female indicated.
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FIGURE 1-47. The stage of
advancing ossification and epi-
physeal closure of the lower ex-
tremity.
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SUMMARY

The musculoskeletal system consists of skeletal
connective tissues (bone, cartilage, and dense fi-
brous tissues) and muscle formed into functional
units that make possible movements that vary from
the finely controlled motions of the upper limbs
necessary to play musical instruments, to the pow-
erful motions of all four extremities and the spine
necessary to lift a heavy weights from the ground,
to the rapid coordinated repetitive motions re-
quired for success in many sports. Mesenchymal
cells form all musculoskeletal tissues, but specific
tissues differ in structure, composition, mechanical
properties, innervation, and blood supply. The
skeletal connective tissues (bone, cartilage, and
dense fibrous tissue) consist of sparsely distributed
cells surrounded by a large volume of extracellular
organic matrix synthesized by the cells. Their ma-
trix molecular frameworks consist of collagens,
proteoglycans, and noncollagenous proteins. Each
tissue has a unique combination of these three
classes of macromolecules, and in some tissues, like
meniscus, intervertebral disc, and ligament, elastin
also forms part of the organic matrix. In addition to
their organic matrix, bone and some cartilage re-
gions have an inorganic matrix consisting of rela-
tively insoluble mineral deposited within the
organic matrix. These differences in matrix compo-
sition give the skeletal connective tissues different
mechanical properties. Hyaline cartilage has the
stiffness in compression, the ability to distribute
loads and the durability to form the low friction
gliding surfaces of synovial joints. The dense fi-
brous tissues have the tensile strength and flexibil-
ity to serve as tendons and ligaments, and bone has
the stiffness and strength to provide the rigid sup-
port necessary for normal function of the other tis-
sues. Hyaline cartilage lacks nerves. Bone contains
perivascular nerves and some regions of the dense
fibrous tissues have nerves that may sense tissue
deformation as well as perivascular nerves, but
none of the connective tissue cells have direct in-
nervation. Hyaline cartilage, the intervertebral disc
(except for the outermost layers of the annulus fi-
brosus), and some regions of dense fibrous tissue
lack blood vessels. Unlike the skeletal connective
tissues, skeletal muscle consists primarily of cells
with only a small volume of extracellular matrices,
the tissue has a network of blood vessels that
reaches every cell, a motor nerve innervates each
muscle cell, and the cells generate the force neces-
sary to produce movement.

Although knowledge of the tissues provides the
basis for understanding orthopaedic diseases, mus-
culoskeletal function and dysfunction cannot be un-
derstood in terms of individual tissues alone. The
mobility, strength, and stability of the body depend
on the organization and integration of these tissues
into functional units. Voluntary movement requires
skeletal muscle contraction, but the mechanisms by
which muscle contraction produces joint motion, or
the failure of muscle contraction to produce joint
motion, cannot be understood by considering mus-
cle cells alone. Muscles move or stabilize synovial
joints and the spine by transmitting the force gener-
ated by individual muscle cells to tendons through
elaborate muscle-tendon junctions. Many tendons
pass through sheaths and retinacula that make it
possible to effectively transmit the force generated
by muscle to bone through distinct insertions into
bone or periosteum. The force then acts on synovial
joints consisting of articular cartilage, menisci, bone,
joint capsule, synovium and ligaments, or the spine.
The spine includes these tissues with the addition of
the intervertebral disc. Ultimately muscle contrac-
tion causes joint motion or stabilizes joints against
resistance, but synovial joint or spine function can
only be understood by considering how the multiple
musculoskeletal tissues perform simultaneously as
parts of a functional unit. Likewise understanding
orthopaedic diseases depends on considering how
disturbances in the structure or function of one or
more tissues alters musculoskeletal function meas-
ured in terms of motion, strength, and stability.
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Musculoskeletal 
Tissue Healing

R ecovery from musculoskeletal injuries or success in the operative treat-
ment of many musculoskeletal diseases and deformities depends on healing the
musculoskeletal tissues: that is, restoration of tissue structure and function fol-
lowing injury. Healing occurs by repair, replacement of damaged or lost tissue by
fibrous or fibrocartilaginous tissue that fails to duplicate the normal tissue struc-
ture and function, or by regeneration, replacement of damaged or lost tissue by
tissue that duplicates the normal tissue structure and function. Most isolated
muscle lacerations heal by repair with scar; bone fractures heal by regeneration
of bone. Over the last two decades orthopaedic surgeons have dramatically ad-
vanced their ability to promote healing of damaged bones and joints. Using new
methods of internal fixation, external fixation, and rehabilitation, they now suc-
cessfully treat even the most severe fractures and many severe joint injuries.
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Patients with injuries of dense fibrous tissue struc-
tures (tendon, ligament, joint capsule, and menis-
cus) or skeletal muscle present problems as difficult
as patients with bone or articular cartilage injuries.
Furthermore, injuries to these latter tissues may
leave patients with more significant disability than
fractures. For these reasons optimal treatment of
musculoskeletal injuries and diseases requires un-
derstanding of the responses of the musculoskeletal
tissues to injury and the healing of these tissues.

BONE HEALING

Fractures, acute disruptions of bone tissue, result
from applications of forces to the skeleton that ex-
ceed the strength of the tissue. The intensity of the
applied force determines the severity of the injury
as measured by the extent of bone and soft tissue
damage. A fracture initiates a sequence of inflam-
mation, repair, and remodeling that can restore
the injured bone to its original state. Inflammation
begins immediately after injury and is followed

rapidly by repair. After repair has replaced the lost
and damaged cells and matrix, a prolonged remod-
eling phase begins that commonly restores normal
bone structure and function.

Inflammation and Repair

An injury that fractures bone not only damages the
cells, blood vessels, and bone matrix (Figure 2-1), but
also the surrounding soft tissues, including the
periosteum and muscle. A hematoma accumulates
within the medullary canal, between the fracture
ends and beneath elevated periosteum. The damage
to the bone blood vessels deprives osteocytes of their
nutrition, and they die as far back as the junction of
collateral channels, leaving the immediate ends of
the fracture without living cells (see Figure 2-2). Se-
verely damaged periosteum and marrow, as well as
other surrounding muscle, may also contribute
necrotic material to the fracture site.

Inflammatory mediators released from platelets
and from dead and injured cells cause blood vessels to

FIGURE 2-1. Initial events following fracture of a long bone diaphysis. (A) Drawing showing that
the periosteum is torn opposite the point of impact, and may remain intact on the other side. A
hematoma accumulates beneath the periosteum and between the fracture ends. There is necrotic mar-
row and cortical bone close to the fracture line. (B) A photomicrograph of a fractured rat femur 3 days
after injury showing the proliferation of the periosteal repair tissue.
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FIGURE 2-1. (Continued)

FIGURE 2-2. Early repair of a diaphyseal fracture of a long bone. (A) Drawing showing organiza-
tion of the hematoma, early woven bone formation in the subperiosteal regions, and cartilage forma-
tion in other areas. Periosteal cells contribute to healing this type of injury. If the fracture is rigidly
immobilized or if it occurs primarily through cancellous bone and the cancellous surfaces lie in close
apposition, there will be little evidence of fracture callus. (B) Photomicrograph of a fractured rat
femur 9 days after injury showing cartilage and bone formation in the subperiosteal regions.
(Reprinted from Clin Ortho Rel Res with permission [5]) continued

dilate and exude plasma leading to the acute edema
seen in the region of a fresh fracture. Inflammatory
cells migrate to the region, including polymor-
phonuclear leukocytes followed by macrophages

and lymphocytes. These cells also release cytokines
that stimulate angiogenesis. As the inflammatory
response subsides, necrotic tissue and exudate are
resorbed, and fibroblasts and chondrocytes appear
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FIGURE 2-2. (Continued)

and start producing a new matrix, the fracture cal-
lus (Figures 2-2 and 2-3).

The mechanical stability of the fracture site influ-
ences the repair process. The summaries of fracture
repair and remodeling that follow immediately
below first describe healing of closed fractures that
are not rigidly stabilized; that is, fractures where re-
pair proceeds in the presence of motion at the frac-
ture site (Figure 2-4). A closed clavicle fracture that is
not treated by internal fixation provides an example
of repair and remodeling of an unstable fracture. The
second summary describes healing of stable frac-
tures; that is, fractures where repair proceeds at a
rigidly stable fracture site with the fracture surfaces
held in contact. Transverse diaphyseal fractures of
the radius and ulna treated by open anatomic reduc-
tion and rigid internal fixation provide examples of
the repair and remodeling of stabile fractures.

Repair and Remodeling of Unstable
Fractures 

Disruption of blood vessels in the bone, marrow, pe-
riosteum, and surrounding tissue at the time of in-
jury results in the extravasation of blood at the
fracture site and the formation of a hematoma. Orga-
nization of this hematoma is usually recognized as
the first step in fracture repair (Figure 2-2). Loss of
the hematoma impairs or slows fracture healing sug-
gesting that the hematoma and an intact surround-
ing periosteal soft tissue envelope that contains the
hematoma may facilitate the initial stages of repair.

Although the volume of the vascular bed of an
extremity increases shortly after fracture, presumably

because of vasodilation, vascular proliferation also
occurs in the region of the fracture. It appears that,
under ordinary circumstances, the periosteal vessels
contribute the majority of capillary buds early in
normal bone healing, with the nutrient medullary
artery becoming more important later in the process.
Growth factors may be important mediators of the
angiogenesis in fracture healing, but the exact stimuli
responsible for vascular invasion and endothelial cell
proliferation have not been defined.

The bone ends at the fracture site, deprived of
their blood supply, become necrotic and are resorbed.
In some fractures this may create a radiographically
apparent gap at the fracture site several weeks or
more after the fracture. The cells responsible for this
function, the osteoclasts, come from a different cell
line than the cells responsible for bone formation.
They are derived from circulating monocytes in the
blood and monocytic precursor cells from the bone
marrow, whereas the osteoblasts develop from the
undifferentiated mesenchymal cells that migrate into
the fracture site.

Pluripotential mesenchymal cells, probably of
common origin, form fibrous tissue, cartilage, and
eventually bone at the fracture site. Some of these
cells originate in the injured tissues, while others mi-
grate to the injury site with the blood vessels. Cells
from the cambium layer of the periosteum form the
earliest bone (Figure 2-1A). Osteoblasts from the
endosteal surface also participate in bone forma-
tion, but surviving osteocytes do not appear to
form repair tissue. The majority of cells responsible
for osteogenesis during fracture healing appear in
the fracture site with the granulation tissue that re-
places the hematoma.
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FIGURE 2-3. Progressive fracture healing by fracture callus. (A) Drawing showing woven or fiber
bone bridging the fracture gap and uniting the fracture fragments. Cartilage remains in the regions
most distant from ingrowing capillary buds. In many instances, the capillaries are surrounded by new
bone. Vessels revascularize the cortical bone at the fracture site. (B) Photomicrograph of a fractured
rat femur 21 days after injury showing fracture callus united the fracture fragments. (Reprinted from
Clin Ortho Rel Res with permission [5])

The mesenchymal cells at the fracture site pro-
liferate, differentiate, and produce the fracture callus
consisting of fibrous tissue, cartilage, and woven
bone (Figure 2-3). The fracture callus fills and sur-
rounds the fracture site, and in the early stages of
healing can be divided into the hard or bony callus
and the softer fibrous and cartilaginous callus. The

bone formed initially at the periphery of the callus
by intramembranous bone formation is the hard cal-
lus. The soft callus forms in the central regions and
consists primarily of cartilage and fibrous tissue.
Bone gradually replaces the cartilage through the
process of endochondral ossification, enlarging the
hard callus and increasing the stability of the fracture
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FIGURE 2-4. Light micrograph show-
ing healing of a diaphyseal fracture under
conditions of loading and motion. This
femur fracture occurred in a pig that con-
tinued to use the limb for 3 weeks. Even
though the fracture was not stabilized, it
is healing. A large fracture callus consist-
ing primarily of woven bone surrounds
and unites the two fracture fragments. As
the callus matures, it progressively stabi-
lizes the fracture. Notice that the fracture
callus contains areas of mineralized and
unmineralized cartilage.

fragments (see Figure 2-4). This process continues
until new bone bridges the fracture site, reestablish-
ing continuity between the cortical bone ends.

As mineralization of fracture callus proceeds, the
bone ends gradually become enveloped in a fusiform
mass of callus containing increasing amounts of
woven bone. The increasing mineral content is
closely associated with increasing stiffness of the
fracture callus. Stability of the fracture fragments
progressively increases because of the internal and
external callus formation, and eventually clinical
union occurs—that is, the fracture site becomes sta-
ble and pain-free. Radiographic union occurs when
plain radiographs show bone trabeculae or cortical
bone crossing the fracture site and often occurs later
than clinical union. However, even at this stage heal-
ing is not complete. The immature fracture callus is
weaker than normal bone, and it only gains full
strength during remodeling.

During the final stages of repair, remodeling of
the repair tissue begins with replacement of woven
bone by lamellar bone and resorption of unneeded
callus. Although fracture callus remodeling results
from an elaborate sequence of cellular and matrix
changes, the important functional result for the pa-
tient is an increase in mechanical stability.

Repair and Remodeling of Stabilized
Fractures (Primary Bone Healing)

As described above, when motion occurs within
certain limits at a fracture site, fracture callus pro-
gressively stabilizes the bone fragments, and re-
modeling of the fracture callus eventually produces

lamellar bone. However, when the fracture surfaces
are rigidly held in contact, fracture healing can
occur without grossly visible callus in either cancel-
lous or cortical bone. Some surgeons refer to this
type of fracture healing as primary bone healing, indi-
cating that it occurs without the formation and re-
placement of visible fracture callus.

In most fractures that are rigidly stabilized with
the bone ends directly apposed, the bone ends are
in contact in some regions of the fracture line and
other areas where there are small gaps. Where be-
tween bone ends contact, lamellar bone can form di-
rectly across the fracture line by extension of
osteons. A cluster of osteoclasts cuts across the frac-
ture line, osteoblasts following the osteoclasts de-
posit new bone, and blood vessels follow the
osteoblasts. The new bone matrix, enclosed osteo-
cytes, and blood vessels form new haversian sys-
tems. Where gaps exist that prevent direct extension
of osteons across the fracture site, osteoblasts fill the
defects with woven bone. After the gap fills with
woven bone, haversian remodeling begins, reestab-
lishing normal cortical bone structure. Cutting cones
consisting of osteoclasts followed by osteoblasts
and blood vessels traverse the woven bone in the
fracture gap, depositing lamellar bone and reestab-
lishing the cortical bone blood supply across the
fracture site without grossly visible fracture callus.
If a segment of cortical bone is necrotic, gap healing
by direct extension of osteons still can occur, but at a
slower rate, and areas of necrotic cortical bone re-
main unremodeled for a prolonged period.

Many impacted epiphyseal, metaphyseal, and
vertebral body fractures where cancellous and in
some regions cortical bone surfaces interlock have
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FIGURE 2-5. Hypertrophic delayed union of a distal tibial
fracture 5 months after injury. Note the abundant callus but
incomplete bridging of the fracture gap.

FIGURE 2-6. Atrophic nonunion of a humeral shaft frac-
ture 18 months after fracture. Note the absence of callus.

sufficient stability to permit primary bone healing
at sites where bone surfaces make direct contact.
The same type of cancellous bone healing can occur
at osteotomies through metaphyseal bone, rigidly
stabilized intra-articular fractures, and surgical
arthrodesis treated with rigid stabilization. Most di-
aphyseal osteotomies, acute diaphyseal fractures of
long bones, and unstable metaphyseal fractures re-
quire use of devices that compress and rigidly stabi-
lize the fracture site to allow primary healing.

Failure of Fracture Healing

Despite optimal treatment, some fractures heal
slowly or fail to heal. It is difficult to set the time
when a given fracture should be united, but when
healing progresses more slowly than average, the
slow progress is referred to as delayed union. This in-
dolent fracture healing may be related to the sever-
ity of the injury, poor blood supply, the age and
nutritional status of the patient, or other factors.
Failure of bone healing, or nonunion, results from an
arrest of the healing process. A nonunion that oc-
curs despite the formation of a large volume of cal-
lus around the fracture site is referred to as a
hypertrophic nonunion (Figure 2-5), in contrast to an at-
rophic nonunion (Figure 2-6) where little or no callus

forms and bone resorption occurs at the fracture
site. In some nonunions, cartilaginous tissue forms
over the fracture surfaces and the cavity between
the surfaces fills with a clear fluid resembling nor-
mal joint or bursal fluid creating a pseudoarthrosis, or
false joint. Pseudoarthroses may or may not be
painful, but they almost uniformly remain unstable
indefinitely. In other nonunions the gap between
the bone ends fills with fibrous or fibrocartilaginous
tissue. Occasionally dense fibrous and cartilaginous
tissue firmly stabilizes a fracture creating a fibrous
union. Although fibrous unions may be painless and
unite the fracture fragments, they fail to restore the
normal strength of the bone.

ARTICULAR CARTILAGE HEALING

Articular cartilage forms the bearing surfaces of
synovial joints. It may be injured by mechanical
forces that disrupt the articular cartilage alone or
the articular cartilage and the underlying bone. Vis-
ible disruptions of articular cartilage are referred to
as osteochondral or intra-articular fractures when they
involve both the articular cartilage and subchondral
bone; when they involve only the cartilage, they are
referred to as chondral fractures. In addition to direct
mechanical injury, articular cartilage can sustain
damage by disruption of the synovial membrane
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leading to exposure of the articular cartilage to air.
Because of these special features, acute traumatic in-
juries to synovial joints can be separated into the fol-
lowing categories: disruption of the soft tissues of
the synovial joint without direct mechanical carti-
lage injury and mechanical injury of articular carti-
lage. Because cartilage lacks blood vessels, it cannot
respond to cell damage with inflammation. How-
ever, injuries that disrupt subchondral bone as well
as the overlying cartilage initiate the fracture healing
process, and the repair tissue from bone will fill an
articular cartilage defect. Cartilage healing then fol-
lows the sequence of inflammation, repair, and re-
modeling like that seen in bone or dense fibrous
tissue. Unlike these tissues, the repair tissue that fills
cartilage defects from subchondral bone initially dif-
ferentiates toward articular cartilage rather than to-
ward dense fibrous tissue or bone.

Healing Following Disruption 
of Synovial Joint Soft Tissues

Exposure of cartilage to air by disruption of the joint
capsule and synovial membrane can alter cartilage
matrix composition by stimulating degradation of
proteoglycans or suppressing synthesis of proteo-
glycans. A decrease in matrix proteoglycan concen-
tration decreases cartilage stiffness and may make
the tissue more vulnerable to damage from impact
loading. Prompt restoration of the synovial environ-
ment by closure of the synovial membrane allows
chondrocytes to repair the damage to the macromol-
ecular framework of the matrix, and the tissue may
regain its normal composition and function. How-
ever, prolonged exposure of the articular surface to
air can desiccate the tissue and kill chondrocytes.

Healing Following Damage 
to the Articular Surface

Osteochondral fractures mechanically disrupt car-
tilage and bone tissue at the fracture site, but in ad-
dition, osteochondral fractures may be associated
with blunt trauma limited to cartilage, abrasions of
the articular surface, or chondral fractures. Alter-
natively, blunt trauma to a synovial joint may
occur without an associated bone or cartilage frac-
ture. Therefore, acute articular cartilage injuries
can be separated into those caused by blunt
trauma that does not disrupt or fracture tissue and
those caused by blunt trauma that mechanically

disrupts the tissue. Injuries that fracture or disrupt
cartilage can be further divided into those limited
to articular cartilage and those affecting both carti-
lage and subchondral bone.

BLUNT TRAUMA WITHOUT
ARTICULAR CARTILAGE
DISRUPTION

Acute blunt trauma may damage articular cartilage
even when there is no grossly apparent tissue dis-
ruption; and these injuries may lead to later degen-
eration of the articular surface. Physiologic levels of
impact loading have not been demonstrated to pro-
duce cartilage injury, and clinical experience sug-
gests that acute impact loading considerably greater
than physiologic loading, but less than that neces-
sary to produce detectable fractures, rarely causes
significant articular cartilage injury. However,
acute impact loading less than that necessary to
produce visible tissue disruption may cause carti-
lage swelling and alter the relationships between
collagen fibrils and proteoglycans. This observation
suggests that blunt trauma may disrupt the macro-
molecular framework of the cartilage matrix and
possibly injure cells without producing detectable
fracture of the cartilage or bone. Presumably this
tissue damage makes cartilage more vulnerable to
subsequent injury and progressive deterioration if
the cells do not rapidly restore the matrix. This type
of injury may help explain the development of artic-
ular cartilage degeneration following joint disloca-
tions or other types of acute joint trauma that do not
cause visible damage to the articular surface.

TRAUMA THAT DISRUPTS
ARTICULAR CARTILAGE

Injuries Limited to Articular Cartilage

Lacerations, traumatically induced splits of articu-
lar cartilage perpendicular to the surface, or chon-
dral fractures kill chondrocytes at the site of the
injury and disrupt the matrix. Viable chondrocytes
near the injury may proliferate, form clusters of
new cells, and synthesize new matrix. They do not
migrate to the site of the injury, and the matrix they
synthesize does not fill the defect. A hematoma
does not form, and inflammatory cells and fibrob-
lasts do not migrate to the site of injury. This mini-
mal response may be due to the inability of
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chondrocytes to respond effectively to injury, the in-
ability of undifferentiated mesenchymal cells to in-
vade the tissue defect, and the lack of a clot that
attracts cells and gives them a temporary matrix to
adhere to and replace with more permanent tissue.
Although the response of chondrocytes to injury
will not heal a clinically significant cartilage defect,
most traumatic defects limited to small areas of ar-
ticular cartilage do not progress.

Osteochondral Injuries

An articular cartilage injury that also damages
subchondral bone stimulates bone fracture healing
including inflammation, repair, and remodeling.
Blood from ruptured bone blood vessels fills the in-
jury site with a hematoma that extends from the
bony injury into the chondral defect. The clot may
fill a small chondral defect, generally one less than
several millimeters wide, but it usually does not
completely fill larger defects. Inflammatory cells
migrate through the clot followed by fibroblasts
that begin to synthesize a collagenous matrix. In the
bone defect and the chondral defect some of the
mesenchymal cells assume a rounded shape and
begin to synthesize a matrix that closely resembles
the matrix of articular cartilage.

Within weeks of injury the repair tissue form-
ing in the chondral portion of the defect and the
tissue forming in the bony portion of the defect
begin to differ. Tissue in the chondral defect has a
higher proportion of repair cells and matrix which
resemble hyaline cartilage (Figure 2-7), while the
repair tissue in the bone defect has started to form
new bone. Within 6 weeks of injury repair tissue
in the two locations is distinguished by the new
bone formed in the bone defect, the absence of
bone in the chondral defect, and the higher pro-
portion of hyaline cartilage repair tissue in the
chondral defect.

While the initial repair of an osteochondral injury
usually follows a predictable course, subsequent
changes in the cartilage repair tissue vary consider-
ably among similar defects. In some chondral defects
the production of a cartilaginous matrix continues,
and the cells may retain the appearance and some of
the functions of chondrocytes, including production
of type II collagen and proteoglycans. They rarely, if
ever, restore the matrix to the original state, but they
may succeed in producing fibrocartilaginous tissue
that maintains the integrity of the articular surface
and provides clinically satisfactory joint function for
years. Unfortunately, in many other injuries the carti-
lage repair tissue deteriorates rather than remodels.

It becomes progressively more fibrillar, and the cells
lose the appearance of chondrocytes and appear to
become more fibroblastic. The fibrous matrix may
begin to fibrillate and fragment, eventually leaving
exposed bone (Figure 2-7). The reasons why healing
of some osteochondral injuries results in formation of
fibrocartilage that may provide at least temporary
joint function, while others fail to repair, have not
been well defined.

Failure of Articular Cartilage Healing

When the healing response fails to restore a func-
tional articular surface, or the cartilaginous repair
tissue deteriorates, the joint loses its ability to pro-
vide pain-free motion. It becomes stiff and fre-
quently becomes painful, a condition called
posttraumatic osteoarthritis. The risk of posttrau-
matic osteoarthritis increases with the severity of the
joint injury as measured by the degree of disruption
of the articular surface and with the age of the pa-
tient. Residual joint articular surface incongruity
and joint instability increase the risk of degeneration
of remaining normal articular cartilage, and thereby
increase the risk of posttraumatic osteoarthritis.

DENSE FIBROUS TISSUE HEALING

In general, acute soft tissue injuries can be identi-
fied as blunt, tearing, or penetrating injuries or
combinations of these types of injury. Blunt injuries
compress and crush tissue and range from mild
contusion to severe crushing. Tearing injuries can
range from minimal elongation or stretching to rup-
ture, avulsion, or tearing away of tissue. Penetrating
injuries vary in depth and the extent to which they
cleanly lacerate tissue or cause combinations of
blunt and tearing injuries. Generally the extent of
tissue damage from penetrating injuries can be rela-
tively easily determined. It is more difficult to de-
fine the extent of cell and matrix injury from blunt
or tearing trauma.

Like bone, the response of vascularized dense
fibrous tissue to acute injury includes inflamma-
tion, repair, and remodeling, and the repair tissue
matrix consists primarily of type I collagen. Al-
though the repair tissue formed following injury to
dense fibrous tissue can replace damaged or lost tis-
sue, it rarely duplicates the structure and properties
of the uninjured tissue. The specialized forms of
dense fibrous tissue follow the same general pattern
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FIGURE 2-7. (A) Normal rabbit artic-
ular cartilage showing the homogenous
extracellular matrix. The chondrocytes
near the articular surface are relatively
small and flattened, whereas those in the
middle and deeper zones of the articular
cartilage have a more spherical shape.
(B) Well-formed fibrocartilaginous re-
pair cartilage. Notice that the extracellu-
lar matrix is more fibrillar and the
chondrocytes do not show the same or-
ganization as normal articular carti-
lage. Nonetheless, this repair cartilage
does fill the defect in the articular sur-
face. In most instances after osteo-
chondral injury, this type of tissue
forms within 6 to 8 weeks. (C) Pho-
tomicrograph showing fibrillation and
fragmentation of fibrocartilaginous re-
pair tissue. Because fibrocartilaginous
repair tissue lacks the mechanical
properties of normal articular carti-
lage, it often degenerates over time.
(Reprinted from Buckwalter JA, Mow
VC. Cartilage repair and osteoarthri-
tis. In: Moskowitz RW, Howell DS,
Goldberg VM, et al., eds. Osteoarthri-
tis Diagnosis and Medical/Surgical
Management, 2nd Ed. Philadelphia: WB
Saunders, 1992:86–87, with permission)
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of healing, but because of the differences in their
structure and function, tendon, ligament, and joint
capsule and meniscus healing present different clin-
ical problems.

Tendon

All three tendon components, tendon substance,
tendon insertions, and muscle-tendon junctions,
may suffer acute traumatic injuries. Complete dis-
ruption of any part of the muscle-tendon unit al-
lows the muscle to retract, increasing the gap at the
injury site. If the injury is left untreated, scar tissue
may eventually fill the gap between the tendon
ends, but it will leave the muscle-tendon unit longer
than before injury and may bind the tendon to the
surrounding tissues. Without restoration of normal
tendon length and gliding, the function of the muscle-
tendon unit will be compromised. Furthermore,
even when tendons are repaired, gaps at the repair
site may prevent healing tendons from gaining
strength and stiffness at the same rate as repaired
tendons with gaps. The decreased strength in-
creases the risk of tendon rupture. For these reasons
restoration of muscle-tendon unit function follow-
ing a complete disruption usually requires a surgi-
cal repair that reestablishes normal muscle-tendon
unit length and has sufficient strength to allow im-
mediate motion of the tendon relative to the sur-
rounding tissues.

Injuries to Tendon Substance

The specialized structure of tendons makes it possi-
ble for them to transmit the force of muscle contrac-
tion to bone, thereby producing joint motion. Some
tendons pass through well-defined synovial-lined
sheaths and dense fibrous tissue pulleys. Achieving
healing of lacerated digital flexor tendons within
these tendon sheaths while preserving the pulleys
and the tendon motion presents a unique problem
in the treatment of musculoskeletal injuries. The cut
tendon ends can be sutured and will heal, but if the
repair tissue scars the tendon to the sheath or the
pulleys, tendon motion will be restricted and may
cause joint contracture. Tendons without sheaths do
not usually present this problem because scarring of
their repair tissue to surrounding loose areolar tis-
sue often will not severely restrict motion.

Tendon healing begins with inflammatory cell
and fibroblast migration into the site of injury.

Granulation tissue proliferates around the injury
site and between the ends of the sutured tendons
and deposits randomly-oriented collagen fibrils
(Figure 2-8). The density of fibroblasts increases up
to 3 weeks after injury when granulation tissue fills
and surrounds the repaired area. If the tendon has
been sutured, the suture material holds the tendon
ends together until the fibroblasts have produced
sufficient collagen to form a “tendon callus.” The
tensile strength of the repaired tendon depends on
the collagen concentration and the orientation of
the collagen fibrils. The collagen fibrils become lon-
gitudinally oriented by about 4 weeks, and during
the next 2 to 3 months the repair tissue remodels
until it resembles normal tendon (Figure 2-8). The
amount and density of the scar tissue adhesions be-
tween the tendon injury site and surrounding tis-
sues depend on the intensity, extent, and duration
of the inflammatory and repair phases of healing
and the mobility of the tendon during repair.

Early controlled mobilization of a repaired ten-
don can reduce scar adhesions between the tendon
injury site and the surrounding tissue and facilitate
healing, but excessive loading may disrupt the re-
pair tissue and create gaps at tendon repair sites.
Thus, optimal tendon healing depends on surgical
apposition and mechanical stabilization of the ten-
don ends without excessive soft tissue damage and
on creating the optimal mechanical environment for
healing. This mechanical environment includes suf-
ficient tendon mobility to prevent adhesions and
sufficient loading to stimulate remodeling of the re-
pair tissue matrix along the lines of stress, but loads
applied to the tendon must not exceed the strength
of the surgical repair.

Injuries to Tendon Insertions

Disruption of tendon insertions into bone often in-
volves a fracture or avulsion of a bone fragment at
the site of injury. These injuries usually can be treated
by surgically reducing and stabilizing the fracture or
reinserting the tendon into the bone and stabilizing
the insertion. Healing occurs either by bony union or
by union of the bone to the tendon substance.

Injuries to Muscle-Tendon Junctions

Partial muscle-tendon junction injuries usually will
heal successfully if further injury can be prevented,
but complete or nearly complete avulsions or tears

WeinCh02v2.qxd  1/2/04  12:49 AM  Page 67



68 CHAPTER 2 � Musculoskeletal Tissue Healing

FIGURE 2-8. The sequence of events following a
tendon laceration. A hematoma forms between the
tendon ends. Inflammatory cells, undifferentiated
mesenchymal cells, fibroblasts and blood vessels grow
into the gap between the tendon ends. The fibroblasts
repair the tendon defect by proliferating and synthe-
sizing a new matrix. This repair tissue remodels until
it closely resembles the uninjured tendon tissue.

can present difficult problems because attempts to
suture muscle tissue consisting primarily of mus-
cle cells to tendon is unlikely to restore the struc-
ture and function of the muscle-tendon junction.
Optimal healing of these injuries depends on ap-
proximation of the avulsed tendon and any rem-
nants of the tendon remaining attached to the
muscle or, when available, muscle fascia. Al-
though it may appear that muscles attach to ten-
dons over a small area, in many muscles thin
extensions of their tendons penetrate long dis-
tances within the muscle bellies. Identification of
these thin bands of tendon within muscle may
make it possible to suture them to an avulsed or
partially avulsed tendon in the proximal and dis-
tal thirds of many muscles and as far as the middle
third of some muscles.

LIGAMENT AND JOINT CAPSULE

Ligament and joint capsule substance healing fol-
lows the sequence described for healing of tendon
substance by extrinsic cells (Figure 2-8). Also, as in
tendon healing, early motion and loading of injured
ligaments can stimulate healing. Because controlled
normal motion of a joint does not necessarily cause
large forces in the ligaments and joint capsule, lim-
ited joint motion will not necessarily disrupt the re-
pair of the tissue.

If ligament or capsular tears heal with a signifi-
cant gap or fail to heal, the resultant joint instability
may increase the probability of subsequent joint in-
jury and degenerative joint disease. For this reason,
restoration or maintenance of near-normal ligament
and capsule length and maintenance of normal joint
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motion should be the objectives of treatment. The
most favorable condition for healing divided liga-
ments and joint capsules is direct apposition of the
divided surfaces. Apposition and stabilization of
the injury site decreases the volume of repair tissue
required to heal the injury, minimizes scarring, and
may help provide near-normal tissue length. A su-
tured ligament can heal with a minimal gap. When
tested under tension, sutured ligaments are
stronger than those that heal with a significant
length of scar tissue, and ligaments that heal with a
gap between the cut ends may have a decreased
ability to stabilize the adjacent joint. However,
many ligament and joint capsule tears heal without
surgical repair and function as well or better than
surgically repaired ligaments and capsules if the
torn ends do not retract and the tear occurs through
tissue with an adequate blood supply.

Meniscus

The response of meniscal tissue to tears depends
on whether the tear occurs through a vascular or
an avascular portion of the meniscus. The vascular
regions respond to injury like other vascularized
dense fibrous tissues. This response can heal a
meniscal injury and restore the tissue structure and
function if the torn edges remain apposed and if the
repair tissue is not disrupted in the early stages of
healing. Providing these conditions frequently re-
quires surgical repair of meniscal tears or tears of
meniscal attachments. The avascular regions of
meniscal tissue, like articular cartilage, do not re-
pair significant tissue defects. Cells in the region of
the injury, like chondrocytes in the region of the in-
jury limited to articular cartilage, may proliferate
and synthesize new matrix but there is no evidence
that the cells migrate into the defect site or produce
new matrix that can fill the defect site.

Failure of Dense Fibrous Tissue Healing

Injuries to tendons, ligaments, joint capsules, and
menisci may fail to heal despite treatment. Instead
of a firm scar aligned along the lines of stress, the in-
jury site contains filmy loose connective tissue,
myxoid tissue, or granulation tissue. The reasons
for failure of healing are unclear in some instances,
but identifiable causes include a large gap at the in-
jury site, extensive damage to the surrounding tis-
sue including loss of vascular supply, excessive

early loading and motion of the repair tissue, and
injury-related necrosis of the tissue. Surgical treat-
ment may also contribute to poor healing. Extensive
dissection can devascularize traumatized tissue,
and inappropriate suture technique may also dam-
age the blood supply to the injury site or place ex-
cessive tension on a sutured tissue.

SKELETAL MUSCLE HEALING

The same mechanisms of acute trauma that damage
dense fibrous tissue structures (i.e., blunt trauma,
lacerations, and tearing injuries) also injure muscle.

Types of Muscle Tissue Injury

Acute muscle injuries can be grouped into three types
that differ in their potential for healing based on the
components of the muscle left intact (Table 2-1).

A type I muscle injury damages muscle fibers but
leaves the extracellular matrix, blood vessels, and
nerve supply intact. Blunt trauma, including surgi-
cal trauma, mild stretching injuries, and temporary
ischemia can cause a type I injury. The muscle fibers
will be damaged but the basal lamina and other
components of the extracellular matrix, the blood
supply, and the nerve supply remain intact. These
injuries occur frequently and can heal through
spontaneous muscle fiber regeneration that restores
the original structure, composition, and function of
the muscle.

A type II muscle injury damages the nerve sup-
ply and may include damage to the myofibers, but
leaves the extracellular matrix and blood supply in-
tact. Type II injuries may result from isolated pe-
ripheral nerve damage, blunt trauma, or stretching
of nerve and muscle. Because the matrix maintains
the muscle structure, if regenerating nerve fibers
reach intact neuromuscular junctions, the potential
for restoration of function exists.

A type III muscle injury causes loss or necrosis of
all muscle tissue components, including myofibers
and extracellular matrix and/or prolonged loss of
blood and nerve supply. Type III injuries result from
severe blunt trauma, tearing, or penetrating trauma.
If the vascular supply remains intact, the inflamma-
tory response can remove the necrotic tissue, but
some type III injuries compromise the blood supply,
and the necrotic muscle is not removed and must be
surgically debrided. If the necrotic tissue is removed,
repair can begin. Cells capable of differentiating into
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myoblasts survive even severe injuries or migrate
into the injury site. However, the lack of an extracel-
lular matrix to guide regeneration of myofibers usu-
ally prevents formation of organized muscle tissue.
Even if such tissue forms, lack of guidance for rein-
nervation prevents regenerated myofibers from re-
gaining function. For these reasons, the usual result
of a type III muscle injury is healing by scar forma-
tion with scattered myoblasts attempting to form
myofibers.

Blunt trauma to skeletal muscle occurs fre-
quently as an isolated injury or in association with
fractures. The results vary from type I to type III
muscle injuries. Mild blunt trauma to skeletal
muscle damages myofibers without disruption of
extracellular matrix, nerves, or vessels—a type I
muscle tissue injury. A slightly more severe injury
ruptures blood vessels as well as myofibers, caus-
ing hemorrhage and inflammation. Healing of
these injuries generally results in restoration of
normal function. At the other extreme, blunt
trauma can crush all components of skeletal mus-
cle resulting in a type III muscle tissue injury that
heals with scar tissue or that may not heal. If the
area of the crushing injury is relatively small,
muscle function may not be noticeably altered.
However, following an extensive crushing injury,
the cells replace large areas of the muscle with

noncontractile regenerating myofibers and scar,
permanently decreasing muscle strength.

Most penetrating injuries of muscle result from
lacerations or combinations of blunt trauma and
lacerations. Because lacerations necessarily dam-
age myofibrils, extracellular matrix, nerves, and
blood vessels, they are type III tissue injuries. Fol-
lowing complete laceration and suture repair the
separated muscle fragments heal primarily by scar,
with a small number of regenerated myotubes
within the scar. True regeneration of functional
muscle tissue and nerves across complete lacera-
tions has not been demonstrated, and muscle frag-
ments separated from their nerve supply show the
changes of denervation. Transected myofibers may
form buds, but these buds fail to restore normal tis-
sue across the laceration.

Muscle healing, like healing of the other vascu-
larized tissues, proceeds through inflammation, re-
pair, and remodeling.

Inflammation

Damage to myofibers initiates inflammation, which
includes migration of inflammatory cells into the in-
jured muscle and, in most injuries, hemorrhage and
formation of a hematoma. In addition to hematoma

TABLE 2-1.
Acute Skeletal Muscle Injuries

Injury Type Description Tissue Response Potential for Healing

I Damage to muscle fibers without significant Organized muscle fiber A significant inflammatory 
disruption of their extracellular matrix, regeneration response may lead to some scar 
blood vessels and nerves. (These injuries Formation of fibrous tissue formation, but most of these 
result from blunt trauma, including after an inflammatory injuries result in normal 
surgical trauma, mild stretching injuries, response structure and function.
and temporary ischemia.)

II Damage to nerves that leaves the muscle Organized nerve fiber and If regenerating nerve fibers reach 
extracellular matrix and blood supply muscle fiber regeneration intact neuromuscular 
intact but may include damage to the Formation of fibrous tissue junctions, the potential for 
myofibers. (These injuries may result after an inflammatory restoration of function exists.
from isolated peripheral nerve damage, response
blunt trauma, or stretching of nerve 
and muscle.)

III Loss or necrosis of all muscle tissue Disorganized muscle fiber Scar formation with scattered 
components, including myofibers and regeneration myoblasts result in loss of 
extracellular matrix. (These injuries result Formation of fibrous tissue function in the injured region. 
from prolonged ischemia and loss of The scar may allow function of 
innervation and from severe blunt adjacent intact or less severely 
trauma, tearing, or penetrating trauma.) injured muscle.

Data from Caplan A, Carlson B, Faulkner J. et al. Skeletal muscle. In: Woo SL-Y, Buckwalter JA, eds. Injury and Repair of the
Musculoskeletal Soft Tissues. Park Ridge, Illinois: American Academy of Orthopaedic Surgeons, 1988:213–291; and Carlson BM, Faulkner
JA. The regeneration of skeletal muscle fibers following injury: a review Med Sci Sports Excer 1983; 15:187–198, with permission.
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formation, and the other events seen following in-
jury to vascularized tissues, an important part of
the inflammatory process in skeletal muscle is the
removal of damaged muscle fibers by phagocytic
inflammatory cells that penetrate and fragment
necrotic myofibers. After they enter damaged mus-
cle fibers, these cells phagocytize bundles of contrac-
tile filaments and other cytoplasmic debris. This
macrophage activity not only removes damaged cell
organelles, it may have an important role in stimu-
lating regeneration of myofibers.

Repair

As macrophages remove damaged or necrotic my-
ofibers, spindle-shaped myogenic cells appear and
begin to proliferate and fuse with one another to
form long syncytial myotubes with chains of central
nuclei. Frequently, several of these early regenerat-
ing myotubes form within the basement membrane
tube of a single necrotic muscle fiber. As they en-
large, the myotubes construct their sarcoplasmic
reticulum and begin to assemble organized bundles
of contractile filaments. The central chains of nuclei
break up and migrate to the periphery of the my-
otube, completing the transition of the myotube into
a muscle fiber. Contractile proteins continue to accu-
mulate and form myofibrils. To become functional, a
regenerating muscle fiber must be innervated, in-
cluding formation of a neuromuscular junction.

At the same time myotubes are regenerating,
fibroblasts are producing granulation tissue nec-
essary to repair the matrix of the muscle. How-
ever, this granulation tissue can interfere with the
orderly regeneration of the myofibers producing a
disorganized mass of scar and partially regener-
ated myofibers. This type of tissue may restore the
continuity of the muscle, but not its contractile
function. Therefore, the optimal results of muscle
healing require a balance between myofiber re-
generation and synthesis of new matrix and ap-
propriate organization and orientation of these
two components of the healing muscle.

Remodeling

Once muscle fibers have appeared, the extracellular
matrix continues to remodel. If excessive scar for-
mation can be avoided and the muscle cells are in-
nervated, controlled muscle contraction and
loading increases the strength of the injured muscle.

Failure of Skeletal Muscle Healing

Muscle trauma that destroys myofibers and their
extracellular matrix heals with scar. In some in-
stances, the scar joins remaining intact muscle to
either tendon or adjacent intact muscle. If the re-
maining muscle hypertrophies it can restore at least
some normal function. Blunt trauma to muscle may
also stimulate bone formation, myositis ossificans.
The new bone can be contiguous with periosteum
or lie entirely within muscle, free of any connection
with underlying bone. Extensive myositis ossificans
may weaken the muscle and restrict joint motion.

SUMMARY

The primary tissues that form bones and joints and
bone and articular cartilage differ in their compo-
sition, structure, and capacity for healing. Bone
fractures initiate a response that begins with in-
flammation (the cellular and vascular response to
injury), proceeds through repair (the replacement
of damaged or lost cells and matrices with new
cells and matrices), and ends with remodeling (re-
moval, replacement, and reorganization of the re-
pair tissue, usually along the lines of mechanical
stress). Injury to articular cartilage does not trigger
an inflammatory response, but the cells respond to
injury with an effort at cell proliferation and syn-
thesis of new matrix. This effort rarely, if ever, re-
stores a normal articular surface. When injuries
extend through articular cartilage into bone, the
repair tissue that forms in the bone extends into
the region of the chondral injury and produces a fi-
brocartilaginous tissue that in some instances re-
stores a functional articular surface. The principles
of treating acute bone and joint injuries include
preventing further tissue damage, avoiding treat-
ments that compromise the natural healing process,
and creating the optimal mechanical and biologi-
cal conditions for healing. This treatment may in-
clude removing necrotic tissue, preventing
infection, rapidly restoring blood and nerve sup-
ply when necessary, and in some circumstances
providing apposition, alignment, and stabilization
of injured tissue. The ideal result of healing—
restoration of the original structure, function, and
composition of the tissue—may occur following
certain dense fibrous tissue injuries and some
skeletal muscle injuries. Achieving ideal results is
most likely to occur following fibrous tissue injuries
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in tissues with an excellent blood supply and in-
juries that do not cause segmental tissue loss. Fol-
lowing type I and type II injuries, skeletal muscle
can regain normal structure and function. Dense
fibrous tissue injuries that lead to segmental tissue
loss and type III muscle injuries heal by formation
of scar consisting primarily of a dense collagenous
matrix containing primarily type I collagen and fi-
broblasts. Scar tissue may restore clinically accept-
able function of injured tissue, especially in some
tendon and ligament injuries and lacerations of
skeletal muscle. As with bone and joint injuries,
the principles of treating acute musculoskeletal
soft tissue injuries include preventing further tis-
sue damage, avoiding treatments that compromise
the natural healing process, and creating the opti-
mal mechanical and biological conditions for heal-
ing. Treatment includes removing necrotic tissue,
preventing infection, rapidly restoring blood and
nerve supply when necessary, and in some circum-
stances providing apposition, alignment, and stabi-
lization of injured tissue. Early controlled loading
and motion of the repair and remodeling tissues im-
proves healing of many injuries, but uncontrolled

or excessive loading can adversely affect or even
prevent healing.
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Gait Analysis

H uman locomotion is a complex task. Because of inherent differences in
anatomical structure, motor control patterns, and pathological or chronological
changes, each person’s gait pattern is unique. However, because everyone has
the same basic anatomic and physiological makeup, human locomotion occurs
in a similar manner for everyone. The cyclical and highly automated movement
pattern during human locomotion involves rhythmic, alternating motions of the
trunk and extremities. This movement pattern provides a unique characteristic
of limb movement that can be studied with a high degree of accuracy. This spe-
cific branch of biomechanics is defined as gait analysis—a quantitative descrip-
tion of human locomotion.

Human motion analysis has widespread applications spanning many disci-
plines. In the field of medicine, motion analysis studies are fundamental to un-
derstanding the mechanics of normal and pathological movement. This
information is useful for the diagnosis and treatment of patients with motor de-
ficiencies. Others in the field of medicine use human models for the develop-
ment of functional electrical stimulation protocols to restore mobility to
paralyzed individuals. Sports medicine physicians also use motion analysis to
test strategies for optimizing various sports movements. Clearly motion analysis
techniques have widespread applications in medicine.

Motion analysis laboratories provide quantitative information that can be
used as a basis for appropriate therapeutic intervention, as well as to objectively
evaluate the effectiveness and efficacy of treatment methods. Clinical gait analy-
sis is used to quantify the mechanics of walking and to identify deviations in
normal movement. The causes of abnormal movement can then be distinguished
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from compensations in order to provide appropri-
ate treatment recommendations. The ability to ob-
jectively quantify movement patterns is critical for
prescribing specific treatment modalities. The focus
of this chapter is on the methods for objective as-
sessment of human movement. This chapter dis-
cusses available measurement technology and
application of this technology for clinical treatment
planning and assessment.

HISTORICAL PERSPECTIVE

The concept of depicting and recording human mo-
tion began during the Renaissance period. Gio-
vanni Alfonso Borelli, a student of Galileo, was
among the first scientists to analyze motion while
developing his theory of muscle action based on
mechanical principles. The quantitative study of
human locomotion began in the nineteenth cen-
tury. Duchenne conducted the first scientific sys-
tematic evaluation of muscle function. His findings
were published in the monumental work, Physiolo-
gie des Mouvements, published in 1867. Leland Stan-
ford, governor of California and horse breeder,
hired Eadweard Muybridge in 1872 to determine
whether a trotting horse had all four feet off the
ground at any instant in time. Muybridge placed
cameras at regular intervals along a race track. Thin
threads stretched across the track triggered the
shutters. The horse’s hooves triggered cameras in
order, and a series of photographs clearly depicted
the gait sequence. Muybridge subsequently com-
piled a detailed photographic expose of human
and animal locomotion, which was published in
three volumes (original work published in 1887).

At the turn of the twentieth century in Ger-
many, Braune and Fischer (1895) became interested
in measuring the motion of human body segments.
They placed Geissler tubes, containing a rarified ni-
trogen gas, on various limb segments of a human
subject dressed in black. Electrical circuits con-
nected to the tubes created incandescence, and cam-
eras recorded the illuminated tubes as the subject
walked. Experiments were carried out at night be-
cause there was no means to darken the room in
which studies were performed. It took 10 to 12 hours
to put this apparatus on the subject, whereas data
collection was completed in minutes using four
cameras. The images were digitized using a preci-
sion optical device. Coordinate geometry was used

to extract three-dimensional coordinates. Equations
needed to calculate resultant forces and moments at
the joints of a 12-segment rigid body model were
formulated. Their quantitative results were pub-
lished in 1895 and are still valid today.

Inman and colleagues combined rudimentary
motion recordings with electromyography (EMG)
in the mid-1900s. Their pioneering work in limb
prosthetic research laid the foundation for modern
gait analysis. Their accumulated experience was
published in 1981 as a textbook, Human Walking,
which represents the seminal textbook in the field.

Since this pioneering work, much effort has
been put into developing the needed technology for
human movement analysis. Automated movement
tracking systems have replaced hand digitization.
Advances in the aerospace industry have been uti-
lized for the development of force plates for kinetic
analysis. Computerized electromyography systems
have replaced hand palpation. Currently, the tech-
nology and knowledge for gait analysis has ad-
vanced to a level that permits rapid analysis. Gait
analysis laboratories now exist in many different
centers, and gait analysis is used for orthopedic sur-
gery, clinical rehabilitation, sports medicine, and in-
dustrial ergonomics.

EQUIPMENT AND METHODS

Observation

The simplest form of gait analysis is observational
gait analysis. A systematic approach for observa-
tional gait analysis was developed at the Rancho
Los Amigos Medical Center in Downey, California.
An experienced observer can detect many gait de-
viations during both stance and swing phases.
However, an obvious limitation of observation in
gait analysis is the difficulty of observing multiple
events and multiple body segments interacting
concurrently. Further, it is not possible to visualize
the location of force vectors in space or elec-
tromyographic activity of muscles. Events happen-
ing faster than of a second (83 ms) cannot be
perceived by the human eye. More consistent ob-
servations are obtained when motion videotapes
are reviewed in slow motion. Three expert ob-
servers rated video footage of 15 children who had
lower limb disability and wore braces. Pearson’s
correlation coefficient was 0.6 within observers

1
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A

FIGURE 3-1. Body-fixed reflective markers used for es-
tablishing anatomical coordinate systems. (A) Video cam-
era motion measurement systems calculate the location of
external markers placed on the body segments and
aligned with specific bony landmarks. (B) A body-fixed
external coordinate system is then computed from three
or more markers on each body segment. (C) Subse-
quently, a subject calibration relates the external coordi-
nate system with an anatomical coordinate system
through the identification of anatomical landmarks, for
example, the medial and lateral femoral condyles and me-
dial lateral malleoli. continued

and less between observers. Thus, observational
gait analysis is a convenient, but only moderately
reliable technique. Saleh and Murdoch (1985) uti-
lized experienced observers to study the gait of
transtibial amputees. The prosthetic limbs of the
amputees were intentionally misaligned in the
sagittal plane. The agreement of experienced ob-
servers with a biomechanical model was 22%. In a
similar study, 54 licensed physical therapists with
varying amounts of clinical experience rated
three patients with rheumatoid arthritis. General-
ized Kappa coefficients ranged from 0.11 to 0.52
indicating that clinician assessments are only
slightly to moderately reliable. Thus, it is easy to
see that limitations in observational gait analysis
can lead to misinterpretation of the patient’s loco-
motion capabilities. Hence, it is important to uti-
lize advances in gait analysis techniques to more
precisely quantify the patient’s functional status.
Extensive instrumentation has been developed
for recording the various parameters used to de-
scribe gait.

Movement Measurement

In the biomechanical analysis of motion, skeletal
segments are studied as rigid links moving through
space. These rigid links are assumed to be intercon-
nected through a series of frictionless joints. Mea-
surement systems that are aimed at capturing the
spatial trajectories of body segments usually in-
volve a camera system or an electromagnetic sys-
tem that tracks a series of body-fixed markers.

External markers are used to define orthogonal
coordinate systems affixed to each body segment,
whose axes define the position of these body seg-
ments. With a camera-based system, either passively
reflective or actively illuminated markers are used
(Figure 3-1A). These markers are commonly at-
tached to the subjects as either discrete points or
rigid clusters with multiple markers on each cluster.
Placement of these external markers on the surface
of the body segments are aligned with particular
bony landmarks. As the patient walks along a
marked walkway, the cameras track and record the
marker trajectories. Using stereophotogrammetric
principles, the planar projections of markers viewed
by each camera are used to reconstruct the three-
dimensional instantaneous position of the markers
relative to an inertially fixed laboratory coordinate

B
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FIGURE 3-1C. (Continued)

C

FIGURE 3-2. Description of knee joint motion using
Eulerian angle system. An axis fixed to the distal femur de-
fines flexion–extension motion, �. An axis fixed to proximal
tibia along its anatomical axis defines internal–external rota-
tion, �. A floating axis is orthogonal to the other two axes
and used to measure abduction-adduction, �. (Reproduced
with permission from Chao, 1980)

system. If the position of at least three noncolinear
points fixed to the body segment can be obtained
(and the body segment is assumed to be rigid), then
the 6 degrees of freedom associated with the posi-
tion and orientation of each segment can be ob-
tained. Initially, a body-fixed coordinate system is
computed for each body segment (Figure 3-1B). For
instance, consider the markers on the shank at an in-
stant in time. A vector, STZ, can be formed from the
lateral malleolus (B) to the lateral knee marker (A).
Another vector can be formed from the lateral malle-
olus to the marker on the shank wand (C). The vec-
tor cross-product of these two vectors is a vector STX,
which is perpendicular to the plane containing all
three markers. The unit vector, STY, may be deter-
mined as the vector cross-product of STZ and STX.
Thus, the vectors STX, STY, and STZ form an orthogo-
nal body fixed coordinate system, called a technical
coordinate system. In a similar manner, the marker
based or technical coordinate system may be calcu-
lated for the thigh, that is, TTX, TTY, and TTZ. These
segments are linked and thus lack independence of
movement. Hence, their points of attachment, that
is, the joints, are the points of principal kinematic
significance. Once the position of adjacent limb seg-
ments has been determined, it is possible to deter-
mine the relative angle between adjacent limb
segments in three dimensions. This assumes that the
technical coordinate systems reasonably approxi-
mate the anatomical axes of the body segments, for
example, TTZ approximates along axis of the thigh
and STZ approximates along the axis of the shank.
A more rigorous approach adapts a subject calibra-
tion procedure to relate the technical coordinate
systems with pertinent anatomical landmarks. Ad-
ditional data can be collected that relates the techni-
cal coordinate system to the underlying anatomical
coordinate system. The subject calibration is per-
formed as a static trial with the subject standing. Ad-
ditional markers are typically added to the medial
femoral condyle and the medial maleolli during the
static calibration trial. These markers serve as
anatomical references for the knee axis and ankle
axis. The hip center location is estimated from mark-
ers placed on the pelvis. The technical coordinate
system is then transformed into alignment with the
anatomical coordinate system for each limb seg-
ment, for example, SAX, SAY, SAZ (Figure 3-1C). The
marker system is coupled to a biomechanical model.
Once the position of adjacent limb segments has
been determined (and each body segment is as-
sumed to be rigid), it is possible to determine the rel-
ative angles between adjacent limb segments in

three dimensions. Motion measurements are made
in reference to the joint centers. The Euler/Cardan
system is the most commonly used method for de-
scribing three-dimensional motion (Figure 3-2). It
describes angular motion as a sequence of ordered
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rotations about the axes of the Cartesian coordinate
system. Although the rotations are sequence de-
pendent, the Cardan angle description defines rela-
tive joint motion in a manner that is physically
meaningful and clinically relevant.

Recently, advances have been made in the ani-
mation industry that will have future applications
in the biomechanics field. Computerized motion
analysis systems have been developed that pro-
vide marker trajectory data in real time. These
systems are now available for applications in bio-
mechanics. These applications make it possible to
obtain results of gait analysis studies much faster
and will make gait analysis much more clinically
available.

Another recent development to be used for
quantifying human motion is an electromagnetic
tracking system. Electromagnetic systems detect the
motion of sensors placed on each segment using an
electromagnetic field. A three-axis magnet dipole
source and a three-axis magnetic sensor are used
(Figure 3-3). The excitation of the source and the re-
sulting sensor output are represented as vectors.
The source excitation pattern is composed of three
sequential excitation states, each of which produces
an excitation vector that is linearly independent of
the other two. The sensor is connected to a system
controller through a cable. The sensor outputs are

pre-amplified, multiplexed, and transmitted to a
system electronics unit. The resultant set of three
sensor output vectors contains information suffi-
cient to determine both the position and orientation
of the sensor relative to the source. Thus, these sys-
tems can provide real-time 6 degree-of-freedom
movement data. The use of this equipment is grow-
ing in areas of human motion analysis. The instru-
mentation is simple to use and is insensitive to limb
interference. The limitations are the sampling fre-
quency and the sensitivity to magnetic interference
from nearby ferromagnetic metallic structures such
as a total joint replacement. Nonetheless, as these
electromagnetic system capabilities increase, it is
expected that these devices will be used more fre-
quently for movement analysis.

Force Measurement

Gait analysis is also concerned with the forces that
cause the observed movement and the assessment of
their effect on locomotion (kinetic analysis). Kinetics
is the branch of mechanics focusing on the forces
and moments transmitted across the joints of the
body. Forces acting on the human body can be di-
vided into internal and external forces. The external
forces represent all physical interactions between

FIGURE 3-3. System block diagram of an electromagnetic tracking system. The 3-axis magnetic
source emits three sequential excitation states that are picked up by the 3-axis magnetic sensor. The
resultant set of sensor excitation vectors is used to calculate the position and orientation of the sen-
sor relative to the source.
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FIGURE 3-5. The joint dynamics, which include the inter-
segmental forces and moments, are computed through the
use of Newtonian mechanics. The computation accounts for
the external loads applied at the foot, for example, the
ground reaction forces, F and T, the weight of the limb seg-
ment, mg, and the inertial loads, ma and Ha, in order to cal-
culate the intersegmental force, F, and moment, M.

FIGURE 3-4. A force plate is used to measure the location
and magnitude of the ground reaction force. Transducers
are located in the four corners of the plate. The ground re-
action force is divided into three force (Fx, Fy, Fz) and three
moment (Mx, My, Mz) components. Fx and Fy are shear
forces. Fz is the vertical force. Some force plates only meas-
ure the moment around the vertical axis, that is, Mz. This as-
sumes that no tensile forces are imposed on the force plate;
that is, the foot does not stick to the plate. Under this as-
sumption, the other moments are zero.

the body and the environment. These forces include
gravitational, ground reaction forces, and inertial
forces. The internal forces are those transmitted by
body tissues that include muscular forces, ligament
forces, and forces transmitted through joint contact.

While the motion capture system records the
body segment movements, force plates simultane-
ously measure the force generated by the interac-
tion of the foot with the ground. This resultant
force is referred to as the ground reaction force
(GRF). Current force plates typically use strain gauge
or piezoelectric transducers. These devices are em-
bedded in the walkway of the laboratory and meas-
ure the magnitude and direction of the resultant
GRF applied to the foot by the ground (Figure 3-4).
The GRF vector is three dimensional and consists
of a vertical component plus two shear components
acting along the force plate surface. The shear
forces are applied parallel to the ground and re-
quire friction. These shear forces are usually re-
solved in the anterior-posterior and medial-lateral
directions. An additional variable, the center of
pressure, is needed to define the location of this
GRF vector. The center of pressure is defined as the
point about which the distributed force has zero
moment when applied to the foot. It is found by de-
termining the line of action of the forces measured
by the platform and calculating where that line in-
tersects the surface of the force platform.

This force data is combined with kinematic data
using Newton’s second law to calculate the inter-
segmental forces and moments causing motion

(Figure 3-5). The process of proceeding from known
kinematic data and external forces to obtain inter-
segmental joint forces and moments is called the in-
verse dynamics approach. The gravitational forces
acting on each body segment are determined from
the relevant mass and location of the center of mass
for each segment. These quantities are calculated
along with the segmental mass moments of inertia
using prediction techniques from anthropometric
dimensions. The inertial forces are obtained from
calculations of angular and linear position, as well
as velocity and acceleration of the body segments
with respect to either a fixed laboratory coordinate
system or referenced to another body segment using
kinematic data. This information is then combined
to solve the inverse dynamics problem (Figure 3-6).
Joint power may also be calculated. This data pro-
vides an understanding of the subtle musculoskele-
tal adaptations, which are utilized by patients to
maintain dynamic balance during gait. Kinetic data
is available at the hip, knee, and ankle joint. When
the position of this force line with respect to joint
center has been established by combining force and
movement data, the extrinsic joint moment, which is
the product of lever arm and the ground reaction
force, plus gravity and inertia is calculated. This mo-
ment is of great importance because the lower ex-
tremity muscles act during load bearing. Thus, the
external moment defines the requirements for intrin-
sic (muscle) force. For example, when the force line
falls behind the knee joint center, quadriceps muscle
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FIGURE 3-6. Solution process for inverse dy-
namics problem. Displacement information must
be differentiated twice to yield acceleration. Ei-
ther Newtonian or Lagranian formulations can
be used to formulate the equations of motion.

action is required to prevent knee collapse, and
when the force line falls in front of the knee, extensor
muscle force is not needed. When surgical interven-
tion or nonsurgical treatment such as an orthoses is
prescribed for a patient, the kinetic parameters offer
insight into the treatment effectiveness.

At each joint, a state of equilibrium exists where
the external joint forces are balanced by the internal
joint forces. The measurement of internal forces re-
quires sophisticated techniques that are invasive.
Analytical procedures have been developed for esti-
mating internal joint forces. These analytical ap-
proaches use classical mechanics and mathematical
optimization routines. These analytical approaches
require the use of simplifying assumptions about
the mechanical structure and knowledge of muscle
physiology principles. Thus, the accuracy of the an-
alytical predictions depends not only on the quality
of the input data but also on the validity of the as-
sumptions. In general, it is necessary to evaluate the
estimated quantities by comparing them with ex-
perimental observations. Typically, electromyo-
graphic data is obtained to provide information
regarding muscle activation patterns.

Electromyography

Electromyography (EMG) is the recording of electri-
cal activity during muscle contraction. Neuromus-
cular coordination is required to adjust the varying
muscular and ligamentous forces interacting with
the abundant degrees of freedom in the joints and
other parts of passive locomotive system to obtain
dynamic balance during gait. Electromyographic

data is useful to provide information about the
timing of muscle activity and the relative intensity
of muscle contraction. Both surface and fine-wire
electrodes have been used for gait kinesiologica
EMG. Each type of electrode has its advantages
and disadvantages. Surface electrodes are conven-
ient, easy to apply to the skin, and do not cause irri-
tation or discomfort to the subject. However, they
pick up signals from other active muscles in the
general area of application. This feature makes sur-
face electrodes the ideal choice for analysis of global
activity in superficial muscles or muscle groups. In
addition, surface electrodes are sensitive to move-
ment of the skin under the electrodes and have poor
specificity. They are influenced by significant mus-
cle “cross-talk,” in which the electrode signals of
one muscle interfere with the signals from another.
Thus, the activity of adjacent muscle groups can in-
terfere and lead to false results. However, a double
differential technique has been shown to reduce
cross-talk in surface EMGs. The major advantage
of fine-wire electrodes is selectivity to measure the
activity of specific muscles. The influence of elec-
trical activity of nearby muscles is greatly reduced.
Nonetheless, a number of disadvantages are associ-
ated with fine-wire electrodes. Patient discomfort
on insertion, the difficulty of accurate placement,
wire movement with muscle contraction, and the
need for licensure to utilize wire electrodes are
some of the drawbacks. Electrical stimuli is usually
given to confirm the accuracy of fine-wire placement.
Furthermore, subjects with in-dwelling electrodes
walk more slowly after insertion of the electrodes.
Because needle electrodes are inserted transcuta-
neously, they must be sterilized and sufficiently
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strong to resist breakage. Commonsense considera-
tions, such as time, expense, discomfort experienced,
the tolerance of the subject to multiple needle inser-
tions, and the influence of in-dwelling electrodes on
walking, necessitate a selection of the muscles most
relevant to the specific movement abnormalities.
Large muscles near the surface can be studied well
with surface electrodes, whereas small muscles and
those surrounded by other muscles require inser-
tion of fine-wire electrodes. EMG systems are avail-
able in either hardwired or telemetry versions. The
hardwired versions now send multiple signals on a
single cable. These systems are reliable and less ex-
pensive than telemetry. Telemetry systems do not
encumber the subject with cables but are suscepti-
ble to electromagnetic interference.

Once the EMG data is acquired, it must be
processed further to provide information about the
timing of muscle activity and the relative intensity
of the muscle activity. The EMG data is recorded
throughout the gait cycle. The gait cycle is indi-
cated either with synchronization of the kinematic
data, foot-switch information, or force plate data to
indicate each foot strike and toe-off. Analysis of the
EMG is done by a phase–time plot of the activity of
the muscle against events of the gait cycle. The raw
EMG signal can be analyzed or processed further.
The most common methods of EMG signal process-
ing are full wave rectification, linear envelope, and
integration of the rectified EMG. The linear enve-
lope is created by low-pass filtering the full wave
rectified signal. Integrated processing of the rectified
signal is usually performed over short duration, that
is, 2% gait cycle, and then the integration is reset and
accumulated again. Normalization schemes may
also be used to aid in analysis. Normalization may
be based on the maximum manual muscle test or
maximum EMG signal obtained during gait. The
muscle is considered to be activated when at least
5% of the maximum electrical activity obtained dur-
ing a manual muscle test is present for 5% of the
gait cycle.

The electromyogram provides a means for
studying muscle activity. The signals that result
from action potentials and muscle fibers are sto-
chastic and nonstationary, adding to uncertainty in
interpretation. While the ultimate source of locomo-
tor activity is muscle force, no study has established
that electromyographic signals represent muscle
force. The EMG signal is a measure of the bioelectric
events that occur in conjunction with contraction of
the muscle fibers. Thus, it is a phenomenon related
to the initiation of muscle contraction rather than an

effect of the muscles mechanical action. There are
many difficulties in correlating the EMG signal am-
plitude with muscle force magnitude. Both linear
and nonlinear relationships between the force level
of skeletal muscles and the EMG signal have been
reported. Consequently, the EMG is commonly
used in clinical gait analysis to determine phasic
patterns for individual muscles or muscle groups. It
is possible to examine simple on/off patterns, or the
EMG can be processed to find a graduation of signal
level, after which EMG patterns are examined as
defined by the level of activity over the gait cycle. In
the latter process, it is common to normalize the sig-
nal as a percentage of voluntary maximum muscle
contraction. The process of detecting when a muscle
is “turned on or off” is usually one of testing whether
the average level of the signal is above some prede-
fined limit. This limit is often defined as a percent-
age of the maximum voluntary muscle contraction.
The determination of on/off time is often done by
calculating the EMG level and then testing for occa-
sions when the level exceeds some threshold value.
EMG on/off times are generally more variable from
step to step than either kinematic or kinetic gait
measurements.

Intramuscular Pressure

Problems occur in dynamic situations when using
electromyographic activity as a measure of muscle
functional capability. A dynamic force produced by
a muscle is not proportional to the degree of muscu-
lar activity. Other factors may affect the muscle
force, such as a change of the muscle length, change
of the contraction velocity, the rate and type of mus-
cle contraction, joint position, and muscle fatigue. It
is desirable to find an alternative measurable me-
chanical parameter related to muscle force. The
electromyographic signal does not assess the ten-
sion produced by a muscle, because the tension re-
flects the sum of both the active contraction and the
passive stretch. A technique that may provide infor-
mation about muscle force is measurement of intra-
muscular pressure. A new microsensor has been
developed for measuring intramuscular pressure.
The pressure microsensor has a 360 µm diameter
(Figure 3-7). It has an accuracy, repeatability, and
linearity better than 2% full scale output (FSO) and
the hysteresis of 4.5% FSO.

Intramuscular pressure (IMP) is a mechanical
variable that is proportional to muscle tension. The
relationship between IMP and active and passive
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FIGURE 3-7. Microscopic view of a pressure microsensor
for measuring intramuscular pressure.

B

muscle tension has been quantified. The fiber
length–isometric tension curve was characterized by
an “ascending limb” at a length less than muscle op-
timum length (L0) and a “descending limb” at
lengths greater that L0 (Figure 3-8A). The shape of
this curve presumably represents a scaled and dis-
torted version of a sarcomere length–tension curve
previously published. Passive muscle tension in-
creased in a fairly exponential fashion at lengths
>L0. The length–pressure relationship generally
mimics the shape of the length–tension curve with
an ascending limb at lengths less than L0 and de-
scending limb at length greater that L0 (Figure 3-8B).
A positive linear relationship has been found be-
tween IMP and muscle stress for both the ascending
and descending limbs. Further, the IMP accurately
reflects the muscle passive tension. These data indi-
cate that IMP measurement provides an accurate
index of muscle tension under both active and pas-
sive conditions.

It is possible to obtain IMP measurements dur-
ing gait and relate these measurements to the tim-
ing and intensity of muscle contraction. IMP
increased at the beginning of single-limb stance
(opposite toe-off) (Figure 3-9). The increase on IMP
corresponded with the increase in electromyo-
graphic activity of the gastrocnemius. The greatest
muscle activity in the plantar flexors was required
near the end of single-limb stance to meet the high
intrinsic plantarflexion moment occurring at the

ankle joint (Figure 3-10B) and to reverse the direc-
tion of ankle movement (Figure 3-10A). It should
be noted that the IMP reading continued briefly
after cessation of the EMG. Furthermore, it can be
noted that lower levels of IMP are recorded during
the swing phase of gait. During the stance phase of
gait, the peak IMP recording corresponds to the
time when the ankle moment is at a maximum
(opposite foot strike) (Figure 3-10B). Furthermore,
during the swing phase of gait, the peak of IMP
corresponds to the point of time when the ankle is
at peak dorsiflexion (Figure 3-10A). Thus, the
peaks in IMP during gait can be correlated with the
peaks of active contraction and passive stretch of
the gastrocnemius.

INTERPRETATION OF GAIT DATA

Once the data that describes the biomechanics of
the patient’s gait has been collected, the most cru-
cial step of interpreting the data remains to be per-
formed. Gait analysis produces a large number of
measurements. The data must be synthesized and
integrated in order to supply clinically relevant in-
formation. Human locomotion is very complex and
multifaceted. The clinical interpretation of patho-
logical gait disorders involves holding in human
memory a large number of graphs, numbers, and
clinical tests from data presented on hard copy,
chart radiographs, video, and computer generated
three-dimensional graphics from multiple trials of a
subject walking. Further, comparisons must be
made to data from an able-bodied normal popula-
tion in order to identify the potential movement
problems for a given individual. The referring clini-
cian, who may not be an expert in gait analysis, is

A

FIGURE 3-8. Relationship between relative muscle length (L/L0) and (A) isometric force, or (B) in-
tramuscular pressure. The intramuscular pressure reflects both the active and passive tension charac-
teristics of muscle. (Reproduced with permission from Davis, Kaufman, and Lieber, 2003)
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FIGURE 3-10. Ankle motion (A) and moment (B) during
gait. The gait cycle is defined as the events that occur be-
tween successive footsteps of the same foot. The gait cycle
begins with foot strike, continues through stance and
swing phases, and ends with foot strike of the same foot.B
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FIGURE 3-9. Raw data for a single subject during gait.
Both EMG and intramuscular pressure are being recorded
from the gastrocnemius muscle. The stance phase of gait
occurs from FS to TO. The swing phase of gait occurs
from TO to FS. Single-limb stance occurs from OTO to
OFS. Peaks in intramuscular pressure during gait can be
correlated with peaks of active contraction and passive
stretch of the gastrocnemius. (Reproduced with permis-
sion from Kaufman and Sutherland, 1995)

overwhelmed by the magnitude of the number of
measurements included in a typical gait report. The
person interpreting the data must integrate this in-
formation. While data collection techniques for gait
analysis have continually evolved over the last 50
years, the method of data presentation has not
changed over this time. The data is still reported in

two-dimensional charts with the abscissa usually
defined as a percentage of the gait cycle and the or-
dinate displaying the gait parameter.

Recent developments in computer animation
may make it possible to apply advanced methods to
visualize human movements. The large volume of
variables currently found in a typical clinical report
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could be replaced with a few graphic images that
succinctly provided the needed information. It is dif-
ficult to fully appreciate and understand the relation-
ships between motion dynamics and biomechanical
variables without scientific graphic visualization.
Presently, computer software packages have ad-
vanced to the stage where it is possible to provide a
gait analysis report using animation of fully three-
dimensional, realistic graphical depictions of human
locomotion. The format used for reporting test re-
sults is a matter of considerable importance. The
data must be presented in an accurate, clear, and
concise format. If the results are not communicated
in an effective format, they will be of little use to the
clinician regardless of quality.

TREATMENT PLANNING

Clinical gait analysis is useful for assessing abnor-
mal gait patterns, disease progression, and treat-
ment effectiveness. Pathological gait results from a
number of different clinical conditions. There are
four main causes of pathological gait: (1) structural
(i.e., skeletal deformities or lower limb amputation);
(2) joint and soft tissue pathology (i.e., arthritis or
ligament deficiency); (3) myopathic disorders (i.e.,
muscular dystrophy); and (4) neurologic disorders
(i.e., progressive or nonprogressive pathology of the
peripheral or central nervous system).

For each of these categories, gait analysis can be
used to measure the dynamic functional limitations
of the patient. Careful assessment of this data pro-
vides objective selection criteria for different man-
agement options. For example, gait analysis can be
used to determine if an orthoses is providing func-
tional support for a patient. Similarly, an equino-
varus foot deformity can result from several distinct
dynamic patterns, for example, overactivity of the
tibialis anterior or tibialis posterior, which can be
differentiated with gait analysis and dynamic EMG.
For patients with myopathic disorders, gait analysis
can identify transitional stages of disease progres-
sion and provide objective evidence of quadriceps
insufficiency requiring long-leg bracing. In chronic
neurological impairment, gait analysis can be used
to differentiate fixed contracture, that is, static de-
formity, from muscular overactivity, or, dynamic
deformity. Thus, gait analysis is useful for deter-
mining the appropriate treatment intervention.

When treatment is being planned, the main objec-
tive is to differentiate between the primary causes and
compensations for the patient’s functional problems.

If the treatment is directed at compensation, the pa-
tient will lose their ability to compensate and their
movement problems will worsen. A patient may dis-
play adaptations in their gait pattern due to their
pain, injury, deformity, instability, and/or inappropri-
ate muscle activation patterns. The ramifications of
these problems cannot be fully assessed without an
instrumented gait study. Patients can undergo dy-
namic adaptation related to the biomechanics of
walking, which must be factored into the treatment
algorithm. For example, it has been shown that when
planning corrective osteotomy knee surgery, patients
with the same bony deformity will have differing
knee loading due to dynamic adaptations. These dy-
namic adaptations will have a direct effect on surgical
outcome. The patients who dynamically compen-
sated for their malalignment had a better long-term
outcome. For patients with progressive disorders,
these dynamic adaptations will also change with time
as the disease progresses. It is possible to use motion
analysis studies to quantify these dynamic changes in
locomotor patterns.

RATIONALE

In this era of government reimbursement for med-
ical services, the ability to document the need and
effectiveness of a particular treatment will assume
an increasingly important role. Managed care will
require validation for many types of therapeutic in-
terventions. Pre- and posttreatment measurement
will become mandatory. Outcomes will have to be
compared. Practitioners and facilities will be rated
on their outcomes. Maximizing anticipated out-
comes will be required to document that a treat-
ment plan is worthwhile. Objective gait analysis is
an essential tool to meet these demands. The tech-
nology is at a level where it is both feasible and af-
fordable to provide an objective form of patient
assessment.

In all areas of medical care, a need exists for in-
strumentation and procedures to aid in a differen-
tial diagnosis and treatment of patients. Further,
information is required to objectively document pa-
tient response to treatment. The ability to diagnose,
prescribe treatment, and document results is com-
mon to all areas of medical care. However, the tech-
nology available in different medical specialties
varies widely. This is particularly evident when the
current medical technology for treating patients
with cardiovascular conditions is compared to the
technology for treating patients with neuromuscular
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conditions (Table 3-1). For both types of patients
the technology can be divided into three levels:
static examinations, dynamic examinations, and
invasive procedures. Typically, the approach is to
utilize the technology available at the lowest level
that will meet the requirements for aiding in dif-
ferential diagnosis and treatment planning. When
a patient reports to a physician that he or she is ex-
periencing chest pain and the risk factors for a my-
ocardial infarction exist, the patient is monitored
with an electrocardiogram. In some centers, a com-
puted tomography (CT) scan is obtained to assess
the amount of arteriosclerosis in the vessels of the
heart muscle. These tests are obtained while the pa-
tient is either sitting or lying down. Hence, these
constitute static exams. Other static modalities in-
clude MRI, PET, ultrasound, and nuclear imaging. If
the physician has a high index of suspicion, dynamic
tests may be undertaken. These tests include a stress
test or echocardiography. Finally, angiography may
be utilized as an invasive procedure to further exam-
ine the heart.

Conversely, for a patient with neuromuscular
dysfunction, most of the modalities utilized are
static modalities. Current modalities include radi-
ograph, CT, MRI, and nuclear imaging. It is also
common to obtain diagnostic electromyography
(EMG) to further elucidate the neuromuscular sta-
tus of the patient. However, during all these exami-
nations, the patient is static and non–weight bearing.
Dynamic assessment of patients with neuromuscu-
lar dysfunction can only be obtained using motion
analysis techniques along with acquisition of kine-
siological EMG.

An objection sometimes raised is that these
studies are too costly. However, this objection is un-
founded. In terms of cost–benefit ratio, the most

compelling consideration is the high cost of inap-
propriate treatment. It is important to remember
that unsuccessful treatment results in unfavorable
changes in function and may require subsequent
procedures to deal with the original problem. There
is, of course, no assurance that gait studies per-
formed prior to treatment planning ensures favor-
able outcome, but careful planning, based on
objective data, provides a solid foundation for deci-
sion making. Posttreatment studies give the infor-
mation required for objective evaluation of treatment
results. The rate at which gait analysis technologies
become more common depend on the market, the
manufacturers, and managed care requirement. Ob-
jective patient assessment using gait analysis tech-
niques facilitates the identification of optimal
treatment regimens and provides a solid foundation
for clinical decision making.

SUMMARY

Human function cannot be fully understood with-
out studies of movement. The modern motion
analysis laboratory that has evolved with techno-
logical advances has the potential for opening new
opportunities for progress in the treatment of pa-
tients. Current gait analysis laboratories offer sophis-
ticated automatic tracking systems, force platforms,
and electromyographic activity measurements.
When coupled with a biomechanical model, this
analysis technique is able to provide a complete,
three-dimensional, dynamic description of the pa-
tient’s gait along with information on the timing
and intensity of muscle activity. The function of a
motion analysis laboratory is to objectively measure
the dynamic aspects of an individual patient’s

TABLE 3-1.
Current Medical Technology

Test Modality

Level Exam Cardiovascular Patients Neuromuscular patients
I Static ECG X-ray 

EBCT CT
MRI MRI
PET Nuclear Imaging
Ultrasound
Nuclear imaging 

II Dynamic Stress Test Motion Analysis
Echocardiography 

III Invasive Angiography Diagnostic EMG
Kinesiological EMG
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performance that cannot be assessed in the clinical
setting. Gait dysfunction is, most often, multifactor-
ial in etiology. This quantitative data can facilitate
the differentiation of functional deficits from com-
pensations for the deficits. Appropriate intervention
requires a thorough understanding of the patho-
physiology of the gait deviations along with the ap-
propriate treatment options. Interpretation of this
data makes it possible to integrate morphology and
functional adaptations. Sound clinical judgment is
also indispensable for the management of gait dys-
function. The clinician and gait specialist form an
essential team for elucidating the factors contribut-
ing to pathological gait and the selection of effective
treatment options.
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Principles of Fractures

8787

Bone has various roles. Bones are responsible for the shape and structure of
the body. Bone provides origin and insertion sites for muscles and tendons, and
is critical for locomotion. Bones such as the skull, sternum, and ribs protect vital
organs. Finally, bone is a reservoir for minerals, and plays a role in mineral
homeostasis.

Bone is a unique, dynamic, well-organized tissue. The cells and matrix that
comprise bone are constantly remodeling in response to changes in loading. Bone
is unique in that it is a self-repairing tissue. As microdamage is accumulated, an
infinitely complex and well-orchestrated cascade of cellular events works to re-
pair it. Bone can alter its properties and geometry in response to changes in me-
chanical load and metabolic demand. Bone is capable restoring the structural and
functional roles of the tissue even after a catastrophic failure (fracture).

BONE BIOMECHANICS

Bone is a dynamic tissue that responds to specific stimuli. The mechanical envi-
ronment around the bone can induce changes in structure. Bone responds to in-
creased loads by increasing the amount and density of tissue, and by changing
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shape in order to optimally withstand applied
forces. Similarly, disuse results in osteopenia. With
less force applied to bone, the quantity and density
of bone will diminish to match the perceived de-
mand. Bone structure and quality is also sensitive to
the complex biochemical cascades that accompany
certain metabolic disorders, aging, and exposure to
drugs such as glucocorticoids and bisphosphonates.

The strength of bone is related to the quality
and amount of collagen, mineral content, and over-
all density. Bone is like a two-phase material con-
sisting of a collagenous matrix and a mineralized
crystalline lattice. The collagen matrix is stronger in
tension than in compression. The mineral phase of
orderly apatite crystals is stronger in compression
than tension.

Bone is anisotropic. The mechanical properties
are different when load is applied in different direc-
tions. The tensile strength of bone is greater when it
is loaded along its longitudinal axis, compared to
when it is loaded perpendicular to the longitudinal
axis. Therefore, cortical bone is weak in tension and
shear, but tough under compression. For weight-
bearing bones, this appears to be adaptive.

Bone is viscoelastic. The mechanical properties
are different when load is applied at different rates.
More energy can be absorbed by bone at higher
loading rates than lower loading rates. Therefore,
the more strenuous the activity, the stronger the
bone. The elastic component defines maximum de-
formity that is achieved prior to failure. The viscous
component determines the time taken to reach the
maximum deformity.

The amount of deformation a material demon-
strates prior to failure is a reflection of ductility or
brittleness. Ductile substances can undergo a large
amount of deformation prior to failure. Brittle sub-
stances have ultimate strains similar to yield strains.
Failure occurs under very small deformations. Cor-
tical bone is ductile in loading under compression.
Cortical bone exhibits a ductile to brittle transition
as the strain rate increases.

Trabecular bone material properties are very
sensitive to density. Density can vary greatly from
area to area. Bone can easily regulate its strength
and stiffness by adjusting density. Subtle changes in
density result in large changes in strength.

FRACTURE BIOMECHANICS

A fracture is the structural failure of bone. Energy
absorbed by bone during loading is released within

the bone as it fractures. Extrinsic and intrinsic fac-
tors affect bone failure. The extrinsic factors are the
external forces applied to the bone. The magnitude
and area of force distribution, as well as the rate at
which the bone is loaded are important factors in
fracture occurrence and pattern.

Bone fails under applied compression, tension,
rotation, shear, or a combination of forces. Because
bone has particular mechanical characteristics, spe-
cific loads applied at specific directions and rates will
produce predictable patterns of failure. A pure ten-
sile force will produce a transverse fracture. An un-
even bending force results in an oblique fracture. The
cortex under compression breaks before the trans-
verse tension failure is complete. This results in com-
minution or a butterfly fragment at the site of
compression. Spiral patterns of fracture are result of
torsional load. With torsion, some bending force co-
exists, which limits endless propagation of the spiral.
Pure compressive forces result in uniform impaction.
Four-point bending produces two sites of tension,
and a segmental fracture results (Figure 4-1).

The intrinsic factors are related to the struc-
ture’s biomechanical characteristics, or how much
energy the bone can absorb prior to failure (tough-
ness). Because bone is anisotropic, it absorbs more
energy prior to failure if the load is applied in the
longitudinal axis of the bone. Conversely, it takes
less energy to fracture if the bone is loaded perpen-
dicular to the longitudinal axis. Because bone is vis-
coelastic, the rate of loading affects the amount of
energy the bone can absorb. With higher loading
speeds, more energy is absorbed, and failure results
in more damage to the bone structure, reflected in
the degree of comminution of the fracture pattern.
Lower loading speeds allow less energy to be ab-
sorbed prior to failure, resulting in a simpler frac-
ture pattern.

BONE FATIGUE

Microstructural fatigue failure can be summarized in
three phases: crack initiation, crack propagation, and
complete structural failure. Repetitive loading over
long periods results in the development of microc-
racks. Irregularities in the microstructure, such as
Haversian canals, lacunae, or canaliculi act as stress
risers and are the sites of crack initiation. The repair
response to accumulated microdamage is termed
adaptation. Adaptation is targeted at the repair of
microdamage. If the repair response is insufficient,
crack propagation will proceed, resulting in a slow
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FIGURE 4-1. Bone fails differently under different loading conditions.

FIGURE 4-2. Confocal microscopic image of cortical bone
after subcatastrophic fatigue loading. Osteocytes and their
canalicular networks are outlined in white. The arrow
demonstrates a microcrack.

but steady decrease in strength and stiffness of the
bone. As microcracks propagate, larger cracks form
in interfaces such as cement lines between osteons. If
crack propagation continues, cracks become larger
and coalesce (Figure 4-2). The mechanical properties
of the bone cannot support additional load and a
fracture occurs. Areas of the bone experiencing ten-
sion forces have more microdamage than areas

under compression. Fatigue damage increases with
increasing strain rate.

Fatigue fracture can occur in normal bone with
repeated application of strain. Fatigue fracture can
also occur with fewer cycles or less strain in patho-
logic bone. Fatigue fractures are often not associated
with a specific traumatic event and occur in previ-
ously adapted bone. Alterations to peak strain, num-
ber of loading cycles, the quantity of microdamage
within bone, and the adaptive response are key vari-
ables that influence the risk of fatigue fracture.

FRACTURE CLASSIFICATION

The nomenclature of fractures first starts with the
name of the bone that is injured. Further descrip-
tive terms can be used that describe the anatomic
location injured, such as diaphyseal or metaphy-
seal (Figure 4-3). The morphology of the fracture
can be described. Common terms include, but are
not limited to, transverse, oblique, spiral, or com-
minuted (Figure 4-4). A fracture can be described
as intra-articular if it involves a joint surface. An
impacted fracture occurs when the diaphysis is
driven into metaphyseal trabecular bone. A green-
stick fracture indicates an incomplete or bending
fracture. A compression fracture of the metaphy-
seal region with cortical buckling in a child is a
torus fracture.

The failure of bone does not occur in isolation. In-
jury to overlying soft tissue always occurs. Rupture
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FIGURE 4-3. The anatomic location of a fracture.

of the periosteum, local blood vessels, and muscle
always accompany a fractured bone. Occasionally the
soft tissue injury includes major named arteries or
nerves, subcutaneous tissue, and skin. When the skin
is violated, the fracture is termed an open fracture
(Figure 4-5).

When bone ends move away from each other,
changing the alignment, they are displaced. Dis-
placement is described by the position of the distal
fragment relative to the proximal fragment. Alter-
natively, displacement with angulation can be de-
scribed by the direction of the apex of the fracture
(Figure 4-6).

Fractures can be classified in many ways. Classi-
fication systems have been created to organize almost

every type of fracture. The intent of creating a clas-
sification system is to highlight particular varia-
tions in a specific type of fracture. These variations
are used either to select a treatment algorithm or as-
sist in predicting outcome. Several comprehensive
fracture classification schemes have been created to
compartmentalize all fractures. The two most fre-
quently used are the AO/ASIF and Orthopaedic
Trauma Association (OTA) classification systems.
These systems are used primarily as research tools
and, to a lesser extent, to communicate between
medical professionals. More often, descriptive terms
are used.

Traumatic fractures occur when the force ap-
plied to a normal bone exceeds its capacity to ab-
sorb energy. An example is the fracture of a
humerus in a motor vehicle crash (Figure 4-7).

Pathologic fractures are the result of normal
physiologic forces on abnormal bone. The bone in
a pathologic fracture is weakened by a neoplastic
process. Both primary bone tumors and metas-
tases can cause destruction of the bone structure
and impairment of the adaptation response, ren-
dering it vulnerable to failure under normal loads
(Figure 4-8). Pathologic fractures have also been
associated with osteopenia from abnormal bone
metabolism; these are also referred to as insuffi-
ciency fractures (Figure 4-9).

Fatigue or stress fractures are common in mili-
tary recruits and athletes. Repetitive physiologic
load can produce microcracks that propagate to
nondisplaced fractures before significant repair can
occur. It has been theorized that muscle fatigue
plays a role in this mechanism of injury. Skeletal
muscle normally diverts some stress from the bone,

FIGURE 4-4. The pattern of the fracture. 
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A

B

FIGURE 4-6. Posteroanterior (A) and lateral (B) radiographs
of the wrist demonstrate a displaced distal radius fracture. The
displacement is posterior, or dorsal. The displacement can also
be described as apex anterior angulation. 

FIGURE 4-5. The photograph demon-
strates an open ankle fracture stabilized
with a bridging external fixator. Note the
exposed fibula in the wound (arrow).
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FIGURE 4-7. Anterioposterior radiograph of the humerus
demonstrates a traumatic fracture.

A

B

FIGURE 4-8. (A) Anterioposterior radiograph of the pelvis
demonstrates multiple myeloma in the femoral neck (arrow).
There is a nondisplaced pathological fracture of the basicer-
vical region. (B) This fracture was treated by curettage and
cemented hemiarthroplasty. Immediate weight bearing was
allowed.

but with muscle fatigue, this protective maneuver is
lost (Figure 4-10).

Fractures can be classified by the mechanism
that caused them. A single application of force suffi-
cient to cause a fracture can be applied directly or
indirectly. Direct trauma such as the application of
blunt, crush, or penetrating force to the body will
cause soft tissue injury and fracture at the site the
force was applied (Figure 4-11). Indirect trauma in-
cludes tension, angulation, rotation, compression,
and a combination of forces applied at an area re-
mote to the fracture. Transmission of forces through
muscle contractions results in a fracture. An exam-
ple of an indirect force causing fracture is the strong

contraction of the triceps with a fixed forearm, re-
sulting in an olecranon fracture (Figure 4-12).

EFFECTS OF FRACTURES

A fracture is a mechanical failure, but the process
triggers a biologic response that starts the repair
process. Bleeding occurs from the ruptured perios-
teum and surrounding muscle. Bone marrow con-
tents are released into the vicinity of the fracture
and can be distributed systemically. Inflammatory
mediators such as prostaglandins and leukotrienes
are released.
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Clinically, a fracture is suspected when an ap-
propriate force has been applied that would cause
failure of the bone. A supraphysiologic load applied
to a normal bone, for example during a motor vehi-
cle accident, is appropriate to cause a tibial shaft
fracture. Passive range of motion of the knee is not
an appropriate force to cause a tibial shaft fracture
in a normal ambulatory person, but is an appropri-
ate mechanism for a paraplegic with severe disuse
osteopenia and spasticity. The absence of an appro-
priate mechanism of injury should warrant a search
for abnormal bone. Neoplastic conditions, meta-
bolic disorders of bone, and the clandestine use of
drugs that adversely affect bone metabolism (gluco-
corticoids) may be diagnosed by a fracture. An in-
appropriate mechanism of injury may also suggest
a situation of abuse and should be suspected in
those with few defense mechanisms (children,
women, elderly, disabled.)

Clinical signs of fracture vary with the age of
the patient and the area of the body injured. General
signs include pain, swelling, deformity, abnormal
mobility, and loss of function. Pain is caused by
bleeding, swelling, abnormal motion on surround-
ing soft tissues, and release of inflammatory media-
tors. Deformity and abnormal mobility are due to
lack of structural support that the bone provides.
Altered function of a limb is a function of pain and
lack of normal structural integrity. Inability to walk
or painful ambulation is a reliable sign of spine or
lower extremity fracture in those with poor commu-
nication capacity, such as children and the elderly.
Radiographs confirm the clinical suspicion.

Fractures can result in some form of alteration
of function, both temporarily and permanently.
With the diminished ability to use a limb, the pa-
tient experiences functional losses. The injured pa-
tient’s role in the family and society is often altered.
The capacity to earn a living is compromised, and
medical bills can be significant, leading to emo-
tional concerns and financial strains. Patients often
have problems adjusting to their disability and suf-
fer psychological sequelae related to change in body
image and function. Laborers with fractures that
lead to permanent disability often need to retrain
and find more sedentary vocations.

SINGLE VERSUS MULTIPLE
FRACTURES

Patients with an isolated fracture should be differ-
entiated from multiply injured patients. The effect
of multiple fractures on the systemic physiology is
not the same as the sum of the individual fractures.
Bleeding from multiple fractures can produce
shock. Pelvic fractures with displaced sacroiliac dis-
locations, sacral fractures, and symphyseal disrup-
tions can be associated with life-threatening
hemorrhage from ruptured pelvic veins. Injuries to
named arteries can also occur with pelvic and ac-
etabular fractures, and can produce rapid and pro-
found hemorrhage. Fractures with associated
arterial injuries can also be a source of shock. For ex-
ample, scapulothoracic dissociation is associated
with injury to the subclavian vessels and can lead to

FIGURE 4-9. An anterior-posterior
radiograph of the pelvis demonstrates
profound osteopenia in an elderly
woman. A fall from a standing height
produced a displaced acetabular frac-
ture and central hip dislocation (arrow).
This is an insufficiency fracture.
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rapid and significant blood loss. Thighs with bro-
ken femurs can accommodate one liter of blood.
Multiple open fractures can be a source of signifi-
cant external blood loss. Multiple skeletal injuries in
combination with visceral injuries can produce sig-
nificant bleeding and consumption of platelets and
coagulation factors.

The release of marrow elements into the general
circulation is increased with multiple fractures. Al-
though this occurs to some degree with every frac-
ture, certain patients react with a clinical syndrome
known as fat embolism syndrome. Respiratory in-
sufficiency is the primary clinical sign, ranging
from increased oxygen demands to full-blown acute

respiratory distress syndrome (ARDS), which can
be fatal. Other clinical manifestations include pe-
techiae, anemia, thrombocytopenia, and central
nervous system dysfunction. The cause not com-
pletely understood, but hypotheses include micro-
circulatory occlusive phenomenon, generalized
inflammation, and cell membrane dysfunction. It is
also not understood what factors make some sus-
ceptible to develop fat embolism syndrome, while
the same clinical situation does not produce the
syndrome in others.

Multiple areas of injury increase the occurrence
of venous thromboembolism and pulmonary em-
bolus. The factors important in thrombogenesis are

FIGURE 4-10. Lateral radiograph of the tibia demon-
strates a subacute stress fracture of the tibial diaphysis
(arrow). Note the sclerosis surrounding the fracture cleft.

FIGURE 4-11. Anterior-posterior radiograph of the forearm
demonstrates an injury from direct penetrating trauma. Mas-
sive comminution reflects the high energy nature of the injury. 
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venous endothelial injury, venous stasis, and acti-
vated coagulation. A fracture results in diffuse inti-
mal damage in the vessels in the zone of injury. With
immobilization of an injured limb, the forceful mus-
cle contractions that facilitate venous return to the
heart are minimized, and stasis occurs in the veins.
Prolonged recumbency from multiple injuries in-
creases the risk of venous stasis exponentially. With-
out prophylaxis, venous thromboembolism occurs
in the majority of injured patients. Pulmonary em-
bolism is the leading cause of death in those who
survive the initial injury.

Patients with multiple fractures often require
prolonged periods in the recumbent position to
manage the skeletal instability and pain. Multiple
adverse affects of this position have been observed.
Pulmonary function is compromised due to subop-
timal ventilation. Pain results in poor inspiratory ef-
fort and positioning leads to atelectasis, dependent
edema, and aspiration. Narcotic pain medications
decrease the respiratory rate. The sum of these fac-
tors leads to hypoxia and pneumonia. Nutrition is
compromised due to the adverse effects narcotic
medication has on gastrointestinal function and dif-
ficulty eating in an atypical position. With pain and
decreased mobility, urinary catheters are needed,
which ultimately lead to urinary tract infections.

FIGURE 4-12. Lateral radiograph of the elbow demon-
strates an injury from an indirect source. A nondisplaced
fracture of the olecranon was caused by strong contraction
of the triceps with a fixed forearm.

Immobility leads to skin breakdown and deep ve-
nous thrombosis. In this patient population, early
surgical treatment of multiple fractures, especially
pelvic and femur fractures, reduces time in bed, and
greatly improves outcomes.

INITIAL MANAGEMENT 
OF FRACTURES

Realignment

The preferred initial treatment for a fracture is re-
alignment and splinting. Realignment of a grossly
angulated limb will improve arterial flow and ve-
nous drainage distal to the injury. Bleeding will di-
minish as the volume around the fracture is reduced,
and tamponade can occur. Nerve function improves
when anatomically aligned.

Realignment can be performed with several
simple techniques. Simple manipulation of an an-
gulated limb into a more anatomic position is rec-
ommended. Longitudinal traction is the simplest
way to reduce a fracture. Generally, the segment
that can be controlled manually is realigned to the
less mobile segment. More challenging techniques
include reduction maneuvers where the deformity
is accentuated, then corrected. The maintenance of
alignment after the latter technique depends on an
intact soft tissue hinge around the fracture. Impedi-
ments to realignment include interposed soft tissue
between the fracture ends and lack of soft tissue
hinge around the fracture, making the reduction
difficult to maintain.

Displaced open fractures should be realigned
prior to splinting. Gross contamination can be re-
moved, but formal irrigation in the emergency de-
partment is not recommended. Reintroduction of a
contaminated bone end into the wound is tolerated.
The entire wound will be subsequently debrided in
the operating room. A sterile dressing should be ap-
plied over the wound and maintained until the pa-
tient is in the operating room.

Splinting

A splint is a noncircumferential device that maintains
alignment of a limb with a fracture and decreases
motion at the fracture site. Limitation of excessive
fracture motion may prevent additional injury to
vulnerable soft tissues. There is always concern that
an unsplinted closed fracture may be converted into
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an open fracture from the motion of sharp bone ends.
Splinting reduces bleeding and release of marrow el-
ements from the fracture site, and thus may con-
tribute to resuscitation. By reducing pain, patient
transport and evaluation are facilitated.

A variety of splinting techniques can be used in
a variety of fractures. In a hospital, simple materials
can be effective splints. Sheets folded to a swathe or
commercially available slings can help reduce pain
for clavicle, scapula, or proximal humerus fractures.
Padded fiberglass or plaster slabs can be cus-
tomized to splint fractures of the humerus, forearm,
wrist, and hand, as well as fractures distal to the
knee. Prefabricated adjustable knee immobilizers
are helpful in splinting injuries around the knee. A
circumferential sheet can be tied around the pelvis
and thighs to reduce the pelvic volume in an open
book pelvic ring injury. Pillows or sandbags can be
used to reduce the motion of a fractured femur.
Philadelphia collars or sandbags can immobilize a
cervical spine fracture. A long rigid board is the
method of choice for spine splinting.

DEFINITIVE TREATMENT 
OF FRACTURES

Evaluation of the Patient

Definitive treatment of fractures is performed when
the general condition of the patient is optimized,
and the patient will tolerate the process of treat-
ment. The goals of treating the injured patient are to
save life first, then save limb, and limit disability.
The goals of fracture treatment are to obtain stabil-
ity of the injured limb, facilitate healing, and accel-
erate rehabilitation.

Characteristics of the patient and the fracture
are important to consider when deciding on a de-
finitive treatment plan. The overall condition of the
patient is of utmost concern. For multiply injured
patients, resuscitation is necessary. Multiple frac-
tures, as well as visceral injuries, can cause signifi-
cant hemorrhage. Suboptimal perfusion of organs
can occur from this hemorrhage and is referred to
as shock. Shock can be manifested by tachycardia,
hypotension, changes in mental status, peripheral
vasoconstriction, poor urine output, and ultimately
death. Laboratory findings involving shock can in-
clude anemia, thrombocytopenia, and elevated
clotting times, which represent bleeding and con-
sumption of coagulation factors. As perfusion de-
creases, cellular metabolism turns from aerobic to

anaerobic, liberating the waste product lactic acid.
Lactic acid production results in metabolic acidosis.

Reversal of shock is termed resuscitation. Re-
suscitation principles are to stop ongoing hemor-
rhage and replenish lost circulating volume . This is
accomplished with infusions of lactated Ringer’s or
normal saline solution, or blood products, if hemor-
rhage has been significant. Transfusion of red blood
cells, platelets, and plasma (containing coagulation
factors) may be required to replace lost circulating
volume and replenish consumed factors and cells.
Surgical intervention may be necessary to stop
hemorrhage. Surgical removal of an irreparable
bleeding organ (spleen) or ligation of bleeding ar-
teries may be a necessary component of resuscita-
tion. Restoration and maintenance of pelvic volume
with external devices may be necessary to promote
tamponade of bleeding pelvic vessels after injury.
Alternatively, in some cases, angiographic identifi-
cation and intravascular embolization of major
bleeding vessels is also in the algorithm used to
control hemorrhage.

Treatment of fractures should be delayed until
the patient is hemodynamically stable. Fracture sur-
gery will result in additional blood loss to an al-
ready compromised patient and may contribute to
the patient’s demise. Open fractures can be tempo-
rized in a hemodynamically unstable patient with
removal of gross contamination, limited irrigation
of exposed bone, placement of a sterile dressing,
and splinting. Definitive debridement and skeletal
stabilization can be performed when the patient’s
condition is compatible with surgery. Although this
step may increase the rate of infection at the fracture
site, it may be a necessary precaution. Fracture sur-
gery can be considered when the patient’s blood
pressure and heart rate have stabilized, and when
end organ perfusion is judged adequate. No active
hemorrhage should be ongoing, and hematologic
parameters should be in a reasonable range. Gen-
eral guidelines are a hematocrit around 30%, INR <
1.4, and platelets > 80,000/mm3.

Associated injuries may preclude immediate
operative treatment of fractures. For patients with a
head injury, secondary brain injury is associated
with hypotension and hypoxia. Operative treat-
ment of fractures in a poorly resuscitated patient
may result in a secondary brain injury. A severe pul-
monary injury is a controversial contraindication to
early definitive fracture care.

Elderly patients require particular considera-
tion. Older patients are limited functionally by poor
eyesight, diminished hearing, and limited mobility
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from other medical conditions. Nonoperative treat-
ment of some fractures requires immobilization in a
cast or brace. Casts or braces limit an elderly per-
son’s mobility and functioning more than similar
restrictions in a younger adult. Weight-bearing re-
strictions and the introduction of crutches or a
walker can significantly diminish an elderly pa-
tient’s mobility and may contribute to subsequent
falls and injuries. Lack of ability to comply with
weight-bearing restrictions has led to loss of reduc-
tion and fixation. Additional problems seen with
external immobilization include skin breakdown,
often contributed to by poor sensation, delicate
skin, and other comorbid conditions such as dia-
betic neuropathy and vasculopathy. Access to med-
ical care may be limited, or patients may not want
to complain, leading to delayed diagnosis of pres-
sure areas. After operative treatment of fractures,
mobilization of an elderly patient is much slower
than in a young adult. Irreversible loss of function
also happens more frequently in elderly patients.
After hip fractures, only one-third returns to prein-
jury function. Perioperative complications and
death are more common due to multiple medical
problems and lack of physiologic reserve. Malnutri-
tion is common in the elderly, which delays wound
and fracture healing.

Elderly patients and others with significant med-
ical problems require comprehensive evaluation
prior to definitive treatment of the fracture. The pres-
ence or treatment of chronic medical problems can
lead to injuries. Syncope from a new antihyperten-
sive medication or existing arrhythmia can cause a
fall in an elderly patient, producing a hip fracture.
New medical problems can also cause injuries. An
acute myocardial infarction sustained while driving
can lead to a crash. Optimization of the patient’s
medical condition prior to surgery is warranted. Any
reversible problems such as dehydration, hyperten-
sion, infections (urinary tract infection, pneumonia)
and renal insufficiency should be reversed. Any anti-
coagulation requires reversal, as well.

For patients with delicate constitutions and
multiple medical problems, extensive preoperative
evaluation is often necessary to understand the pa-
tient’s risk for significant perioperative complica-
tions. With this information, a realistic discussion
with the patient and family of the risk–benefit
ratio of surgery can be performed. Chronic renal
failure, congestive heart failure, chronic obstruc-
tive pulmonary disease, hip fracture, and an age
greater than 70 years have been identified as critical
risk factors for inpatient mortality. Postoperative

complications associated with significant increases
in mortality include myocardial infarction, acute
renal failure, pulmonary embolus, pneumonia,
and cerebrovascular accident. Perioperative test-
ing can also provide information that may modify
the perioperative plan. Those with significant pul-
monary compromise may elect to have regional in-
stead of a general anesthesia to prevent prolonged
intubation and ventilation postoperatively. Deci-
sions can be made about the perioperative man-
agement of medical problems, including the need
for postoperative monitoring.

For elderly patients with multiple injuries or
multiple medical problems, fractures usually
treated operatively may be treated nonoperatively
if the patient’s overall condition is not favorable.
Often there is a good salvage procedure if the pa-
tient has pain or functional limitations with a malu-
nion. A good example is an elderly woman in a
motor vehicle accident with a depressed tibial
plateau fracture. In isolation, the fracture would re-
quire surgical treatment to correct limb axis devia-
tion and knee instability. However, the patient also
suffered a blunt chest injury and has a pericardial
effusion, which has produced a new arrhythmia.
The risks of immediate surgery may be greater than
the risks of reconstructive surgery done at a later
date, with an accepted salvage technique.

The patient’s functional status and demands are
important to consider. An elderly nonambulatory
patient would not necessarily need operative treat-
ment for a hip fracture if pain were well controlled.
A dentist would not be able to tolerate nonoperative
treatment for a mallet fracture. The splint required
for successful nonoperative treatment would not be
tolerated with frequent hand washing required by
the occupation. A displaced intra-articular lower ex-
tremity fracture in a paraplegic patient would not
require operative reduction and fixation, as it
would in an ambulatory patient. However, an
upper extremity injury in a paraplegic patient may
be treated operatively to maximize function and
limit disability, when it may be treated nonopera-
tively in an ambulatory patient.

Evaluation of the Limb

The condition of the limb should be assessed. Par-
ticular attention should be made to the skin condi-
tion, vascular inflow, and innervation. Skin
condition is important to observe, for it is a source
of morbidity with either nonoperative or operative
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fracture treatment. Acute changes in the skin from
the injury include wounds, hematomas, degloving
injuries, ecchymoses, and blisters. Any wound in
proximity to a fracture should be considered an
open fracture until proven otherwise in the operat-
ing room. Degloving injuries are common with
crush or shear mechanisms of injury. The zone of in-
ternal injury is often greatly underestimated by the
external appearance of the limb. The skin and sub-
cutaneous tissue are separated from the underlying
fascia in an open wound, or without break in the
skin. Degloved areas may lead to infected seromas
or hematomas. Incisions through a degloved area
are often ill advised. A degloving injury associated
with an acetabular fracture, referred to as a Morel-
Lavallee lesion, is associated with increased rates of
surgical wound infection. It is generally recom-
mended that the degloving injury be treated and
healed before an incision is made in the area to treat
the fracture. Areas of poor skin quality from previ-
ous injuries, surgery, burns, grafts, or ulcers, must
be noted. Poor skin quality may affect the decision
to treat operatively, if the tissues can’t tolerate the
incisions needed, or nonoperatively, if the tissues
can’t tolerate an immobilization device.

The vascular supply to a limb is a critical consid-
eration in treatment decision making. Changes in ar-
terial inflow of a limb are seen with acute injuries.
An injury with an associated fracture can cause dif-
fuse vascular damage to the bone, periosteum, and
muscle. Fractures with injuries to major named ar-
teries can occur with penetrating trauma. Injuries to
proximal arteries often, but not always, result in
limb ischemia. Injuries to more peripheral arteries
rarely produce ischemia due to the extensive anasta-
motic system present between the vessels.

Acute interstitial swelling can proceed to the
point where capillary pressure is overcome. Diffu-
sion of red blood cells and delivery of oxygen at the
cellular level is diminished. This physiologic
process is known as compartment syndrome. Left
untreated, the tissues in the limb become ischemic.

Ischemia can lead to a variety of problems in
the limb. Skeletal muscle can tolerate approximately
6 hours of ischemia before widespread irreversible
myonecrosis occurs. Nerves are also particularly
sensitive to ischemia, although absolute tolerances
are not known. Prolonged ischemia may affect frac-
ture treatment decisions. Previously treatable frac-
tures in a limb with prolonged ischemia may be
more amenable to amputation.

Peripheral vascular disease or diffuse diabetic
small vessel can diminish vascular inflow to the point

where wound and fracture healing are impaired.
Poor wound healing may increase the chance of infec-
tion. Clinical signs of poor arterial inflow include lack
of hair on the ischemic segments, lack of palpable
pulses, poor sensation, and ulcers. Ankle/brachial
index is a simple noninvasive test that can quantify
the adequacy of peripheral circulation in the lower
extremities. In patients with suspected vascular dis-
ease, a vascular surgery consultation should be ob-
tained to assess the adequacy of blood flow to the
limb. Reversible forms of ischemia can be addressed,
which may reduce the complications of the fracture
treatment. For those with irreversible ischemia, sig-
nificant counseling with the patient and family is nec-
essary to understand the dire situation. Often, the
results of fracture treatment are poor and the compli-
cation rate is high, whether operative or nonoperative
treatment is pursued.

Chronic venous stasis disease can complicate
both operative and nonoperative treatment meth-
ods. An incision through tortuous dilated veins
leads to difficulty in hemostasis, bleeding, hematoma
formation, and occasionally difficulty with wound
healing. Varicosities predispose to venous stasis,
especially in an immobilized limb. The risk of ve-
nous thrombosis and pulmonary embolism are
increased.

Sensibility and motor strength should be as-
sessed. Acute changes in sensibility or motor
strength are attributed to the injury. Fractures can
be associated with neuropraxia, axonotmesis, or
neurotmesis of named peripheral nerves. Loss of
sensation in certain areas of the body can be func-
tionally debilitating. Loss of sensation in the fingers
from an injury to the radial, median, or ulnar nerves
can have adverse effects on dexterity. Loss of sensa-
tion to the plantar aspect of the foot is important in
making limb salvage treatment decisions. Acute
changes in strength in the setting of injury can be at-
tributed to direct musculotendinous injury or asso-
ciated nerve injury. These associated injuries will
influence treatment decision making.

Many patients have sensory deficits prior to in-
jury. The most common cause of chronic sensory
loss is diabetes mellitus, which results in a diffuse
peripheral neuropathy. Other common causes in-
clude hereditary motor and sensory neuropathies,
acquired compressive neuropathy, radiculopathy,
spinal cord pathology, peripheral vascular disease,
and medications. These conditions can also cause
chronic motor weakness. It is important to ask
about any preexisting neurovascular conditions, to
fully appreciate the effect of the injury.
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The overall bone quality is important to ob-
serve and may affect treatment plan. As aging oc-
curs, there is a diminution in the bone mineral
density. Osteopenia is also seen in patients with
malnutrition, metabolic disorders, and chronic glu-
cocorticoid use (transplant recipients, systemic in-
flammatory disease). Cortical diameters become
larger to optimize the toughness of less dense bone.
Trabecular lines become thinner. Remodeling of ac-
cumulated microdamage is diminished. This re-
modeling offers particular problems with treatment
decision making. Operative treatment of osteopenic
fractures is fraught with problems. Poor purchase
of standard implants is becoming more of a recog-
nized problem. Poor fixation leads to loss of reduc-
tion, resulting in a suboptimal outcome or the need
for revision surgery. Solutions to this problem in-
clude using different fixation strategies in os-
teopenic bone and modifying existing implants to
strengthen the bone-implant construct. For exam-
ple, for a patient with an osteopenic hip fracture,
intramedullary hip screws are supplanting the use
of dynamic hip screws. The intramedullary hip

screw has the mass closer to the axis of the bone,
creating a stronger construct. New implants have
been developed that are ideally suited for fixation
in osteopenic bone. The traditional plate and screw
construct has been modified so that the threaded
screw head engages a complementary threaded
screw hole. This modification creates a fixed angle
construct. Placing several locked screws in the plate
creates multiple fixed angle devices (Figure 4-13).
This device fails differently than traditional
screw/plate constructs. Instead of sequential loos-
ening or breaking of screws, the locked construct
fails by catastrophic pullout of the entire device.
This type of failure is rare, even in osteopenic bone.
These new implants have improved the ability to
maintain a reduction in osteopenic bone until the
fracture heals.

Finally, the fracture characteristics should be
assessed. Fractures in different bones often require
different treatment plans. For example, metatarsal
fractures are most commonly treated nonopera-
tively because they heal well with minimal inter-
vention. Femoral neck fractures are more likely to

FIGURE 4-13. The photograph demonstrates
a locking plate and screws. Note the threaded
heads of the screws, which engage complemen-
tary threads in the plate hole. Multiple fixed
angle devices are created, which drastically im-
proves fixation in osteopenic bone.
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be treated operatively to restore weight bearing
immediately. The location within the bone, pattern
of fracture, and the amount of displacement
should be observed. In some bones, the amount of
displacement and the area in which the bone is
fractured determines whether the injury is treated
operatively or nonoperatively. A nondisplaced dia-
physeal tibia fracture can be treated nonopera-
tively, where a displaced proximal metaphyseal
fracture in the same bone usually requires opera-
tive treatment.

Nonoperative Treatment

Nonoperative treatment of fractures consists of ob-
taining adequate alignment, and maintaining the
alignment in an external immobilization device.
For nondisplaced fractures, no change in alignment
is necessary, and this step is skipped. For displaced
fractures, closed reduction improves alignment.
Reduction can be obtained by techniques such as
the application of gentle axial traction. The intact
soft tissue hinge guides the fracture to the correct
alignment. The simplest example is having a pa-
tient with a humeral shaft fracture sit up. Gravity
provides longitudinal traction on the arm, and the
alignment of the displaced humerus fracture is im-
proved. When this technique depends on intact lig-
amentous attachments around a fracture, it is
termed ligamentotaxis (Figure 4-14). Other times
accentuation of the deformity is necessary to un-
kink a soft tissue hinge before manipulation into
the desired alignment is performed. Fractures that
can be reduced, and reductions maintained in an
external immobilization device are considered sta-
ble. Fractures that cannot be reduced, or lose reduc-
tion in an external immobilization device, are
considered unstable.

Devices used to maintain the reduction supple-
ment the stability achieved with the reduction of
the bone. Common immobilization devices include
splints, casts, and braces. The external immobiliza-
tion device contributes a little to the stability of the
fracture by increasing the hydrostatic pressure
around the fracture. They will not prevent displace-
ment of an unstable fracture. They immobilize the
injured part for pain relief and to prevent further in-
jury. They also position the limb in a way to prevent
common contractures.

Splints and Casts

Splints are thoughtfully constructed slabs of
plaster molded around a limb to provide immobi-
lization of a fracture, without circumferential
compression. They are commonly used as the first
treatment of a fracture. The noncircumferential
nature accommodates swelling. Lower extremity
splints are either short or long leg, depending on
whether the knee is immobilized. The ankle is al-
ways immobilized in a neutral position to prevent
an equinus contracture (Figure 4-15). Upper ex-
tremity splints are more varied. A long arm splint
is commonly used to immobilize a radial head
fracture, where a short arm splint is used on a dis-
tal radius fracture. Specialized upper extremity
splints include the coaptation, sugar tong, and
gutter splints. A coaptation splint is used to im-
mobilize a proximal or shaft fracture of the
humerus. It consists of a U-shaped slab of padded
plaster molded from the axilla, around the elbow,
then up the lateral arm and around the shoulder.
A sugar tong splint is a device used to immobilize
a distal radius fracture. It controls the flexion and
extension of the wrist as well as forearm rotation.
A sugar tong splint involves a long slab of plaster
placed from the dorsal metacarpophalangeal joints,

FIGURE 4-14. This schematic demonstrates reduction of a
displaced distal radius fracture. Longitudinal traction on
bone fragments with ligamentous attachments leads to frac-
ture reduction via ligamentotaxis.
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along the dorsum of the forearm, around the elbow,
and to the metacarpophalangeal joints on the ante-
rior side. Full, unrestricted metacarpophalangeal
motion should be allowed (Figure 4-16). A gutter
splint is applied to the radial or ulnar border of
the hand, and is commonly used to immobilize
metacarpal fractures. The metacarpophalangeal
joints are immobilized in 70º to 90º of flexion, to
prevent contractures of the collateral ligaments
(Figure 4-17). Splints are wrapped with ace wraps
or other expandable covering to accommodate
swelling.

Casts can be made from plaster or synthetic
material. Plaster casts are moldable and can be
shaped to fit the limb. Plaster casts are applied
over a few layers of cotton padding. The plaster
rolls are applied snugly and tucked where free
ends are created. The plaster is molded to the
shape of the limb. The forearm and arm are
molded into flattened cylinders. The thigh is
molded into a square shape, and the leg into a tri-
angle. Careful contouring over anatomical struc-
tures such as the concavity of the palm and
malleoli is performed to fit the cast accurately to
the complex geometry of the limb. Three-point
pressure can be applied to the cast while it is dry-
ing to create a construct that supports the reduc-
tion. If angular alignment of the fracture in the
cast is suboptimal, wedging can be performed to
change the reduction a small degree. Wedging
cannot be used to change malreductions of length
or rotation. Casts made of synthetic materials can-
not be molded as well as plaster. Casts made of

synthetic materials should be used when simple
immobilization of a stable fracture is desired, and
no maintenance of a reduction is required (Figure
4-18). Synthetic casts are also useful in preventing
common contractures after injury.

Patient education on cast and splint care is
critical to their success. Patients should be in-
structed that their splints should be left on. Many,
not knowing this restriction, will remove the
splint if it becomes uncomfortable, and jeopardize
the reduction. The patient’s reapplication of the
splint is usually not correct, leading to pressure
necrosis and contractures. Initially after the injury,
volume changes with dependency of the injured
limb will manifest with throbbing pain, tightness,
and color change. Patients must be educated to
react to these sensations with elevation of the ex-
tremity, preferably above the heart. Active move-
ment of fingers or toes is also encouraged to
promote venous and lymphatic drainage, and pre-
vent stiffness of these joints. Pain or the sensation
of unrelenting constriction after a period of eleva-
tion should result in the patient’s seeking medical
attention to loosen or replace a too tight splint or
cast. Any complaints of rubbing or burning of the
skin should be investigated immediately for soft
tissue injury. Patients should be instructed not to
stick anything into the cast, for it can cause skin
abrasion, laceration, or pressure necrosis. Casts
and splints must be kept clean and dry. Wet cast
padding will cause maceration of the skin and
breakdown. Special synthetic liners are available
that dry easily, but are not used routinely.

FIGURE 4-15. A padded posterior
plaster slab has been used to form a short
leg splint. Ace wraps accommodate
swelling. The foot is kept in a neutral po-
sition to prevent an equinus contracture.
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The most common complication of splints and
casts is skin breakdown. Focal pressure over a bony
prominence or an inadvertent depressed area
caused by the surgeon’s ill-placed fingers may
cause skin and soft tissue pressure necrosis. Areas
at risk are those with little soft tissue covering, such
as the ulnar styloid, heel, and malleoli. Careful at-
tention to padding and cast application will mini-
mize these problems. Patients’ attempts to soothe
itching and irritation under the casts with the inser-
tion of long and often sharp objects can also be the
source of skin lacerations and abrasions. All com-
plaints of pain under a splint or cast should be in-
vestigated by its removal and a thorough physical

examination. A lost reduction can always be re-
gained, but an area of pressure necrosis can
threaten the viability of a limb. Extreme caution
should be exercised when placing a splint on a pa-
tient that cannot communicate the presence of dis-
comfort. Circumferential casts should be avoided
in this patient population. Diligent skin checks are
required.

A circumferential compressive device such as
a cast can contribute to increased pressure in the
compartments of the injured extremity. Because
casts are nonyielding, swelling in the underlying
compartments can result in compartment pres-
sures high enough to cause ischemia to the limb.

FIGURE 4-16. A padded plaster slab is fashioned around
the elbow and forearm to form a sugar tong splint for a fore-
arm fracture. The metacarpophalangeal joints have unre-
stricted motion. 

FIGURE 4-17. A padded plaster slab is used as an ulnar
gutter splints to immobilize a metacarpal neck fracture. The
fingers are included with the metacarpophalangeal joints at
70º of flexion and the interphalangeal joints in full exten-
sion. This “safe position” prevents contractures.
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All complaints of unrelenting compression should
be investigated. A cast can be bivalved, and one
half removed at a time to inspect the limb. A re-
duction maintained by the cast, if lost by removing
the cast, can always be regained. The sequelae of
compartment syndrome are irreversible. Other
complications of immobilization devices include
joint stiffness, peripheral nerve palsy, and regional
pain syndrome.

Traction

Traction is a type of splint. Traction will improve
alignment and plays some role in reducing fracture
motion by restoring soft tissue tension. Traction can
be applied to the skin or through the skeleton. Skin

FIGURE 4-18. (A and B) A short arm plaster cast is demonstrated. Note the molding of the cast to
resemble the shape of the palm. The forearm is molded into a cylinder. (C) A fiberglass short arm cast
is shown. Much less molding is allowed with this material.

traction is used in pediatric patients with femur frac-
tures. Skeletal traction involves placing a transfixion
pin through the distal femur, proximal tibia, or calca-
neus. The pin is tensioned with a bow, and weights
applied (Figure 4-19). The pull of the weights should
be executed in line with the femur if traction is used
for pelvic or femoral fractures, and in line with the
longitudinal axis of the tibia if used for tibial frac-
tures. Complex balanced suspension systems have
been erected to suspend the limb; however, a pillow
under the leg is often all that is required to keep pres-
sure off the heel. Skeletal traction is useful in restoring
pelvic morphology when there is superior migration
of a hemipelvis after fracture. It is also used as a tem-
porizing device in patients with lower extremity

A B C
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fractures when the patient or the limb is not ready for
definitive operative treatment. In a patient with se-
vere head injury, elevated intracranial pressures, and
a femur fracture, definitive treatment of the femur
fracture may result in secondary brain injury. Length
and alignment of the femur fracture can be main-
tained in traction until the brain injury improves. Dis-
tal tibia fractures are often accompanied by major soft
tissue swelling and blistering. With the foot elevated
on a Braun-Bohler frame, calcaneal traction can main-
tain limb length and alignment until the skin is ready
for operative treatment.

Skeletal traction is rarely used for definitive
treatment. If a patient with a fracture can’t tolerate
surgery, or if the fracture cannot be treated with the
resources available, traction can be used for defini-
tive treatment. This technique is fraught with com-
plications associated with prolonged bed rest
including global deconditioning and muscular atro-
phy, skin breakdown, venous thromboembolism,
urinary tract infections, pneumonia, malnutrition,
and the development of psychiatric disorders.

Operative Treatment

The priorities in treating the injured patient are to
first save life, then limb, joints, and finally to restore
function. Operative treatment of fractures does have

a role in resuscitation and can prevent mortality.
Operative reduction of an anterior-posterior com-
pression type pelvic ring injury with external fixa-
tion can reduce pelvic volume and facilitate
tamponade. Judicious early stabilization of pelvic
and femur fractures has been shown to reduce mor-
tality. However, early definitive operative treatment
of all fractures may not be warranted. For a selected
group of severely injured patients, definitive stabi-
lization of long bone fractures may be detrimental. A
more limited surgical approach with external fixa-
tion of pelvic and long bone fractures to restore
length and alignment, or “damage control orthope-
dics,” may be a safer approach until the patient’s
overall condition improves. Limb salvage priorities
involve debridement of open fractures to reduce the
risk of infection, vascular repair for ischemic limbs,
and soft tissue reconstructive procedures. Joint sal-
vage involves reconstruction of articular injuries,
ligament reconstruction, and implementation of a
rehabilitation exercise program.

Benefits of operative treatment of a fracture
include stabilization of the injured limb, which re-
duces pain, facilitates mobility and rehabilitation,
and shortens hospital stay. Operative restoration
of correct limb alignment and articular congruity
maximizes the chances of long-term successful re-
habilitation. These benefits are noted; however,
there are risks associated with operative treatment

FIGURE 4-19. A temporary skeletal
traction set up is demonstrated in this
photograph. A pin is placed in the distal
femur. A prefabricated padded splint
with heel relief is placed on the foot to
prevent equinus contracture and to
protect against pressure necrosis. 
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of fractures. Bleeding may occur that requires
transfusion. Risks associated with transfusion in-
clude transfusion reaction, and the transmission
of bloodborne pathogens. HIV and hepatitis have
been transmitted by transfusion. Donor testing
has reduced the risk of transmitting HIV and
hepatitis, but has not eliminated it. Other blood-
borne pathogens likely exist but are currently not
identified. Mutations in currently existing non-
pathogens may yield new pathogens. In addition,
transient immunosuppression is seen with blood
transfusions.

Infection is a risk of any surgical procedure.
Risk factors for surgical site infections in orthopedic
patients are related to increasing age, additional
nosocomial infections, wound contamination, and
number of operations. Open fractures have higher
rates of surgical site infections than closed fractures.
The infection rate in open fractures is even higher in
the host with an immune deficiency.

Postoperative wound infections are a signifi-
cant source of morbidity and mortality in the
United States. The number of antimicrobial-resist-
ant pathogens infecting wounds is on the rise.
Wound infections almost always require rehospital-
ization and further surgery. Surgical debridements
carry the risks of additional surgery. Antibiotic ther-
apy often involves an indwelling central venous
catheter and months of antibiotics. Antibiotics are
potentially toxic to bone marrow, liver, hearing, and
kidneys.

With the use of correct antibiotic prophylaxis,
the rate of wound infections can be diminished but
not eliminated. Factors in correct prophylactic an-
tibiotic usage include using the correct antibiotic
and redosing after two half-lives during the proce-
dure. Antibiotics should be infused prior to the start
of the procedure, up to 1 hour before. Prophylaxis
should be stopped 24 hours after the procedure, to
prevent the development of antimicrobial-resistant
organisms.

Surgical treatment of fractures requires a com-
plete knowledge of the surrounding anatomy. In-
juries to nerves, arteries, and veins have been
reported with operative treatment of almost every
fracture. Nerve injuries can include neuropraxia
or neurotomesis. Surgery about the spine runs the
risk of spinal cord or nerve root injury. Vascular
injuries can result in significant hemorrhage,
and/or limb ischemia, and often require an intra-
operative vascular surgery consultation. Tendon

or ligament injury has also inadvertently occurred
during surgery.

Other events that can occur in the periopera-
tive period include myocardial infarction, cerebral
vascular accident, pulmonary embolus, anesthesia
complications, and nerve palsies and soft tissue
breakdown from positioning and unrelieved pres-
sure. Death can occur after fracture surgery. The
rate of acute mortality after inpatient orthopedic
surgical procedures is approximately 1% for all
patients, and 3.1% for those having surgery for
hip fractures.

Problems with delayed healing and nonunion
occur with surgical treatment. Some patient fac-
tors contribute to delayed healing. Protein mal-
nutrition, smoking, and use of nonsteroidal
anti-inflammatory agents all prolong healing
times and may predispose to nonunions. Sur-
geon-controlled factors include the degree of soft
tissue stripping around the fracture. Every surgi-
cal move has its biological consequence. With
every incision, the blood supply to the fracture is
diminished. Careful consideration should be
made to minimize iatrogenic ischemia to the frac-
ture. Diminished blood supply from aggressive
soft tissue stripping leads to longer healing times
and higher infection rates.

Other problems that can arise with surgical
treatment include loss of fixation, loss of reduction,
regional pain syndrome, uncosmetic scarring, and
stiff joints.

Despite these risks, there are indications for op-
erative treatment of fractures. If acceptable align-
ment cannot be obtained, or if the alignment cannot
be maintained by nonoperative means, then opera-
tive treatment is required. In some cases immobi-
lization of a fracture is morbid to the patient or to
the limb. Operative treatment of certain fractures is
required to restore immediate weight bearing. The
vast majority of hip fractures fall into this category
(Figure 4-20). Irreducible fracture dislocations re-
quire operative reduction and internal fixation
(Figure 4-21). Some fractures have so much dis-
placement, healing without open reduction is un-
likely (Figure 4-22). Open fractures are always
treated operatively. Debridement of contamination
and devitalized tissue reduces the rate of infection.
Fractures associated with arterial injuries are
treated operatively, to restore perfusion. Skeletal
stabilization prevents disruption of the reestab-
lished blood flow. Fractures with compartment
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FIGURE 4-20. (A) Anterior-posterior radiograph of the pelvis of an elderly woman demonstrates a
right intertrochanteric femur fracture with subtrochanteric extension (arrow). Note the previous left
hip fracture treated with internal fixation. (B) The right proximal femur fracture was treated with an
intramedullary hip screw. Weight bearing may start immediately postoperatively.

A B

C D

FIGURE 4-21. (A) Anterior-posterior radiograph of the pelvis demonstrates a symphysis pubis diastasis and a fracture dislo-
cation of the right hip. Reduction of the hip is impossible due to osteochondral fragments in the acetabulum. (B and C) Axial
computerized tomography images further demonstrate the posterior dislocation of the hip and intra-articular blocks to re-
duction. Operative reduction and internal fixation of the fracture were required. (D) Postoperative anterior-posterior radi-
ograph demonstrates a reduced hip and internal fixation of the acetabular fracture. 
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syndrome are treated with fasciotomy and bony
stabilization. Stabilization of the fracture pre-
vents further soft tissue injury. Fractures caused
by pathological processes invading and weaken-
ing the bone are treated operatively (Figure 4-8).
Displaced articular fractures are thought to have
the best outcome with anatomic reduction and in-
ternal fixation (Figure 4-23). Finally, patients who
are multiply injured mobilize better with their
fractures stabilized and have lower rates of mor-
bidity and mortality. Fractures that, if occurred in

isolation, are treated nonoperatively, such as
humeral shaft fractures, can be treated operatively
in multiply injured patients. Certain areas of the
body require immediate mobility of the adjacent
joints to prevent stiffness and diminished function.
The upper extremity is extremely sensitive to pro-
longed immobilization. Fractures about the elbow
and fingers are often treated operatively, so
enough stability can be obtained that immediate
range of motion exercises can be performed in the
surrounding joints.

A B

FIGURE 4-22. (A and B) Anterior-posterior and scapular Y radiographs of the shoulder demon-
strate a widely displaced humeral neck fracture. Healing is unlikely with this degree of displacement,
and operative reduction and fixation are indicated. (C and D) Neer anterior-posterior and axillary
views of the shoulder postoperatively demonstrate better reduction of the fracture and internal fixa-
tion with a locked plate. continued
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FIGURE 4-22. (Continued)

WeinCh04ff.qxd  1/2/04  7:20 AM  Page 108



Definitive Treatment of Fractures 109
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D

FIGURE 4-23. (A and B) Mortise and lateral views of the
ankle demonstrate a distal tibia fracture with intra-articular
extension. Gap and step-off of articular fragments creates an
irregular joint surface. (C and D) Postoperative mortise and
lateral radiographs reveal reduction of the articular surface
maintained by plates and screws.
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OPERATIVE TECHNIQUES FOR
FRACTURE REDUCTION AND
STABILIZATION

Closed Reduction and Percutaneous
Pinning

Percutaneously placed Kirschner wires can supple-
ment stability of a closed reduction. The small di-
ameter wires have some purchase on both cortices,
which supplements the stability of the construct
(Figure 4-24). They have definite limitations in their
ability to hold a reduction in unstable fractures.

They usually lose any mechanical advantage within
several weeks. Percutaneously placed pins almost
always require supplemental stabilization with a
splint, cast, or external fixator (Figure 4-25C and D).

External Fixation

An external fixation system consists of threaded
pins placed bicortically in bone, coupled to external
bars and clamps. This technique provides relative
stability. External fixation has several advantages. It
can be quickly applied and is completely modular.

B

A

FIGURE 4-24. Posterior-anterior (A) and lateral (B) ra-
diographs of the wrist demonstrate a distal radius fracture.
Three Kirschner wires help maintain the reduction. 
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A B

FIGURE 4-25. (A) This clinical photograph demonstrates a simple external fixator used to stabilize
an open distal humerus fracture. A generous incision was created to insert the humeral pins in an ef-
fort to avoid injury to the radial nerve. (B) Lateral radiograph of the tibia demonstrates a diaphyseal
fracture with posterior bone loss. The reduction is maintained with an external fixator. Two sets of
pin-to-bar clamps are seen anterior to the tibia. As the bone heals, the frame can be destabilized by
gradually disassembling the construct. (C and D) External fixation is useful for definitive treatment of
distal radius fractures. Anterior-posterior and lateral radiographs of the wrist demonstrate this appli-
cation. The traction provided by the external fixator maintains the metaphyseal reduction with the as-
sistance of Kirschner wires. continued

Pins can be placed at the surgeon’s discretion, and
the frame can be custom built. The fixation construct
can also be modified at will. External fixation is the
only fixation method where the surgeon has direct
control over the construct stability. Stability is in-
creased with anatomic fracture reduction, increased
size of pins, increased pin spread within a fragment,

decreased distance of bars to bone, increased num-
ber of bars, and a multiplanar frame. Conversely, the
frame can be destabilized to decrease the stability. It
is a good way to maintain proper length and rota-
tion of the extremity. This is commonly referred to as
“traveling traction.” The technique is tissue friendly.
Pins can be placed around wounds or marginal
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quality skin. The technique can also be used for re-
constructive tasks such as deformity correction or
distraction osteogenesis.

Different types of external fixators exist. In-
serted into the bone are large threaded pins or small
tensioned wires. Pins can be cylindrical or tapered.
The pins are generally coupled to bars and clamps,
and thin wires are tensioned and connected to
rings. External fixation systems can be completely
modular, or consist of prefabricated frames with use
directed toward specific regions (wrist, ankle). New
hinged external fixators are used to hold the reduc-
tion of an unstable knee or elbow, while allowing
range of motion of the joint.

Pins are usually inserted through stab incisions
in the lower extremity. In the femur, pins are placed
into the anterolateral quadrant. Tibial pins are in-
serted from the medial border. Talar and calcaneal
pins are inserted from medial to lateral, avoiding
the medial neurovascular bundle. In the upper ex-
tremity, pins are inserted through a generous inci-
sion and dissection to avoid nerve injury (Figure
4-25A). A thorough knowledge of cross-sectional

DC

FIGURE 4-25. (Continued)

anatomy is required before placing small transfix-
ion pins. At least two pins or wires should be in-
serted into each fragment.

Pin failure is the limitation of the technique. Pin
failure is the result of infection and loosening. Pin
tract infection is nearly universal. The incidence of
infection varies by site. Fleshy areas such as the arm,
pelvis, and thigh have more pin site infections than
areas with less tissue, such as the tibia. Slight puru-
lent drainage or localized cellulitis is treated with in-
creased local care and oral antibiotics. If this fails, or
cellulitis becomes regional, systemic antibiotics are
required. With advanced infection, osteolysis occurs
around the pin and can be visualized on radi-
ographs. With the pins loose, they must be removed,
and the tract curetted. Osteomyelitis or a sequestrum
can develop from infected pins. Additional pins in
noninfected area may need to be placed to accommo-
date for the lost stability of the construct.

Despite the ubiquitous problem of pin tract infec-
tions, no standard pin care system has been recom-
mended. Physicians vary in their recommendations
from half strength peroxide, peroxide, Betadine, soap
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and water, chlorhexidine solution, and dilute bleach.
The pins should be covered to prevent external con-
tamination. Fleshy areas should be compressed with
the dressings to prevent pistoning of tissue on the
skin, which contributes to tissue necrosis and infec-
tion. Pins should have complete release of the sur-
rounding soft tissue. Tenting of the skin causes
necrosis, which predisposes the tract to infection.
The threaded portion of the screw should stay below
the skin surface. Pin tract infections will definitely
affect future stabilization options. In the tibia, a pin
tract infection is considered a contraindication for
subsequent intramedullary nailing. This scenario is
tolerated somewhat better in the femur.

Taking steps to preserve the pin-bone interface
can minimize pin loosening. Mechanical and ther-
mal damage to the bone from drilling and pin inser-
tion can cause osteonecrosis, which weakens the
critical interface and predisposes to infection. Drills
should be sharp and irrigation cooled, and pins in-
serted under manual power. As the rigidity of the
construct increases, less strain on the pins occurs.
This also helps preserve the critical interface.
Weight bearing on an unstable fracture should be
avoided. Stress overload at the pin-bone interface
puts pin at risk for failure. The bone-pin interface is
stronger in cortical than cancellous bone. Hydrox-
yapatite coating on the pins improves osteointegra-
tion and the strength of the bone-pin interface, and
prevents loosening. This corresponds to a reduction
in infection of pin tract.

With time, almost all pin-bone interfaces will be-
come loose, and the frame will become ineffective in
maintaining alignment of the bone. This is why ex-
ternal fixation often leads to nonunion or malunion
when prolonged stabilization is required. Open tibia
fractures, which have long healing times, develop
more malunions with external fixation compared to
intramedullary nailing. Hydroxyapatite-coated pins
have been shown to reduce malalignment with ex-
ternal fixation systems left on for long periods of
time, such as for tibial lengthening.

External fixation may be used as a temporizing
technique until the patient or limb is ready for de-
finitive stabilization. Care must be taken with sub-
sequent intramedullary nailing in the tibia, for
infection rates are higher. External fixation can also
be used as definitive treatment.

External fixation is a good method of definitive
treatment for fractures that have an articular injury
and metaphyseal comminution. Distal radius and dis-
tal tibial fractures are common fractures that fit this
description. These injuries require precise articular

reduction with maintenance of correct length through
the comminuted metaphyseal segment. External fixa-
tion is usually applied to preserve length of the limb,
and articular reduction is performed through small,
directed incisions. Fixation in the metaphyseal and di-
aphyseal sections are not required, they will heal with
callus (Figure 4-25C and D).

External fixation is suited to fractures that re-
quire a dynamic mechanical environment. The mod-
ularity of the frame of an external fixator allows the
surgeon to slowly destabilize the frame as the frac-
ture heals, gradually applying more load to the bone
and less to the fixator (Figure 4-25B).

In cases with large bony defects, external fixa-
tion may play a role in reconstruction. With large
areas of bone loss, the external fixator will allow
acute shortening of the limb, followed by gradual
lengthening via distraction osteogenesis. This tech-
nique may obliviate the need for formal soft tissue
coverage with local or rotational muscle flaps.

Intramedullary Nailing

The term intramedullary nail can be used to describe
a variety of devices that are inserted into the
medullary canal of a long bone. These implants are
used to stabilize fractures, osteotomies, impending
pathological fractures, and new regenerate bone
after lengthening.

Intramedullary nails may be classified by some
of their physical characteristics. Flexible nails have
small diameters and uniform curvatures. Fixation is
achieved by stacking several into the medullary
canal, or by placing the curved nail to achieve three-
point fixation. Larger diameter rigid nails are solid
or hollow. Hollow or cannulated nails may be in-
serted over a guide wire. Hollow nails can be open
section (slotted) or closed sectioned. Rigid nails
may have interlocking capabilities. Proximal and
distal perforations through the nail allow placement
of screws that pass through bone and nail. Dynamic
locking of the nail is with interlocking screws in one
end. This locking allows some compression and mi-
cromotion at the fracture site. This treatment should
be used only with axially stable fractures. Static
locking uses interlocking screws in both fragments
and is the best technique to control length and rota-
tion. Nails are inserted with or without reaming.
Reaming is the process where the intramedullary
canal is enlarged by a motorized rotary curette. This
method allows for the placement of a larger,
stronger implant.
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Nails are preferably inserted with closed tech-
nique, not exposing the fracture. Traction, manipula-
tion, and fluoroscopy are required to achieve and
maintain reduction. In open nailing, the fracture site is
exposed. Currently, the preference is to avoid open
nailing, except in certain subtrochanteric fractures
where closed reduction almost always fails. By default
open fractures are nailed with an open technique.

Many different styles of intramedullary nails have
evolved over the past decades. Currently two types
are used. Small diameter flexible nails are curved to
achieve three-point fixation in the medullary canal of
the bone. Multiple nails are used in the same bone to
achieve many points of contact and interference fit

between each other. These devices hold angulatory
alignment well, but are less proficient in maintaining
length and rotation. They are often used in children’s
fractures (Figure 4-26C). Adult femur and tibia frac-
tures are treated with a cannulated interlocking
nail. The cannulated design allows the use of a
smaller guide wire to obtain the reduction. Reaming
and nail insertion are performed over the guide
wire (Figure 4-26A and B). Static interlocking is gen-
erally performed.

The nail and the bone form a composite mate-
rial. The nail acts as a splint. Nail contact with the
bone occurs at the insertion site, diaphysis, and
interlocking screws. There is some motion at the

B CA

FIGURE 4-26. (A and B) Anterior-posterior and lateral radiographs of the tibia demonstrate
a statically locked intramedullary nail placed to stabilize a diaphyseal tibia fracture. Note the
intramedullary nail in the femur as well. (C) Anterior-posterior radiograph of the femur in a
child demonstrates multiple small flexible nails stabilizing a femoral shaft fracture.
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fracture site. This promotes callus formation. As
the bone heals, it gradually assumes more of the
load and less stress is seen by the implant. Ideally,
the bone-nail composite has enough fatigue resist-
ance to allow fracture healing to occur, yet is not
overly rigid to impair the physiologic stimulus for
healing. One advantage of this technique is that the
implant is load sharing, and the construct is strong
enough to allow immediate weight bearing.

Advantages of intramedullary fixation include
providing good fracture stability through a mini-
mally invasive technique of insertion. The soft tis-
sue envelope around the fracture is preserved,
minimizing surgical devascularization of the in-
jured bone. The implant is central in the bone, close
to the mechanical axis of the limb, which is opti-
mally positioned to reduce bending forces. Proxi-
mal and distal locking control length and rotation.
Early weight bearing, even in comminuted frac-
tures, is allowed with this configuration.

Reamed statically locked nails is the method of
choice for fractures of the diaphyseal femur and
tibia. New nail designs with more peripheral and
variable angle interlocking screws, and with tech-
niques such as blocking screws, can be used for
fractures in the metaphyseal area. Nailing is not al-
ways the best treatment method for all long bones.
Intramedullary nailing of humerus fractures results
in more complications, and more secondary sur-
gery. Intramedullary nails have also been devel-
oped for the fibula and forearm, but have limited
indications.

Disadvantages of intramedullary nailing are
few. Loss of fixation, loss of reduction, and malu-
nion occur, but are usually due to poor patient se-
lection or poor implant selection. The fracture is
usually too peripheral for the interlocking screws to
hold the reduction, and an alternative fixation
scheme may provide more stable fixation. Another
source of healing problems is hardware failure.
Smaller interlocking screws used with smaller nails
in tibia fractures tend to break more often, however,
hardware failure is not always associated with
nonunion or malunion.

The timing of fracture fixation in the multiply
injured patient, particularly the timing of femoral
nailing, is often controversial. For the vast majority
of patients, fixation of long bone (particularly femur
fractures) within the first 1 to 2 days is beneficial.
Shorter duration of ventilator dependence, short-
ened length of stay in the hospital, and lower rates
of acute respiratory distress syndrome, pneumonia,
and other pulmonary problems has been reported.

It is thought that some multiply injured patients
cannot tolerate early intramedullary nailing of the
femur or tibia. It has been proposed that those pa-
tients with significant pulmonary injuries have
higher rates of adult respiratory distress syndrome
and mortality after this procedure, but others have
disputed this conclusion.

There is also concern about early intramedullary
nailing of femur fractures in patients with closed
head injuries and elevated intracranial pressures.
The fear is that the femur stabilization will cause sec-
ondary brain injury. Factors associated with second-
ary brain injury are hypotension, hypoxia, and
subsequent decreased cerebral blood flow. Cerebral
perfusion pressure has been found to decrease intra-
operatively during reamed intramedullary nailing
of the femur. Early fixation of femur fractures in pa-
tients with head injury is thought to be safe; how-
ever there is no clear-cut guidance from the
literature and treatment should be tailored to the in-
dividual patient.

Open Reduction and Internal Fixation

Open reduction and internal fixation is indicated
for fractures with unacceptable alignment after
closed reduction and immobilization, lower extrem-
ity limb malalignment, and articular incongruity. In
some cases open reduction and internal fixation is
warranted to allow immediate weight bearing, or
because the patient’s outcome will be better than
nonoperative treatment.

In general, for some fractures the quality of re-
duction is very important. Articular fractures are
thought to require perfect anatomic reduction for
best outcome. Gaps or step-offs in the articular sur-
face produce areas of stress concentration, which is
thought to lead to posttraumatic arthrosis. How-
ever, not all joints require perfect articular reduction
for good results. The outcome of acetabular frac-
tures is dependent on the quality of reduction.
However, there is little proof that accurate articu-
lar reduction of tibial plateau fractures is impor-
tant for a good clinical outcome. The results in
intra-articular fractures about the proximal inter-
phalangeal joint depend more on maintaining joint
reduction than articular reduction. Other factors
such as age and infection also affect the outcome
after articular fracture.

Reduction in nonarticular fractures can have a
significant affect on function. The radius morphol-
ogy must be anatomically reduced to allow full
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forearm rotation (Figure 4-27). Metacarpal and pha-
langeal fractures must have no malrotation or the
fingers will not be parallel, which is functionally
disabling. Apex anterior angulation of a metatarsal
neck fracture will lead to plantar prominence of the
metatarsal head, producing a painful prominence
with weight bearing.

In fractures of the lower extremity, restoration
of correct axial alignment of the limb is just as im-
portant as the quality of articular reduction. If a
fracture malreduction leads to varus or valgus
alignment of the knee or ankle relative to the floor,
ambulation becomes awkward and painful, defor-
mity results with subsequent degenerative changes
in the affected joints. For the femur and tibia, varus
and valgus tolerances approach 5º. Malrotation in
the lower extremities is poorly tolerated if the dif-
ference between limbs exceeds 10º. Shortening of

the lower limb greater than 1 cm results in sympto-
matic leg length discrepancy, and often requires or-
thotic management.

A variety of implants are used in internal fixa-
tion. Different fractures require different types of
stability. Screws are usually considered to be cortical
or cancellous. Cancellous screws have a larger outer
diameter, a deeper thread, and a larger pitch than
cortical screws. Screws used to obtain compression
across a fracture site are termed lag screws. Com-
pression occurs between the screw head on one cor-
tex, and thread purchase on the far cortex. Screws
are also used to secure a plate to the bone. Locked
screws have threaded heads that fit into a correspon-
ding thread on the plate hole, creating a fixed angle
device (Figures 4-13, 4-28). Screws range in size from
1.1 mm to 7.3 mm. Screws can be solid or cannu-
lated. Cannulated screws are placed over a smaller

A B

FIGURE 4-27. Anterior-posterior (A) and lateral
(B) radiographs of the forearm demonstrate
anatomic reduction of the radius and ulna. The re-
duction is maintained by 3.5 mm low contact dy-
namic compression plates and cortical screws.
Perfect reduction of the radius is critical in restoring
full forearm rotation.
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guide wire, which may improve the accuracy of im-
plant placement in critical areas.

Implants are broken into categories in the AO
system. Minifragment implants include cortical
screws from 1.1 mm to 2.7 mm. Small fragment
screws are 3.5 mm cortical screws and 4.0 mm can-
cellous screws. Large fragment implants use 4.5 mm
cortical and 6.5 mm cancellous screws. Cannulated
7.3 mm cancellous screws are available as a separate
set. The size of the screw needed depends on the
size of the bone, size of the fragment, and surgeon
preference.

Plates vary in size and shape. The characteris-
tics of a plate affect the plate’s strength and con-
tourability. Plates vary from 1.5 mm wafers in the
minifragment set to stout, broad 4.5 mm dynamic
compression plates. Tubular plates are thin, mold-
able, and placed in areas with little subcutaneous
tissue. Dynamic compression plates allow variable
placement of screws in the holes. With eccentric
screw placement, compression can be achieved in-
directly across the fracture. Limited contact dy-
namic compression plates have a lesser footprint to
lessen the deleterious effect plates have on the un-
derlying cortical circulation. Reconstruction plates
have deep grooves between holes to allow more

complex contouring. Periarticular plates are de-
signed to fit on a certain portion of a certain bone.
The plate shape and type transitions as the needs
differ in various areas of the bone.

A plate should be used to perform a specific
task. Lag screws provide compression across a frac-
ture site, but the lever arm is too limited to resist
functional loading. Lag screws are often supple-
mented with a plate that resists these forces. This is
a neutralization plate. A plate functions as a tension
band when applied to the tension side of a fracture.
Compression plating can be performed to compress
a fracture without lag screws. A buttress plate has a
supporting role. A locked plate acts as an internal
external fixator, stabilizing the fracture with multi-
ple fixed angle devices.

Internal fixation can produce absolute or rela-
tive stability. Absolute stability is achieved with lag
screws and a neutralization plate. Motion is re-
duced to such an extent at the fracture site that pri-
mary bone healing occurs. Relative stability confers
that all motion is not eliminated, but enough stabil-
ity exists to allow bone healing and rehabilitation. A
bridge plate is an example of relative stability. The
screws couple the plate to the bone proximal and
distal to the fracture, leaving this area alone.

Internal fixation implants maintain the desired
alignment of the bone until the fracture heals. Un-
like intramedullary nails, these implants are less
load sharing, and weight bearing is usually not al-
lowed until the bone heals.

REHABILITATION

An injury results in decreased physical activity for
the patient. When the fracture is fresh or unstable,
pain limits activity. Problems with limited activity in-
clude global deconditioning, muscle atrophy, joint
stiffness, and disuse osteopenia. However, as the
fracture heals, pain lessens, and activity level should
slowly increase. Treatment modalities such as casts
or braces will immobilize joints, producing stiffness.
Immobilization also decreases cartilage nutrition,
further insulting the joint. Some lower extremity
fractures require physician-imposed restrictions on
weight bearing, which makes locomotion with a
walker or crutches unnatural and cumbersome.

The goal of treatment of a fracture is to return the
patient to his or her vocational and recreational activ-
ities. Every injury is different, but each patient can tol-
erate some exercise. Patients should be encouraged to
participate in joint range of motion exercises and

FIGURE 4-28. Anterior-posterior radiograph of the ankle
in an elderly woman. Note the profound osteopenia. This
difficult fracture is stabilized using a locking fibular plate.
Several screws are passed from the fibula into the tibia to
improve purchase of the implants.
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muscle strengthening or maintenance exercises. An
exercise program for all limbs should be established.
For example, upper extremity strengthening exercises
will improve crutch-walking endurance in the patient
with a lower extremity injury.

When healing has progressed, gait training may
be helpful as the patient transitions from wheel-
chair to independent ambulation. Balance and pro-
prioception training are important factors in
regaining normal function. Water exercise may be
beneficial in maintaining strength and endurance in
those who have restrictions on weight bearing, or
are not quite comfortable exercising on land.

A licensed physical therapist may be helpful in
providing instruction and feedback to the patient.
The therapist also monitors the patient’s progress,
alerting the physician if no improvement or regres-
sion occurs. It should be made clear, however, that it
is the patient’s responsibility to perform all exercises
as instructed, every day. Exercise should not be lim-
ited to physical therapy sessions only. The conse-
quences of noncompliance should be emphasized.

Rehabilitation from upper extremity injuries
can also be difficult. The emphasis in the upper ex-
tremity is early joint range of motion to prevent
stiffness. Again, a licensed physical or hand thera-
pist is part of the methodology, but should not be
the sole source of exercise for the injured patient.

There are many facets to recovery. The rehabili-
tation team consists of not only physicians, nurses,
and therapists, but also dieticians, social workers,
and vocational counselors. The psychological im-
pact of injury tends to be under-recognized by the
medical team. The inclusion of a health psycholo-
gist to the team may benefit the injured patient.
Considerable psychological distress has been iden-
tified in patients up to 2 years after severe lower ex-
tremity injury, and few get any mental health
services.
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Bone and Joint Infections in Children

This chapter discusses the diagnosis and treatment of different forms of
acute and subacute osteomyelitis and septic arthritis. The treatment of these
bone and joint infections has evolved. We currently recommend a short course of
IV antibiotics for almost all types of bone and joint infections followed by oral
therapy. Surgical debridement is necessary for infections with documented ab-
scesses and where there has been bone destruction. The debridement of the in-
fected bone enhances antibiotic penetration and thereby shortens the course of
IV antibiotics. Antibiotic therapy alone is sufficient if the bone infection is diag-
nosed early, and there is no abscess found or bone destruction seen radiographi-
cally. The need for arthrotomy for the drainage of acute septic arthritis of the hip
has become controversial. Nevertheless, most authors and pediatric orthopaedic
surgeons feel that anterior arthrotomy of the hip is the safest and most secure
means of drainage of the infected hip. Other forms of bone and joint infection are
discussed thoroughly.
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DIAGNOSIS AND TREATMENT 
OF OSTEOMYELITIS AND SEPTIC
ARTHRITIS

The treatment of bone and joint infections in children
has continued to evolve since the development of an-
tibiotics in the early 1940s. We have witnessed the de-
velopment of penicillin resistance by staphylococci
and the subsequent development of the semisyn-
thetic penicillins and cephalosporins, which eradi-
cate these penicillin-resistant staphylococci. Because
of the risk of chronic bone infection, acute hematoge-
nous osteomyelitis was traditionally treated with
6 weeks of intravenous (IV) antibiotics in the hospi-
tal. However, a short course (5 to 10 days) of IV an-
tibiotics in the hospital followed by a longer course
of oral therapy has been shown to be effective in
eradicating these infections. The incidence of acute
bone and joint infections in children has declined.
The reason for the decline is unclear; however, nu-
merous articles in the literature have documented
this reduced incidence of these infections. 

ACUTE HEMATOGENOUS
OSTEOMYELITIS

Classification

Osteomyelitis in children may be classified in various
ways. The age of the child at the onset of the infection
determines the type of infection that develops. Acute
hematogenous osteomyelitis behaves differently in
neonates from the way it does in children. Because of
the existence of blood vessels that cross the growth
plate in neonates and infants younger than age 18
months, the bone infection that develops in that age
group will likely cross the physis; however, in older
children, acute infections rarely cross the growth
plate (Figure 5-1).

Osteomyelitis may also be classified according
to the severity of the infection and the rapidity with
which it develops. Acute hematogenous os-
teomyelitis has a rapid onset, and children with this
illness are usually seen within one to several days
from the onset of the infection. Another form of bone
infection is subacute hematogenous osteomyelitis,
which resembles the acute form; however, the chil-
dren are less ill, and the infection causes fewer sys-
temic findings (Table 5-1). Chronic osteomyelitis is
usually present for months before either detection or
treatment. It may also result from inadequate treat-
ment of an acute bone infection. It more commonly

is the result of an infection that is secondary to an
open fracture of a long bone.

Osteomyelitis may result from hematogenous
spread of the infecting organism, which is the most
common means of production of osteomyelitis in
the child. Bone may also become infected secondar-
ily from the spread of a contiguous area of infection,
although this is uncommon. A bone infection may
also result from direct inoculation of bacteria. If in-
fection occurs, it is usually the result of an open
fracture of a long bone or penetration of a bone such
as is seen after nail punctures of the foot. Lastly,
bone infections may be classified according to the
type of infectious agent. Both pyogenic and granu-
lomatous organisms may infect bone. We discuss
only pyogenic infections in this chapter.

Pathogenesis

The metaphyses of long bones is where acute
hematogenous osteomyelitis begins. The nutrient ar-
tery of the long bone divides within the medullary
canal of the bone, ending in small arterioles that as-
cend toward the physis. Just beneath the physis,
these arterioles bend away from the physis and
empty into venous lakes that drain into the
medullary cavity. It is here, in the bend of these ar-
terioles, that the infection begins. Bacteria injected
into the osseous circulation are phagocytosed in the
medullary cavity of the bone; phagocytosis, how-
ever, seems to be less active in the metaphysis. This
differential in phagocytosis may explain the
predilection of the metaphysis for the development
of acute hematogenous osteomyelitis. A lack of
reticuloendothelial cells in the metaphysis often ex-
ists, so bacteria that lodge there are more likely to
multiply and establish an infection. The bacteria
may also lodge in the metaphysis because of a de-
crease in the rate of circulation at the bend of the
terminal arterioles before they empty into the ve-
nous lakes. Nade has shown with the use of electron
microscopy that the new metaphyseal vessels that
are growing as the physis itself grows have a lack of
an endothelial lining. Therefore, the blood that cir-
culates in these vessels is in direct contact with the
recently ossified metaphyseal bone. Not only would
the red blood cells be in direct contact with the os-
teocytes, but any circulating bacteria would also di-
rectly contact the metaphyseal bone. This fact is the
most likely reason for the nearly universal localiza-
tion of acute hematogenous osteomyelitis in the
metaphysis of long bones.
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FIGURE 5-1. Views of the hip in a neonate. The intraosseous circulation in the femoral head
of a neonate is different from that in a child older than 12 to 18 months. Blood vessels are seen
crossing the growth plate in the femoral neck and head of a neonate.

Trauma may be associated with the establishment
of a bone infection in a certain location. Children with
acute hematogenous osteomyelitis frequently com-
plain of trauma as an inciting incident. It is well
known that the trauma may simply bring the
child’s attention to a preexisting lesion. It has been
shown, however, that rabbits in whom a bone is
traumatized develop an infection more frequently
in the traumatized bone than in nontraumatized
areas after the production of a bacteremia. Clinical
evaluations of patients with acute hematogenous
osteomyelitis frequently reveal a history of blunt

trauma to the affected bone. This may well be an
accurate cause and effect, but the association of
trauma is always considered by anyone who has a
painful extremity whether or not trauma is the
cause.

Once established, the infection produces an ex-
udate, and if the infection remains untreated, pus is
produced. The fluid formed seeks the path of least
resistance for egress from the metaphysis. The fluid
can spread in one of three ways. It can spread from
the metaphysis into the diaphysis; it can spread
into the epiphysis across the physis; or it can exit

TABLE 5-1.
Comparison of Acute and Subacute Hematogenous Ostemyelitis

Acute Subacute

White blood cell count Frequently elevated Frequently normal
Erythrocyte sedimentation rate Frequently elevated Frequently elevated
Blood cultures 50% positive Rarely positive
Bone cultures 90% positive 60% positive
Localization Metaphysis Diaphysis, metaphysis, epiphysis, 

cross physis
Pain Severe Mild to moderate
Systemic illness Fever, malaise No
Loss of function Marked No or minimal 
Prior antibiotics Occasional 30%–40%
Initial radiograph Bone normal Frequently abnormal
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the cortex of the bone, producing a collection of
subperiosteal pus. Although an infection that com-
mences in the metaphysis of a long bone may occa-
sionally spread into the diaphysis, it rarely does so.
Instead, the infection generally spreads through the
cortex of the metaphysis of the bone of a child. It is
important to this discussion to understand the
anatomy of a human bone at different ages to ap-
preciate how the same infection behaves differently
in patients of various ages. For example, the pres-
ence of transphyseal vessels in the neonate allows
an infection that begins in the metaphysis of a long
bone to easily spread into the epiphysis through
these vessels (see Figure 5-1).

In the child older than 1 year to 18 months, an os-
teomyelitis that begins in the metaphysis of a long
bone usually spreads through the cortex of the meta-
physis. The metaphyseal cortex of the infant is
porous, thereby providing easy access for the egress
of an exudate or pus. As the fluid exits the bone cor-
tex, it elevates the periosteum, which in the child is
loosely adherent to the cortex of the bone. The pe-
riosteum is, however, thick and therefore not easily
penetrated, so the pus remains subperiosteal until
there is enough periosteal destruction to allow the
development of a soft tissue abscess. The periosteum
of the adult is more thickly adherent to the bone cor-
tex, but it is also much thinner and easily torn.

If an osteomyelitis progresses in a child, the in-
fection that begins in the metaphysis produces loss
of the endosteal blood supply of the involved bone
because of thrombosis of the venous and arterial
blood supply. Once pus escapes through the meta-
physeal cortex, it elevates the periosteum, thereby
depriving the bone of its remaining vascular supply.
The portion of the bone that has become avascular
is termed a sequestrum. The elevated periosteum re-
mains viable because its blood supply, which is de-
rived from the overlying muscle, is undisturbed.
The cambium layer of the periosteum continues to
produce bone; however, this bone is produced at a
distance from the bone cortex because the perios-
teum has been elevated. This new periosteal bone is
termed the involucrum.

Acute hematogenous osteomyelitis begins with
a “cellulitis” phase in which no obvious pus has
been produced. The patient will exhibit at the signs
of a bone infection, but there will be no obvious pus
formation. If this infection is left unchecked, an ab-
scess will form. The pus then escapes through the
cortex of the metaphysis of the long bone, produc-
ing a subperiosteal abscess. This concept of an ini-
tial cellulitis of bone is important because it is

during this stage that medical treatment alone usu-
ally results in cure of the infection.

Staphylococcus aureus—the organism that causes
the most cases of acute hematogenous osteomyelitis—
is responsible for more than 90% of cases in other-
wise normal children. Other organisms may
produce acute hematogenous osteomyelitis, such as
bacteroides, pneumococcus, Kingella kingae, and
Haemophilus influenzae. In neonates, Staphylococcus is
still common, as are group B Streptococcus and
Gram-negative organisms. In patients with sickle
cell disease, both Staphylococcus and Salmonella are
known to cause acute hematogenous osteomyelitis.
Group-A �-hemolytic streptococcus is the most com-
mon organism in patients with bone, joint, and soft
tissue infections (necrosing fasciitis), which occur as
a complication of varicella. This organism may also
be seen in children who have not been infected with
varicella. They tend to be very young (preschool
age), have a very high temperature, and have a high
leucocytosis.

Diagnosis

The diagnosis of acute hematogenous osteomyelitis
depends on a high index of suspicion. Children
with acute bone pain and systemic signs of sepsis
should be considered to have acute hematogenous
osteomyelitis until proved otherwise. Unfortu-
nately, not all children with osteomyelitis have the
characteristic findings typically associate with this
disease, so the diagnosis is not always easily made.
It is important, however, to make the diagnosis of
acute hematogenous osteomyelitis early in the
course of the disease, because both the course of the
disease and its ultimate prognosis depend on the ra-
pidity and adequacy of treatment.

For those instances in which an absolute diag-
nosis has not been established, the diagnosis of
acute hematogenous osteomyelitis may be estab-
lished if a patient fulfills two of the following crite-
ria: (1) bone aspiration yields pus; (2) bacterial
culture of bone or blood is positive; (3) presence of
the classical signs and symptoms of acute os-
teomyelitis exists; and (4) radiographic changes
typical for osteomyelitis occur. It is important to
have diagnostic criteria for acute hematogenous os-
teomyelitis; these criteria should include the typical
patient history and physical findings because occa-
sionally the cultures of bone may be negative. Even
with negative cultures one may make the presump-
tive diagnosis of acute hematogenous osteomyelitis
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if other criteria have been established. Most of the
time, however, the diagnosis of acute hematoge-
nous osteomyelitis may result from the typical his-
tory and physical findings combined with positive
bone and blood cultures. Not all patients with acute
hematogenous osteomyelitis will have positive
bone or blood cultures; therefore, the other above
criteria may have to be used to confirm the diagno-
sis. Interestingly, it has been shown that culture
negative patients have a less severe disease than do
culture positive patients with acute hematogenous
osteomyelitis. They are less likely to have an-
tecedent trauma, overlying skin changes, and less
duration of pain.

History and Physical Examination

Children with acute hematogenous osteomyelitis
usually present with a history of bone pain of one to
several days’ duration. The pain may be well local-
ized if the child is old enough to cooperate. The
pain may be poorly localized if the child is young or
if the area of involvement produces confusing find-
ings, such as might be seen in patients with os-
teomyelitis of the pelvis. The pain usually is severe
enough to seriously limit or completely restrict the
use of the involved extremity. The child usually is
febrile and relates a history of generalized malaise
consistent with the generalized sepsis. Some chil-
dren, however, present without generalized sepsis
and therefore do not exhibit all of these com-
plaints. Thus, do not exclude the diagnosis of acute
hematogenous osteomyelitis simply on the basis of
a lack of sepsis, because this disease may be more or
less virulent depending on the organism involved
and the host resistance.

The physical examination of these children is ex-
tremely important to establish the correct diagnosis.
The examination may be difficult to perform because
these children are frightened and experience consid-
erable pain. Approach the child slowly and carefully,
gaining the child’s confidence before beginning the
examination. This usually takes a few extra minutes,
but the time is well spent. First attempt to establish
which limb is involved before the examination be-
gins and also have an idea where in the limb the pain
is localized. The examiner begins by palpating the
uninvolved areas of the extremity after the rest of the
child has been examined. The final portion of the ex-
amination focuses on the area of involvement.

Children with acute hematogenous osteomyelitis
usually have swelling of the involved extremity. The

swelling is localized to the area of the infection unless
the infection has spread to involve much of the soft
tissues of the extremity. Early in the course of the dis-
ease, the swelling is localized to the metaphysis of the
involved long bone, which is warm. The overlying
skin, however, is not red unless the bone involved is
subcutaneous or unless the infection has spread and a
subcutaneous abscess has developed.

Laboratory Data

It is important to obtain laboratory studies in every
child suspected of having osteomyelitis; however,
acute bone and joint infections are diagnosed by
clinical means, and laboratory studies are used
only as confirmatory evidence and never to make a
diagnosis.

A complete blood count and an erythrocyte sed-
imentation rate should be obtained, both of which
are usually elevated. In addition, the differential
count of the white blood cells frequently shift left.
Although these blood studies are usually abnormal
in children with acute hematogenous osteomyelitis,
never dismiss the diagnosis of acute hematogenous
osteomyelitis simply because the white blood cell
(WBC) count or the sedimentation rate is normal.
Neonates frequently have no signs of infection;
which makes the diagnosis of osteomyelitis more
difficult in them.

Radiographic Findings

Radiographs of the involved extremity should be
obtained; however, the bone changes that are char-
acteristic of osteomyelitis are not seen for at least 10
to 14 days after the onset of the infection. Soft tissue
swelling with loss of the normal soft tissue planes is
seen before bone changes become apparent. The ra-
diographic finding of soft tissue swelling, however,
simply confirms the findings of a good physical
exam that has established the existence of the
swelling and determined its location (Figure 5-2).
Magnetic resonance imaging (MRI) has not been
shown to be of greater benefit for the evaluation
of suspected osteomyelitis than have other more
conventional modalities, but in some instances
MRI may be useful in the evaluation. Gadolinium-
enhanced MRI has the advantage of excellent delin-
eation of fluid collections and soft tissue. It is,
therefore, helpful in identifying medullary edema
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FIGURE 5-2. Radiographs of a child with progressive radiographic changes as the result of
acute hematogenous osteomyelitis of the tibia. (A) AP radiographs of the tibia that demonstrate
soft tissue swelling with loss of the normal tissue planes. (B) Radiographs of the same leg taken
2 weeks after the one in A. Note the early mottled appearance of the tibia with a small amount
of periosteal new bone seen on the medial cortex of the tibia. (C) Five weeks after presentation
this AP radiograph of the tibia shows progressive destruction of the entire diaphysis and proxi-
mal metaphysis of the tibia. (Courtesy of Dr. R.H. Hensinger)

consistent with osteomyelitis in cases where the di-
agnosis is unclear and in identifying subperiosteal
or adjacent soft tissue abscess that may require
drainage. Additionally, MRI has been used to differ-
entiate osteomyelitis from acute medullary bone in-
farct in patients with sickle cell disease and systemic
lupus erythematosus. Cost and need for sedation in
young children are the main disadvantages of MRI
in comparison to other imaging techniques.

Bone Scan

Bone scanning has become a popular method for
the evaluation of children with suspected os-
teomyelitis. With the advent of technetium-99m

(99mTc) bone scanning, the evaluation of the abnor-
mal bone in the child became possible. The low ra-
diation dose of this radioisotope and its affinity for
bone make it ideal for the evaluation of the skele-
ton. The 99mTc is taken up in areas of rapid bone for-
mation or in areas of increased blood flow. Thus,
one would expect that there would be increased up-
take of 99mTc in areas of acute hematogenous os-
teomyelitis, but this is not always the case. The bone
scan has been shown to have an accuracy rate as
low as 80% in patients with acute hematogenous os-
teomyelitis. In some children, especially those in
whom the infection is fulminant, the involved bone
may have become avascular by the time of the scan,
producing a cold scan. The reason for the cold scan
is the loss of the endosteal circulation as a result of
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occlusion of the nutrient artery along with the loss
of the periosteal circulation resulting from the ele-
vation of the periosteum by a subperiosteal abscess.
This cold scan should alert one that the infection of
the bone demands immediate drainage.

The bone scan may be used to help confirm the
diagnosis of osteomyelitis much as one would use
the sedimentation rate or the WBC count; however,
treatment must never be delayed while awaiting the
results of a bone scan. It is important to note that
needle aspiration of a bone does not alter the bone
scan. Thus, bone aspiration itself will not cause a
bone scan to be positive.

Bone scanning may be helpful when the exact
localization of an acute infection is in doubt, such as
in infections of the spine or the pelvis. Bone scan-
ning may be of use in neonates, in whom multiple
sites of infection are common, and it may also be
helpful in the case of bone pain in children with
sickle cell disease, for whom the differential diagno-
sis of acute hematogenous osteomyelitis from acute
bone infarction is difficult.

Gallium scanning has been advocated by some
authors, because radioactive gallium localizes in
white blood cells and would seem to be more spe-
cific for osteomyelitis than is 99mTc. Gallium scan-
ning may be more specific than technetium
scanning, but it is not more sensitive. If a 99mTc scan
is negative, a gallium scan is likely to be negative
also. In addition, the gallium scan requires at least
24 to 36 hours for an adequate study. Some authors
have advocated the use of gallium scanning for the
differentiation of bone infarction from osteomyelitis
in patients with sickle cell disease.

MRI may help with the diagnosis of subpe-
riosteal or soft tissue abscess, especially if there is an
inadequate response to antibiotic therapy.

Bone Aspiration

Once a clinical diagnosis of acute hematogenous os-
teomyelitis is established, a bacteriologic diagnosis is
made by culturing the involved bone. Bone aspiration
is mandatory not only to establish an accurate bacteri-
ologic diagnosis but also to determine whether an ab-
scess is present. Aspiration of the bone should be
performed immediately after completion of the phys-
ical evaluation so that treatment may be started.

The bone should be aspirated at the point of
maximum swelling and pain, which is usually at
the metaphyseal end of a long bone. Use a large
bore needle such as a 16- or 18-gauge spinal needle

with an inner stylet. The stylet is necessary to pre-
vent plugging the end of the needle with bone. The
needle is inserted just to the outer cortex of the
bone, and the subperiosteal space is aspirated. If an
abscess is encountered, the pus is cultured and a
Gram’s stain is performed. In this instance, the di-
agnosis has been firmly established, and the need
for drainage of the abscess has been determined. If
no abscess is encountered, the needle is advanced
into the bone through the cortex, which can be ac-
complished with ease in the metaphysis. The needle
is gently twisted as it is advanced into the bone.
Once the needle is through the cortex and is in the
medullary cavity of the bone, the marrow is aspi-
rated. Usually one obtains only marrow, but this
must be cultured because almost invariably the cul-
tures are positive. If no pus is found, the infection is
in an early cellulitis stage (i.e., before an abscess has
developed). If an abscess is encountered, it should
be cultured and surgically drained.

In addition to obtaining cultures of the involved
bone, obtain cultures of any and all lesions that
could potentially have been the source of a bac-
teremia. Blood cultures should be obtained, too, but
they should not be relied on to make a bacterial di-
agnosis because only 50% of patients with acute
hematogenous osteomyelitis have positive blood
cultures. We have studied a large group of patients
with confirmed acute hematogenous osteomyelitis
to evaluate the rate and location of bacterial recov-
ery. We found that there were about 50% of blood
cultures positive as has previously been reported. In
addition, about 60% of the bone aspirations were
positive for bacteria. When we combined both bone
and blood culture the bacterial recovery rate was
70%, therefore, the likelihood of obtaining a bacteri-
ologic diagnosis is enhanced if cultures of all possi-
ble sources plus the blood have been obtained.
Isolating an etiologic organism for susceptibility
testing has become even more important in recent
years as rates of colonization and infection with
methicillin-resistant S. aureus (MRSA) continue to
rise in pediatric patients. MRSA is found not only in
patients with identifiable risk factors (i.e., health
care acquired), but also increasingly in those lacking
traditional risk factors (i.e., community acquired).

Treatment

To effectively treat acute hematogenous osteo-
myelitis, sufficient antibiotic must be delivered to
the site of the infection for an adequate period to
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sterilize the bone and eradicate the infection. Con-
troversy occasionally arises between pediatrician
and orthopaedist concerning the appropriate form
of treatment. The pediatrician may recommend
only parenteral antibiotic therapy, whereas the or-
thopaedic surgeon may recommend both surgical
drainage and antibiotic treatment. This contro-
versy will not arise if acute hematogenous os-
teomyelitis is considered an infectious disease
rather than either a surgical or a medical disease.
Principles of the treatment of infection then be-
come evident. It is well established that se-
questered abscesses require surgical drainage, but
areas of simple inflammation without abscess for-
mation respond to antibiotics alone. Therefore,
bone aspiration is important in determining the fu-
ture course of therapy for the child with an os-
teomyelitis. If an abscess is encountered either
under the periosteum or within the bone itself,
surgical drainage of the abscess is required. If no
abscess is found, antibiotics alone should suffice in
eradicating the infection, because treatment begins
during the cellulitis stage of the infection, before
the formation of an abscess.

Surgical drainage should also be considered
when the patient does not respond to appropriate
antibiotic therapy after a negative bone aspiration.
In that instance, an abscess may have developed
that requires drainage. If a child with acute
hematogenous osteomyelitis does not show symp-
tomatic improvement with decrease in swelling and
tenderness after 36 to 48 hours of appropriate an-
tibiotic treatment, the bone should be aspirated
again and surgical drainage considered. The fever
should also begin to decline, although it may re-
main elevated for several more days.

If surgical treatment is necessary, the bone in-
volved should be approached directly over the area
of involvement. A subperiosteal abscess should be
thoroughly drained and debrided. Whether or not
the bone should be opened is subject to debate. Some
authors think that if a subperiosteal abscess is found,
an intraosseous abscess is not likely because it would
have spontaneously drained itself into the subpe-
riosteal space through the porous metaphyseal cor-
tex. Conversely, if no abscess is found under the
periosteum, the intraosseous abscess will not have
drained itself into the subperiosteal space, and the
bone must be opened. Although we and others have
not found pus under pressure within the bone cortex
at the time of drainage of a subperiosteal abscess, it is
probably wise to drill the metaphyseal cortex to be
certain that no abscess is sequestered within the

bone. It is probably not necessary to widely open the
bone to curette it unless pus is discovered at the time
of drilling of the bone cortex.

Surgical treatment, if needed, should not create
more tissue damage than has already been created
by the infection itself. If pus escapes through the
metaphyseal cortex, the periosteum is elevated and
the periosteal blood supply is compromised, leav-
ing the bone cortex avascular. When draining an ab-
scess, do not elevate the periosteum more than it
has already been elevated, so as to avoid creating
further sequestration of the bone.

Once the abscess is adequately debrided, the
wound may be closed over a drain. It is not necessary
nor recommended to leave the wound open, unless
dealing with a chronic, long-standing osteomyelitis.
A suction drain or a Penrose drain may be used and
removed in 2 to 4 days. Closed suction-irrigation is
not necessary and introduces a significant risk of su-
perinfection with Gram-negative organisms.

Antibiotics

Antibiotics are begun immediately after all cultures
are obtained, whether or not surgical drainage is nec-
essary. The initial choice of antibiotic is made on a
best-guess basis. At least 90% of the cases of acute
hematogenous osteomyelitis in otherwise normal
children are caused by coagulase-positive staphylo-
cocci. Thus, the antibiotic chosen should be one that
effectively treats this organism. For patients who are
not allergic to penicillin, a semisynthetic penicillin
that is �-lactamase resistant should be chosen. The
antibiotic of choice is either oxacillin or nafcillin. Me-
thicillin is also effective, but this antibiotic carries a
higher risk of interstitial nephritis than do the others.
These agents remain the most rapidly bactericidal
drugs for susceptible strains of staphylococci, have a
desirably narrow spectrum of activity, and demon-
strate a proven track record in the treatment of acute
osteomyelitis. In choosing nafcillin, be careful with
peripheral needle sites for the administration of the
drug IV, because nafcillin may cause significant
sloughing of the skin and subcutaneous tissues if
infiltration of the IV solution occurs (Table 5-2). Ce-
fazolin is an acceptable alternative, at a dosage of
150 mg/kg/24 hr, in place of the semisynthetic peni-
cillin. In patients with identifiable risk factors for
MRSA, empiric use of vancomycin should be con-
sidered while awaiting culture and susceptibility
data. In places where a significant percentage of
community-acquired staphylococcal isolates are
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TABLE 5-2. 
Doses of Antibiotics Used in Osteomyelitis

Medication Daily Dose in mg/kg (adult maximum) Interval in Hours

Intravenous
Nafcillin or Oxacillin 150–200 (12 g) 6
Cefazolin 100-150 (6 g) 8
Clindamycin 40 (2.7 g) 6–8
Vancomycin 60 (4 g) 6–8
Foot Puncture Wounds: 
Ceftazidime 150 (6 g) 8
Cefepime 150 (4 g) 8
Piperacillin 200-300 (18 g) 4–6
Ticarcillin (+/- Clavulanate) 200–300 (24 g) 6
Tobramycin 5-7.5 (5 mg) 8
Oral
Dicloxacillin 100 (2 g) 6
Cephalexin 150 (4 g) 6
Cefadroxil 50 (2 g) 12
Clindamycin 20 (1.8 g) 6–8
Rifampin 20 (600 mg) 12

(not appropriate for 
monotherapy) 

Foot Puncture Wounds: 
Ciprofloxacin 30 (1.5 g) 12

(see text for comment on use in 
children)

methicillin resistant, local susceptibility patterns of
such isolates should guide empiric antibiotic choice.
Clindamycin has generally been effective in treating
community-acquired MRSA infections in children,
including acute osteomyelitis, and this is a particu-
larly attractive option in patients who are allergic to
penicillin. Regardless of risk factors or local rates of
resistance, it is recommended that patients with life-
threatening infections likely to be staphylococcal be
treated empirically with both vancomycin and a
semisynthetic penicillin such as oxacillin or nafcillin.

The recommended dosage of oxacillin is 150
to 200 mg/kg administered in divided doses over
24 hours. The appropriate length of therapy has
been a subject of debate for many years. In the past,
children with acute hematogenous osteomyelitis
were treated for 6 weeks with IV antibiotics in the
hospital. It became apparent that this was excessive,
and a regimen of 3 weeks of IV antibiotics followed
by 3 weeks of oral therapy was adopted. Because
studies have shown that adequate blood levels of
antibiotic may be achieved with oral administra-
tion, the current mode of therapy involves a shorter
period of initial IV therapy, given a good response
by the patient, followed by oral therapy.

Combined IV and oral antibiotic therapy has now
become accepted as the standard treatment for acute
hematogenous osteomyelitis. This mode of therapy is

more complicated than the simple treatment of the
child with IV antibiotics for the entire course, because
it requires the complete cooperation of the family and
the child. In addition, the antibiotic must be ade-
quately absorbed from the gastrointestinal tract, pro-
viding sufficient blood levels of the drug.

The current regimen is to begin treatment of the
patient with IV antibiotics. If the patient responds
quickly to this form of therapy, consider switching
the child to oral antibiotics (Table 5-2). To do this, the
patient must meet certain requirements (Table 5-3).

Antistaphylococcal antibiotic therapy is started
while awaiting the culture results. Once the organ-
ism is identified, the antibiotic is adjusted if neces-
sary. It is important to retain the bacteria so that the
laboratory may test it against the antibiotic being
used to be certain that adequate blood levels can be
obtained. If the child responds quickly to the initial
therapy with IV antibiotics, consider beginning oral
therapy. The IV antibiotics are continued for at least
5 days, although some physicians prefer to treat
with IV antibiotics for a longer period before begin-
ning oral therapy. Oral therapy is begun 5 to 7 days
after the initiation of IV therapy if the child shows a
good clinical response to the initial treatment.

Oral therapy is begun in the hospital to be cer-
tain of compliance and patient tolerance of the drug.
If the patient is reliable, he or she may be discharged
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TABLE 5-3. 
Contraindications to Oral Antibiotic Therapy

• Inability to swallow or retain the prescribed medicine
• Questionable or unreliable gastrointestinal absorption of antibiotics (e.g., short bowel syndrome, Crohn’s disease, neonates)
• Inadequate response to intravenous therapy
• Response to intravenous antibiotic for which there is no oral equivalent (e.g., vancomycin) and etiologic agent not established
• Infection with organism for which there is no effective and acceptable oral antibiotic (e.g., multidrug resistant staphylococci)
• Parents’ and patient’s strict compliance with prescribed oral regimen in doubt

from the hospital and followed as an outpatient once
all studies have been completed. Treatment should
continue for a total of 4 to 6 weeks, which includes
the time of IV and oral therapy combined (Table 5-3).

If there is adequate response to the IV therapy,
oral dicloxacillin may be started at a dosage of 100
mg/kg/24 hr. As an alternative, cephalexin may be
administered at a dosage of 150 mg/kg/24 hr. The
oral suspension form of dicloxacillin is not palat-
able, and parents may find it difficult to persuade
young children to swallow it. For that reason,
cephalexin may be preferred, as the oral suspension
of this antibiotic is more palatable. Cephalexin may
also be used as the IV drug, at a dosage of 150
mg/kg/24 hr, in place of the semisynthetic penicillin.
The oral dosage of clindamycin is 30 mg/kg/24 hr IV,
followed by 50 mg/kg/24 hr by mouth. This is partic-
ularly attractive in patients who are allergic to peni-
cillin. Clindamycin has excellent oral bioavailability,
but as with dicloxacillin, the oral suspension has an
unpleasant taste that may contribute to therapeutic
noncompliance

Unfortunately methicillin resistant S. aureus
(MRSA) has become a more common pathogen in
bone and joint infections in children. This organism
used to be thought of as hospital acquired, however,
community-acquired MRSA is now seen very fre-
quently. Accurate culture of bone and joint infec-
tions is necessary to document the organism because
of the prevalence of MRSA. Any child who does not
respond appropriately to adequate therapy should
be considered to have infection caused by MRSA.

For methicillin-resistant staphylococcal organ-
isms one should use vancomycin, 50 mg/kg/24 hr
IV, combined with rifampin, 15 mg/kg/24 hr orally
as covered earlier.

Neonatal Osteomyelitis

Osteomyelitis in the neonate is a different disease
from that seen in children because of the variety of
organisms involved, the frequency of multiple sites
of infection, and the presence of transphyseal vessels

until age 12 to 18 months, which leads to infection
on both sides of the physis. As a result, the infection
destroys the center of ossification of the epiphysis
and the physis itself, producing complete growth ar-
rest (Figure 5-3). This is most likely to occur in the
proximal femur, where the result is destruction of
the head of the femur. The infection frequently
spreads out of the involved epiphysis into the joint,
producing a septic arthritis.

Osteomyelitis in the neonate frequently pro-
duces fewer clinical and laboratory signs than in the
child. Although Staphylococcus may be the etiologic
agent of the osteomyelitis, Gram-negative organ-
isms and group B Streptococcus are also common;
therefore, antibiotics that cover all of the organisms
must be given while awaiting the results of cultures.
Neonates with acute hematogenous osteomyelitis
frequently have multiple sites of involvement—as
often as 40% of the time. Infants with multiple sites
of osteomyelitis are usually sick before the onset of

FIGURE 5-3. AP radiograph of the pelvis of a 1-year-old
girl who had an osteomyelitis of the proximal femur and a
septic arthritis of the hip as a neonate. These infections re-
sulted in destruction of the physis and the epiphysis.
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the infection, and most have an umbilical catheter.
Infants with single sites of osteomyelitis have a
milder disease and are generally less ill than those
with multiple sites of infection.

Special Sites of Infection

Acute hematogenous osteomyelitis of the pelvis
may be difficult to diagnose, requiring a high index
of suspicion establish the correct diagnosis. Chil-
dren with acute infection of the pelvis often are ini-
tially thought to have infection of the hip joint
because the pain is frequently intense and often lim-
its motion of the hip joint. The correct diagnosis can
be established by performing a careful examination.
Carefully moving the hip joint usually demon-
strates a free, painless range of movement, whereas
palpation of the pelvis establishes the area of maxi-
mum tenderness. Septic arthritis of the sacroiliac
joint is also frequently confused with osteomyelitis
of the pelvis. In this disease, tests specific for pain in
the sacroiliac joint—such as the figure 4 test (one leg
is placed across on top of the other leg with the knee
bent to 90º, as in the number 4, and the pelvis is then
rocked using the crossed leg as a lever arm) and
pelvic compression—are positive. Plain radiographs
of the pelvis are normal in the early stages of
pelvic osteomyelitis and in septic arthritis of the
sacroiliac joint. Bone scintigraphy usually is posi-
tive. As in acute osteomyelitis of other bones, how-
ever, a certain percentage of these infections have
false-negative bone scans. Bacterial confirmation
of the diagnosis is established by bone aspiration.

An abscess may develop in patients with acute
hematogenous osteomyelitis of the pelvis. If this oc-
curs, surgical drainage of the abscess is necessary. A
child with acute hematogenous osteomyelitis of the
pelvis should be evaluated in the same manner as the
child with an infection of a long bone, with an appro-
priate history and physical examination. In addition,
laboratory data should be obtained. Bone aspiration
should also be performed, and antibiotics should be
started once all cultures have been obtained. Because
of the possibility of developing an intrapelvic abscess
that is not detectable either on physical examination
or through needle aspiration, CT or MRI scanning of
the pelvis should be performed. If an abscess is seen,
it should be drained through an appropriate surgical
approach and the child treated with antibiotics to
sterilize the bone (Figure 5-4).

Osteomyelitis of the spine in children and in-
fants is rare, but does occur. As in osteomyelitis in

other locations, S. aureus is the most common cause
with a number of other organisms reported. Among
the others, Bartonella henselae seems to have some
predilection for infecting the vertebrae in an atypi-
cal manifestation of cat scratch disease. Also, Salmo-
nella spp. have been reported as a cause of vertebral
osteomyelitis in children without sickle cell disease.
A much more common presentation of infection of
the spinal column is the disc space infection, which
is discussed in the subacute hematogenous os-
teomyelitis section. The mean age of patients with
vertebral osteomyelitis is significantly higher than
those with disc space infection. The latter is more
commonly a disease of school-aged children (mean
of 7 to 8 years), whereas the mean age for disc
space infection is 2 to 3 years. True osteomyelitis of
the spine produces significant bone destruction.
Neonates with osteomyelitis of the spine develop
abnormalities of the spine that resemble congenital
defects.

Sickle Cell Disease

Acute hematogenous osteomyelitis in patients with
sickle cell disease differs from osteomyelitis in oth-
erwise normal patients. The two major differences
in the two forms of osteomyelitis are that the infec-
tion in patients with sickle cell disease is usually lo-
cated in the diaphysis of long bones rather than in
the metaphysis. In addition, the organism responsi-
ble for the infection is frequently salmonella, al-
though S. aureus is also common in patients with
sickle cell disease. The salmonella bacteria enter the
blood stream through microinfarcts in the gut lin-
ing, producing a bacteremia. The bacteria may then
produce bone infection at the site of an acute bone
infarction.

Patients with sickle cell disease and acute bone
pain present a difficult diagnostic problem, because
acute bone infarcts are painful and produce clinical
findings often identical to those of patients with os-
teomyelitis. Thus, it is frequently difficult to differ-
entiate between an area of acute bone infarction and
one of acute osteomyelitis. The infarction and the
infection are usually located in the diaphysis of a
long bone, and both are associated with severe pain
and restricted use of the involved extremity. Pa-
tients with acute osteomyelitis usually have a
higher and more persistent fever than those with in-
farction. The sedimentation rate and peripheral
WBC count may be elevated in both but are usually
higher in patients with infection.
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FIGURE 5-4. Eight-year-old boy with
osteomyelitis of the pubis and a pelvic ab-
scess. (A) AP radiograph of the pelvis of
this child demonstrating no bony abnor-
malities. (B) Technetium-99m bone scan
demonstrating increased uptake of the iso-
tope in the region of the right pubis. (C)
CT scan through the obturator region of
the pelvis demonstrating an abscess in the
obturator region of the right hemipelvis.
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The diagnosis of acute osteomyelitis in these
children may be difficult. As mentioned earlier,
children with infection exhibit somewhat severer
clinical findings. Bone scanning maybe helpful in
these patients. Skaggs et al. (2001) have recently
shown that one may be able to differentiate bone
infarct from osteomyelitis with the use of both
bone marrow and bone scans. They found that if
the patient with bone pain has decreased uptake
on a bone marrow scan and abnormal bone scan at
the site of pain, the diagnosis of bone infarct could
accurately be confirmed. If, on the other hand,
there is normal uptake on bone marrow scan and
abnormal uptake on bone scan, the diagnosis is
suggestive of osteomyelitis. They also found that if
both the bone marrow and bone scans were nor-
mal, the diagnosis was neither bone infarct nor os-
teomyelitis. One study with a relatively small
number of patients, found gadolinium-enhanced
MRI useful in distinguishing between bone infarct
and osteomyelitis. Even with the findings on scan-
ning that suggest the diagnosis of osteomyelitis,
cultures of the patient’s stool culture of the bone
by bone aspiration should be performed to obtain
bacteriological diagnosis.

SUBACUTE HEMATOGENOUS
OSTEOMYELITIS

Subacute hematogenous osteomyelitis differs from
acute osteomyelitis in the severity of the clinical
signs. The systemic signs seen in patients with sub-
acute forms of the disease are either absent or much
less severe than those seen in patients with the
acute form of the disease. In addition, the location
of the subacute form of the disease may differ from
that seen with acute osteomyelitis (see Table 5-1).

Classification

Some authors have classified subacute osteomyelitis
according to the location and radiographic appear-
ance of the lesion. This, however, does not consider
the differences in clinical presentation of these dif-
ferent forms of subacute osteomyelitis. The classifi-
cation based on radiographic appearance was first
described by Gledhill and subsequently modified by
others. In this classification, the type 1 lesion is a
central metaphyseal lesion. The type 2 lesion is also
metaphyseal, but it is eccentrically placed with corti-
cal erosion present. The type 3 lesion is an abscess in

the cortex of the diaphysis, and the type 4 lesion is a
medullary abscess in the diaphysis without cortical
destruction but with periosteal reaction present. The
type 5 lesion is primary epiphyseal osteomyelitis.
The type 6 lesion is a subacute infection that crosses
the physis (Figure 5-5).

This classification system excludes the suba-
cute osteomyelitis that begins in the metaphysis
and crosses the physis to involve the epiphysis.
Acute hematogenous osteomyelitis in the child
older than age 18 months rarely crosses the ph-
ysis; however, subacute osteomyelitis frequently
does. The lesion may be primarily metaphyseal
with only a small portion of the physis and epiph-
ysis involved (Figure 5-6). Conversely, much of
the physis may be involved (Figure 5-7). In the
neonate with acute hematogenous osteomyelitis
that crosses the physis to involve the epiphysis,
the physis is frequently destroyed as is the
growth center of the epiphysis (see Figure 5-3).
Conversely, the subacute infection that crosses
the physis rarely causes permanent damage to the
growth plate.

One may also subclassify subacute hematoge-
nous osteomyelitis into two types according to the

FIGURE 5-5. Classification of subacute osteomyelitis type 1
is a central metaphyseal lesion. Type 2 is an eccentric metaphy-
seal lesion with erosion of cortex. Type 3 is a lesion of cortex of
diaphysis. The type 4 lesion of the diaphysis demonstrates pe-
riosteal new bone formation but without a definite bone le-
sion. Type 5 is primary subacute epiphyseal osteomyelitis, and
type 6 represents subacute osteomyelitis that crosses physis in-
volving both the metaphysis and epiphysis.
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FIGURE 5-6. AP radiograph of the distal tibia demonstrat-
ing an area of subacute osteomyelitis that involves the meta-
physis, physis, and the epiphysis.

rapidity of onset and severity of presenting symp-
toms. One type has a fairly acute presentation, and
children with this type of infection usually present
within a week or two of the onset of symptoms. Ra-
diographic changes may be present at the time of
presentation; however, the infection is usually dia-
physeal. This type of infection thus encompasses
types 3 and 4 of the Gledhill classification system.
This diaphyseal infection could easily be confused
with Ewing sarcoma, and a biopsy may be necessary
to exclude this diagnosis. Frequently, however, the
clinical and radiographic picture is characteristic
enough to make a presumptive diagnosis of infec-
tion. Children with this type of subacute infection
may have a fever, although it will not be as elevated
in acute hematogenous osteomyelitis. In addition,
children with this type of infection usually continue
to walk even if the femur, the most commonly in-
volved bone, is infected. They will, however, limp
and complain of pain. The peripheral WBC count
and the sedimentation rate may be elevated, al-
though the sedimentation rate is more commonly el-
evated (Figure 5-8). The second type of subacute
infection encompasses types 1, 2, 5, and 6. Children
with this type of infection have minimal symptoms,
but the complaints are frequently of longer duration.
There are no systemic signs, and the peripheral
WBC count and the sedimentation rate usually are
normal. Radiographic changes are present at the
time of presentation and may be described as a lu-
cency located anywhere within a bone.

FIGURE 5-7. AP and lateral radiographs of a dis-
tal radius of a child with subacute osteomyelitis
that crosses the physis. The AP radiograph
demonstrates that the lesion involves both the
metaphysis and the epiphysis. On the lateral radi-
ograph, significant erosion of the epiphysis is seen.
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FIGURE 5-8. Radiographs of 15-year-old boy
with subacute osteomyelitis of the femur. He
had a 1-month history of pain in the leg and a
limp. (A) AP radiograph of femur showing
bone destruction with periosteal reactive bone.
(B) Lateral radiograph demonstrating bone de-
struction. (C) CT section demonstrating the
destruction of the bone cortex with a se-
questrum within the cavity.
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FIGURE 5-9. Oblique radiograph of the distal tibia of an
11-year-old girl with a 1-month history of pain, swelling,
and redness of the ankle. A metaphyseal lesion of the distal
tibia resembles subacute osteomyelitis; however, the biopsy
revealed that the lesion was an osteogenic sarcoma.

Diagnosis and Treatment

The diagnosis in patients with subacute infection of
the diaphysis of a long bone is confirmed by bone
aspiration for bacterial culture. The cultures usually
are positive for S. aureus. The treatment of this dia-
physeal lesion depends on several factors. If the di-
agnosis is in question, open biopsy may be required,
at which time debridement is carried out if infection
is established. If a sequestrum is present, sequestrec-
tomy is required for eradication of the infection.
Most commonly, however, the patient presents with
minimal radiographic bone changes, and simple an-
tibiotic therapy alone usually results in eradication
of the infection, because no abscess is present.

Lesions of subacute osteomyelitis, of the meta-
physis and epiphysis, can usually be diagnosed as
subacute osteomyelitis radiographically; however, in
some instances the diagnosis is in question. When the
diagnosis is not clear radiographically, open biopsy is
required in making the diagnosis (Figure 5-9). In ad-
dition, because there is a radiographic lesion, an

abscess has formed and debridement is usually re-
quired, although some authors have reported heal-
ing without debridement. Frequently no pus is
evident at exploration; however, one may find gran-
ulation tissue within the cavity that should be de-
brided. Cultures may be sterile, but Staphylococcus
aureus and Staphylococcus epidermidis are the most
common organisms. Some have suggested that de-
briding these lesions is not required. These lesions
will heal with adequate antibiotic treatment. It has
been recommended that patients be treated with an-
tibiotics for at least 4 weeks or until significant heal-
ing is seen radiographically (Cole 1982; Ezra et al.
2002). Therefore, if one is comfortable with the radi-
ographic diagnosis of subacute osteomyelitis, then
antibiotic treatment alone without biopsy is appro-
priate. If there is inadequate response, as judged by
the clinical course and radiographic healing, then
biopsy is required.

The treatment of subacute osteomyelitis should
be similar to that of acute osteomyelitis. Begin with
IV antibiotics and switch to oral antibiotics if there
are no contraindications. As mentioned earlier, de-
bridement is usually necessary for subacute os-
teomyelitis with a radiographic lesion or if a
sequestrum has formed or if the patient has not re-
sponded adequately to antibiotics.

CHRONIC RECURRENT MULTIFOCAL
OSTEOMYELITIS

Chronic osteomyelitis may be defined as os-
teomyelitis presenting with symptoms that have
been present for months or longer. Also included in
the diagnosis of chronic osteomyelitis is any recur-
rent osteomyelitis. This chapter does not deal with
the chronic osteomyelitis that results from a recur-
rence of a previously treated infection or from an
open wound such as an open fracture. The only ex-
ception is the special circumstance of nail puncture
wound infections of the foot, which are covered in
the next section.

The cause of chronic multifocal osteomyelitis is
unknown at the present time, but it is presumed to
be due to an infectious agent. The disease produces
vague bone pain in multiple sites. Frequently the
symptoms seem to be unilateral, despite the fact
that lesions occur bilaterally. Children with this dis-
ease usually do not exhibit systemic signs of infec-
tion such as an elevated temperature. Although the
peripheral WBC count is normal, the sedimentation
rate is frequently elevated.
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Multiple lytic lesions that have little surround-
ing bone reaction and are generally located in the
metaphyses of the long bones are seen radiographi-
cally (Figure 5-10). The medial end of the clavicle
seems to be the bone that is most frequently in-
volved, followed by the distal tibia and then the dis-
tal femur.

Based on clinical and radiographic findings, an
infectious agent is thought to cause these lesions. The
histology of these lesions is typical of osteomyelitis;

however, the agent responsible has not as yet been
identified with certainty. The treatment is sympto-
matic. The natural history of this disease usually in-
volves spontaneous resolution of the lesions and the
clinical signs and symptoms, which may take any-
where from 1 to 15 years.

Most authors have felt that this disease is an in-
flammatory disease that should be treated with non-
steroidal inflammatory drugs (NSAID). We have
cultured Mycoplasma from three patients with this

FIGURE 5-10. Radiographs of an 8-year-old girl
with chronic multifocal osteomyelitis who had a
longer than 2-year history of multiple sites of bone
pain. (A) AP radiograph of the right wrist demon-
strating bone destruction of the metaphysis, physis,
and epiphysis. (B) AP radiograph of the left wrist
demonstrating bone destruction in the metaphysis
with periosteal reactive bone. (C) Radiographs of
the left ankle demonstrating metaphyseal and phy-
seal destruction of the distal fibula with periosteal
reactive bone.
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disease and have subsequently treated all of our pa-
tients with antibiotics that would be useful for My-
coplasma. All of our patients responded dramatically
with resolution of their symptoms very shortly after
beginning therapy. In addition, the sedimentation
rate has shown a rapid decline to normal in all pa-
tients. As a result of these findings, we feel that this
disease is infectious, likely the result of Mycoplasma
infection, and believe that very long-term antibiotics
such as doxicycline or clindamycin is appropriate
for the treatment of this disease.

DISC SPACE INFECTION

Etiology

Controversy has arisen as to the cause of disc
space infections, resulting in the term diskitis. This
disease is usually regarded, however, as an os-
teomyelitis of the vertebral endplates that second-
arily invades the disc without producing an acute
osteomyelitis of the vertebral body. The organism
that produces the infection in children is usually
S. aureus, although other organisms are common
in older patients, especially drug abusers and in
debilitated patients.

Clinical Findings

Although disc space infection may occur at any age,
it is most common in younger children, who may
present with an inability to walk as the primary pre-
senting feature, although the most common com-
plaint is back pain. Unfortunately, in infants and
toddlers diagnosing back pain may be difficult.
Some children present with abdominal pain as the
primary complaint. Frequently, the infant is irritable
without other definite complaints.

The physical findings in these patients are char-
acteristic, and the diagnosis can usually be estab-
lished on the basis of the physical examination
alone. Because the disc space infection usually oc-
curs in the lumbar spine, the child splints the spine,
refusing to flex it. Although the child may be able to
bend at the waist, no flexion occurs in the spine it-
self. Some children are adept at compensating for
the pain and may function relatively normally. They
will, however, exhibit complete restriction of mo-
tion of the spine on examination.

This disease entity differs from osteomyelitis of
the spine in that there are usually few, if any, systemic

signs in patients with disc space infection. The pa-
tient’s body temperature is usually normal as is the
peripheral WBC count. The sedimentation rate is fre-
quently, although not invariably, elevated.

Radiographic Findings

The radiographic findings depend on the delay in
diagnosis. The disease characteristically produces
narrowing of the disc space with irregularity of the
adjacent vertebral endplates. This may be difficult
to see radiographically, especially in a young child
early in the course of the disease. Lateral tomogra-
phy of the involved area of the spine is helpful in
demonstrating the disc space and bone abnormal-
ity. These radiographs help eliminate the overlying
gas that frequently obscures the spine in the lum-
bar region.

Bone scanning has been a popular method of
diagnosing disc space infections. The bone scan
usually demonstrates an area of increased uptake
in the infected disc space, but some scans will be
false-negative. Therefore, the diagnosis of disc
space infection should not be excluded because of a
normal bone scan. MRI has been shown to be able
to accurately demonstrate an abnormal disc space,
and we have recently demonstrated that the MRI is
abnormal before the bone scan is positive and be-
fore radiographic changes are evident (Figure 5-11).

Diagnosis

The diagnosis of disc space infection is usually
made on clinical grounds because of the characteris-
tic physical findings. The clinical diagnosis is con-
firmed with radiographs that show the characteristic
disc space narrowing and erosion of the vertebral
endplates. Normally with a bone infection, a tissue
or bacteriologic confirmation of the diagnosis
would be necessary; however, because of the mor-
bidity of needle aspiration of the spine, this proce-
dure is usually not justified for the child exhibiting
the characteristic findings of a disc space infection.
The infecting organism is usually S. aureus. Aspira-
tion biopsy of the spine should be reserved for the
child who does not respond to initial treatment with
antistaphylococcal antibiotics. One should also per-
form a biopsy of the disc space when the disease is
unusual in any respect. If the infection involves an
older child such as a teenager, or if drug abuse is
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suspected, a biopsy should be performed because of
the possibility of a Gram-negative organism being
the etiologic agent.

Treatment

Some authors, in the past, have advocated the use
of spinal immobilization for children with disc
space infection. They have shown that many pa-
tients respond to immobilization alone and conse-
quently reserve antibiotics for the child who does
not respond to immobilization alone. Currently
most authors, however, favor the use of antibiotics
as for any other bone infection. These children
should, therefore, be started on oxacillin or cepha-
zolin in doses that would be used for osteomyelitis.
Treatment should be continued for 3 to 7 days with
IV antibiotics, followed by oral antibiotics for an-
other 4 weeks. The length of IV antibiotic therapy

is determined by the patient’s clinical response.
One may also wish to use the C-reactive protein
as a guide for treatment, because it falls more
quickly than does the sedimentation rate during
the treatment of osteomyelitis. We generally treat
these children with IV antibiotics for several days
only and then they are switched to oral antibiotics
that are continued on an outpatient basis for a
minimum of a total of 4 weeks of total antibiotic
therapy.

Immobilization of the spine has been a main-
stay of the treatment of disc space infection. How-
ever, most children with disc space infection
usually respond quickly to IV antibiotics. Therefore,
immobilization is used only in those patients who
do not exhibit a rapid and dramatic response to the
IV antibiotic treatment and need immobilization for
comfort. One should also immobilize children with
osteomyelitis of the spine because of the bony de-
struction that occurs.

FIGURE 5-11. MRI of the spine demonstrating an abnormal L4-L5 disc. Note the loss of height and
the change in the density of the disc. The bone scan, the plain radiographs, and the lateral tomograms
of this patient were normal. The lateral radiograph of the spine subsequently demonstrated the typi-
cal changes seen in disc space infections.
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PSEUDOMONAS: INFECTIONS OF
THE FOOT FOLLOWING PUNCTURE
WOUNDS

Clinical Presentation

Puncture wounds of the foot are relatively common
injuries. The exact number of infectious complica-
tions of these injuries is not known, although rates
up to 15% have been reported. Although the major-
ity of infections are limited to the soft tissue, bone
and joint infections occur in approximately 2% of
puncture wounds of the foot.

The presentation of the infectious complications
of nail punctures is characteristic. Typically, the pa-
tient is a child with tennis shoes who steps on a nail,
sustaining a puncture of the foot that invariably either
enters a bone or joint or punctures the plantar fascia.
These children experience pain from the initial punc-
ture wound, but this pain usually diminishes quickly.
Children who develop a pseudomonal infection ex-
perience increasing pain in the foot 2 to 4 days after
the initial trauma. These symptoms worsen so that
within a day or so the child is not able to bear weight.

At presentation there is pain and swelling
about the area of the puncture wound and through-
out the area of the bone or joint infection, with
signs of inflammation, including redness of the
skin. Careful examination of the foot reveals pain
and tenderness on the dorsum of the foot over the
involved bone or joint.

Despite the fact that this is a foot infection, there
frequently are no or few systemic signs of infection.
The child’s temperature usually is normal, as is the
WBC count. Unfortunately, these findings have
prompted many to underestimate the seriousness of
this infection.

Treatment

The infection of the foot following puncture
wounds is almost always caused by Pseudomonas
aeruginosa, which has been grown from cultures
taken from within the sole of tennis shoes. This in-
fection requires thorough surgical debridement and
antibiotic treatment. Antibiotic coverage alone does
not eradicate the infection and only allows the in-
fection to destroy more tissue. Once the diagnosis is
made, a thorough debridement is performed. Prior
aspiration of the area of infection may be performed
but is not necessary because the signs and symp-
toms of this infection are so typical that culture of

the tissues at the time of debridement is sufficient.
However, do not give antibiotics until obtaining ad-
equate cultures of the area of infection. Superficial
cultures from the area of the puncture wound are
not sufficient; it is necessary to obtain cultures from
the bone or joint involved. P. aeruginosa rarely pro-
duces the thick pus typical of other infections.
Rather, one finds a thin, watery, serosanguineous
fluid typical of early P. aeruginosa infections.

The surgical approach to the area of infection
depends on the area of involvement. If one is deal-
ing with a septic arthritis of the metacarpopha-
langeal joint, the joint may be drained through a
dorsal incision rather than through the puncture
wound itself. If infection exists only within the sole
of the foot under the plantar fascia, a plantar inci-
sion is necessary. If one of the bones of the foot is ex-
tensively infected, debridement may be required,
using both dorsal and plantar incisions.

After thorough debridement and culture, IV an-
tibiotics are required. Because the involved organism
is usually P. aeruginosa, empiric antibiotics should
have antipseudomonal activity. Additionally, the
presence of cellulitis suggests infection with Gram-
positive organisms (often in addition to P. aeruginosa)
and should prompt empiric coverage that includes
S. aureus. Local resistance rates of P. aeruginosa and
S. aureus should dictate the empiric choice of antibi-
otics. For a bone infection alone, cefepime, cef-
tazidime, piperacillin, ticarcillin, or tobramycin are
reasonable choices as single agents for empiric an-
tipseudomonal therapy. If cellulitis accompanies the
osteochondritis, the addition of an antistaphylococ-
cal penicillin (i.e., nafcillin or oxacillin) to ceftazidime
or tobramycin or the addition of a �-lactamase in-
hibitor to one of the antipseudomonal penicillins
(i.e., piperacillin/tazobactam or ticarcillin/clavu-
lanate) is warranted on an empiric basis. Cefepime
has activity against both S. aureus and P. aeruginosa
that is adequate for empiric therapy. If rates of methi-
cillin resistance are high among local S. aureus iso-
lates, the use of vancomycin for staphylococcal
coverage may be warranted on an empiric basis. An-
tibiotic susceptibility data from the cultures collected
during debridement should guide definitive antibi-
otic therapy.

The length of treatment depends on the patient’s
response, the extent of the infection, and the thor-
oughness of the debridement. The sedimentation
rate may be used as a guide to the length of therapy,
with the recommendation that antibiotics be discon-
tinued when the sedimentation rate falls to normal.
In general, the more thorough the debridement, the
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shorter the length of antibiotic treatment necessary.
However, the largest available study in children sug-
gests that an intravenous antibiotic course of 7 days
following thorough surgical debridement is effective.
In adult patients, a small study demonstrated the
efficacy of oral ciprofloxacin for 7 to 14 days after
surgery for pseudomonal osteomyelitis or septic
arthritis of the foot. The use of fluoroquinolones in
pediatric patients remains controversial. Due to
cartilage damage in multiple juvenile animal mod-
els with therapeutic doses, fluoroquinolones are
generally contraindicated, according to their FDA-
approved labeling. There is not a single report of
ciprofloxacin causing arthropathy in children, and
the American Academy of Pediatrics Committee on
Infectious Diseases states that the use of oral
ciprofloxacin can be justified in certain cases. One
such situation is when no other oral agent is avail-
able, necessitating an alternative drug be given par-
enterally. After the risks and benefits are explained to
the parents, oral ciprofloxacin can be considered for
pseudomonal osteomyelitis when the patient is well
enough to be discharged from the hospital.

The sequelae of this infection depend on the in-
terval between the puncture wound and the onset
of appropriate treatment. The longer the delay be-
fore debridement of the foot and the commence-
ment of aminoglycoside therapy, the worse the
sequelae. To minimize sequelae, it is important to
quickly establish the correct diagnosis and to per-
form the surgical debridement.

SEPTIC ARTHRITIS

Pathogenesis

Acute septic arthritis is a relatively uncommon dis-
ease. It may be associated with acute osteomyelitis,
especially in the proximal femur, where bacteria es-
cape the cortex of the metaphysis and invade the
adjacent joint, producing a joint infection. In other
cases, the joint infection is simply the result of
hematogenous infection of the synovium or syn-
ovial fluid without prior bone infection. This iso-
lated joint infection may be treated differently from
the bone infection, which requires longer antibiotic
therapy because of the possible presence of necrotic
bone within the area of the infection. With a pure
septic arthritis, bone sequestration does not occur.
In addition, antibiotics are delivered across the syn-
ovium into the joint in high concentrations.

Organisms

Different organisms prevail as the most common in-
fecting organisms depending on the age of the pa-
tient. S. aureus is the most common organism over
all age groups. In the neonate, as we have seen in
bone infections, group B Streptococcus is common, as
are Gram-negative organisms. In the child between
the age of 6 months to 5 years, type B H. influenzae
was common, and in some series was the most com-
mon agent in septic arthritis in this age group; how-
ever, we have shown that since the advent of the H.
Flu vaccine, the incidence of H. Flu septic arthritis
has declined to near zero. In the older child S. au-
reus is the most common organism. Recently joint
infections caused by Kingella kingae have been diag-
nosed relatively commonly, and in one recent report
this organism has been seen more frequently than
staph. This organism is present in the nasopharynx
of normal children and may spread to produce joint
infections via the bloodstream. In the teenager,
however, Neisseria gonorrhoeae is common and may
be the most common cause of septic arthritis. It is
certainly the most common cause of polyarthritis in
that age group.

Diagnosis

Children with septic arthritis usually exhibit all the
clinical signs of sepsis, with elevated temperature,
malaise, and local signs of inflammation. The ex-
ception is seen in children with acute septic arthritis
secondary to Kingella kingae who frequently are not
febrile at the time of diagnosis and may not have all
of the signs of hip sepsis. The onset of septic arthri-
tis is frequently more acute than is the onset of os-
teomyelitis. The child, especially the neonate, may
present with pseudoparalysis of the extremity. The
older child will protect the extremity, and if a joint
of the lower extremity is involved, the child will
usually refuse to walk.

The physical examination reveals an irritable
child with a painful joint. Few other diseases pro-
duce such exquisite joint pain. The differential diag-
nosis includes acute rheumatic fever or acute
juvenile arthritis, both of which may produce acute
joint inflammation that is as painful as that produced
by septic arthritis. In both of these diseases, the joint
effusion also is significant, and the WBC count in the
synovial fluid may occasionally be as high as
100,000 cells. The diagnosis usually can be made
by other laboratory means, although the diagnosis
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occasionally is made retrospectively after treating a
child for an infection.

Inspection of the child reveals a warm and
painful joint with an effusion. The child will resist
movement, splinting the joint in the position of
greatest comfort. Laboratory data may be helpful.
The peripheral WBC count is usually elevated, as is
the sedimentation rate, although the diagnosis of
septic arthritis should not be excluded simply on
the basis of normal values for these two studies. Ra-
diographs may demonstrate the joint swelling, al-
though they are of little benefit early in the course of
the disease except to exclude other problems.

Joint aspiration is mandatory for fluid analysis
and culture of the synovial fluid. The joint fluid
should be inspected visually. The fluid in patients
with an infection of the joint varies in color from
cloudy yellow to creamy white or gray, especially if
the infection has been present for a period or if the
organism is particularly virulent. Thus, the earlier
the infection is diagnosed and the joint aspirated,
the clearer the fluid. The fluid should be analyzed
for cell count with a differential count of the WBCs.
In most septic joints, the WBC count is greater than
50,000, and usually greater than 100,000. The one
exception is in gonococcal arthritis, in which the
WBC count is frequently lower than 50,000 cells.
The differential count of polymorphonuclear leuko-
cytes demonstrates that they constitute over 90%,
and usually over 95%, of the total WBCs in the fluid.

A Gram’s stain and culture of the synovial fluid
is obviously important and provides the basis for
the definitive diagnosis of septic arthritis. The fluid
should be transported immediately to the laboratory
and plated on the appropriate medium. Laboratory
personnel must be informed that the fluid is from a
joint and should also know what the physician sus-
pects, which enables the technician to perform the
appropriate cultures. Some special circumstances re-
quire special techniques for organism retrieval. H.
influenzae is difficult to culture, and the plates must
be incubated under a carbon dioxide environment.
Kingella kingae is fastidious organism, and its recov-
ery in the microbiology laboratory is increased sig-
nificantly by direct inoculation of synovial fluid into
automated blood culture system bottles. Despite
meticulous culture techniques, a percentage of sep-
tic joints yield negative cultures. In some series, the
percentage of organism retrieval was only 70%.
Therefore, blood cultures should also be performed.
Despite this, the diagnosis of septic arthritis may
have to be made on clinical grounds in some pa-
tients because of negative bacterial cultures.

Because of the possibility of negative joint
fluid cultures, one should also perform glucose de-
termination on the joint fluid. In addition, lactic
acid determination of the joint fluid and counter
immunoelectrophoresis may be helpful for the de-
tection of H. influenzae.

Treatment

The principles of treatment of septic arthritis do not
differ from those of the treatment of infections in
other areas of the body. The infection should be con-
sidered an abscess that requires drainage. In addition,
the infection requires appropriate antibiotic therapy
to sterilize the joint. The joint infection differs from
other infections, in that it occurs in a closed space
with easy access for needle aspiration and irrigation.
In addition, antibiotics readily cross the synovial bar-
rier and are concentrated in the synovial fluid.

Thorough debridement of the joint is required
to completely eradicate the infection of the joint. In
some instances, eradication may be accomplished
with aspiration and irrigation of the joint without
surgical debridement. Most reports of aspiration
and irrigation technique of joint debridement of in-
fection have reported good results. The require-
ments for this technique are specific. The major
contraindication to aspiration irrigation technique
for the treatment of joint infections is the hip joint
being the site of infection. This joint must always be
surgically drained in the face of an acute infection
because the vascular supply of the hip joint is intra-
capsular, and therefore these vessels are easily oblit-
erated if the pressure within the hip joint is
elevated. In the case of acute septic arthritis of the
hip joint, the joint must be surgically drained as an
emergency. Recently, articles have been published
that document satisfactory medical treatment of
septic arthritis of the hip without surgical drainage.
They state that the diagnosis must be made very
early in the course of the disease and that there
should be immediate response to treatment. They
do make the diagnosis of septic arthritis of the hip
with joint aspiration and then begin antibiotic treat-
ment. It is probably safer to conservatively surgi-
cally drain the septic hip until adequate literature
confirms the efficacy and safety of medical-only
treatment.

The technique of aspiration irrigation of infected
joints requires that the joint be easily accessible for as-
piration. Because of its accessibility, the knee joint is
most frequently treated with this technique. The ankle
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joint is also relatively accessible. The other joints of the
body are less accessible and therefore more difficult to
adequately debride through a needle.

Joint aspiration must be performed sterilely with
the use of a large-bore needle. The fluid is fully
drained from the joint and sent for appropriate stud-
ies. Without removing the needle, the joint is irrigated
with sterile IV saline until the fluid that is returned is
clear. The joint should be splinted, and the patient
started on antibiotics while awaiting the culture re-
sults. If the WBC count of the fluid is low (i.e., below
80,000 to 100,000), and there is no particulate matter
in the aspirate, this aspiration-irrigation may be the
only mechanical treatment needed. The joint should
be inspected the following day, and if the fluid has
reaccumulated, a second aspiration-irrigation should
be performed. If the reaccumulation of fluid is signifi-
cant, and if the patient is still febrile, consider per-
forming surgical drainage. If, in addition, the WBC
count of the aspirated fluid is not significantly lower
on the second day than that seen in the initial aspi-
rate, surgical debridement should be strongly consid-
ered. If a second aspiration is performed and the fluid
reaccumulates significantly on the third day, surgical
drainage should be performed. Parenteral antibiotics
enter the inflamed joint so readily that there is no
need for direct joint instillation of antibiotics.

Initial arthrotomy of the joint should be per-
formed when the fluid is thick (i.e., with a WBC
count over 100,000), and when particulate matter is
seen in the aspirate. This particulate matter is pre-
cipitated fibrin that must be removed to eradicate
the infection. The arthrotomy of the knee joint
should be performed through a small lateral parap-
atellar incision that allows inspection of the joint. A
medial parapatellar incision is not performed be-
cause release of the medial retinaculum might lead
to patellar subluxation. The joint may be closed over
a small drain such as a Penrose drain. Suction
drainage may be used; however, a suction-irrigation
system should not be employed because of the pos-
sibility of superinfection with Gram-negative organ-
isms. Arthroscopy has become a popular tool for the
inspection of the joint and has been proposed for the
debridement of the infected joint. Proponents state
that one can effectively debride the joint and that the
fibrinous material may be removed with the de-
bridement tools available to the arthroscopist.

IV antibiotics should be started immediately
after the joint fluid and blood have been cultured
and the other studies such as Gram’s staining and
WBC count have been performed. The diagnosis
may have to be confirmed on a presumptive basis;

however, it is important to begin treatment as long
as the criteria for making the diagnosis of septic
arthritis have been met. In all age groups, most
acute septic arthritis is caused by S. aureus. In chil-
dren 6 months to 5 years, H. influenzae is a common
cause in unvaccinated children. In the neonate,
group B Streptococcus and Gram-negative organ-
isms are common etiologic organisms. While await-
ing the culture results, appropriate antibiotics
should be started to cover the most likely organ-
isms. Because S. aureus is ubiquitous, all acute septic
joints are treated initially with an antistaphylococ-
cal drug. The antibiotics are then modified when
the culture and sensitivity results are known.

The dosages of the antibiotics are the same as
for the patient with acute hematogenous os-
teomyelitis. The duration of antibiotic treatment,
however, is not as long as in osteomyelitis because
antibiotics reach the infected joint readily and in
high concentration. In addition, one does not have
to deal with necrotic bone in a septic arthritis as in a
patient with osteomyelitis. Treatment of the septic
joint should be started with IV antibiotics for 3 to
5 days. The patient may then be switched to oral an-
tibiotics if the patient responded well to the treat-
ment, which should include no fever for 24 hours
and excellent clinical response. The total length of
treatment is generally 2 to 4 weeks.

Hip Joint

An infection of the hip joint must be treated as an
emergency because of the potential for the develop-
ment of avascular necrosis of the femoral head. The
initial evaluation of the hip joint is performed in the
same manner used for any other joint. However, be-
cause the hip joint is deep and may be difficult to
aspirate accurately, it must be aspirated using fluo-
roscopy. The needle may be directed from the ante-
rior or medial approach. The anterior approach is
used if the child is able to extend the hip. If, because
of pain, the hip is in a position of abduction, flexion,
and external rotation, a medial approach to the hip
is easier. The exact needle entry point through the
skin is easily determined by placing the needle on
the skin and positioning the needle point using flu-
oroscopy. After skin penetration, the needle is di-
rected toward the femoral neck at about the level of
the junction of the head and the neck. If no fluid is
collected from the joint, contrast medium is injected
into the joint and an arthrogram obtained, which
will reveal whether the hip joint has been entered.
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Once the diagnosis of septic arthritis of the hip
joint has been confirmed, the joint must be surgically
drained as mentioned earlier. However, recent arti-
cles have documented excellent response to medical
therapy alone in children with acute septic arthritis
of the hip. These reports require critical evaluating
before making a decision about the need for surgical
drainage based on multiple factors. One need not
await culture reports before draining the infected
hip. Strong presumptive evidence is sufficient.
Therefore, a positive Gram’s stain or WBC count of
the joint fluid of more than 90,000 to 100,000 cells is
sufficient evidence if seen in combination with the
characteristic history and physical findings.

The hip joint should never be treated with aspira-
tion and irrigation because of the danger of avascular
necrosis developing as a result of increased joint fluid
pressure from the infection. The hip may be drained
from either an anterior or a posterior approach. Each
approach has its proponents. The posterior approach
is generally easier and less damaging to the muscles
of the hip. In addition, it allows for dependent
drainage. If the femoral neck must be opened because
of an intraosseous abscess, this cannot be performed

posteriorly because the blood supply to the femoral
head would be damaged. Thus, if the femoral neck
should be windowed, the hip should be approached
anteriorly. This approach allows one to drill the
femoral neck in every patient (Figure 5-12). It is wise
to always drain the infected hip joint from an anterior
approach. This method allows easy access to the
femoral neck for drilling if necessary.

The joint should be immobilized for several
days to allow for a decrease in the acute inflamma-
tion. The hip may be placed in split Russell traction
and the other joints splinted. Once the acute inflam-
mation has subsided, motion should be instituted.
Continuous passive motion has been advocated,
and it may be used in children of adequate size.
Joint motion helps prevent fibrosis and assists in
cartilage nutrition.

Sacroiliac Joint

Septic arthritis of the sacroiliac joint is somewhat
unusual because of its symptomatology and treat-
ment, and therefore deserves separate discussion.

FIGURE 5-12. A 14-year-old boy with septic arthritis of his left hip. (A) AP radiograph of the left hip
at the time of presentation. The hip was drained posteriorly, but the femoral neck was not drained.
(B) AP radiograph of the left hip taken 6 weeks later demonstrating chondrolysis, avascular necrosis of the
femoral head, and chronic osteomyelitis of the femoral neck with sequestrum within the femoral neck.
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Sacroiliac (SI) joint infection may be difficult to di-
agnose unless one is familiar with its signs and
symptoms and considers it in patients with pain
about the pelvis and hip. Frequently, children with
this disease are referred with abdominal or hip
pain. Occasionally, they may be thought to have
back pain. A careful history and examination, how-
ever, reveal that the pain is localized to the posterior
pelvis. Pelvic compression is positive and usually
produces exquisite pain in the region of the SI joint.
The figure 4 test or Fabre test produces exquisite
pain in the region of the SI joint.

The child usually is febrile, with signs of a sys-
temic infection. The initial radiographs of the pelvis
are usually normal, although tomograms of the SI
joint may show some erosion of the margins of the
joint if the infection has remained untreated for a
sufficiently long period. Usually, however, all radi-
ographs are normal. The 99mTc bone scanning may
be positive; however, false-negative bone scans are
seen in 25% or more of patients with acute infec-
tions. The diagnosis, therefore, depends on a careful
history and examination, combined with confirma-
tory laboratory studies.

As in any other infection, joint aspiration is
necessary to determine the bacteriologic cause of
the infection; however, the SI joint is difficult to as-
pirate. Several descriptions of SI joint aspiration
technique have been published, but even with this
assistance the technique is demanding. Children
with SI joint infection experience considerable pain
and are usually distraught, making aspiration even
more difficult. The SI joint is best aspirated using
an approach with CT assistance. This approach al-
lows for direct access to the joint. In our experience,
little if any material is aspirated, however, what-
ever is obtained is submitted for Gram’s stain and
culture. Appropriate antibiotics are immediately
begun while awaiting culture results. The infecting
organism seen most commonly in non–drug-abus-
ing children is S. aureus. Surgical drainage is not re-
quired unless the infection does not respond to IV
antibiotics.

Gonococcal Arthritis

Septic arthritis secondary to infection with N. gonor-
rhoeae is probably the most common form of septic
arthritis in the sexually active population. The typi-
cal syndrome of disseminated gonococcal infection
frequently consists of three stages, although all pa-
tients with gonococcal septic arthritis do not go

through all of these stages. The first stage is a septic
stage that is similar to a septicemia caused by any
other bacteria. The second stage is a transition stage,
and the final stage is the septic joint stage. Eighty
percent of patients with gonococcal arthritis com-
plain of a migratory polyarthralgia, which is most
commonly seen on the dorsum of the hands, wrists,
ankles, and feet. This history is so characteristic that
the diagnosis of gonococcal arthritis may be made
on the basis of the history of migratory polyarthral-
gia combined with the typical joint findings.

About 60% of patients with gonococcal arthritis
have more than one involved joint. The joints of the
upper extremity, especially those of the fingers and
wrist, are more commonly involved than are the
joints of the lower extremity.

Joint aspiration is mandatory for culture and
fluid analysis. Typically, the WBC count of the fluid
is much lower than one would see in the fluid of a
joint infected with another organism. In a series of
teenagers with gonococcal arthritis, the average
WBC of the synovial fluid was 48,000, with a range
of 3,800 to 152,000. The organism is difficult to cul-
ture in the laboratory, and joint fluid cultures of sep-
tic joints are positive only half of the time. Therefore,
it is necessary to culture all orifices in patients sus-
pected of having gonococcal arthritis. Additionally,
it is imperative that all patients with gonococcal in-
fections be tested for other sexually transmitted in-
fections (syphilis, hepatitis B, HIV) and treated
presumptively for Chlamydia trachomatis.

Surgical drainage of the infected joints is usually
not required because the organism is so easily eradi-
cated with appropriate antibiotic therapy. In addi-
tion, the organism usually does not destroy the
involved joint until late in the course of an infection;
therefore, if an infection is treated promptly, no joint
destruction should be expected. Penicillin and tetra-
cycline resistance among N. gonorrhoeae isolates from
the United States is common; therefore, penicillin is
no longer an appropriate empiric choice for sus-
pected gonococcal infection. In treating patients with
gonococcal arthritis, one should follow the Centers
for Disease Control and Prevention recommenda-
tions, which are to treat with ceftriaxone 50 mg/kg
(up to 1g) as a single IV or IM dose for 7 days. Op-
tions for the cephalosporin allergic patient or in cases
of proven cephalosporin resistant gonnococcal infec-
tion are spectinomycin or a fluoroquinolone, such as
ciprofloxacin. Consider using a fluoroquinolone in
patients under the age of 18 as discussed above in the
section “Pseudomonas: Infections of the Foot Follow-
ing Puncture Wounds.” Presumptive treatment for
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concomitant C. trachomatis infection is a single oral
dose of azithromycin 20 mg/kg (up to 1g). Addition-
ally, evaluation and treatment of the patient’s sexual
partners is important in preventing reinfection. 
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The Normal Synovium
Robert F. Ashman

Characteristics of Normal Synovial Fluid

The structure of the synovium, or synovial membrane
is discussed in Chapter 2.

Synovial fluid is a plasma transudate from syn-
ovial capillaries, modified by the secretory activities
of the type B synovial lining cells. They secrete the
hyaluronic acid-protein complex (mucin) that gives
synovial fluid its viscosity and lubricating properties.
Glucose and electrolytes are in equilibrium between
synovial fluid and serum. The nutrition of hyaline
cartilage depends on synovial fluid exchanged by dif-
fusion plus compression and decompression of the
cartilage during motion and weight bearing.

Normal fluid is clear, pale yellow, and suffi-
ciently viscous that droplets expelled from a needle
tip fall in a long string. Normal synovial fluid does
not clot because it lacks fibrinogen. The normal vol-
ume of fluid in the largest synovial cavity, the knee,
is 0.2 to 4 mL. Thus, aspiration of the normal joint
may yield only enough fluid to wet the needle.

Laboratory analysis of normal fluid shows (1)
sterile culture; (2) less than 100 leukocytes per cubic
millimeter, mostly lymphocytes and monocytes; (3)
specific gravity of 1.008 to 1.015; (4) protein content
of 20 to 200 mg/mL, with an albumin/globulin
ratio of 1.5:1; (5) mucin content that varies widely
and is the main determinant of the high viscosity;
(6) glucose that is normally more than 75% of the
concentration in serum; and (7) no crystals. 

Examination of Synovial Fluid

Aspiration of synovial fluid is a helpful diagnostic
maneuver whenever the cause of arthritis is in
doubt but especially when the inflammation is con-
centrated in a single joint or has an acute onset. Rul-
ing out infection or crystal deposition as a cause of
arthritis is the strongest indication for synovial fluid
analysis because the treatment of these disorders is
substantially different from that of other causes of
joint inflammation. In the case of bacterial infection,
the results of misdiagnosis can be catastrophic.

Routine analysis of synovial fluid includes (1)
inspection for color, transparency, and viscosity;

(2) cell count; (3) crystal examination; (4) bacterial
culture; and, if bacterial infection is suspected clin-
ically, (5) Gram’s stain. Samples for both cell count
and crystals can be collected in sodium heparin
(green-top) tubes. All of these tests are most reli-
able when performed on fresh specimens. Culture
of the fastidious gonococcus requires employing
specialized culture techniques within a few min-
utes of collection.

Additional tests sometimes performed, which add
little to the above information, include glucose, pro-
tein, and complement levels.

Crystal Examination

Crystal examination is the only known means of
making the diagnosis of gout, pseudogout, and
basic calcium phosphate (BCP) crystal disease. Ex-
amination of fresh synovial fluid on a polarizing
microscope with a first-order red compensating
filter permits the recognition of birefringence in
addition to crystal morphology. Sodium urate crys-
tals are thin, pointed, and strongly negatively bire-
fringent (yellow if their axis is parallel to that of
the compensator). Calcium pyrophosphate dihydrate
(CPPD) crystals are short, thick, and weakly posi-
tively birefringent. Diagnosis is more certain if
crystals are seen within phagocytes. BCP (includ-
ing hydroxyapatite) crystals may sometimes be
identified under ordinary light microscopy as
small, chunky Alizarin red-staining crystals in
clumps.

Crystal artifacts occasionally encountered in-
clude steroid crystals (flat parallelograms occur-
ring in joints recently injected with depot steroid
preparations).

Table 6-1 summarizes the results of synovial
fluid analysis, with usual diagnostic implications.
Typical cell counts and fluid characteristics over-
lap among the classifications, and only in the case
of a positive crystal examination or culture can a
definitive diagnosis be made from fluid alone. Be-
cause septic joints (especially if partially treated)
may have low leukocyte counts, culture should be
performed regardless of the fluid’s appearance.
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TABLE 6-1.
Results of Synovial Fluid Analysis

Group Appearance Cell Count/µL Neutrophils (%) Typical Diagnosis

Normal Clear, colorless to straw < 100 < 25 None
colored, good string, 
low volume

I (Noninflammatory) Clear, straw colored, 200–2,000 < 25 Degenerative arthritis, 
good string internal derangement, 

trauma, aseptic 
necrosis

IIA (Mild inflammatory) Faintly cloudy, 1,000–10,000 25–50 Systemic lupus erythematosus 
moderate string and other immune complex 

arthritides, mild 
rheumatoid arthritis, 
spondyloarthropathies

IIB (Severe inflammatory) Translucent but cloudy, 2,000–75,000 50–75 Moderate to severe 
yellow, drops like rheumatoid arthritis, 
water gout, pseudogout, 

tuberculosis
III (Septic) Creamy, opaque, >50,000 > 80 Acute gout, bacterial infection

poor string

Furthermore, more than one diagnosis may be pres-
ent, as in the gout patient with a septic joint.

A frankly bloody fluid may mean tumor,
trauma, or hemophilia. A dark brown fluid full of
hemosiderin is seen in hemophilia and pigmented
villonodular synovitis. Fat floating on a bloody fluid
indicates fracture or tumor exposing the marrow
cavity to the synovial space. Floating fragments re-
sembling ground pepper represent pigmented carti-
lage fragments in ochronosis. Small white clots
(“rice bodies”) represent fibrin bits seen in some in-
flammatory fluids. Phagocytic mononuclear cells
with vacuoles may appear in rheumatoid arthritis
(RA) and in reactive arthritis.

Synovial Biopsy

The indications for synovial biopsy are rare, be-
cause fluid analysis, direct visualization by arthro-
scopy, or arthrography usually provides most of the
information required for diagnosis. The suspicion
of tumor, pigmented villonodular synovitis, tuber-
culous or fungal arthritis, sarcoidosis, amyloidosis,
or synovial chondromatosis may be confirmed by
synovial biopsy.

Biopsy is most commonly obtained by arthro-
scopy. Biopsy tissue is usually formalin fixed for

hematoxylin and eosin staining, but preservation of
urate crystals requires absolute ethanol, and cultures
require unfixed sterile samples. The yield of positive
cultures from synovium in tuberculous and fungal
arthritis is superior to that of fluid cultures. Other
special staining procedures include iron stains for
hemosiderin in pigmented villonodular synovitis or
hemochromatosis and Congo red stains for amyloid.

Histologic findings of diagnostic import include
the cartilage metaplasia of synovial chondromatosis,
malignant synovial sarcoma and chondrosarcoma,
metastatic tumors or leukemias, caseating granu-
lomas (tuberculosis), noncaseating granulomas
(sarcoidosis), the histiocytes and giant cells of
multicentric reticulohistiocytosis, and the periodic
acid Schiff-positive macrophages of Whipple dis-
ease. Of course, inflammation is a far more com-
mon finding, but unfortunately, the histology of
inflamed synovium is similar in the major rheu-
matic diseases. Early in inflammatory arthritis,
the synovial lining cells accumulate, capillaries
proliferate, and then mononuclear cells (mostly
monocytes and T lymphocytes) infiltrate the tis-
sue. Finally, in the chronic phase, complete germi-
nal centers resembling those of lymph nodes may
appear. The exuberant thickening of this hypercel-
lular synovium resembles granulation tissue and
forms long villous fronds. 
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TABLE 6-2.
Radiographic Classification of Degenerative Joint Disease

Grade Description

KNEES
0 Normal
1 Doubtful narrowing of joint space and possible osteophytic lipping
2 Definite osteophytes and possible narrowing of joint space
3 Moderate multiple osteophytes, definite narrowing of joint space, some sclerosis, and 

possible deformity of bone ends
4 Large osteophytes, marked narrowing of joint space, severe sclerosis, and definite 

deformity of bone ends. Subchondral cysts may be present.
HIPS
0 Normal
1 Possible narrowing of joint space medially and possible osteophytes around the 

femoral head
2 Definite narrowing of joint space inferiorly, definite osteophytes, and slight sclerosis
3 Marked narrowing of joint space, slight osteophytes, some sclerosis and cyst 

formation, and deformity of femoral head and acetabulum
4 Gross loss of joint space with sclerosis and cysts, marked deformity of femoral head 

and acetabulum, and large osteophytes

(Adapted from the Council for International Organization of Medical Sciences, 1963)

Osteoarthritis
Rebecca S. Tuetken

Pathogenesis and Clinical Manifestations

Osteoarthritis (OA), the most common joint disease,
is age related, affecting more than 80% of people
over the age of 55. It is more common in women,
especially after menopause. OA in weight-bearing
joints is strongly linked to body mass index. As life
expectancy increases, and the rate of obesity reaches
epidemic proportions, it is no surprise that OA is in-
creasingly common. OA pathogenesis involves an
imbalance between normal cartilage degradative
and repair mechanisms, which results in net loss of
cartilage, hypertrophy of bone, and generation of
osseous outgrowths called osteophytes. OA has a
predilection for finger joints, knees, hips, shoulders,
and the spine. Occurrence in an atypical joint, such
as an elbow, can usually be traced to prior trauma, a
congenital joint abnormality, underlying systemic
disease, or a chronic crystalline arthropathy. The
heterogeneity of OA arises from the many factors
that can contribute to cartilage damage.

Patients will typically report pain that is in-
creased with activity, and relieved by rest, though
rest pain occurs in advanced disease. “Gelling”—
stiffness that occurs after any period of rest—is also

common. Morning stiffness, when present, rarely
lasts more than 30 minutes. Symptom severity ranges
from asymptomatic disease diagnosed radiographi-
cally to significant pain with functional limitation.
Physical exam findings of the affected joints include
tenderness on palpation, crepitus (palpable friction)
with movement, bony enlargement, abnormal align-
ment, decreased range of motion, and sometimes
joint effusion. 

Regional Variations and Radiographic
Features

The characteristic radiographic features of OA are
osteophytes, asymmetric joint space narrowing,
subchondral bone sclerosis, and subchondral cysts.
The severity of OA can be scored based on these
four common features (Table 6-2). Osteophytes, com-
monly called “bone spurs,” are osseous outgrowths
that most commonly arise at the joint margins, and
are the single most common feature of OA. Joint
space narrowing results from loss of hyaline cartilage
and should be present to some degree in all joints
that exhibit osteophytes. Because cartilage loss is
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greatest where the stress on the joint is greatest, ra-
diographic joint space narrowing in OA is usually
asymmetric, in contrast to the more uniform pattern
that occurs in chronic inflammatory arthritides such
as rheumatoid arthritis. Subchondral bony sclerosis
also occurs in the most stressed areas of the joint,
where cartilage is most thin. Once cartilage is lost,
the bone surfaces rub and polish each other, a
process termed eburnation. Eventually, in severe dis-
ease, cysts may form in the subchondral bone be-
neath eburnated or sclerotic surfaces.

Hands and Wrists

The most commonly affected hand joints are
the distal interphalangeal (DIP), proximal interpha-
langeal (PIP), and the first carpometacarpal (CMC)
joints. Osteophytes of the DIP joints (called Heber-
den’s nodes), and of the PIP joints (called Bouchard’s
nodes) may be prominent and are sometimes tender
(Figure 6-1). In severe cases, angular deformity, dis-
location, or ankylosis may occur. OA of the first
CMC (trapeziometacarpal) joint causes pain with
grasping or pinching and crepitus on movement.
Occasionally, the metacarpophalangeal (MCP) joints
are involved but never without concomitant disease
in the DIP and PIP joints. Isolated MCP degenera-
tion is usually secondary to some other disease
process, such as a recurrent crystal arthritis. Radi-
ographs of the hand and wrist joints will show
uniform or nonuniform joint space narrowing,
osteophytes at the joint margin, bony sclerosis, and
sometimes subchondral cysts. At the DIP and PIP
joints, osteophytes have been described as “seagull
wings” because the pattern of the marginal osteo-
phytes with irregular joint space narrowing resem-
bles a seagull flying (Figure 6-2). Erosive osteoarthritis
of the DIP and PIP joints is a particularly painful dis-
ease primarily of middle-aged and older women,
characterized by degenerative changes plus inflam-
mation. Bone erosions occur centrally, but can also
extend laterally along the joint margin, and coupled
with marginal osteophytes, give a scalloped appear-
ance to the joint on plain radiographs.

Knees

OA of the knees is common, and risk is strongly
linked to body mass index. Symptoms include pain
with walking, standing up from a chair, climbing or
descending stairs; and stiffness after periods of rest.
Exam findings may include joint effusion, crepitus
with movement, and with more advanced disease,
loss of full knee extension and a palpable osteophytic

ridge. Because it bears the most weight, the medial as-
pect of the joint tends to degenerate more rapidly
than the lateral aspect, resulting in varus (“bow-
legged”) angulation of the knee, and asymmetric joint
space narrowing on weight-bearing radiographs (Fig-
ure 6-3). Although less common, the opposite pattern
of lateral joint space loss and valgus (“knock-kneed”)
deformity does occur. Plain films also typically re-
veal sclerosis, with or without subchoncral bone
cysts, and osteophytes arising from the tibial spines,
intercondylar notch, and from the joint margins of
the tibia and femur. In patellofemoral disease, mer-
chant and lateral radiographs of the knees will reveal
narrowing of the patellofemoral space, often with the
patellae displaced laterally, and osteophytes at the
superior and inferior poles of the patella. Uniform
tri-compartmental (medial, patellar, and lateral) joint
space narrowing without osteophytes usually indi-
cates the aftermath of an inflammatory arthritis, such
as rheumatoid arthritis.

Hips

Symptoms of hip OA vary. Patients may report
groin or buttock pain with walking, but sometimes
experience pain that radiates toward the knees. The
exam may reveal decreased range of motion, partic-
ularly internal hip rotation, sometimes with pain at
the limit of rotation. Radiographs of early disease
show changes concentrated in the superolateral as-
pect of the joint, the area under most mechanical
stress. Joint space narrowing is followed by osteo-
phyte formation, sclerosis, and cyst formation. Re-
modeling of the medial and lateral femoral head
occurs and can lead to its collapse and flattening.
The medial acetabulum space fills in with osteo-
phytes, resulting in gradual superolateral migration
of the femoral head (Figure 6-4). The cortex may
thicken with new bone formation along the medial
aspect of the femoral head (buttressing). In contrast,
chronic inflammatory arthritis, such as rheumatoid
arthritis, will typically lead to diffuse loss of joint
space and medial migration along the axis of the
femoral head, or protrusio acetabuli.

Spine

OA may affect any level of the spine, but most
commonly occurs at C5, T8, and L3, the areas of
greatest spinal flexibility. Joints of the spine in-
clude cartilaginous joints, nucleus pulposus of the in-
tervertebral discs; synovial lined apophyseal joints;
cervical pseudoarthroses called uncovertebral joints;
and fibrous articulation, the annulus fibrosus of the
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FIGURE 6-2. Osteoarthritis of the DIP joint: the combina-
tion of osteophytes at the margin (arrow) and irregular joint
space narrowing (arrowhead) resembles a seagull flying. 

FIGURE 6-1. (A and B) Heberden’s and
Bouchard’s nodes. (A) Enlargement of the distal
interphalangeal joint (arrow) due to joint osteo-
phytes is called a Heberden’s node; (B) similar
enlargement at the proximal interphalangeal
joint is called a Bouchard’s node (arrowhead). 

intervertebral discs (Figure 6-5). OA will typically af-
fect all spinal joints in the same area, but features of
disease at each joint type are described separately
for clarity.

Intervertebral (osteo)chondrosis is primary degen-
eration of the nucleus pulposus of the intervertebral
discs. Radiographs reveal progressive uniform or
nonuniform narrowing of the disc space and reac-
tive subchondral sclerosis at the vertebral endplate
with osteophytes extending from the anterolateral
vertebral margins. Progressive desiccation or rup-
ture of the disc will sometimes allow gas to appear
in the disc substance, which on radiographs will
appear as a thin linear lucency within the disc (vac-
uum sign) seen on extension and often disappearing
on flexion (Figure 6-6, A and B). The vacuum sign
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FIGURE 6-4. Osteoarthritis of the hip. An AP radiograph
of the hip joint illustrates superolateral migration of the
femoral head (arrow) with asymmetric joint space narrowing.

FIGURE 6-3. Degenerative joint disease of the knee is
manifested by asymmetric joint space narrowing. The me-
dial compartment (arrow) that bears the most weight is more
affected than the lateral compartment.

FIGURE 6-5. The vertebral bodies and intervertebral discs contain three structures that degenerate
in OA. The intervertebral facet joints (f) show classic features of osteoarthritis. The intervertebral disc
is composed of the central nucleus pulposus (n.p.), where disease is termed intervertebral osteochon-
drosis, surrounded by the annulus fibrosis (a.f.), where disease is termed spondylosis deformans. 
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helps to exclude infection as a cause of disc space loss.
Discogenic low back pain caused by ruptured discs is
typically worsened by flexing the spine, which in-
creases pressure on the disc, and likewise decreased
by extension of the spine, or by lying supine. The de-
generating disc may herniate into the adjacent verte-
bral body, producing a Schmorl node (Figure 6-6C), or
impinge on the spinal cord, causing spinal stenosis.

OA of the synovial apophyseal, or facet joints, is
characterized by joint space narrowing, marginal
osteophytes, and bony sclerosis. Lumbar facet dis-
ease may produce central low back pain that wors-
ens on extension, which loads the facet joints and
decreases with flexion. Osteophytes and hypertro-
phy of the joint capsule may cause spinal stenosis
by encroaching onto the spinal cord or the nerve
roots at the intervertebral foramina. Pain due to
stenosis may radiate below the knee, worsen with
exertion and extension, and resolve with rest or by
bending forward, a pattern known as neurogenic
claudication or pseudoclaudication. Concurrent inter-
vertebral disc degeneration worsens intersegmental
instability and increases the load on the lumbar facet
joints, which can lead to subluxation of the joints,
allowing the forward movement of one vertebral
body over another (spondylolisthesis).

In the cervical spine, the posterior margins of
the vertebral bodies project slightly beyond the disc
to form pseudoarthroses called uncovertebral joints.

Osteophytes at both the uncovertebral and facet
joints can cause cervical spinal stenosis.

Spondylosis deformans refers to degenerative dis-
ease of the annulus fibrosus of the intervertebral disc
and is characterized by formation of large osteo-
phytes along the anterior and lateral aspects of the
spine. Osteophytes of axial OA are oriented horizon-
tal to their point of origin, which distinguishes them
from the fine, vertically oriented syndesmophytes of
the inflammatory spondyloarthropathies (Figure 6-
7). Axial osteophytes of OA also differ from the par-
avertebral hyperostoses of diffuse idiopathic skeletal
hyperostosis or DISH. In DISH, there is ossification of
the paravertebral ligaments, particularly at the an-
terolateral aspects of the vertebral bodies, producing
upward or downward pointing hyperostoses, which
are sometimes bridging, appearing to flow like can-
dle wax from one vertebra to the next.

In general, anteroposterior (AP), lateral, and lu-
mbosacral spot radiographs are adequate to diag-
nose OA of the spine, and oblique views of the
lumbar spine to show the facet joints are not usually
necessary. Magnetic resonance imaging (MRI), or
alternatively, computed axial tomography (CT),
are necessary to diagnose herniated vertebral discs
and/or lumbar spinal stenosis. It is important to
make a specific diagnosis when these problems are
suspected, as physical therapy designed to alleviate
one disorder may aggravate the other.

FIGURE 6-6. Lateral views of the lumbosacral spine show a horizontal linear lucency (arrow), called a
vacuum sign, created when gas forms in the degenerated disc due to negative pressure. It is seen in exten-
sion (B) when disc pressure is lowest, and vanishes in flexion (A), which increases disc pressure. (C) A
Schmorl node (arrowhead) forms when the nucleus pulposus herniates into an adjacent vertebral body. 
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FIGURE 6-7. Osteophytes versus syndesmophytes.
Syndesmophytes of spondyloarthropathy are fine,
project vertically, and seem to flow from one vertebral
body to the next (arrows in A), whereas osteophytes of
OA are course and project more horizontally (arrow-
heads in B). 

Sacroiliac Joints

OA of the sacroiliac joint occurs frequently in
older individuals and presents on radiographs as
asymmetric joint space narrowing, osteophytes at
the inferior aspect of the joint, and distinct sclerotic
joint margins. The finding of pseudowidened joint
spaces, indistinct joint margins, and erosions or fu-
sion of the joint, particularly in a young person,
suggests the presence or aftermath of an inflamma-
tory sacroiliitis, rather than OA.

Foot and Ankle

The metatarsophalangeal (MTP) joint of the
great toe is prone to develop OA, with the usual ra-
diographic findings of joint space narrowing, osteo-
phyte formation, sclerosis, and subchondral cysts. It
often presents with pain on walking, and limited
dorsiflexion or plantar flexion of the MTP, or hallux
rigidus. Asymmetric degeneration may lead to ab-
duction of the great toe with lateral angulation of
the joint, or hallux valgus (bunion) deformity.

Subtalar joint degeneration can lead to pain
with inversion and eversion of the foot. Tibiotalar
joint degeneration rarely occurs without prior trauma
or an inciting anatomic abnormality. Rapid and de-
structive degeneration of the foot and ankle joints

usually indicates a neuroarthropathy (Charcot joint),
in which loss of sensation and proprioception leads
to improper joint loading and repetitive trauma. The
neuropathy associated with diabetes mellitus is the
most common cause.

Laboratory Features

No laboratory studies are specific for degenerative
arthritis, and none are needed to confirm the diag-
nosis. Studies are sometimes done, however, to rule
out diseases that can be associated with or mimic
OA. Assessment of serum creatinine and liver trans-
aminases may be necessary in order to safely pre-
scribe analgesics for pain. Analysis of synovial fluid
from joints with OA typically reveals normal to
mildly decreased viscosity and a cell count that is
frequently less than 100 cells/µL, and rarely higher
than 8,000 cells/µL. Cell counts at the high end of
this range are more common in long-standing joint
disease, and very high cell counts should prompt
further investigation for infection, crystal arthritis,
or other superimposed inflammatory joint disease.
When new joint effusions occur, fluid should also
be analyzed by polarized light microscopy for cal-
cium pyrophosphate dihydrate (CPPD) crystals, as

WeinCh06ff.qxd  1/2/04  7:53 AM  Page 159



160 CHAPTER 6 � Rheumatic Diseases: Diagnosis and Management

the incidence of CPPD is increased in degenerative
arthritis. Basic calcium phosphate crystals are also
increased in degenerative arthritis, but are too small
to detect by light microscopy. 

Medical Management

The goal of medical management of OA is not
merely to reduce pain, but to slow or prevent fur-
ther decline in functional status. The natural history
of OA may be one of slow, chronic progression, or of
stable periods with intermittent worsening. With
new or increased pain there is a natural tendency to
reduce activity. As activity decreases over time, so,
too, does muscle bulk and strength, which may lead
to decreased joint stability, worsening of joint de-
generation, and further decline in functional status.
Even though OA is not a systemic disease, the re-
lated decline in functional status can have major
systemic consequences, affecting cardiovascular
health, emotional health, and sense of well-being.
Breaking this cycle may require a team approach
targeted toward educating the patient and family,
evaluating and sometimes altering the patient’s
lifestyle, offering assistive devices, and prescribing
both physical and pharmacotherapy.

Nonpharmacologic Therapy

Patient education is vital, especially in early
disease where intervention is most likely to be effec-
tive. Obesity is the number one modifiable risk factor
for OA. Therefore, obese patients should be coun-
seled by dietitians and be continually encouraged
by their physicians to adhere to a diet program that
safely promotes and maintains weight loss. Patients
may alter the course of their disease and improve
their level of safety and functioning, simply by los-
ing weight and increasing or at least maintaining
muscle strength. They need to understand the bene-
fits and limitations of their medications, which are
prescribed to alleviate pain and reduce inflamma-
tion, but by themselves may not alter the disease
process or slow its progression.

Periodic rest of affected joints is appropriate, es-
pecially in acute disease exacerbations, but exces-
sive rest or reduction in activity will begin the cycle
of atrophy, weakness, and further functional de-
cline, which may actually worsen pain over time.
Exercise is required to strengthen muscles, and many
studies have shown that regular, moderate exer-
cise can both reduce pain, and improve the func-
tional status of patients with mild to moderate OA.

Finally, exercise is often required, in addition to di-
etary modifications, for effective weight loss. The
type and intensity of exercise should be tailored to
the individual needs of the patient. For instance,
for patients with OA of the knees who have not
yet developed significantly abnormal joint angu-
lation, a twice daily set of supine 10-second isomet-
ric quadriceps contractions can improve strength,
reduce pain, and reduce the risk of falling. This ex-
ercise is generally well tolerated even by patients
with moderately severe knee pain. In general, low
impact exercise, such as walking, is preferred to
high impact exercise, such as running or jogging.
Exercise in water, which helps to unload the
weight-bearing joints, can be especially beneficial
when weight-bearing pain in the knees, back, or
hips limits tolerance for land exercise.

The need for exercise guidance is just one of
many reasons that physical therapy is an integral
part of the management of OA. Physical therapists
can instruct patients on the proper use of canes and
walkers, to decrease weight-bearing stress on knees
and hips, reduce the risk of injurious falls, and re-
duce the fear of falling that by itself can greatly limit
patient mobility. Therapists can also instruct pa-
tients on the proper use of transcutaneous electrical
nerve stimulation (TENS) units to reduce pain in
specific areas. Insoles, braces, and orthopaedic shoes
can benefit OA of the knees, ankles, and feet. Lateral
wedged shoe inserts can sometimes reduce pain of
medial knee joint OA by shifting weight to the less
affected lateral compartment. Medial patellar tap-
ing may reduce the lateral compartment pain of
patellofemoral syndrome. Patients with chronic
back pain due to lumbar spinal stenosis will benefit
from education about appropriate spinal biome-
chanics used in daily activities and about those posi-
tions of the spine that exacerbate back and leg pain.

Occupational therapy can be very beneficial for
patients with hand and wrist OA. Therapists can fit
patients with finger or first CMC splints to stabilize
affected joints, and instruct them on how to reduce
joint stress during daily activities. Small sleeves of
silicone can pad tender Heberden’s and Bouchard’s
nodes. Careful use of heat or cold may also alleviate
pain. Paraffin baths are particularly soothing for the
pain of erosive OA.

Pharmacotherapy

Pharmacotherapy for OA can be divided into top-
ical (rubifacient) therapies, intra-articular therapies,
oral analgesic therapies, and dietary supplements.
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Rubifacients include counterirritant agents, which
can have a transient, soothing effect on joint pain,
and are generally safe. Topical capsaicin, if applied
frequently and consistently to a region, can selec-
tively reduce pain sensation in that region by deplet-
ing substance P from type C unmyelinated pain
neurons. However, not everyone can tolerate the ini-
tial burning sensation caused by capsaicin, and pa-
tients must be well informed in order to use this
agent properly.

Intra-articular corticosteroid injections are partic-
ularly helpful for OA of the knees, especially when
there is inflammation and joint effusion, and can be
safely repeated up to four times per year. The injec-
tion may work best if the knee joint is first aspirated
to remove excess synovial fluid. If the fluid appears at
all turbid, it should be sent for cell counts and for cul-
ture, and the corticosteroid injection should be post-
poned until it is clear that the joint is not infected.
Epidural corticosteroid injections, performed under
fluoroscopic guidance, can sometimes reduce pain of
lumbar stenosis. Viscosupplementation, intra-articular
injection of hyaluronic acid derivatives, may also be
beneficial for mild to moderate OA of the knee, par-
ticularly for patients who cannot take analgesics, or
who are not candidates for joint replacement.

Oral analgesics are still a mainstay in the
management of OA pain, but choice of agent
must be guided by knowledge of the patient’s
other medical conditions and concurrent treat-
ment. Oral analgesics include acetaminophen,
nonsteroidal anti-inflammatory drugs (NSAIDs),
selective cyclooxygenase-2 (COX-2) inhibitors, non-
acetylated salicylates, synthetic opioid agonists, and
narcotics.

Acetaminophen is inexpensive, widely used,
and for many patients will provide adequate pain
relief when used at a full dose of 1 g three to four
times per day. Though long thought to be very safe,
a recent meta-analysis suggests that acetaminophen
may cause more gastrointestinal and renal toxicity
then originally believed, especially when used
chronically. Impaired liver function is a contraindi-
cation for high dose acetaminophen.

For some patients, an oral NSAID or selective
COX-2 inhibitor will be more effective than aceta-
minophen for relieving OA-related pain. However,
the benefit of added pain relief must be balanced
with the potential for significant toxicity, especially
in the elderly, who are the majority of patients need-
ing analgesics for OA. NSAIDs inhibit gastric COX-
1, thus blocking production of gastroprotective
prostaglandins, and are known to cause significant

gastrointestinal (GI) side effects and toxicity, includ-
ing pain, acid reflux, gastric ulcers, and erosive
esophagitis. Therefore, many patients who require
chronic use of NSAIDs will also require concurrent
use of gastroprotective agents such as misoprostal, or
proton-pump, inhibitors. Selective COX-2 inhibitors
are as effective as NSAIDs for relieving OA-related
pain, and cause fewer GI side effects and ulcers, how-
ever, they may be associated with an increased risk of
heart attack and stroke. Both NSAIDs and COX-2 in-
hibitors can reduce glomerular filtration, and thus in-
crease sodium and fluid retention. Therefore, patients
who have uncontrolled hypertension, renal insuffi-
ciency, or congestive heart failure should, in most
cases, avoid these agents altogether and should cer-
tainly be monitored very closely when these agents
are prescribed. The nonacetylated salicylates, which
do not inhibit COX-1 or COX-2, may be safer choices
for elderly patients with hypertension or mild renal
insufficiency. However, ototoxicity and CNS side ef-
fects may limit tolerance to these medications.

Judicious use of narcotics or the synthetic opi-
oid agonist, tramadol, has a role in management of
OA-related pain. Short-term use for acute exacerba-
tion of pain is safe and effective in most circum-
stances. Chronic use should generally be avoided,
but may be appropriate in selective cases where
pain and functional limitation are significant, sur-
gery is not possible, and other medical conditions
prohibit use of NSAIDs or COX-2 inhibitors. Nar-
cotics and tramadol are often prescribed as combi-
nation pills containing acetaminophen, which may
improve efficacy but also creates a risk for aceta-
minophen overdose if additional acetaminophen is
taken along with them. Patients must be educated
to avoid acetaminophen overdose.

Almost all oral analgesics have some potential
for hepatic toxicity and should be used with caution
in patients with liver disease. Physicians should
obtain baseline creatinine and liver transaminases,
and later repeat these tests, in all patients who are
starting a course of chronic analgesic use for OA.

Dietary supplements, such as glucosamine sul-
fate, have gained great popularity and are now
widely used. Studies in animal models suggest that
glucosamine may slow cartilage breakdown. Human
studies do show at least a modest benefit of reduced
pain, or reduced need for other oral analgesics,
such as acetaminophen. Human studies have also
purported to show that glucosamine use reduces
loss of knee cartilage, by showing differences in ra-
diographic joint space between glucosamine versus
placebo users. However, these studies have been
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criticized for not accounting for the possibility that
pain reduction in the glucosamine users may have
altered their stance and thus increased the meas-
ured joint space. Glucosamine is generally safe,
but should be avoided by patients who are allergic
to shellfish. Many glucosamine preparations also
contain chondroitin sulfate, and small controlled
trials suggest that this agent may also reduce pain
of OA. However, chondroitin is derived from ani-
mal cartilage, which raises issues of safety, and
there is little evidence that chondroitin will pro-
vide any additional benefit beyond that derived

from glucosamine alone. The American College of
Rheumatology Subcommittee on Osteoarthritis
Guidelines does not recommend use of these agents
at this time.

Surgical Management

Surgical intervention is considered for intractable
pain or deformity that limits function and is dis-
cussed separately elsewhere. It does not obviate the
need for continued medical management. 

Rheumatoid Arthritis
Paul M. Peloso

Rheumatoid arthritis is a disease of chronic pol-
yarticular inflammation that leads to joint swelling,
joint deformity, loss of joint function, and early
death. Advances in the underlying immunobiology,
earlier diagnostic possibilities, and major therapeu-
tic approaches could well limit the previous inex-
orable decline in function. RA occurs in 1 to 3% of
the white adult population, but prevalence varies
depending on age, race, and classification criteria
used. Women are slightly more affected than men
(3:2), but the disease is seen in all races, teenagers,
and the elderly, and has a worldwide distribution.

Pathogenesis

Products of the HLA region or class II genes of the
major histocompatibility complex control both im-
mune responses and susceptibility to rheumatoid
arthritis (Color Figure 6-1). People who are HLA
DRB4 positive are more likely to develop erosive,
disabling disease, but only one-third of RA patients
are DRB4 positive. Infection is suspected to play a
role in RA onset, although no specific bacterial or
viral causes have been proven. Perhaps RA is a final
common pathway for several infections.

In the early stages, edema, microvascular prolif-
eration, and T-lymphocyte infiltration occur in the
subsynovial tissue, followed by synovial lining cell
proliferation. Increased cellularity includes synovial
infiltration by B-cells, macrophages, and fibroblasts.
B-cells develop into plasma cells and reside in the
synovium chronically, producing rheumatoid factor
(an immunoglobulin), leading to complement activa-
tion. Fibroblasts migrate to the synovial surface, with

granulation tissue development, entailing further
proliferation of fibroblasts, synovial lining cells,
and enhanced vascular infiltration. Responding to
chemotactic factors including complement byprod-
ucts, granulocytes migrate through capillary walls
and synovial tissue into the joint space. These cells
then permanently reside in the joint space and dis-
charge enzymes. These hydrolases, DNAase, pro-
teinases (elastase and collagenase) accumulate in
the synovial fluid, articular cartilage, and bone-de-
stroying structural proteins and other cells. Soluble
pro-inflammatory substances produced by activated
lymphocytes, monocytes, and macrophages (TNF-�,
interleukin 1 and other cytokines, E series prosta-
glandins, leukotriene B4) are generated in the joint.
These increase vascular permeability and further acti-
vate granulocytes, lymphocytes, and monocyte-de-
rived macrophages, synovial cells, osteoclasts, and
fibroblasts. Soluble mediators augment and perpetu-
ate the inflammatory response.

In chronic RA, this proliferative granulation tis-
sue, called pannus, advances across the joint surface,
destroying marginal articular cartilage and invading
subchondral bone. Pannus attached to the joint cap-
sule, ligament, and tendons results in joint deformity.
Active inflammation is accompanied by attempted
repair, and collagen production may become domi-
nant, leading to fibrosis and joint contractures. 

Clinical Features

As in all inflammatory arthritis conditions, patients
with RA are stiff and sore in the morning, lasting 1 to
or more hours, improving with low-grade activity.
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Visible joint swelling, especially that observed by an
experienced health care provider, is highly specific
for an inflammatory arthritis. Rheumatoid arthritis
has a predilection for small joints of the hands (PIP
and MCP), the wrists, the knees and the feet. Popu-
lation-based studies suggest pain elicited by squeez-
ing the MTPs or the MCPs in the presence of two or
more swollen joints is highly specific for RA. Sym-
metrical involvement is typical of RA, and it can be
associated with fatigue, malaise, fever, weight loss,
and lymphadenopathy. Nodules may occur, typi-
cally along the olecranon border, Achilles tendon, or
extensor surfaces of the hands and feet, but are often
a later finding.

The onset may be explosive, or an additive, pro-
gressive polyarthritis. MRI reveals bone edema
and cartilage degradation within weeks of symptom
onset. In time almost all synovial joints may become
involved, including TMJ, shoulders, elbows, wrists,
MCP, PIP, knees, ankles, feet, and cervical spine. The
hips may be spared early. Involvement of the DIPs of
the hands and inflammatory spinal involvement are
extremely rare. Tenosynovitis is common, especially
in the hands and feet and can lead to nerve root en-
trapment (carpal and tarsal tunnel) and tendon rup-
ture. Documentable joint inflammation is detected
as palpable synovial swelling or joint tenderness. Al-
though swelling is often visible and palpable, joint
tenderness is elicited by applying direct pressure to
the joint or at the end range of passive joint motion.
Tenosynovitis is diagnosed as swelling along the
tendon, pain with passive stretching of the tendon,
and pain on resisted movement.

Diagnosis, Differential Diagnosis, 
and Prognosis

The American College of Rheumatology has devel-
oped diagnostic criteria, which require the presence
of four or more of the following seven items:

Morning stiffness for at least one hour and pres-
ent for at least 6 weeks

Swelling of three or more joints for at least 6
weeks

Swelling of wrist, PIP, or MCP joints for at least
6 weeks

Symmetrical joint swelling
Hand radiograph changes typical of RA, in-

cluding erosions or unequivocal bony periar-
ticular decalcification

Subcutaneous nodules
Rheumatoid factor

The differential diagnosis of RA includes an
acute viral polyarthritis, such as rubella or par-
vovirus, SLE, Sjögren’s syndrome, sarcoidosis, sys-
temic immune complex reactions, reactive arthritis,
psoriatic arthritis, polyarticular CPPD (pseudo-
gout), and erosive osteoarthritis involving mainly
the PIPs. All can have polyarthritis, but historical
features of infection, cutaneous abnormalities, and
patterns of joint involvement all suggest these al-
ternate diagnoses.

Spontaneous remission can occur and last
months or years, in as many as 10% of patients. Risk
factors for progression include rheumatoid factor
positivity, DRB4 positivity, nodules, persistent ele-
vation of the CRP, and a progressive, additive onset.
Intermittent disease flares with increased systemic
symptoms and increased numbers of swollen joints
is the rule. Joint damage correlates with persistent
joint inflammation.

Laboratory Features

Positive rheumatoid factor occurs in 60% of patients
at 6 months and in 80% over time. Other conditions
with positive rheumatoid factors include cryoglob-
ulinemia, parvovirus 19 infection, hepatitis C, Sjö-
gren’s syndrome, SLE and occurs in 5% of normal,
healthy individuals. A positive ANA occurs in 40%.
The recently described anti–citrullinated cyclic pep-
tide (anti-CCP) antibody can be positive early in RA
when the rheumatoid factor is negative. It appears
to have prognostic importance. Persistent elevation
of the ESR or CRP and anemia of chronic disease are
common in undertreated RA.

Radiographic erosions and joint space loss com-
monly affects the MCP, PIP, MTP, and ulnar-carpal
joints, and are present in up to 30% of patients in the
first year with 90% having erosions after 2 years.
MRI is a far more sensitive test for erosions than is
plain radiography.

Rheumatoid Deformities

Chronic unchecked inflammation leads to charac-
teristic deformities. Rotation of the carpometacarpal
complex on the radius, and volar subluxation of
the carpus on the radius leads to reduced grip.
Disruption of the distal radio-ulnar ligament leads
to dorsal subluxation of the distal ulna, appreciated
clinically as the “piano key sign.” Damage to the
joint capsule and collateral ligaments of the MCP
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joints combined with rotational deformity of the
metacarpal complex leads to ulnar deviation of the
fingers, often accompanied by volar or ulnar sub-
luxation of the PIP joints. Swan neck deformity is
fixed hyperextension of the PIP joint and accompa-
nying flexion of the DIP joint. Boutonniere defor-
mity is flexion contracture of the PIP joint with
hyperextension of the DIP, resulting from damage
to the central portion of the extensor tendon overly-
ing the PIP joint. A Baker’s cyst develops in the
popliteal space from increased intra-articular pres-
sure and a gradual weakening of the posterior cap-
sule. Baker’s cysts are prone to rupture, with acute
pain, swelling, and heat in the calf, mimicking deep
venous thrombosis or cellulitis. Ultrasonography
can differentiate a cyst from venous thrombosis.
Forefoot involvement includes widening of the
forefoot, hallux valgus, hallux rigidus, and cock-up
toe deformities. Atrophy of the soft tissue pads on
the plantar surface of MTP results in weight-bearing
pain and ulceration. Hindfoot involvement in-
cludes contracture of the subtalar joints or excessive
laxity associated with abduction and pronation of
the midfoot and forefoot.

RA frequently involves the cervical spine, par-
alleling hand involvement. Particularly concerning
is weakening of ligaments attaching the odontoid
process to C2 and to the lateral masses of C1. Ante-
rior subluxation of C1 relative to C2 and the
odontoid process leads to atlanto-axial subluxation.
Progressive subluxation in concert with degenera-
tive and inflammatory changes at levels below C2
may lead to neurological impingement and motor
deficits. Cranial settling results when erosion of the
occipital condyles or the lateral masses of C1 cause
settling of the skull relative to the odontoid process.
The odontoid may protrude into the foramen mag-
num where it compresses the medulla or pons. 

Extra-Articular Manifestations

RA is a systemic disease and may entail nodules,
serositis, and vasculitis. Nodules occur in 25% of
patients and are often a late feature. They have a
central area of fibrinoid necrosis surrounded by
histiocytes and inflammatory cells. Common loca-
tions are elbows, hands, feet, although they can
occur in all locations including internal organs. Re-
peated pressure may encourage their development.
Sjögren’s syndrome occurs in 10% of RA patients,

involving chronic inflammation of exocrine glands,
most commonly the lacrimal and salivary glands.
Clinically it presents as dryness of the eyes and
mouth, leading to corneal ulceration and acceler-
ated dental carries. Serositis is relatively uncommon
and presents with recurring, moderate-sized exuda-
tive pleural effusions with a low glucose. Diffuse in-
terstitial pulmonary fibrosis is bilateral, principally
affecting the lower lung zones. Felty’s syndrome is
the co-occurrence of RA, splenomegaly, cytopenias
(white cells or platelets), and leg ulcers. Systemic
vasculitis can lead to ischemia of the skin (purpura),
vasa nervorum (peripheral neuropathies), and rarely
internal viscera. Small 1 to 2 mm hemorrhagic cuta-
neous infarcts in the periungal region of the digits
are the result of an obliterative vasculopathy and do
not indicate a systemic vasculitis.

Management of Rheumatoid Arthritis

The three major goals of rheumatoid arthritis man-
agement include reducing pain, reducing inflam-
mation, and preventing disability (Figure 6-8). Other
goals include minimizing drug toxicity and man-
agement of extra-articular features. These goals are
best prioritized through careful history taking,
physical examination, and selected laboratory and
radiographic studies. Several well-validated patient-
completed questionnaires of disability, such as the
health assessment questionnaire (HAQ), predict
short- and long-term functioning and should be a
routine component of RA care.

Pain management is not equivalent to inflam-
mation control, although they may be performed in
concert. Analgesia with acetaminophen, nonsteroidal
anti-inflammatory drugs, weak opiates (codeine and
tramadol), use of local depot steroid injections,
physical therapy, joint splinting, and education
(Arthritis Foundation) are appropriate for pain
management. NSAIDs and injections have only a
minor role in inflammation management. Pain can
result from several causes including inflammation,
but also from joint and tendon damage, muscle
pain, and fatigue and should not be assumed to be
inflammation related. Joint inflammation is diag-
nosed by asking about inflammatory symptoms
(morning stiffness and improvement with activity)
and the presence of joint swelling. Laboratory tests
(ESR/CRP) can be a helpful adjunct to the history
and examination.
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Pain 
Management

Inflammation 
Management

Disability 
Management

Management of 
Extra-Articular 
Disease Features

Analgesia with
  acetaminophen,
  NSAIDs, weak opiates.
Physical therapy,
  occupational
  therapy, education. 
Injections. 
Total joint arthroplasty.

Corticosteroid injections. 
Short courses of oral
  corticosteroids
  (prednisone 10–25 
  milligrams for one to
  two weeks). 
Hydroxychloroquine,
  sulfasalazine,
  monocycline (low 
  potency, low toxicity
  DMARDs). 
Methotrexate, azathioprine,
  leflunomide (antimetabolites
  with bone marrow and
  liver toxicity). 
Combinations of DMARDs.
TNF alpha antagonists.
(infection risks).

Control of inflammation
  (DMARDs). 
Management of
  comorbidities
  (depression and anxiety). 
Job site factor assessments
  (job physical capacity). 
Help from social workers,
  physical therapists and 
  occupational therapists.

Sicca—eye drops, oral
  lozenges, pilocarpine. 
Nodules—injections and
  surgery rarely. 
Entrapment
  neuropathy—surgical
  release. 
Cervical Spine
  instability—peri-operative
  assessment and careful
  clinical follow-up. 
Vasculitis—intensive
  medical management.

FIGURE 6-8. Managing rheumatoid arthritis. 

Inflammation is best managed with immuno-
modulators, which do not have immediate onset.
While oral corticosteroids (prednisone) and joint
injections may provide temporary relief, their
long-term toxicity and the availability of more ef-
fective drugs argue against their long-term use.
Corticosteroids should be used temporarily, for 1
or 2 weeks with acute flares and while waiting for
long-term inflammation control with disease-
modifying agents. Low potency, low toxicity
DMARDs include hydroxychloroquine, sul-
fasalazine, and minocycline. These drugs should
be used early in patients with mild disease, and in
combinations with more potent DMARDs as dis-
ease progresses. One of these drugs should be
started as soon as the RA diagnosis is suspected.

Methotrexate, an antimetabolite, has been the
mainstay of inflammatory control for the last 20
years, with two other antimetabolites, azathioprine
and leflunomide, as alternatives. For persistent un-
controlled inflammation, research has shown that
combinations of DMARDs (two or three of the
above listed agents) or the addition of TNF-� in-
hibitors are required. Recent large, long-term, ran-
domized controlled trials with TNF-� inhibitors
have shown improvements in joint inflammation
and joint damage, with prevention of radiographic
erosions. Use of antimetabolites and TNF-� in-
hibitors require expert rheumatologist advice. The

antimetabolites have important toxicity in the liver
and bone marrow and are associated with infection
risk. Recent data shows methotrexate does not im-
pair wound healing. The TNF-� antagonists also
have increased infection risk and should be stopped
2 to 4 weeks before surgery.

Prevention of disability may be the most chal-
lenging goal and requires optimal pain control, con-
trol of joint inflammation, and attention to personal,
social and occupational factors that contribute to
disability burden. Depression, anxiety, low educa-
tional attainment, a physically demanding job, and
persistent unchecked inflammation all predict job
loss. Involvement of the primary care provider, so-
cial workers, physical therapists, occupational ther-
apists, and the work site may be required to match
job requirements with the patient’s abilities.

Extra-articular features require individualized
management. Sicca complex (Sjögren’s syndrome)
may be improved with eyedrops, oral lozenges,
and oral pilocarpine or oral cholinergic agonists.
Nodules are best left alone unless they are causing
pain and functional loss. Local corticosteroid injec-
tion may cause nodules to regress. They often recur
after surgical removal. Entrapment neuropathies
require surgical release. Tendon ruptures (espe-
cially wrist and finger extensors) require surgical
repair. Recurrent Baker’s cysts may respond to sur-
gical excision.
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Cord compression symptoms are the usual justi-
fication for surgical stabilization. Cervical instability
requires cooperation between the orthopedist and the
rheumatologist. Advanced degenerative disease re-
sponds well to total joint replacement, particularly
knees and hips, although shoulder, wrist, MCP, and
PIP arthroplasty may all be appropriate in some in-
stances. The need for surgical intervention is evidence
of unchecked inflammation in the past, and surgery is
not an alternative to optimal medical management.

Felty’s syndrome, rheumatoid lung, vasculitis,
cytopenias, and drug toxicity mandate consulta-
tion with a rheumatologist and other appropriate
medical specialists, with a rheumatologist coordi-
nating care.

Advances in medical and surgical management
can fundamentally alter the natural history and
subsequent disability associated with rheumatoid
arthritis. RA need not be a progressive, disabling
condition, when expertly managed.

Systemic Lupus Erythematosus
Haraldine A. Stafford

Definition

Systemic lupus erythematosus (SLE) is a multisys-
temic chronic autoimmune disease that is distin-
guished by characteristic organ manifestations. It
most commonly involves the musculoskeletal, cuta-
neous, and renal systems. Its cause is unknown but
likely involves hereditary and environmental sus-
ceptibility factors. Autoantibodies are the hallmark
of this condition and are directed primarily to cell
nuclei and their constituents, for example, antinu-
clear antibodies (ANA), and anti–double stranded
DNA (anti-dsDNA). They mediate tissue injury by
forming immune complexes, which promote in-
flammation. They also promote cell destruction by
the reticuloendothelial system and perhaps exert di-
rect toxic effects on cell function.

SLE is primarily a disease affecting young wo-
men with a peak incidence in the reproductive
years. It affects individuals of all races and ethnici-
ties with a prevalence of 15 to 52 cases/100,000 per-
sons. Diagnosis is made on the basis of characteristic
clinical and laboratory features (for formal crite-
ria used in making the diagnosis, see Tan 1982).
The course is variable, and is related to race, type,
and severity of organ involvement. Prognosis has
improved dramatically over the last 50 years sec-
ondary to earlier recognition and more effective
management. 

Clinical Features

Patients with SLE may present with a variety of
symptoms due to the multitude of clinical manifesta-
tions. Moreover, these clinical manifestations may

change over time. Joint and skin complaints followed
by constitutional symptoms (fever, fatigue, malaise,
weight loss) are the most common presenting com-
plaints. The majority of patients have arthralgias
(95%), arthritis (90%), fever (90%), fatigue (81%), skin
rashes (malar rash, discoid lupus, photosensitivity,
74%), or glomerulonephritis (50%) at some time in
their illness. Myalgias and myositis occur less fre-
quently. Other clinical features used in making the
diagnosis of SLE include serositis, seizures, psy-
chosis, and oral ulcers. The classic presentation of a
butterfly (malar) rash (erythema over the cheekbones
and nose) with simultaneous arthritis occurs in a mi-
nority of patients.

Joint complaints include pain (arthralgias),
stiffness, and swelling (arthritis). Symptoms are in-
flammatory in nature, and may be evanescent and
migratory, persistent, or progressive. Any periph-
eral joint may be involved, although the metacar-
pophalangeal and proximal interphalangeal joints
of the hands, wrists, and knees are most frequently
affected. Symmetric polyarthritis affecting the hands
and wrists is the most common arthritis presenta-
tion. Pain and palpable tenderness is often more
prominent than swelling. This joint distribution re-
sembles the pattern in rheumatoid arthritis (RA),
and often, patients are initially diagnosed with RA.
The diagnosis of SLE becomes obvious when other
characteristic clinical and laboratory features de-
velop. Usually the joint complaints in SLE are
milder than in RA, and destruction of cartilage and
bone does not occur. Deformities of the joints can
occur in SLE, and in the hand include ulnar devia-
tion and subluxation, swan neck deformities, and
hyperextension of the thumb interphalangeal
joints. This usually reducible subluxation is called
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Jaccoud’s arthropathy, and occurs in 5 to 40% of pa-
tients. It results from stretching and laxity of liga-
ments and tendons rather than from destructive
changes typical of RA. Jaccoud’s arthropathy can
occur in other joints as well. Symptomatic axial skele-
ton involvement is unusual, although radiographic
evidence of sacroiliitis is frequently present.

Patients on glucocorticoids or immunosuppres-
sive drugs are susceptible to a variety of muscu-
loskeletal complications. Steroid myopathy can cause
progressive weakness. Glucocorticoid-induced os-
teoporotic compression fractures are a potential
cause of acute back pain. Stress fractures near a joint
can cause joint pain and swelling, and should also
be considered in those patients on chronic corticos-
teroids. Septic arthritis and osteonecrosis are other
potential causes of joint pain. Immunosuppressives,
glucocorticoids, and intrinsic susceptibility to infec-
tion predispose these patients to septic arthritis.
Clinically apparent osteonecrosis occurs in 4 to 15%
of these patients. It affects the humeral head in 80%
of cases, followed by the knees and shoulders. Mul-
tiple joint osteonecrosis is common. Pain may be
mild to severe and develops insidiously to abruptly.
Thus, acute mono- or oligoarthritis needs to be fur-
ther evaluated with arthrocentesis and MRI to elim-
inate septic arthritis and osteonecrosis, respectively.

Tendon involvement is common and includes
changes resulting in Jaccoud’s arthropathy, tenosyn-
ovitis, and tendon rupture. Tenosynovitis often in-
volves the extensor tendons of the fingers and toes.
Tendon rupture frequently affects the patellar ten-
dons, long head of the biceps and triceps, and exten-
sor tendons of the hands. Trauma and corticosteroid
use are associated risk factors.

Pathologic and Radiologic Features

Histologic synovial changes in SLE arthritis re-
semble those observed in RA although they are
milder in intensity. Typical features include peri-
vascular inflammation, synovial cell proliferation,
and fibrin deposition at the synovial membrane.
Bone and cartilage destruction rarely occur, in
contrast to what is observed in RA. Histologic ex-
amination of ruptured tendons may show inflam-
matory changes.

Radiographs of arthritic joints are often normal,
but up to 50% of patients may have mild abnormali-
ties. These abnormalities include soft tissue swelling,
periarticular osteopenia, osteoporosis, and subluxa-
tion. Joint space narrowing and marginal erosions,

which are common in RA, are rarely if ever ob-
served in SLE.

Laboratory Features

SLE patients with joint complaints usually have labo-
ratory evidence of SLE. ANAs are present in greater
than 98% of patients with SLE. However, the speci-
ficity of a positive ANA is low. Positive ANAs are ob-
served frequently in other autoimmune diseases, as
well as in healthy individuals and particularly in the
elderly. Consequently, their utility is the greatest when
used to support the clinical and laboratory impression
of SLE. Anti-dsDNA and anti-Sm autoantibodies are
more specific for SLE. Unexplained leukopenia, lym-
phopenia, hemolytic anemia, and thrombocytopenia
are hematologic manifestations of SLE. Proteinuria,
hematuria, and red blood cell casts suggest renal in-
volvement by SLE.

Synovial fluid in SLE arthritis is usually mildly
inflammatory. Fluid is clear with normal viscosity.
White cell counts typically range from 2,000 to
15,000, although values up to 40,000 have been de-
tected. There is often a lymphocyte predominance. 

Management

Appropriate medical therapy for SLE is determined
by the pattern and severity of organ involvement. If
musculoskeletal complaints are accompanied by
major organ involvement (kidneys, central nervous
system, blood cells), then aggressive therapy with
high dose glucocorticoids with or without immuno-
suppressive therapy is used. Cyclophosphamide, my-
cophenolate mofetil, and azathioprine are commonly
used immunosuppressive agents. If musculoskeletal
complaints accompany minor organ involvement
(skin, oral mucosa, pleura), then antimalarials are
often used. Isolated mild musculoskeletal com-
plaints are initially treated with NSAIDs. If they are
refractory or more severe, antimalarials are added.
Methotrexate is used for arthritis that has failed an-
timalarial treatment. Low dose glucocorticoids
(usually ≤ 10 mg prednisone each day) are used in
arthritis that fails to respond to NSAIDs while wait-
ing for antimalarials and/or methotrexate to be-
come effective. More aggressive therapy of SLE
arthritis with combination immunosuppressive
therapy, such as that used for RA, is rarely indi-
cated. TNF-� blocking agents are not used in SLE,
and may worsen it.
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Nonpharmacologic therapy is also indicated for
SLE musculoskeletal complaints. Physical and occu-
pational therapy are important adjuncts to pharma-
cologic therapy. Splints may be effective in limiting

deformities and, with appropriate exercise, may pre-
serve function. Surgical interventions may be neces-
sary to correct deformities, restore joint function,
and manage tendon rupture and osteonecrosis.

Spondyloarthropathies
George V. (Geordie) Lawry II

The spondyloarthropathies are an interrelated group
of disorders which include ankylosing spondylitis,
inflammatory bowel disease arthritis, reactive arthri-
tis (Reiter’s syndrome), and psoriatic arthritis. They
are clinically, radiographically, pathologically and ge-
netically related to ankylosing spondylitis. The ab-
sence of rheumatoid factor (leading to the name
“seronegative” spondyloarthropathy) is not an essen-
tial diagnostic feature. The predilection of these disor-
ders to axial, spinal inflammation is the dominant
clinical feature leading to the preferred term spondy-
loarthropathy. A number of clinical distinctions permit
differentiation from rheumatoid arthritis, including
important differences in articular and extra-articular
features as well as management and prognosis. 

Clinical Hallmarks

The most distinctive feature of the spondyloarth-
ropathies is the presence of “enthesopathy.” An en-
thesis is the insertion point of tendons, ligaments, or
joint capsule on bone and the term enthesopathy
refers to a physical alteration at the site of such at-
tachments. Inflammatory enthesitis is the clinical hall-
mark of all the spondyloarthropathies and is an
important feature shared by all the members of this
family. The presence of widespread enthesitis leads
to multiple spinal and peripheral manifestations so
characteristic of these disorders (Figure 6-9).

A second important hallmark is the presence of
axial (spinal) involvement. Inflammatory synovitis and
capsular enthesitis at the sacroiliac joints leads to
sacroiliitis (Figure 6-9A). Inflammation of spinal en-
theses at paraspinous ligaments leads to spondylitis
(inflammatory involvement of the spine). Inflamma-
tion at axial cartilaginous joints contributes to the
arthritis at the SI joints, intervertebral discs, symph-
ysis pubis, manubriosternal joint, and sternoclavicu-
lar joints.

The third hallmark of the spondyloarthro-
pathies is the particular pattern of peripheral joint

involvement. Axial “root” joint synovitis in shoulders
and hips is most commonly seen in ankylosing
spondylitis. An asymmetric lower extremity oligo-
arthritis (2 to 4 joints), especially involving the knee
and ankle joints, is seen in patients with inflamma-
tory bowel disease arthritis. A similar, predomi-
nantly large joint lower extremity oligoarthritis may
be seen in reactive arthritis or Reiter’s syndrome
with the addition of small joint synovitis, particu-
larly with distal interphalangeal (DIP) involvement
of toes and fingers (DIP involvement is not usually
seen clinically in RA). In addition, a particularly dis-
tinctive feature of the spondyloarthropathies (espe-
cially seen in reactive and psoriatic arthritis) is the
presence of “sausage digits” (Figure 6-9D). This dis-
tinctive pattern of swelling represents the combina-
tion of synovitis of small synovial joints combined
with enthesitis of tendon sheaths, tendon insertions,
joint capsules and supporting ligaments, giving rise
to sausage-like swelling of the entire digit. A spec-
trum of progressively increasing peripheral joint in-
volvement is seen when comparing ankylosing
spondylitis (least peripheral) to inflammatory bowel
disease arthritis to reactive arthritis to psoriatic arthri-
tis (most peripheral).

The fourth clinical hallmark of the spondy-
loarthropathies is the notable extra-articular features
frequently present in this family of disorders: ocular
(conjunctivitis and uveitis), GU (urethritis), GI (di-
arrhea and dysentery), and cutaneous (psoriasis)
manifestations.

Ankylosing Spondylitis

Ankylosing spondylitis is estimated to occur in 0.5
to 1% of the population. It begins most frequently
before age 40, usually in the third or fourth
decades of life. Symptoms and signs of inflamma-
tory spinal disease predominate. Inflammatory
back pain, suggesting sacroiliitis and spondylitis,
has five important historical features that help to
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FIGURE 6-9. (A) Bilateral sacroiliitis (ankylosing spondyli-
tis). (B) Syndesmophyte in upper lumbar spine. (C) Exuber-
ant periosteal new bone formation in lower thoracic spine.
(D) Sausage digits of right 2nd and left 1st toe (psoriatic
arthritis).

distinguish it from more common mechanical low
back pain: age less than 40, insidious onset, dura-
tion of less than 3 months, significant morning
stiffness, and improvement with exercise. Patients
with inflammatory back pain give a history that
frequently sounds quite vague, the significance of
which can easily be missed. Discriminating ques-
tions focusing on sleep, mornings, and the effect of
rest and exercise can be extremely helpful in sus-
pecting the correct diagnosis. Family histories of

patients with ankylosing spondylitis frequently re-
veal other individuals with early onset low back
pain, uveitis or iritis, inflammatory bowel disease,
or psoriasis.

Physical examination centers on evaluation of
the spine. Sacroiliac joints may be tender to direct
percussion. Specific maneuvers applying mechani-
cal stress to the pelvis frequently result in discomfort
felt directly at the SI joint (upper, inner buttock re-
gion). Visual inspection of the lumbar spine during

A B

D

C
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flexion is very important. Due to extensive inflam-
mation in spinal entheses, the lumbar lordotic cur-
vature frequently does not reverse (as it should)
during spinal flexion. Chest expansion may also be
limited due to inflammatory changes at costoverte-
bral joints in the thoracic spine. The cervical spine
may also be involved, demonstrating restriction in
all planes of motion (especially extension). Early
loss of spinal range of motion in patients with anky-
losing spondylitis may be due to inflammatory
pseudofusion of spinal ligaments, and may be re-
versible with aggressive anti-inflammatory therapy
combined with range of motion exercises. Later,
more fixed reductions in range of motion, due to
bony fusion, are not reversible.

Radiographic findings in ankylosing spondyli-
tis reveal symmetric sacroiliitis characterized by
sclerosis, articular erosions, and the later develop-
ment of bony fusion across the joint. A single AP
pelvis radiograph (Ferguson view) is the most
helpful to confirm suspected sacroiliitis. Additional
radiographic features of ankylosing spondylitis in-
clude progressive vertebral squaring and marginal
sclerosis due to remodeling of the vertebral bodies
and new bone formation. Syndesmophytes (bony
bridging across the annulus of the intervertebral
discs) may develop and, years later, result in the
development of a bamboo” spine (multiple sym-
metrical syndesmophytes giving the radiographic
appearance of bamboo).

Inflammatory Bowel Disease Arthritis

Arthritis may develop in 7 to 20% of patients with
Crohn’s disease or ulcerative colitis, and may in-
volve either the sacroiliac joints or peripheral joints
of the lower extremities.

Inflammatory back pain in such patients may
be secondary to sacroiliitis with spondylitic symp-
toms characteristic of ankylosing spondylitis. Radio-
graphically, these patients have symmetric sacroiliitis
indistinguishable from ankylosing spondylitis.
Inflammatory spondylitis may precede, occur si-
multaneously with, or follow inflammatory bowel
disease (IBD). The clinical course of spondylitis is
independent of the clinical activity of the bowel
inflammation.

Peripheral arthritis in IBD tends to be a lower
extremity, large joint oligoarthritis predominantly
involving knees and ankles. The course of the pe-
ripheral arthritis tends to be episodic, but parallels
the activity of the bowel disease.

Reactive Arthritis (Reiter’s Syndrome)

Reactive arthritis describes the clinical syndrome of
arthritis and extra-articular features sometimes seen
in susceptible individuals following a genitourinary
or gastrointestinal infection. Such patients charac-
teristically have a seronegative (rheumatoid factor
negative) arthritis lasting greater than 1 month asso-
ciated with mucocutaneous, ocular, gastrointestinal
(GI) or genitourinary (GU) manifestations. Muco-
cutaneous features include painless oral ulcers,
balanitis (scaly rash on the glans penis), and kera-
toderma blennorrhagicum (scaly rash on palms and
soles). Ocular features include conjunctivitis (which
may be completely asymptomatic) or uveitis with
ocular redness and photophobia. GI involvement is
typically a dysenteric or diarrheal illness. GU in-
volvement consists of urethritis or cervicitis.

The term Reiter’s syndrome describes the classic
triad of arthritis, urethritis and conjunctivitis. Reac-
tive arthritis is a broader term that doesn’t necessar-
ily require all three features.

Infectious agents most commonly associated
with GU or GI symptoms include Chlamydia, Salmo-
nella, and Shigella species. These agents have not
been cultured from synovial tissues despite the pres-
ence of significant joint swelling and synovitis,
hence the term reactive arthritis.

Like patients with IBD arthritis, peripheral joint
involvement in reactive arthritis is usually an asym-
metric lower extremity oligoarthritis. However, small
joint involvement is also seen in toes and fingers, par-
ticularly with the presence of sausage digits. Further-
more, the arthritis and extra-articular manifestations
may occur at different times.

Symptomatic or radiographic sacroiliitis and
spondylitis are seen in only a minority of patients. 

Psoriatic Arthritis

Cutaneous psoriasis (psoriasis vulgaris) is a problem
affecting at least 2% of the population. Psoriatic
arthritis, however, develops in only about 5% of pa-
tients with cutaneous psoriasis. Psoriatic arthritis
usually begins in young adulthood but may occur at
any age. A number of patterns of clinical involve-
ment can be seen with psoriatic arthritis, but the pre-
dominant peripheral expression of arthritis is an
asymmetric oligoarthritis, so typical of the spondy-
loarthropathies. Approximately 50% of patients with
psoriatic arthritis have a lower–upper extremity
oligoarticularthritis. Approximately 30% will have
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an asymmetric to nearly symmetric polyarthritis,
which may resemble rheumatoid arthritis. However,
careful examination revealing persistent asymmetry,
DIP joint involvement, sausage digits, and peripheral
enthesopathy (Achilles tendonitis or plantar fasciitis)
strongly suggests a spondyloarthropathy rather than
rheumatoid arthritis. Less commonly, patients with
psoriatic arthritis have sacroiliitis and spinal inflam-
mation (approximately 20%), exclusive DIP involve-
ment in hands and feet (approximately 10%) and,
rarely, severe destruction of the finger joints called
arthritis mutilans (uncommonly seen today).
Sausage digits are frequently seen in psoriatic arthri-
tis and may be very symptomatic or completely
asymptomatic (thus, easily missed if both shoes and
socks are not removed for a careful joint exam).

Extra-articular features of psoriatic arthritis are
essentially confined to the skin and nails. The five
most common site of cutaneous involvement in-
clude the elbows, knees, temporoparietal scalp, um-
bilicus, and intergluteal cleft (these last three sites
can easily be missed if not inspected carefully).

Radiographic features of psoriatic arthritis in-
clude the development of fluffy periosteal new
bone at sites of entheseal inflammation, very char-
acteristic of the spondyloarthropathies. Extensive
and aggressive inflammation at the distal interpha-
langeal joints may result in a classic “pencil in cup”
deformity at the DIP joints of the hands or the IP
joint of the great toe (a favorite site of inflammation
in psoriatic arthritis). 

Undifferentiated Spondyloarthropathy

Although four members of the spondyloarthropathy
family are clearly recognized and distinguished, pa-
tients may present with clinical features suggesting
a spondyloarthropathy (seronegative oligoarthritis
and peripheral enthesitis) without additional abnor-
malities allowing a proper name diagnosis. Patients
with such findings are best diagnosed as having an
undifferentiated spondyloarthropathy, with treatment
focused on dominant clinical features. 

Principles of Management

Spinal Inflammation

Spinal inflammation involving sacroiliitis and
spinal enthesitis is best managed with a combina-
tion of patient education (increasing understanding
and reducing fear), nonsteroidal anti-inflammatory

drugs (NSAIDs) to reduce pain and stiffness, devel-
opment of a lifelong daily exercise program (to re-
duce the tendency toward spinal fusion) and, more
recently, the addition of anti–tumor necrosis factor
(anti-TNF) therapy including etanercept, infliximab
and adalimumab, and others. 

Peripheral Inflammation

Peripheral inflammation at entheses (Achilles
tendon and plantar fascia and other sites) can best
be managed through patient education, NSAIDs,
and orthotics (heel cushions, arch supports, and
splints to reduce physical stress on inflamed enthe-
ses). Selective, local corticosteroid injections may be
helpful at reducing inflammation at painful enthe-
ses (with the exception of the Achilles tendon and
its insertion, which should not be injected because
of the danger of rupture).

Peripheral inflammation in synovial joints is best
managed with patient education, NSAIDs, joint aspi-
ration, and corticosteroid injection, and the addition of
systemic medication to reduce the inflammatory
process throughout the body. Sulfasalazine (enteric-
coated preparations) can be an especially helpful for
patients with peripheral arthritis. Methotrexate is per-
haps the most widely used, potent anti-inflammatory
and is usually given in weekly oral or parenteral
pulses. More recently, anti-TNF therapy (etanercept,
infliximab, and adalimumab) has been used in pa-
tients with spondyloarthropathy and severe axial and
peripheral inflammation with significant disease-
modifying effects. Long-term follow-up of patients
given these newer biologic therapies (anti-TNF and
other anticytokine therapy) will be required to firmly
establish both their efficacy and toxicity. At present,
the potential for serious infections appears to be the
most significant adverse effect of these agents.

Extra-articular Features

Treatment of extra-articular features in patients
with the spondyloarthropathies should be directed
at the organs involved. Ocular involvement with
uveitis frequently responds to topical and systemic
corticosteroids. GI involvement with inflammatory
bowel disease requires treatment of the underlying
Crohn’s disease or ulcerative colitis. GU involve-
ment with urethritis may be treated with a tetracy-
cline or erythromycin during acute episodes of
reactive arthritis (which appears to have no benefi-
cial effect on the duration and severity of subse-
quent arthritis). Cutaneous psoriasis frequently
responds to topical preparations and especially well
to weekly pulse methotrexate. 

WeinCh06ff.qxd  1/2/04  7:53 AM  Page 171



172 CHAPTER 6 � Rheumatic Diseases: Diagnosis and Management

Juvenile Idiopathic Arthitis
(a.k.a. Juvenile Rheumatoid Arthritis)
Mary M. Moore and Polly J. Ferguson

The term juvenile idiopathic arthritis (JIA) collectively
refers to a heterogeneous group of diseases that
occur in childhood with unknown etiology. The
term JIA has recently replaced the American term
juvenile rheumatoid arthritis (JRA) and European
term juvenile chronic arthritis (JCA). Although the
nomenclature continues to evolve, the rationale for
new ILAR (International League of Associations for
Rheumatology) classification is to recognize sub-
groups with enhanced homogeneity and to provide
internationally standardized terminology in order
to facilitate basic and clinical research.

The ILAR classification of JIA includes eight
groups: systemic arthritis, oligoarthritis, extended
oligoarthritis, polyarthritis (RF negative), polyarthri-
tis (RF positive), psoriatic arthritis, enthesitis re-
lated arthritis, and an “other” arthritis category. It is
important to correctly classify the subtype of arthri-
tis as the pertinent differential diagnoses, the prog-
noses, and the complications vary with the mode of
JIA onset. Common to all forms of JIA are the chal-
lenges involved in therapy of a chronic inflamma-
tory condition occurring in growing, developing
individuals. A multidisciplinary approach, includ-
ing physical therapist, occupational therapist, med-
ical social worker, orthopaedist, ophthalmologist,
and rheumatologist, is necessary to ensure the best
possible outcome.

The cause and pathogenesis of the JIA sub-
groups remain unknown. However, evidence sug-
gests that both genetics and environment likely
play a role. The strongest evidence is for linkage
with certain HLA alleles, but increasing evidence
shows non-HLA genes may be important as well. 

Differential Diagnosis

Chronic arthritis in children (and many other condi-
tions that present with arthralgia or apparent arthri-
tis) have multiple causes. Essential to the diagnosis
of JIA is the presence of chronic arthritis (longer
than 6 weeks duration), onset before the 16th birth-
day and the exclusion of other conditions by his-
tory, physical examination, and appropriate
laboratory testing. The possibility of malignancy
must always be considered in the evaluation of a
child with joint pain and ruled out with appropriate

studies prior to instituting therapy for the arthritis.
Pain out of proportion to physical findings, cytope-
nia, elevated acute phase response with a normal
or low platelet count, elevations in uric acid and/or
LDH, and abnormalities on radiographs are all
clues that malignancy may be the underlying cause
of the joint symptoms. Giving corticosteroids to a
child with occult malignancy can dramatically
worsen outcome and should absolutely be avoided.
Neuroblastoma and lymphoid malignancies are the
most common neoplasms that present as arthritis in
children.

Infection must also be considered in a child
with arthralgia or arthritis. Analysis of synovial
fluid is mandatory in cases in which septic arthritis
is a diagnostic possibility. Other infectious causes of
arthritis include Lyme disease and tuberculosis. Be-
yond malignancy and infection, the differential di-
agnosis is still extensive, including trauma, reactive
arthritis, acute rheumatic fever, transient synovitis
of the hip, hemophilia, inflammatory bowel dis-
ease, bacterial endocarditis, viral infections, serum
sickness, lupus, dermatomyositis, metabolic disor-
ders, among others. Growing pains, or benign limb
pains, are common in school-aged children. These
poorly localized pains usually occur in the lower
extremities in the evening or at night and normally
last a few days to weeks. Severe pain, altered gait,
morning stiffness, and abnormalities on physical
examination such as joint swelling suggest consid-
eration of alternative diagnoses, including JIA.

Clinical Characteristics

Several features distinguish JIA from adult RA. In-
flammatory arthritis in children (particularly younger
children) is much less likely to present with com-
plaints of pain, even when there is easily demonstra-
ble inflammatory arthritis on examination. Like
adults, children with chronic arthritis may develop
destructive bony changes and soft tissue flexion
contractures. Children, however, are much more
prone to develop ankylosis of peripheral joints and
the cervical spine. Growth disturbances can result
from suppression of linear growth by inflamma-
tory disease and premature epiphyseal closure. Al-
ternatively, chronic inflammation can cause boney
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overgrowth due to enhanced blood supply to an
open epiphysis. Only a minority of JIA patients are RF
positive, and virtually all of these have polyarticular
involvement at presentation. 

Persistent Oligoarthritis and Extended
Oligoarthritis

Oligoarthritis (also known as pauciarticular JRA)
is the most common form of JIA. This designation is
utilized for children with up to four joints affected
within the first 6 months of disease onset. Typically,
the large joints are affected. In about half of pa-
tients, the disease is limited to a single joint, most
often the knee. Elbows and ankles are also com-
monly involved. This presentation often afflicts
young girls, with a peak age of onset at about 2
years of age. These girls have a high incidence of
concomitant inflammatory eye disease (uveitis) as
well as serum ANA. Uveitis is typically asympto-
matic in oligoarthritis.

Joint symptoms in pauciarticular disease are
often mild and of insidious onset. The patient may
present to the pediatrician for evaluation of abnor-
mal gait or a reluctance to walk or play. These pa-
tients do not appear systemically ill. Undiagnosed
or untreated disease may result in (and present
with) muscular atrophy and joint contractures, par-
ticularly of the knee. As with other subtypes of JIA,
growth disturbances of variable degree occur, de-
pending on severity of disease, age of affliction, and
duration of joint inflammation. Most patients per-
sist with an oligoarticular course and are classified
as “persistent oligoarthritis.” However, a subset may
go on to develop additional joint involvement over
time. Those patients that develop a polyarticular
course after the initial 6 months of oligoarthritis are
classified as “extended oligoarthritis.”

Polyarthritis (Rheumatoid Factor Negative)

Children have five or more joints involved dur-
ing the first 6 months of their illness and do not have
circulating serum rheumatoid factor. Patients often
present with a gradual onset of symptoms: decreased
activity, morning stiffness, joint swelling, and occa-
sionally joint pain. Girls are most commonly af-
fected. Both large and small joint involvement may
be seen. Systemic symptoms occur, but are generally
mild. Low-grade fever, fatigue, and poor appetite
may occur for weeks or months before diagnosis. Ex-
amination reveals proliferative synovitis and effu-
sions and often loss of range of motion. Mild
adenopathy or hepatosplenomegaly is sometimes

present. Chronic uveitis occurs less frequently than
in the oligoarthritis category. JIA polyarthritis pa-
tients demonstrate a striking tendency for ankylosis
of joints, particularly of the cervical spine.

Polyarthritis (Rheumatoid Factor Positive)

Patients may also present with a gradual onset
of symptoms but many present with acute pol-
yarthritis. Girls are most commonly affected, and
both large and small joint involvement may be seen.
Low-grade fever, fatigue, and poor appetite are
often present. Examination reveals proliferative syn-
ovitis and joint effusions often with decreased range
of motion. Mild adenopathy or hepatosplenomegaly
may be present. Chronic uveitis is rare. These pa-
tients often have a persistent destructive arthropa-
thy and associated subcutaneous rheumatoid
nodules. This small group of patients represents the
onset in childhood of classic adult RA. 

Systemic Arthritis

Systemic onset of JIA (Still’s disease) occurs in
approximately 10% of cases. This diagnosis can be
quite difficult to make, as the inflammatory arthritis
is not always present on initial evaluation. These
children present with high fever, malaise, and rash.
The fever pattern in Still’s disease is classically quo-
tidian, with one or more daily spikes to the 38.8°C
to 40.5°C (102°F to 105°F) range, followed by a re-
turn to normal or occasionally subnormal tempera-
tures. The rash is often present only during fever
spikes or after a hot bath, when it transiently ap-
pears as a fine, salmon-colored, macular eruption of
the trunk, proximal extremities, and skin overlying
affected joints. Most patients have adenopathy and
hepatosplenomegaly and are found to have moder-
ate to severe anemia and a striking neutrophilic
leukocytosis. Other manifestations of systemic onset
disease may include pericarditis, myocarditis, pleu-
ral effusion, and interstitial lung disease. Renal dis-
ease is rare. Other important considerations in the
differential diagnosis include infections (particu-
larly osteomyelitis and abdominal abscesses), in-
flammatory bowel disease, and malignancy. RF and
ANA are usually absent, and diagnosis is made on
the basis of clinical findings.

Psoriatic Arthritis

Children with psoriatic arthritis may have ei-
ther psoriasis and arthritis, or arthritis plus two of
the following: dactylitis, nail changes (pitting or
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onycholysis), or dermatologist-confirmed psoriasis
in a first-degree relative. Generally, there are no as-
sociated systemic symptoms and the number of
joints involved is variable. Rheumatoid factor is ab-
sent by definition. Psoriatic arthritis has a variable
course but can be quite destructive.

Enthesitis-Related Arthritis

These patients are generally boys, who are older
than 9 years and often have a family history of
HLA-B27 spondyloarthropathy in a 1st or 2nd de-
gree relative.

For diagnosis, patients have both enthesitis and
arthritis. Or alternatively, they have only arthritis
or only enthesitis plus two of the following: sacroil-
iac joint tenderness, presence of HLA-B27, a close
relative with a spondyloarthropathy, symptomatic
anterior uveitis, or, if male, onset of arthritis before
8 years. 

Other Arthritis

Patients not fitting the seven categories or with
features of two or more of the categories, make pre-
cise classification impossible. Future revisions of
the ILAR criteria and further advances in establish-
ing etiology will likely occur.

Course, Complications, and Prognosis

Considerable variability is found in the severity,
prognosis, and the responsiveness to therapy of JIA.
Patients with oligoarthritis (pauciarticular disease)
generally have milder synovitis and a better progno-
sis. However, 10 to 15% of patients with oligoarthri-
tis later progress to polyarticular disease. Children
with oligoarthritis may develop significant disabil-
ity due to joint contractures and muscular atrophy,
even with control of inflammatory arthritis activity.
One cannot overemphasize the importance of physi-
cal therapy in the management of these patients.

Polyarticular disease has a variable prognosis.
Patients with RF often develop progressive disease
extending into the adult years, and develop signifi-
cant disability in the absence of effective therapy.
New anticytokine therapies have brightened the
long-term outcome for patients with polyarticular
(both RF positive and RF negative) disease.

Patients with systemic onset generally recover
from the acute systemic illness without major se-
quelae, but synovitis with either oligoarticular or
polyarticular pattern may then persist. A subset

develop persistent treatment-resistant arthritis.
Mortality from JIA is rare but does occur. The vast
majority of the deaths occur in children with sys-
temic onset disease. Macrophage activation syn-
drome (MAS) is a rare form of the hemophagocytic
lymphohistiocytosis syndrome, and when it oc-
curs it is a life-threatening complication of the dis-
ease. Viral infections and drugs have been implicated
in the onset of MAS. These children become rap-
idly ill with fever, worsening adenopathy, organo-
megaly, petechiae, and bleeding. ESR rapidly falls
and pancytopenia is present. The ferritin level is
often markedly elevated. This complication needs
prompt recognition and treatment. 

Ocular Complications

Eye involvement occurs in nearly a quarter of
children with JIA and is typically asymptomatic at
onset. This is most common in oligoarthritis pa-
tients but may be seen in up to 10% of rheumatoid
factor negative polyarthritis patients, and rarely in
systemic-onset patients. A chronic anterior uveitis
occurs most commonly in young girls who are
ANA positive. Insidiously progressive disease may
result in posterior synechiae with resultant pupil-
lary abnormalities. Occasionally band keratopa-
thy may be seen. Loss of vision results from the
development of secondary glaucoma, cataracts,
and keratopathy. Early detection and treatment are
essential to improving the outcome of JIA-associ-
ated uveitis. The eye disease is usually asympto-
matic at onset. Patients with oligoarthritis should
be seen by an ophthalmologist at least every 3
months during the first 2 to 3 years of disease, and
then every 6 months for several more years. There
is no correlation between the severity of arthritis
and risk for development of uveitis. In addition,
children with enthesitis-related arthritis may de-
velop anterior uveitis, but it is typically sympto-
matic, presenting as a red, painful eye with or
without photophobia.

Growth Disturbances

Children with chronic inflammatory disease of
any type may have generalized inhibition of growth
and subsequent short stature. Occasionally, periar-
ticular hyperemia results in premature epiphyseal
fusion with resultant shortening of the affected ex-
tremity. Prolonged hyperemia may at times cause
accelerated bone growth. Leg length discrepancies
are the most common orthopaedic sequelae of JIA
and can be severe. Temporomandibular Joint (TMJ)
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involvement may result in a shortened mandible
and micrognathia. This may result in disturbances
of speech and chewing, in addition to the cosmetic
alteration. Surgery may be complicated by difficul-
ties with endotracheal intubation particularly in pa-
tients with associated cervical spine fusion.

Hip disease is unusual at onset of JIA, but is
commonly seen later in patients with polyarticular
disease. Muscle spasm and disuse may result in
flexion contracture. Hip involvement in early child-
hood may contribute to valgus deformity of the
femoral neck, persistent femoral anteversion, and
dysplasia of both femoral head and acetabulum.
Postoperative ectopic bone formation occasionally
complicates surgical management of severe disease.
Nonetheless, joint replacement can be successful in
patients with disabling, end-stage disease. Knee in-
volvement typically results in flexion contracture.
Associated leg length discrepancy and hip disease
may also contribute to development of contracture
as well as genu valgus. Secondary scoliosis may
occur. In the hand and wrist, deformities similar to
adult rheumatoid arthritis are seen, although ulnar
deviation at the wrist and radial deviation at the
MCP joints is common. Additionally, some patients
develop extensive fusion of carpal bones. Ankles
and feet are similarly prone to fusion, particularly at
the subtalar joint. Complex foot deformities may be
seen as a result of soft tissue damage and growth
disturbances.

Management

Essential to optimal outcome in JIA is the early di-
agnosis and prompt institution of treatment. As our
arsenal of therapeutic agents grows and is utilized
appropriately, we are likely to see long-term out-
comes continue to improve.

NSAIDs are the most commonly used drugs in
the treatment of JIA. They control pain, swelling, and
stiffness, but have no effect on the long-term out-
come. NSAIDs approved by the U.S. Food and Drug
Administration for use in childhood include aspirin,
ibuprofen, naproxen, and tolmetin sodium. Other
NSAIDs are used for patients who cannot tolerate the
FDA-approved NSAIDs. Ibuprofen, naproxen, and
several salicylate preparations are available in liquid
form. Aspirin has a long historical record of use in
JIA but its use has decreased markedly due to the
risk (albeit very slight) of Reye syndrome, the poten-
tial for drug toxicity, and the availability of other ef-
fective drugs. Salicylates (if used) should be

promptly discontinued in JIA patients with concomi-
tant influenza or varicella infections. Most children
with JIA do not do well on an NSAID alone and re-
quire additional therapeutic intervention for maxi-
mum control of their disease.

In oligoarticular disease, intra-articular corticos-
teroids and/or anti-malarial drugs are frequently
utilized along with regular physical therapy. Sys-
temic corticosteroids are reserved for refractory cases
of JIA and are particularly useful in the treatment of
severe systemic JIA. The lowest possible dose
should be used.

Methotrexate is commonly used in children
with multiple joints involved. Increasingly, biologic
agents are being utilized that block a particular pro-
inflammatory cytokine. Children with severe pol-
yarticular arthritis who fail or have an incomplete
response to methotrexate are candidates for treat-
ment with this class of agents. These drugs must
still be used with caution, as their long-term safety
has not yet been demonstrated.

Up to 10% of children with JIA seen in a pedi-
atric rheumatology center require surgical inter-
vention, and the specific procedures used are
reviewed more extensively in the references. Chil-
dren with severe JIA have significant osteoporosis
and can experience spontaneous fractures. JIA pa-
tients require surgical intervention when medical
and physical therapy (e.g., splinting, casting) are
not sufficient to control pain, improve contracture,
or correct deformity. The most common procedure
in JIA patients is soft tissue release, particularly of
the knee or hip. Occasionally, synovial biopsy may
be necessary for diagnostic reasons. Synovectomy
can be helpful for the child with severe pain or loss
of function and is most commonly required for the
knee in oligoarthritis patients. Arthroscopy can be
performed, but the presence of severe pericapsular
contracture may decrease distensibility and visibil-
ity of the joint. Severe bone ankylosis may require
a corrective osteotomy to improve joint position.
Joint replacement is a well-established treatment
of end-stage JIA. Children with severe JIA are
often smaller and lighter than other children of the
same age, and the joint prosthesis may need to be
custom made.

Careful preoperative medical and anesthetic
evaluation is necessary in all children. Children on
systemic corticosteroid therapy need intravenous
stress corticosteroid coverage and are at greater risk
of infection. Involvement of the cervical spine,
TMJs, and cricoarytenoid joints can make airway
management difficult.
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Infectious Arthritis
Jacob W. IJdo

Infectious agents have been demonstrated to play an
etiologic role in the initiation and propagation of
some acute and chronic arthritides. Symptoms sug-
gesting a possible infectious arthritis need to be eval-
uated promptly and treated appropriately, because
failure to recognize infectious arthritis may result in
avoidable catastrophic joint destruction. However, in
reactive arthritis, the interaction of a genetic suscepti-
ble background, especially HLA-B27, with certain in-
fectious agents (e.g., Campylobacter, Chlamydia,
Clostridium, Salmonella, Shigella, or Yersinia) may
result in inflammatory reactive arthritis. In these in-
stances bacterial DNA may be found in joint fluid or
tissue using PCR, but cultures remain negative. This
section discusses infectious arthritis based on the dif-
ferent causes: bacterial, fungal, and viral.

Acute Septic Arthritis

Risk Factors

Nongonococcal bacterial arthritis can quickly
progress to a destructive acute arthritis. Direct in-
vasion of the joint by pyogenic bacteria may occur
through inoculation, or by contiguous spread from
soft tissue infection or from osteomyelitis. In the
primary care setting, the majority of cases arise
from hematogenous spread to the joint. Common
predisposing factors include injection drug use,
in-dwelling catheters, and underlying immuno-
compromised states such as HIV infection, alco-
holism, diabetes mellitus, malignancy, allogeneic
transplants, chronic inflammatory arthritis, or con-
comitant use of immunosuppressive medications.
Immuno-compromised patients may display few
symptoms of infection, making the clinical diagno-
sis of septic arthritis difficult. Orthopedic surgeons
are more likely to be confronted with joint infec-
tions as a result of trauma or surgical procedures.
Examples include penetrating injury, introduction
of a foreign body into a joint, arthroplasties, or total
joint replacements. Late infections of prosthetic
joints, albeit rare, may be the result of contamina-
tion at the time of surgery, or due to bacterial seed-
ing during a bacteremic episode.

Microbiology

The major pathogens of nongonococcal septic
arthritis of native joints are Gram-positive cocci

(in 75% of all cases), whereas Gram-negative organ-
isms are the second most common (15 to 20%).
Staphylococcus aureus is the most common cause,
both in native and prosthetic joints. Streptococci, in-
cluding pneumococci, are the second most common
Gram-positive bacteria isolated. Staphylococcus epi-
dermidis is commonly encountered in prosthetic
joints but rarely seen in native joint infections. In in-
travenous drug abusers or patients with comorbidi-
ties, such as in the elderly, Gram-negative organisms
including Escherichia coli, Proteus spp., and Serratia
spp., may be more commonly encountered.

Clinical Features

Acute septic arthritis is a medical emergency.
Delay in initiating therapy may lead to joint destruc-
tion. Acute septic arthritis usually presents with
joint swelling, warmth, pain, erythema, and loss of
function. Although usually a single joint is affected
(in about 80% of the cases), multiple joints can be in-
fected, especially in immuno-compromised patients.
Sudden onset of monoarticular arthritis should be
considered septic until proven otherwise. The large
weight-bearing joints, especially the knees, are most
commonly involved. Ankles, shoulders, elbows, and
wrists are other commonly affected sites. In a patient
with known inflammatory polyarthritis, such as
rheumatoid arthritis, the sudden worsening of a sin-
gle joint out of proportion to disease activity in the
other joints should suggest the possibility of septic
arthritis. Nonarticular infection, such as cellulitis,
pneumonia, dental abscess, or urinary tract infec-
tions, are often the distant source for bacterial seed-
ing of joints.

Constitutional signs and symptoms, when pres-
ent, are helpful in suggesting an infection but in
themselves are nonspecific, as are general labora-
tory studies. An elevated ESR is common. Leukocy-
tosis occurs in up to two-thirds of patients. Plain
radiographs are usually normal early in infectious
arthritis, except perhaps for evidence of soft tissue
swelling or joint effusion. Nevertheless, joints with
suspected infection should be radiographed at
presentation, since a baseline study is useful in in-
terpretation of subsequent examinations. Periartic-
ular osteopenia may be seen but is nonspecific.
Joint space narrowing due to cartilage destruction
may occur in days to weeks without appropriate
treatment. Subchondral bone destruction is a late
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finding. Contiguous osteomyelitis is a late but
grave complication. Radionuclide imaging tech-
niques, such as technetium gallium, or indium
scans, may aid diagnosis of septic arthritis in joints
difficult to aspirate, such as intervertebral, sacroil-
iac, or hip joints.

Laboratory Findings

The diagnosis of acute septic arthritis must be
confirmed by arthrocentesis with synovial fluid
analysis and culture. Synovial fluid is usually pu-
rulent, with greater than 50,000 cells/mm3 and
over 80% polymorphonuclear leukocytes. Initial
leukocyte counts, however, may be only minimally
elevated. In immuno-compromised hosts, leuko-
cyte counts in synovial fluid may remain low or
even normal. In cases with low or normal leuko-
cyte counts, repeat arthrocentesis in 12 to 24 hours
may demonstrate rising counts. A high leukocyte
count in itself is not pathognomonic, since high
counts may be seen in nonseptic inflammatory
arthritis, especially crystal-induced arthritis or Re-
iter’s syndrome. Identification of crystals, how-
ever, does not rule out septic arthritis, because
both entities may occur simultaneously. The defin-
itive diagnosis requires demonstration of the
causative bacteria on Gram’s stain, by culture, or
both. The main reason for false-negative culture
results are prior use of antibiotics and the special
growth requirements of some fastidious microor-
ganisms. In those cases the use of PCR may be ex-
tremely helpful. Although the utility of this
sensitive technique is still being defined, DNA de-
tection of Neisseria gonorrhoeae and Mycoplasma
spp. has been shown to be useful when cultures re-
mained negative.

Treatment

Prompt treatment will eradicate the infection,
speed recovery, and reduce morbidity. Antibiotic
treatment based on a presumptive diagnosis of
septic arthritis should be initiated after arthrocen-
tesis and collection of samples for microbiologic
studies. The choice of antibiotic is guided by the
history, clinical presentation, and results of the
Gram’s stain. If the Gram’s stain of the synovial
fluid reveals Gram-positive cocci, cefazolin or
vancomycin are preferred choices. If there are
Gram-negative organisms, a third generation
cephalosporin is indicated. If Pseudomonas aerugi-
nosa is suspected (in patients with injection drug
use), ceftazidime with an aminoglycoside is the

first choice. If a young, otherwise healthy, sexu-
ally active person presents with tenosynovitis
and migratory joint pain, without any visible bac-
teria on Gram’s stain, therapy against presump-
tive gonococcal infection may be appropriate (see
next section).

Frequent drainage of the infected joint space
will hasten eradication of the infection. Surgical
drainage may be indicated if repeated aspirations
are technically difficult. Although antimicrobial
therapy needs to be tailored to the individual pa-
tient, typically, intravenous antibiotic therapy is
given for 2 to 4 weeks followed by oral therapy for a
total course of treatment of 4 to 6 weeks, depending
on the severity of the infection. In prosthetic joints,
therapy may be even more protracted.

Gonococcal Arthritis

In contrast to nongonococcal septic arthritis, the
typical patient who develops gonococcal arthritis is
frequently young and healthy. Infectious arthritis
due to N. gonorrhoeae follows dissemination from a
primary site, such as urethra, cervix, rectum, or
pharynx. The clinical course is classically biphasic.
The first stage is characterized by migratory pol-
yarthralgias, polyarthritis, or tenosynovitis. Multi-
ple vesiculopustular skin lesions that develop
necrotic centers may be seen. Cultures from these
skin lesions and from blood are often positive for N.
gonorrhoeae during this stage. Untreated, the patient
may develop the second stage, in which infection
settles into one or a few joints, which become puru-
lent. Cultures from purulent joints are positive only
one-quarter of the time because N. gonorrhoeae is a
fastidious organism and difficult to grow. Patients
with suspected gonococcal infection should have all
possible sites examined and cultured, including
pharynx, rectum, blood, cervix in women, and ure-
thra in men. Special transport media should be used
if samples will be delayed in reaching the microbi-
ology laboratory.

Treatment consists of ceftriaxone IV or IM until
resolution of symptoms followed by a 2 weeks of
oral cefuroxime or a quinolone. However, quinolone-
resistant strains are common in Asia and the Pacific
and are also increasingly noted in Hawaii and Cali-
fornia, so quinolones are no longer appropriate in
these areas. Concurrent treatment for Chlamydia tra-
chomatis with doxycycline for 7 days is mandatory.
Sexual partners should be traced and offered treat-
ment as well.
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Mycobacterial Arthritis

Mycobacterium Tuberculosis

Tuberculous arthritis should be considered in
the differential diagnosis of chronic monoarticular
and pauciarticular arthritis at any age. The arthritis
is frequently insidious in onset. It tends to appear
“cold,” lacking the usual signs of active inflamma-
tion, especially erythema and heat. Pott’s disease,
tuberculous involvement of the spine, classically in-
volves the thoracolumbar junction. Anterior de-
struction of vertebral bodies and disks eventually
leads to angulation of the spine and kyphosis (gib-
bous deformity). Although constitutional signs of
tuberculosis (e.g., fever, malaise, and weight loss)
may be present, active pulmonary tuberculosis is
rare. A history of past infection may be absent. A
positive skin test for tuberculosis is helpful, al-
though a negative test in the presence of anergy
does not rule out the diagnosis. Diagnosis is based
on finding acid-fast bacilli in synovium or synovial
fluid or caseating granulomas in biopsied syn-
ovium. A CT-guided biopsy of inaccessible sites
may be required. Synovial fluid or tissue cultures
are positive 90% of the time. Tuberculosis and its
complications should be considered in patients
with AIDS or with a history of immigration from an
endemic area. In addition, reactivation of latent tu-
berculosis may occur as a result of treatment with
corticosteroids or tumor necrosis factor-� (TNF-�)
antagonists. Tuberculous arthritis is usually due to
hematogenous spread, and thus active disease else-
where needs to be investigated. Poncet’s disease is
defined as reactive arthritis during active tuberculo-
sis, most commonly seen as polyarticular arthritis
of the hands and feet, while cultures of synovial
fluid remain negative. Improvement ensues with
antituberculous medication. Antimicrobial treat-
ment of tuberculous arthritis or osteomyelitis is the
same as for pulmonary tuberculosis.

Nontuberculous Mycobacteria

Atypical mycobacterial joint infection can
mimic tuberculous arthritis. The most common
strains include M. marinum, M. kansasii, and M.
avium intracellulare. Infections are indolent. Diagno-
sis is made by the demonstration of the organism in
the synovial fluid or tissue. Delay of diagnosis up to
a year or more is not uncommon. Most nontubercu-
lous mycobacterial joint infections are due to local
trauma, surgery or intra-articular injection. Treat-
ment may require surgical debridement for both

diagnosis and therapy, especially for the closed
spaces of the hand and the wrist and for infections
of long bones, in addition to specific drug therapy.

Mycobacterium Leprae

Of all cases of leprosy diagnosed in the United
States, more than 85% of patients are immigrants.
The six countries with the highest incidence of lep-
rosy include Brazil, India, Madagascar, Mozam-
bique, Myanmar, and Nepal. Lepromatous leprosy
may present with polyarthralgia or polyarthritis.
Erythema nodosum leprosum is an associated find-
ing and consists of nodules on the legs, arms, or
trunk. Malaise and fever may occur. Swollen hands
syndrome is another presentation of leprosy. Thick-
ening of peripheral nerves and typical skin changes
suggest the diagnosis. Chronic erosive arthritis may
resemble rheumatoid arthritis and improves with
treatment of the leprosy. A classic finding in the late
stages of leprosy is the Charcot joint as a result of
sensory neuropathy with repeated minor trauma.
The diagnosis is made by identifying M. leprae in as-
pirates of skin lesions or biopsy specimens. M. lep-
rae may be found in synovial and periarticular
tissues. Combination therapy of several drugs with
activity against M. leprae has replaced monotherapy
with dapsone.

Syphilis

Although rare as a cause of arthritis, secondary
syphilis can cause inflammatory polyarthritis that
can be confused with many other joint diseases
such as rheumatoid arthritis, SLE, and sarcoidosis.
Syphilis is suspected if there is a concomitant macu-
lopapular rash on the palms and soles. Other char-
acteristics may include a systemic illness with fever,
lymphadenopathy, sore throat, and mucosal ulcers.
The arthritis is symmetric and involves predomi-
nantly the lower extremities. Treponema pallidum
spirochetes cannot be grown from human speci-
mens in vitro, and hence cultures of joint fluid are
negative. The diagnosis relies on serology (RPR or
VDRL) and a confirmatory FTA-ABS.

“Saber shins” are a classic manifestation of con-
genital syphilis. The congenital form of syphilis is a
severe, disabling, and often life-threatening condi-
tion, and occurs when the mother is infected and
transmits the pathogen to her unborn infant. Perina-
tal mortality is high. Infants develop early stage and
late-stage symptoms of syphilis if not treated. Early
stage symptoms include irritability, failure to thrive,
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and fever. Bony abnormalities include osteochondri-
tis, osteomyelitis, osteitis, and periosteitis. In older
children, painless effusions, especially of the knees,
may occur. In acquired primary syphilis, transient
bone pain of a boring nature may be prominent. The
tibia, humerus, and cranium are most frequently in-
volved, but radiographs are normal.

In secondary syphilis, pain and tenderness with
overlying soft tissue swelling may be seen in super-
ficial bones, such as anterior tibia, sternum, ribs,
and skull. Symptoms and signs are variable but
characteristically worse at night. Proliferative pe-
riosteitis is the most common radiographic change.
It is associated with new bone formation that may
be extensive, resulting in marked cortical thicken-
ing. The tibia, sternum, ribs, and skull are most sig-
nificantly involved, but changes may also be seen in
the femur, fibula, clavicle, hands, and feet. Pe-
riosteitis in the adult that involves both clavicles or
tibiae is frequently syphilitic. Destructive bony le-
sions suggest syphilitic osteomyelitis or osteitis, but
these are less common than periosteitis. Areas of
lysis may be seen.

Tertiary syphilis may be complicated by gum-
matous osseous lesions. The lesion pathologically
resembles a tubercle with necrosis of adjacent bone.
Lytic and sclerotic areas of bone may reach large
size and may be associated with pathologic frac-
ture. Periosteitis adjacent to gummatous lesions is
frequent. Nongummatous osseous lesions that con-
sist of periosteitis, osteitis, or osteomyelitis may
occur in conjunction with or in the absence of gum-
matous bony lesions. Charcot joints, characteristi-
cally of the knees, result from loss of proprioception
due to tabes dorsalis in tertiary syphilis. Hip, ankle,
shoulder, elbow, spine, and other joints may be af-
fected as well in tabes dorsalis.

Lyme Disease

Lyme disease is a systemic illness caused by the
spirochete Borrelia burgdorferi. The geographic distri-
bution of Lyme disease is dictated by the presence of
the vector. In the Northeast and upper Midwest,
transmission occurs by the tick Ixodes scapularis or
deer tick. Although Lyme disease has been reported
in most states, more than 90% of all cases in the
Unites States are seen in only eight states: Massachu-
setts, Rhode Island, Connecticut, New York, New
Jersey, Pennsylvania, Minnesota, and Wisconsin.
Transmission in western states occurs by Ixodes paci-
ficus (black-legged tick), while Ixodes ricinus is re-
sponsible for transmission in Europe. Normally

ticks require up to 4 to 5 days to feed to completion
and transmission of the organism occurs most effi-
ciently after 48 hours. Ticks removed within 24
hours of attachment will not have transmitted the
spirochete. Discovery and removal of an engorged
tick on the day following outdoor activities in an en-
demic area is sufficient to prevent Lyme disease in
most cases, provided that a “total body tick check” is
performed. Less than 50% of patients ever recall a
tick bite.

Clinical manifestations of Lyme disease include
early localized, early disseminated, and late dis-
ease. Early localized disease includes the typical ery-
thema migrans, or bull’s eye rash, which occurs in
about 80% of Lyme disease patients and within one
month of the tick bite. The rash (usually more than 3
to 5 cm) should not be confused with the small local
reaction (just a few mm), which occurs at the site of
any bite. The diagnosis of this stage is made by the
combination of the typical history and the rash.

The early disseminated phase occurs in several
weeks to a few months and is characterized by dis-
seminated skin lesions at sites other than the tick
bite, cardiac disease, and neurologic involvement.
This phase represents systemic infection. Spiro-
chetes may be present in the skin, in cardiac tissue
(leading to conduction block), and central nervous
system (Bell’s palsy).

Late disease is seen months after the initial infec-
tion. Most frequently it consists of a monoarthritis
of the knee, but other large joints can be involved.
Patients with Lyme arthritis are usually strongly
seropositive. Episodes of joint inflammation may
recur several times with disease-free intervals, but
the ultimate outcome is favorable with eventual
resolution of the inflammation over the course of
several years. Late neurologic symptoms are desig-
nated as tertiary neuroborreliosis in analogy with
tertiary neurosyphilis. Patients with neuroborrelio-
sis are strongly seropositive. Features include en-
cephalopathy, neurocognitive dysfunction, and
peripheral neuropathy. Neuroborreliosis is rela-
tively rare, especially because most patients are
now correctly diagnosed and treated early within
the disease course.

Laboratory confirmation of a clinical suspicion
of Lyme disease is obtained by ELISA. Positive or
equivocal ELISA results are confirmed by im-
munoblot, because significant false positive ELISA
results are due to other (spirochetal) infections (i.e.,
relapsing fever, syphilis, Epstein-Barr virus) and
other autoimmune diseases (i.e., rheumatoid arthri-
tis and SLE). A positive Lyme test includes a positive
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ELISA and a positive immunoblot consisting of at
least two of three bands for IgM (23, 39 and 41 kD),
or five of ten bands for IgG (18, 21, 28, 30, 39, 41, 45,
58, 68, 93 kD). Note that a positive IgM immunoblot
can only be used to support the diagnosis within 4
weeks of onset of clinical disease. Laboratory testing
in the setting of early disease is not recommended
because of a high rate of false-negative results, but
treatment should be initiated promptly.

Treatment of early localized Lyme disease con-
sists of 3 weeks of 100 mg orally 2 times a day doxy-
cycline, or amoxicillin 500 mg 4 times a day. Early
disseminated or late Lyme disease requires 3 weeks
of a third generation cephalosporin intravenously.

Brucella Arthritis

The organism of brucellosis is transmitted to hu-
mans from infected animals or through the inges-
tion of untreated milk or milk products; raw meat
and bone marrow have also been implicated. Other
portes d’entrée include skin abrasions and conjunc-
tiva or by inhalation during contact with animals,
especially by slaughterhouse workers, farmers, and
veterinarians. Aerosolized B. melitensis is consid-
ered an agent of biological warfare.

Most countries of mainland Europe and Japan
are free of brucellosis. However, it is suggested that
even in developed nations, the true incidence of
brucellosis may be up to twentyfold higher than of-
ficial incidence numbers. In the United States, about
200 new cases are reported every year, but only a
fraction of cases are recognized and reported. Con-
sumption of imported cheese, travel abroad, and
occupational exposures are the most frequently
identified sources of infection. Brucellosis has many
synonyms depending on geographical area (e.g.,
Mediterranean fever, Malta fever, etc). Four species
can cause human brucellosis: Brucella melitensis (the
most common cause of brucellosis) and is acquired
primarily from goats and sheep; B. abortus from cat-
tle; B. suis from hogs; and B. canis from dogs.

The clinical features of brucellosis are those of
an acute febrile illness and are not specific for bru-
cellosis. Acute infection is associated with bac-
teremia, fever, myalgias, polyarthralgia, headache,
and general malaise. Most commonly, brucella
arthritis is monoarticular and involves the large
weight-bearing joints of the lower extremities. How-
ever, 30 to 40% of patients have reactive asymmetric
polyarthritis involving the knees, hips, shoulders,
and sacroiliac and sternoclavicular joints. Infection

with brucella organisms commonly causes os-
teomyelitis of the lumbar vertebrae, starting at the
superior endplate and occasionally progressing to
involve the entire vertebra, disc space, and adjacent
vertebrae. Extraspinal brucella osteomyelitis is rare.
In brucella septic arthritis and osteomyelitis, the pe-
ripheral white cell count is typically normal, while
the erythrocyte sedimentation rate may be either
normal or elevated. Diagnosis is based on a positive
culture or on a rising or high brucella antibody titer.
Cultures of synovial fluid are positive in about 50%
of cases. Radiologic investigations aimed at detect-
ing skeletal involvement include plain radiography,
bone scintigraphy, CT, and MRI. Bone scintigraphy
is more sensitive than conventional radiography in
detecting areas of spinal and extraspinal involve-
ment, particularly in the early stage of infection.
Plain lateral radiography of the spine may reveal
bone sclerosis, with destruction and erosion of the
superior end plate anteriorly. As the disease pro-
gresses, healing with osteophyte formation and re-
duction of disc space may take place.

Monotherapy for brucellosis has now been re-
placed by combination therapy because of the high
rates of failure and relapse and the potential devel-
opment of antibiotic resistance. Combination ther-
apy lasting less than 8 weeks has also been
associated with high rates of relapse. The combina-
tion of doxycycline and an aminoglycoside for 4
weeks followed by the combination of doxycycline
and rifampin for 4 to 8 weeks is the most effective
regimen.

Fungal Arthritis

Most fungal joint infections are insidious in onset,
have an indolent course, and are associated with
mild inflammation. Diagnosis is often delayed and
frequently the only laboratory finding is a positive
culture. Septic arthritis caused by Candida albicans is
rare and is usually due to direct inoculation or
hematogenous spread. C. albicans is a rare cause of
infection in prosthetic joints (< 1%). In adults dis-
seminated candida infections are usually related to IV
drug abuse or severe illness requiring intensive care
and the use of multiple broad-spectrum antibiotics, or
associated with chemotherapy or immunosuppres-
sive medication. Treatment includes amphotericin B,
ketoconazole, and fluconazole.

Primary pulmonary infection with Blastomyco-
sis dermatitidis can lead to hematogenous spread
and skeletal infection, including osteomyelitis and
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arthritis. Osteomyelitis has a predilection for verte-
bral sites and ribs, and can mimic tuberculous infec-
tion. Large joint arthritis such as the knee can be
acute, usually in the setting of pulmonary disease or
cutaneous infections. Diagnosis is confirmed by cul-
ture and treatment options include amphotericin B,
ketoconazole, and itraconazole.

Coccidioidomycosis occurs in the southwestern
United States and is caused by Coccidioides immitis.
It may present with erythema nodosum, periarthri-
tis, and bihilar lymphadenopathy. This triad is also
seen in sarcoidosis (known as Lofgren syndrome),
and therefore, the two entities must be differenti-
ated. In coccidioidomycosis, the triad is a hypersen-
sitivity reaction to primary infection and resolves
spontaneously within weeks. Persistent arthritis is
uncommon, resulting from hematogenous spread
or extension from contiguous osteomyelitis. The
most commonly involved joints are knee, wrist and
hand, ankle, elbow, and foot, in order of decreasing
frequency. Arthritis progression is slow and indo-
lent. Diagnosis is by synovial biopsy and culture.

Sporotrichosis due to Sporothrix schenckii typi-
cally occurs in agricultural or mine workers or in
gardeners after minor skin trauma. Disease usually
presents as a painful erythematous cutaneous nod-
ule and spreads by local extension and via the lym-
phatic system. Indolent arthritis occurs rarely and
involves the knee, hand, wrist, or ankle, in order of
decreasing frequency. About half the patients have a
monoarthritis. Alcoholism or myeloproliferative
disease predisposes to infection. Diagnosis is by
synovial histology and culture.

Cryptococcus neoformans spreads hematogenously
and may seed the central nervous system and can re-
sult in bone and joint infection similar to blastomyco-
sis. Demonstration of the organisms in joint fluid or
biopsy specimens confirms the diagnosis.

Traditionally, treatment of fungal infections has
been with amphotericin B but renal toxicity has
been a major limitation. Newer agents including li-
posomal amphotericin and caspofungin seem to
have less toxicity.

Viral Arthritis

The association of acute arthritis with certain viral in-
fections has long been recognized. Viral arthritis char-
acteristically is polyarticular and usually develops at
the time of the rash or shortly thereafter. In most cases
pathogenesis seems to be due to immune-complex
deposition. It is important to remember that the

arthritis associated with viral infections never leads to
joint destruction or chronic joint inflammation.

Parvovirus B19 infections may be responsible
for as many as 12% of patients presenting with re-
cent onset of polyarthralgia or polyarthritis. B19,
first described in 1975, is very common, and causes
the common childhood exanthem erythema infec-
tiosum, or fifth disease, characterized by “slapped
cheeks” and a rash of the torso and extremities. A
majority of adults have serologic evidence of past
infection. About 10% of children with fifth disease
have arthralgias, and 5% have arthritis, usually
short-lived. In contrast, 60% of infected adults have
arthralgias or frank polyarticular arthritis, in a dis-
tribution that resembles rheumatoid arthritis. In
fact, the history of a viral syndrome and a B19 sero-
conversion may help differentiate viral polyarthritis
from rheumatoid arthritis in an early stage. B19 can
also cause transient aplastic anemia in patients with
underlying hematologic disorders, and thus B19 in-
fection may resemble SLE. A recent B19 infection is
confirmed if a B19 IgM is detected, which is only
present for several weeks (occasionally up to 2 to 3
months) after infection. IgG persists for years and is
not helpful unless a seroconversion between paired
samples is detected. Detection of B19 DNA by PCR
is useful but can remain positive for months after
the initial infection. The long-term outcome is good,
though a few patients have recurrent episodes of
arthralgias over several years.

Hepatitis B infection, clinically silent or icteric, is
usually self-limiting, followed by the appearance of
hepatitis B surface antibodies. However, 5 to 10 % of
patients may develop a chronic infection, with con-
tinued antigen production (i.e., HBeAg, HBcAg,
HBsAg). In the prodromal phase, which may pre-
cede clinical jaundice circulating immune complexes
may cause symptoms ranging from arthralgias to a
sudden and severe polyarthritis. Symptoms usually
last several weeks, but in patients with chronic active
hepatitis, arthralgias and arthritis may be prolonged.
Because patients may not be icteric in chronic active
hepatitis, laboratory testing for hepatitis may be an
essential to the diagnosis. Polyarteritis nodosa (PAN)
is frequently associated with chronic HBV viremia.
PAN is characterized by inflammation of small and
medium-sized arteries and is a multisystem disease:
arteries in skin, kidneys, peripheral nerves (vasa ner-
vorum), intestines, and muscles can be affected.

Hepatitis C has become a major cause of chronic
hepatitis and cirrhosis. Mixed cryoglobulinemia is
most frequently associated with HCV, although a
number of other viruses and bacteria have also been
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implicated. Other disorders such as lymphoma and
myeloma can also cause cryoglobulinemia. Clinical
features of mixed cryoglobulinemia include palpa-
ble purpura, hepatitis, arthralgias/arthritis, renal in-
volvement, Raynaud’s and peripheral neuropathy.
The cutaneous vasculitis and glomerulonephritis is
immune-complex mediated, and a similar patho-
genesis has been suggested for the arthritis. Treat-
ment consists of interferon 2b, preferably the
pegylated form, combined with ribavirin, with the
objective of clearing the HCV. Glucocorticoids and
immunosuppressive agents such as methotrexate
have been used, but should probably be reserved for
severe vasculitis due to the cryoglobulinemia, be-
cause these drugs may increase viral replication, and
hence perpetuate the problem.

Rubella virus infection is characterized by a mac-
ulopapular rash, lymphadenopathy, and arthralgias
or arthritis. The joint symptoms are usually self-lim-
ited. Vaccination with live attenuated strains can
cause joint symptoms in up to 25% of vaccinated in-
dividuals.

Alphavirus infections have been responsible for
viral epidemics with associated polyarthritis, but to
date, these have been all outside North America.

The viruses include Sindbis, Mayaro, Ross River,
Chikungunya, and O’nyong-nyong viruses, all of
which are mosquitoborne. The recent emergence of
West Nile virus in the United States demonstrates
the potential that these viruses may be encountered
in this country in the future. The arthritis is pol-
yarticular with a preference for the small joint of the
hands, wrists, elbows, knees, and ankles. Most
cases resolve within a week, although joint symp-
toms persisting for up to a year have been reported.

Patients with HIV may be affected by several
musculoskeletal syndromes, only a few of which are
specifically related to HIV. Reiter’s syndrome, with-
out eye inflammation, has probably an increased fre-
quency in HIV patients in the study populations.
However, extra-articular manifestations such as eye
inflammation may be absent. HIV increases the fre-
quency of psoriatic arthritis in patients with psoria-
sis. Diffuse infiltrative lymphocytosis syndrome
(DILS) and HIV-associated arthritis are seen specifi-
cally in HIV. These syndromes occur in the setting of
significant immunosuppression. Treatment with
combination antiviral therapy seems to reduce the
incidence, suggesting that HIV may be involved di-
rectly or indirectly in the pathogenesis.

Crystal-Induced Arthritis
Scott A. Vogelgesang
John W. Rachow

Gout “is usually sudden, occurring in the night, and
is of short duration.” “The cause of this disease is an
immoderate use of stimulating food and drinks.
Plethoric persons are its most frequent victims.”

R.V. Pierce, M.D., The People’s Common 
Sense Medical Advisor 1887

Gout

Few clinical presentations are as distinct and dramatic
as an acute gout attack. With its clinical description
rooted in antiquity, gout can be considered the proto-
typic acute monoarthritis as well as crystal-induced
arthritis. Gout is due to the presence of monosodium
urate (MSU) crystals in articular tissues.

Pathogenesis

Prolonged hyperuricemia at concentrations
yielding supersaturation (generally, serum uric acid >
7.0 mg/dL) leads to precipitation of MSU crystals in

soft tissues. When sufficient MSU accumulates within
joints, several factors, such as trauma, abrupt dietary
changes, acute illness, surgery, dehydration, and ad-
ministration of serum urate-lowing medications,
probably induce acute MSU crystal precipitation
within joints or shedding of crystals from deposits in
synovium into synovial fluid. MSU crystals recovered
from joints are coated with a variety of serum pro-
teins, notably immunoglobulins, which attract and
enhance phagocytosis by polymorphonuclear (PMN)
leukocytes. Crystal contact with leukocytes results in
generation of mediators of inflammation and
chemoattractants, including interleukin-1 and a spe-
cific PMN-derived, crystal-induced chemotactic fac-
tor. A massive influx of PMN into the joints ensues.
Partially due to the membranolytic properties of the
MSU crystals, PMN lysis occurs, releasing lysosomal
contents that further intensify the inflammatory re-
sponse. Simultaneous influx of serum factors into the
joint, including lipoproteins and proteolytic enzyme
inhibitors, help make gout attacks self-limited.
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Epidemiology

Gout occurs after prolonged periods of sus-
tained hyperuricemia. Consequently, the epidemi-
ology of gout closely parallels the epidemiology of
hyperuricemia. Because lower levels of serum uric
acid are found in the normal population of prepu-
bertal men and premenopausal women, gout devel-
ops mostly in postpubertal men or postmenopausal
women. Other factors that result in sustained eleva-
tions of serum uric acid above the solubility prod-
uct of MSU can lead to increased total-body urate
and predispose to gout. Such factors can be divided
into those that involve either uric acid underexcre-
tion or overproduction. 

Clinical Features

The classic gout attack is characterized by the
rapid onset (usually over a few hours) of extreme
pain, swelling, and erythema in one joint. The in-
flammatory response is so intense that patients de-
scribe an inability to tolerate anything touching the
joint. The first metatarsophalangeal (MTP) joint is
the most frequently affected joint (podagra). Other
joints commonly affected early include the mid-foot
(tarsalmetatarsal joints) and the ankle. The attacks
are usually self-limited and resolve completely in 1
to 2 weeks without therapy. Recurrent episodes are
common. The period of complete symptom relief
between episodes of intense joint inflammation,
termed the intercritical period, is a hallmark of crys-
tal-induced arthritis.

With time, the intensity of attacks lessens and
the intercritical period shortens leading to chronic
polyarticular arthritis. Polyarticular gout can af-
fect knees, wrists, elbows, metacarpophalangeal
(MCP) joints and proximal interphalangeal (PIP)
joints. Hips, shoulders and the axial spine are
rarely affected.

Aggregates of MSU crystals can deposit into
nodules called tophi that can be seen in cartilage, ten-
dons and soft tissues. Extensor surfaces of the ex-
tremities and the Achilles tendon are common sites
of deposition, but tophi can be seen on the ear, on the
skin, and around the small joints of the fingers and
toes. Tophi may drain spontaneously and may be
confused with draining abscesses. The drainage from
tophi usually includes particles of white, chalky ma-
terial and may even have an appearance suggestive
of toothpaste. Patients who have undergone organ
transplant may develop gout that behaves differently
than idiopathic gout. These patients may present ini-
tially with polyarticular, tophaceous gout.

Examination of the patient who presents with a
monoarthritis should exclude cellulitis, bursitis, or
tendonitis, which can all be associated with warmth,
pain, and swelling. Demonstration of a joint effusion
or pain on slight movement of the affected joint
helps to confirm true joint involvement. The finding
of redness over a joint with exquisite tenderness re-
quires arthrocentesis to exclude an infected joint.
MSU crystals can be demonstrated under polarized
microscopy after aspirating a tophus or by touching
a microscope slide to the tophaceous drainage.

The diagnosis of gout relies on the demonstration
of MSU crystals within synovial fluid of an affected
joint. Compensated, polarized light microscopy will
reveal negatively birefringent, needle-shaped crystals
found within PMNs. Other tests on synovial fluid are
of limited use in acute, crystal-induced arthritis. Syn-
ovial fluid leukocyte counts should be clearly inflam-
matory, often in the 20,000 to 50,000 cells/µL range. In
acute gout, synovial fluid leukocyte counts can be as
high as those seen in septic arthritis or higher. Coexis-
tent gout and septic arthritis is rare but can occur. If
clinical suspicion of a septic joint persists, even after
crystals are identified, synovial fluid Gram’s stain
and culture should be obtained.

Serum uric acid levels are often misused in evalu-
ating patients with suspected acute gout. Although a
gout attack is preceded by many months of sustained
hyperuricemia, at the time of an acute gout attack,
serum uric acid may be low, normal or high. Serum
uric acid levels are not helpful in diagnosing acute
gout; however, levels are useful in guiding uric acid-
lowering therapy, later. Further laboratory investiga-
tion to characterize the hyperuricemia may be
indicated when the acute gout attack resolves. In
most cases, hyperuricemia is due to renal underexcre-
tion of uric acid. If the onset of gout occurs in a man
before the age of 20 years, in a menstruating woman,
or in a patient without an obvious reason for renal un-
derexcretion, it is appropriate to determine whether
urate accumulation is a result of overproduction or
underexcretion. This is accomplished by measuring
24-hour urine uric acid excretion. An excretion of
greater than 800 mg of uric acid, on an unrestricted
diet is evidence of uric acid overproduction. In the
presence of normal renal function, a 24-hour urinary
uric acid of less than 800 mg in a hyperuricemic pa-
tient indicates underexcretion.

Radiology

Radiographs of a joint undergoing an acute gout
attack may only show nonspecific soft tissue
swelling. With long-standing disease and a history
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of several attacks, asymmetric periarticular swelling
suggestive of a soft tissue mass may indicate the ex-
istence of a tophus. Tophi may also develop inside
juxta-articular bone and appear on radiographs as
subchondral, cystic lucencies. Still later, bone ero-
sions may be seen that are either intra-articular or
extra-articular (proximal to the point of confluence
of synovium, cartilage, and subchondral bone).
These erosions may exhibit a characteristic appear-
ance in which overhanging edges of the disrupted
bone cortex are seen. 

Treatment

The treatment of choice for acute gout is oral
administration of a nonsteroidal anti-inflammatory
drug (NSAID). An example of an effective regimen
is indomethacin, 50 mg taken every 6 hours for 1 to
2 days then tapered to 50 mg taken every 8 hours
for 1 to 2 days then tapered to 25 mg every 8 hours
until the attack abates. There is little difference in ef-
ficacy among the NSAIDs and an inexpensive,
short-acting choice may be the most appropriate.
Caution should be exercised when using NSAIDs.
Gastrointestinal ulceration is a major problem with
chronic use. Worsening renal insufficiency or con-
gestive heart failure can also occur. Decreased doses
of NSAID and more frequent monitoring of serum
creatinine is indicated in a high-risk patient.
NSAIDs that inhibit cyclooxygenase 2 have a lower
incidence of gastrointestinal toxicity but are no
more effective, have the same potential renal toxic-
ity and are more expensive. Concerns about cardio-
vascular morbidity may limit the use of these agents.
Aspirin, other salicylates, allopurinol, and the uri-
cosurics should be avoided in gout attacks, because
they are likely to alter serum uric acid levels and
lead to prolongation of the attack.

Colchicine has also been used for the treatment
of acute gout. The traditional oral regimen is 0.6 mg
every 1 to 2 hours until (1) improvement in the at-
tack is seen; or (2) until the development of nausea,
vomiting, or diarrhea; or (3) until a maximum of 10
doses (<6 mg in a 24-hour period) have been taken.
Intravenous colchicine is rarely used because of the
potential for severe bone marrow toxicity. The dose
of colchicine should be reduced in those with im-
paired renal or hepatic function and in the elderly.

A short course of oral corticosteroids (e.g., pred-
nisone 20 mg daily for 3 days, 15 mg daily for 3
days, 10 mg daily for 3 days, 5 mg daily for 3 days,
then stop) is frequently efficacious and well toler-
ated. Intra-articular corticosteroids can also be ben-

eficial provided one is sure the joint is not infected.
Intramuscular ACTH has been shown to be effec-
tive. Finally, in a patient with multiple comorbidi-
ties that limit therapy, simply controlling the pain
while the self-limited attack abates may the most
appropriate course.

Long-term management must be individual-
ized. Some patients may suffer only a small num-
ber of gout attacks in their lifetime and never
develop detectable tophi or joint damage. Intermit-
tent use of NSAIDs in this case may be the most ap-
propriate course. Repeated attacks, the development
of tophi, joint damage, or renal damage may neces-
sitate serum urate-lowering therapy. Allopurinol
inhibits the enzyme xanthine oxidase and prevents
the formation of uric acid. A usual dose is 300 mg
orally, once a day. Smaller doses (i.e., 100 mg) may
be appropriate in the elderly or in a patient with
renal insufficiency. The dose is adjusted upward
until a serum uric acid level of �5 mg/dL is
achieved. Patients should be instructed to immedi-
ately discontinue allopurinol if they develop a new
rash. The development of allopurinol hypersensi-
tivity can rarely be associated with fatal toxic epi-
dermal necrolysis. The indications for using
allopurinol include three or more attacks in a year
and one of the following: renal insufficiency, nephro-
lithiasis, or tophi.

Initiation of allopurinol therapy is associated
with an increased frequency of gout attacks. Conse-
quently, prophylaxis against acute attacks is usually
administered for a week before the initiation of al-
lopurinol and continued for 1 to 12 months in the
form of oral colchicine 0.6 mg once or twice daily.
Small doses of NSAID (i.e., ibuprofen 400 mg once
or twice daily) may be substituted if the risk for
NSAID associated toxicity is low.

Uricosuric drugs, which can lower serum uric
acid, seem a rational choice in patients with uric
acid underexcretion. There are some limitations to
this approach: (1) normal renal function is required
for the uricosuric drugs to be effective; (2) increased
concentration of urine uric acid can result in acute
stone formation—uricosuric drugs should not be
used in patients with a history of stones; (3) serum
uric acid reductions are likely to be modest com-
pared with reductions achievable with allopurinol;
(4) uricosuric drugs have a short half-life and must
be given four times a day. Probenecid and sulfin-
pyrazone are both uricosuric drugs used in the
long-term management of gout. Probenecid is usu-
ally begun at 500 mg/day and increased to 2000 to
3000 mg/day in four divided doses as needed to

WeinCh06ff.qxd  1/2/04  7:53 AM  Page 184



Crystal-Induced Arthritis 185

lower the serum uric acid. Sulfinpyrazone can be
initiated at 100 mg/day and increased as needed to
800 mg/day in four divided doses. Increased fluid
intake is recommended to lessen the risk of acute
urinary stone formation. Just as with allopurinol,
acute lowering of serum uric acid with uricosuric
drugs can precipitate acute gout attacks, prophy-
laxis should be used.

Calcium Pyrophosphate Dihydrate (CPPD)
Deposition Disease

In the early 1960s, patients with acute arthritis
thought to have gout were found to have crystals in
synovial fluid that were not MSU. Radiographs
showed abnormal calcifications and later the crys-
tals in synovial fluid were identified as calcium py-
rophosphate dihydrate (CPPD). 

Pathogenesis

Metabolic abnormalities that allow CPPD crys-
tals to form intra-articular deposits are not well un-
derstood. There does not appear to be an increased
whole-body load of inorganic pyrophosphate (PPi).
Plasma, serum, and urinary levels of PPi are no dif-
ferent in most patients with CPPD crystal deposi-
tion than normal. Synovial fluid PPi concentrations
are higher than plasma in many arthropathies but
are highest in patients with CPPD crystal deposi-
tion. Accumulated evidence suggests that elevated
intra-articular PPi concentrations are more likely
due to excess production of PPi by cartilage than to
impaired PPi clearance mechanisms. Impaired PPi
hydrolysis may be an important factor in some
cases. Breakdown of PPi in vitro by inorganic py-
rophosphatases, which are widely distributed in
human tissue, is inhibited by high calcium and low
magnesium. This may partially explain the associa-
tion of CPPD deposition with hyperparathyroidism
and hypomagnesemia. 

Epidemiology

CPPD crystal deposition occurs only in adults and
uncommonly before the sixth decade. The incidence of
chondrocalcinosis on radiographs steadily rises and
may exceed 30% of the asymptomatic population over
85 years old. CPPD deposition also occurs more fre-
quently in certain metabolic diseases such as hypothy-
roidism, hyperparathyroidism, hemochromatosis,
hypomagnesemic states, and hypophosphatasia. 

Clinical Features

CPPD can present in several different manners.
Acute attacks of inflammatory arthritis (monoarthri-
tis, often termed pseudogout, or oligoarticular arthri-
tis) commonly occur first in the knees. However, the
wrist, elbows, ankles, and shoulders are often in-
volved. Involvement of the first MTP occurs, but is
uncommon. Acute attacks are usually self-limited,
lasting several days to weeks. Acute attacks may
occur in a postoperative patient and, like in gout,
may uncommonly coexist with a septic joint.

CPPD can also present as a polyarticular, in-
flammatory arthritis, commonly involving the
knees, wrists, and elbows. Involvement of the small
joints of the hands and feet can be seen but is un-
common. Low-grade, chronic joint pain and
swelling can be seen in some with evidence of de-
generative joint disease. Some patients will present
with what appears to be a disintegrating, neuro-
pathic joint as a result of CPPD crystal deposition.
Finally, many have no clinical symptoms but chon-
drocalcinosis can be demonstrated on radiographs.

The diagnosis of CPPD relies on the demonstra-
tion of calcium pyrophosphate crystals within the
synovial fluid of an affected joint. Compensated, po-
larized light microscopy will reveal positively bire-
fringent, rhomboid-shaped crystals found within
PMNs. Other tests on synovial fluid are of limited
use. Synovial fluid leukocyte counts are similar to
those seen in gout.

Radiology

The radiologic hallmark of CPPD is chondro-
calcinosis: calcification of the fibrocartilage and
hyaline cartilage of involved joints. The most
commonly calcified fibrocartilage includes the
knee, the pubic symphysis, and the triangular fi-
brocartilage of the wrist. Hyaline cartilage calcifi-
cation tends to be more linear and parallels the
subchondral bone. Joint space narrowing, sub-
chondral sclerosis, and subchondral cysts can also
be seen. Isolated patellofemoral joint space nar-
rowing with osteophytes suggests the diagnosis of
CPPD. 

Treatment

The therapy for acute CPPD arthropathy is
similar to that used for gout and includes NSAIDs,
corticosteroids, colchicine, and intra-articular corti-
costeroids (if infection is excluded). Urate-lowering
therapy is ineffective in CPPD.
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BASIC CALCIUM PHOSPHATE. Calcium hydrox-
yapatite crystals (among other basic calcium phos-
phate crystals) can deposit into articular tissue and
cause an acute, subacute, or chronic arthritis as well
as a periarthritis (bursitis, tendonitis). The periarthri-
tis may be associated with radiographic calcifications
at the sites of inflammation. Commonly affected
areas include the shoulder, the greater trochanter, the

epicondyles, and tendinous attachments about the
wrist and knee. The “Milwaukee shoulder” is the term
applied to a progressive, erosive arthritis of the
shoulder seen in older women. Calcium hydroxyap-
atite crystals are difficult to identify on polarized mi-
croscopy due in part to their small size. NSAIDs,
colchicine, and oral and intra-articular corticos-
teroids have been used successfully in therapy.

Systemic Sclerosis
Rebecca S. Tuetken

Classification and Pathogenesis

The thickened, sclerotic skin lesion of scleroderma,
which literally means “hard skin,” is the key fea-
ture linking a heterogeneous group of conditions,
commonly referred to by the same name. Sclero-
derma can be subclassified into disease of the
skin only, or localized scleroderma, versus disease
with internal organ involvement, or systemic scle-
rosis. Systemic sclerosis (SSc) is further classified
by the extent of skin disease into diffuse cutaneous
systemic sclerosis (dcSSc), versus limited cutaneous
systemic sclerosis (lcSSc) (Table 6-3). By definition,
limited skin involvement means the face, neck,
feet, and upper extremity involvement that is
most often distal to the wrist and virtually always
distal to the elbow, whereas diffuse skin involve-
ment includes the trunk and proximal extremi-
ties. This classification system is clinically useful
because the pattern and extent of skin disease,
coupled with the specific type of autoantibodies
detected, correlates well with the pattern of organ
involvement and overall disease mortality and
morbidity. In rare cases SSc can occur without sig-
nificant skin disease, or systemic sclerosis sine
scleroderma. It may also occur as part of an over-
lap syndrome with other autoimmune diseases
such as systemic lupus erythematosus, dermato-
myositis, rheumatoid arthritis, and Sjögren’s syn-
drome. The combination of Raynaud’s phenomenon,
with either abnormal nailfold capillaries or SSc-
specific serologic markers is so predictive of un-
derlying SSc, that it is often referred to as
“pre-scleroderma.”

SSc is a rare disease, with an estimated preva-
lence in the United States of about 240 per million,
and an incidence of about 20 per million per year.
It is more common in women than men by a ratio
of about 4:1. The cause is unknown, but it most

likely involves an interaction between genetic and
environmental factors. The pathogenesis can best
be viewed as an interacting triad of pathological
immune system activation (as evidenced by auto-
antibodies to nuclear antigens), endothelial cell
dysfunction (with resulting small vessel vascu-
lopathy and tissue ischemia), and fibroblast dys-
function (with increased synthesis and deposition
of extracellular matrix), all culminating in end
organ damage, fibrosis, and atrophy. 

Clinical Presentation

SSc affects multiple organ systems, including vascu-
lar, skin, musculoskeletal, pulmonary, renal, car-
diac, and gastrointestinal systems. Organ-specific
manifestations will be discussed first, followed by a
discussion of characteristics that distinguish lcSSc
and dcSSc. 

Vascular

Vascular manifestations are particularly promi-
nent, especially Raynaud’s phenomenon (RP), which
is often the first sign of SSc. RP is an exaggerated
vasoconstrictive response of terminal arteries to
stimuli such as cold or emotional stress, most no-
ticeable in the digits, and manifested by coldness,
ischemic pain, and striking color changes: pallor
(white), followed by acrocyanosis (blue), then hy-
peremia (red) on reperfusion. In SSc-associated
RP, vessel wall morphology is abnormal. Small
and medium arteries show abnormal smooth
muscle cell activation, with markedly increased
�2c adrenergic reactivity. Over time progressive
intimal hyperplasia and fibrosis reduces the effec-
tive vessel lumen and limits dilatation, leading to
chronic tissue ischemia, ulceration, and infarction.
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TABLE 6-3.
Classification of Scleroderma and Subtype Associations

LOCALIZED SCLERODERMA

Linear (including en coup de sabre)
Morphea

localized (circumscribed)
generalized

SYSTEMIC SCLEROSIS

Pre-Scleroderma
Raynaud’s phenomenon, plus either

• abnormal nailfold capillaries, or

• anticentromere or anti-Scl-70 antibodies
Limited cutaneous systemic sclerosis (lcSSc)

Cutaneous disease limited to the distal extremities, face, and neck
CREST syndrome and anticentromere antibodies
Severe Raynaud’s phenomenon with digital ulceration, without nailfold capillary drop out
Slow disease progression
Generally less severe internal organ involvement
Pulmonary arterial hypertension or interstitial lung disease

Diffuse cutaneous systemic sclerosis (dcSSc)
Cutaneous disease includes trunk and proximal extremities
ANA and anti-Scl-70 (topoisomerase) antibodies
Mild Raynaud’s phenomenon, with nailfold capillary drop out
Rapid disease progression
High incidence of significant internal organ involvement

• interstitial lung disease

• renal crisis

• diffuse GI disease
Systemic sclerosis sine scleroderma

Organ disease of SSc
Absence of skin disease
Raynaud’s

Overlap syndromes with scleroderma
Features of SSc, plus another autoimmune rheumatic disease, e.g., systemic lupus erythematosus, rheumatoid arthritis, 

dermatomyositis, or Sjögren’s syndrome.

An ophthalmoscope set at 40 diopters can be
used to examine capillary loops proximal to the fin-
gernail cuticle (nailfold). In SSc this exam will reveal
abnormally dilated and tortuous capillary loops,
sometimes with areas of vessel loss. When RP is ac-
companied by this finding, even in the absence of
autoantibodies, it is strong evidence for an under-
lying autoimmune disease. Telangectasias are di-
lated venules and capillaries, which form small (2
to 7 mm) polygonal macules on the hands, face, lips,
oral, and intestinal mucosa.

Vascular disease is the direct cause of many
organ system manifestations, including some of the
pulmonary, gastrointestinal, and renal manifesta-
tions discussed in the following sections. 

Skin and Musculoskeletal

Cutaneous sclerosis will often begin on the
hands, which in early stages become diffusely ede-
matous or “puffy” in appearance. As the swelling
subsides, the skin becomes thickened and tough,
and eventually “hidebound” to the deeper tissues.
The normally plump finger tuft atrophies, causing
the distal phalanx to shrink behind the fingernail.
The face and neck may also be involved. Perioral
skin may take on a puckered appearance with ra-
dial folds, and the oral aperture, measured as the
inter-incisor distance, decreases. Skin will feel
tight and sometimes pruritic. Scleroderma of the
fingers is called sclerodactyly. When the hands are
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involved proximal to the fingers, but the trunk is
spared, this is termed acrosclerosis. The hands and
face are involved in both major disease subtypes,
but rapid progression to involve the trunk and
proximal extremities indicates the diffuse cuta-
neous form of SSc.

Calcinosis is the abnormal tissue deposition of
basic calcium phosphate. Usually a late manifesta-
tion, it eventually occurs in up to a third of patients.
Lesions can persist for years, and can occur any-
where, but are most often found in the distal finger
tufts, near the proximal interphalangeal joints, along
extensor surfaces, or near other bony prominences,
such as the elbows and knees. Calcinoses may be
painful, especially when they occur in highly inner-
vated locations such as the fingertip. They will
sometimes ulcerate and leak a whitish material, and
secondary infection is a common complication.

About 20 to 30% of patients complain of joint
pain, and as many as 20% will have arthritis,
mainly affecting the finger joints. Synovial biopsy
reveals fibrosis rather than synovitis. Radiographs
will sometimes show joint erosions, or the virtual
disappearance of the distal phalanx, termed acro-
osteolysis. Flexion contractures of the finger joints
result from tightening of the periarticular skin, fas-
cia, and tendons. Tendon friction rubs—a palpable
or audible crepitus with movement of the ten-
don—occur in over 50% of patients with dcSSc,
and occasionally in those with lcSSc.

Disuse atrophy is the most common muscle
manifestation. However, a true primary myopathy
with proximal muscle weakness and mild elevation
of creatinine kinase has been reported. Muscle biop-
sies reveal interstitial fibrosis and fiber atrophy, with-
out much evidence of inflammatory cell infiltration. 

Gastrointestinal

The gastrointestinal (GI) tract is affected in the
vast majority of patients, and at least half are symp-
tomatic. Though any level of the tract may be in-
volved, the most common symptoms arise from the
esophagus. Esophageal hypomotility and incompe-
tence of the distal sphincter lead to recurrent acid
reflux, which in turn can cause erosive esophagitis,
Barrett’s esophagus, and stricture formation. Pa-
tients report dysphagia, acid reflux, or regurgita-
tion. Gastric or intestinal disease results in loss of
normal peristalsis, bacterial overgrowth, malab-
sorption, and resulting malnutrition. Patients report
prolonged satiety or loss of appetite, weight loss,
bloating, constipation, and diarrhea. Telangectasias
in the gut will sometimes bleed and cause anemia.

Pulmonary

Pulmonary involvement is now the single lead-
ing cause of disease-related death in SSc, and over
70% patients have some form of lung involvement.
There are two main types: interstitial lung disease
(ILD) (also called fibrosing alveolitis or pulmonary
fibrosis); and vascular disease of the lung leading to
pulmonary arterial hypertension (PAH). Other pul-
monary complications include aspiration pneumo-
nia due to severe esophageal reflux, pleural fibrosis,
bronchiectasis, and spontaneous pneumothorax.

ILD most frequently occurs with dcSSc, but can
also occur in lcSSc, and usually presents as dyspnea
on exertion and cough. Examination will reveal bi-
lateral basal lung crepitations. The 8-year survival
of patients with dcSSc and ILD is about 50%.

PAH is almost always associated with lcSSc, oc-
curring in about 10% of these patients, and is associ-
ated with high mortality. Life expectancy is less than
1 year once gas exchange drops to 25% of the normal
value. Patients report an insidious onset of dyspnea
on exertion. Lower extremity edema and hepatic
congestion will occur with advancing disease.

Renal

Renal disease, sometimes called “scleroderma
renal crisis,” is much more common in dcSSc than in
lcSSc, and is actually another manifestation of SSc
vasculopathy, so it is not surprising that it often be-
gins during cold weather. As renal arterioles become
narrowed, afferent renal blood flow decreases, acti-
vating the renin-angiotensin system, resulting in hy-
pertension, which, if untreated, can quickly progress
to malignant hypertension and renal failure. Pa-
tients may present with ophthalmic evidence of hy-
pertensive retinopathy (hemorrhages, cotton wool
exudates, and papilledema). 

Cardiac

Although up to 80% of autopsies reveal my-
ocardial fibrosis, clinically significant myocardial
dysfunction is uncommon. Radionuclide-exercise
studies may reveal fixed thallium perfusion abnor-
malities, even when angiography is normal, indicat-
ing that the lesion is due to small vessel disease.
Clinically significant pericardial disease may occur
in up to 10% of patients, but frank tamponade or he-
modynamically significant effusions are very rare. 

Other

Fibrosis of the thyroid gland may cause hy-
pothyroidism in up to 25% of patients. Dry mouth
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and eye symptoms may occur with fibrosis of ex-
ocrine tear and salivary glands. SSc spares the central
nervous system, but peripheral nerve entrapment
syndromes, such as carpal tunnel syndrome or facial
nerve palsies, sometimes occur secondary to fibrosis
and sclerosis of surrounding tissue. Osteoporosis
may occur, usually as a consequence of malabsorp-
tion and malnutrition from GI disease. 

Disease Variation by Classification

The majority of SSc patients will eventually be
classified as lcSSc, where skin disease spares the
trunk and proximal extremities, and is frequently
limited to the hands or fingers. LcSSc is sometimes
referred to as the CREST syndrome, an acronym for
the most common disease manifestations: calcinosis
cutis, Raynaud’s phenomenon (RP), esophageal
dysmotility, sclerodactyly, and telangectasias. LcSSc
tends to have a longer and more indolent disease
course than dcSSc, with lower overall disease mor-
tality and generally later onset of significant inter-
nal organ disease. RP may be present for years
before other signs of disease appear. However, RP
tends to be more severe in lcSSc, with a higher inci-
dence of digital ulcers and necrosis. About 10% of
patients will develop significant PAH, and this
group will have a very poor prognosis. ILD can
occur, but is less common than in dcSSc. Renal cri-
sis is rare.

About one-third of SSc patients will develop the
extensive skin involvement that defines dcSSc. Early
clues that a patient will develop this pattern include
appearance of skin disease before or within one
year of onset of RP, dilated capillary loops with drop-
out at the nailfold, tendon friction rubs, and early
onset of ILD, renal crisis, or diffuse GI disease. ILD
occurs frequently, and mortality can be high. How-
ever, in some patients the disease course is one of
initial worsening, followed by a plateau, and then

some improvement or stabilization thereafter. Diag-
nosis and organ-specific treatment early in the dis-
ease may significantly improve the prognosis.

DcSSc and lcSSc are also characterized by dis-
tinct serologic markers, which are discussed in the
following section. 

Diagnostic Evaluation

A thorough history and physical examination are
essential for diagnosing early SSc. A complete re-
view of systems is key, as patients seeking evalua-
tion for puffy hands may not spontaneously report
mild dyspnea, or new nocturnal heartburn. Pa-
tients with dcSSc, should be taught to monitor their
own blood pressure frequently, and report any con-
sistent elevation. Assessment of skin tightness, and
use of a standard scoring system, can help to detect
rapidly progressive disease. The most commonly
used system involves measurement at 17 sites,
scoring each site on a scale of 0 (normal) to 3 (hide-
bound skin). Skin biopsy is rarely needed to con-
firm scleroderma and should generally be avoided
as healing may be impaired. Radiographs of the
hands may detect acro-osteolysis, calcifications, or
joint erosions, but will have little impact on the
overall disease management.

The majority of patients with SSc will have de-
tectable antinuclear antibodies (ANA), and the
pattern detected on immunofluorescence is very
important (Table 6-4). An anticentromere pattern
(ACA) is detected in 70 to 80% of patients with lcSSc,
but is unusual in patients with dcSSc. ACA corre-
lates positively with PAH and negatively with ILD or
renal disease. A speckled ANA pattern may indicate
antibodies to topoisomerase-1 called anti-Scl-70,
which can be measured directly in a separate assay.
Anti-Scl-70 antibodies are found in about 30% of

TABLE 6-4.
Common Serum Autoantibody Associations in Systemic Sclerosis

SSc Classification
Autoantibody(antigen) (% positive) Positive Disease Association Negative Disease Association

anticentromere antibodies lcSSc (70–80%) pulmonary hypertension interstitial lung disease, renal crisis
(centromere kinotochore)

anti-Scl-70 (topoisomerase) dcSSc (30%) few lcSSc interstitial lung disease pulmonary hypertension
ANA, speckled or nucleolar SSc (20%) more pulmonary hypertension,

(RNA polymerase I and III) dcSSc than lcSSc muscle disease

[Note: italics in fourth column only, to emphasize that the association is negative]
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patients with dcSSC but fewer patients with lcSSc,
and correlate positively with ILD and negatively
with PAH. Autoantibodies to several other nuclear
antigens have been linked with SSc. As many as
20% of patients with dcSSc will have an antinucleo-
lar or speckled ANA pattern due to antibodies to
RNA polymerase I and III, a finding that correlates
with renal disease. The false-positive rates for de-
tection of ACA and anti-Scl-70 among disease-free
controls are both very low, giving these tests a high
degree of specificity for SSc. However, negative an-
tibody tests, including ANA, do not rule out SSc.

Beyond establishing a diagnosis, a variety of
laboratory, functional, and imaging studies are use-
ful to detect and monitor disease in each affected
organ system. Serum creatinine should be checked
periodically in patients with dcSSc to monitor renal
function. Oxygen saturation or arterial blood gas
profile, pulmonary function tests including DLCO,
and chest radiographs, should be obtained at diag-
nosis of SSc, and repeated with any new respiratory
symptoms to detect onset of ILD or PAH. Addi-
tional studies may include high-resolution chest CT
to confirm fibrosis, and/or echocardiography with
Doppler to estimate pulmonary artery pressure. In-
vasive studies such as bronchoscopy for bron-
choalveolar lavage, or right-heart catheterization to
directly measure pulmonary artery pressure, may
be needed to confirm a diagnosis before beginning
treatment with high-risk medications. Gastroin-
testinal disease can be detected and monitored
with radiographic studies such as barium swal-
low, gastric emptying tests, or abdominal CT.
Esophageal manometry, upper endoscopy, or
colonoscopy may also be needed.

Treatment

No single agent has been identified as disease-
modifying for all SSc manifestations. Disease man-
agement is therefore primarily organ based. Search
is under way, however, for treatments that will pre-
vent tissue fibrosis, and thus reduce the risk of end
organ failure.

Patient education is very important for manage-
ment of SSc. Occupational therapists can help to edu-
cate patients on how to keep warm, protect their
fingers while performing activities of daily living,
and maintain flexibility. Because nicotine will worsen
RP, and smokers have a significantly higher risk for

finger ulcers and digital necrosis, patients must be
advised that smoking cessation is absolutely neces-
sary. Medications that trigger vasospasm must be
avoided. Hypothyroidism will worsen Raynaud’s,
so hypothyroid patients must be on adequate re-
placement hormone. Some antihypertensives, such
as �-blockers, may worsen RP, or at least limit use of
other antihypertensives that will more effectively
treat RP.

Long-acting calcium channel blockers are the
drugs used most frequently to treat RP, and efficacy
is well established. Use may be limited, however, by
intolerable side effects such as postural hypotension,
dependent edema, and significant gastroesophageal
reflux, especially in those who already have an in-
competent esophageal sphincter. ACE inhibitors and
angiotensin receptor blockers have been used with
mixed success. They are generally well tolerated,
and do not worsen esophageal function. Platelet
serotonin may play a role in the pathogenesis of RP.
The selective serotonin-reuptake inhibitor, fluoxe-
tine, has been reported to be beneficial, and was su-
perior to nifedipine in one small trial. Most authors
recommend daily aspirin (81 to 325 mg) to prevent
formation of microthrombi, though actual benefit is
unproven. Anecdotal reports support use of pentox-
ifylline, which may improve microcirculation. There
are promising reports that the phosphodiesterase in-
hibitor, sildenafil, is effective and well tolerated for
short-term management of severe Raynaud’s, but
controlled trials are needed to prove efficacy in SSc-
associated RP.

Aggressive therapy is sometimes needed to pre-
vent or treat impending digital infarction. Topical
nitroglycerine may improve circulation to the af-
fected digit, but intolerance may limit its use. Sev-
eral synthetic prostacyclins have been used for this
indication, but the need for constant IV infusion
limits use to the hospital setting, and there may be
rebound worsening once infusion is stopped.

To some extent, PAH may be thought of as
“Raynaud’s of the lungs.” Unfortunately, it does not
respond adequately to most of the oral medications
used to treat Raynaud’s. The endothelin receptor
blocker, bosentan, has been shown to help stabilize
pulmonary function in patients with significant
PAH. Controlled trials showed slight functional im-
provement (as measured by 6 minute walking dis-
tance) in bosentan-treated SSc patients, while
untreated control patients showed significant con-
tinuing decline. Bosentan may also be effective for
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severe digit-threatening Raynaud’s, but cost will
likely limit any off-label indication. Intravenous
prostaclycin analogues are effective in PAH but
costly. Administration by continuous subcutaneous
infusion, or by inhalation, is showing promise in
clinical trials. Sildenafil and other oral phosphodi-
esterase inhibitors may also have a role in manage-
ment of PAH, either alone or in combination with
the synthetic prostacyclins.

Early diagnosis is key to the successful manage-
ment of SSc-related ILD. The goal is to treat the dis-
ease with aggressive immunosuppression in the
early inflammatory phase and thereby reduce the
risk of progressive fibrosis and decline in function
that may follow. Retrospective data supports this
approach but prospective studies are needed to con-
firm this strategy. Cyclophosphamide, either by
daily oral dose or pulse IV dosing, is the current
drug of choice for treatment of ILD. Some recom-
mend adding daily low dose prednisone, but there
is limited evidence that this is helpful.

An ACE inhibitor is recommended for any pa-
tient with hypertension and SSc. Renal crisis was
once the major cause of death in SSc, but ACE in-
hibitors have proven to be very effective at con-
trolling hypertension and reducing the rate of
subsequent renal failure. Studies have shown long-
term benefit, even if creatinine levels increase after
starting an ACE inhibitor.

Proton pump inhibitors are useful for treating se-
vere gastroesophageal reflux, and to reduce the risk
for esophagitis and recurrent aspiration. Prokinetic
agents such as metoclopromide may help patients
with delayed gastric emptying and poor appetite.
Cyclic oral antibiotics are used to treat bacterial over-
growth in advanced disease. Dieticians may be
needed to guide the use of oral supplements when
malabsorption leads to malnutrition. Some patients
do eventually require total parenteral nutrition.

Skin disease has proven difficult to treat with
any degree of efficacy. The fact that sclerosed skin
may spontaneously start to soften many years
after disease onset complicates interpretation of
long-term studies. Many agents reported to be
beneficial in small open trials have not shown ben-
efit when studied in large double-blind studies. D-
Penicillamine has shown promise in some trials
but not in others. Studies on methotrexate have
shown benefit or at least a trend favoring treat-
ment, but further studies are needed. Minocycline
inhibits cation-dependent matrix metaloproteases,

which have been implicated in the tissue damage
that follows inflammation in SSc. Minocycline 100
mg twice/day did seem to soften the skin of sev-
eral patients with advanced dcSSc in one small
open-label trial, but this needs to be repeated in a
larger trial. Corticosteroids play no role in manag-
ing the skin disease of SSc and topical steroids are
contraindicated. 

Surgery in Systemic Sclerosis

In view of the significant microvascular disease
of SSc and resulting poor healing of wounds, surgi-
cal procedures are relatively contraindicated. Cir-
cumstances will arise, however, which necessitate
surgery, such as severe esophageal strictures, and
small or large bowel obstructions.

Hand surgery may be of benefit in selective cir-
cumstances. Patients with severe carpal tunnel syn-
drome may benefit from surgical release. When
sclerodactyly leads to severe (> 90º) contracture of
the PIP joints, arthrodeses or joint replacements
may be of benefit. Debridement and amputation of
ischemic digits will occasionally be indicated to ad-
dress secondary infection, but should be done con-
servatively, to allow the maximum possibility of
spontaneous healing. In general, this should follow
aggressive medical therapy with a parenteral
prostacyclin and possibly a trial of bosentan.

Cervical sympathectomies have been tried for
upper extremity RP, and can now be performed tho-
rascopically, but they rarely provide long-lasting
benefit, probably due to accessory sympathetic
pathways and the upregulation of sympathetic re-
ceptors on vascular smooth muscle following den-
ervation. Lumbar sympathectomies, by contrast,
have proven very effective for Raynaud’s of the feet
with lasting benefits.

Microarteriolysis (digital sympathectomy) has
been shown to relieve pain and ulceration of se-
vere RP, including cases secondary to SSc. Yee and
colleagues (1998) report very favorable outcomes
in their series of 13 procedures in 9 patients. They
conclude that adventitial stripping of the arteriole
both denervates and decompresses the vessel,
which is why their procedure was effective even
in patients who showed no discernable response
to sympathetic blockade prior to surgery. This
procedure should be considered when medical
management fails or is contraindicated by other
medical conditions. 
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Fibromyalgia
Robert F. Ashman

Definition

Fibromyalgia is a clinical syndrome of diffuse pain
(present at rest but exacerbated by activity), fa-
tigue, and sleep disturbance. The American College
of Rheumatology defined two criteria for diagnos-
ing fibromyalgia in 1990: (1) a history of wide-
spread pain and (2) pain in at least 11 of 18 defined
tender point sites on digital palpation with a force
of 4 dynes/cm2 (Figure 6-10).

Clinical Features

Symptoms

“Hurting all over” is the usual chief complaint,
although pain may be concentrated in the neck and
shoulder girdle area, in the buttocks and thighs, or
in an area previously injured. Typically the patient
cannot point to an exact location for the pain, nor
can it be localized anatomically to particular mus-
cles, particular joints, or to the area of distribution
of particular nerves. Stiffness may be present, but it
is not relieved by heat or gentle activity, and thus
differs from the morning stiffness characteristic of
inflammatory disorders such as rheumatoid arthri-
tis or polymyalgia rheumatica. Usually there is a
clear trend toward diminishing motor activity over
months or years, and patients may feel disabled by
their pain.

Patients usually complain of severe fatigue
with dozing off during the daytime. On prompting,
they describe disordered sleep hygiene of long du-
ration: difficulty falling asleep, shallow sleep with
frequent awakening, and arising unrefreshed.

Other common features are (1) numbness and
tingling of hands and/or feet—because the whole
hand or limb is involved in fibromyalgia, it can be
distinguished from nerve entrapment syndromes
where the numbness conforms to the area served by a
particular nerve; (2) irritable bowel syndrome, char-
acterized by alternating diarrhea and constipation; (3)
dysuria with normal urinalysis; and (4) a history of
having taken many different pain medications with-
out relief. Periods of more intense symptoms typi-
cally follow events that force reduced motor activity
(e.g., hospitalization for surgery), intensified sleep

disturbance (e.g., assuming care of an elderly parent),
a painful injury (e.g., a motor vehicle accident), or a
period of increased stress or muscle tension (e.g.,
combat duty lawsuit). This is how susceptible pa-
tients with rheumatoid or osteoarthritis can develop
superimposed fibromyalgia symptoms. 

Signs

The only characteristic finding on physical exam
is the presence of the nine pairs of tender points
(Figure 6-10). Fingertip pressure on these sites,
which would be judged mildly unpleasant by a nor-
mal subject, produces an aversive reaction and is

FIGURE 6-10. Fibromyalgia tender points. The ACR
published clinical criteria for fibromyalgia in 1990, empha-
sizing the characteristic nine pairs of tender points: insertion
of cervical paraspinals on the occipital condyles, cleidomas-
toid muscle over lateral transverse processes of C5-7, belly
of trapezius, supraspinatus, wrist extensor insertion on lat-
eral epicondyle, pectoralis insertions on 2nd rib near ster-
num, upper outer buttock, gluteus insertion on greater
trochanter, and insertion of vastus medialis on medial
condyle of the femur. The diagram also shows a common
tenth tender point over the rhomboids. Control points: middle
of forehead; volar aspect of midforearm; thumbnail; muscles
of anterior thigh.
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perceived as painful by fibromyalgia patients. While
the ACR criterion of 11 of 18 tender points is a useful
general guide for diagnosing fibromyalgia, strict
conformance with this criterion is not necessary in
the clinic. Some patients have palpable tender knots
representing localized areas of muscle spasm. Trig-
ger points, where local pressure produces referred
pain over an entire region, is unusual in fibromyal-
gia. Joint and neurologic exams are normal. So is
muscle strength, although “breakaway weakness”
due to pain may be observed. In especially severe
cases, the tenderness may be generalized to the
point that control points or even gentle pinching of
skin are also painful, a condition called allodynia.

Epidemiology

More than 90% of fibromyalgia patients are fe-
male. All ages are susceptible, but the pain pattern
often begins in the teens. Community surveys, con-
firmed with tender point examinations, have esti-
mated that pain thresholds tend to be stable over
time in a given individual, and that females whose
pain threshold falls in the lower 5% tend to develop
fibromyalgia symptoms when they encounter a
prolonged reduction in motor activity or a pro-
longed deprivation of deep sleep. Family histories
positive for fibromyalgia are common.

Pathogenesis

PET scans of the brain of fibromyalgia patients
show that peripheral stimulation of muscle pres-
sure receptors produces activation of thalamic re-
gions typical of pain rather than touch. Impulses
interpreted centrally as pain are carried by periph-
eral myelinated or unmyelinated nerve fibers in fi-
bromyalgia, whereas in normals they are confined
to unmyelinated fibers. In fibromyalgia, as in other
chronic pain states, there is progressive failure of
inhibitory neurons in the spinal cord to focus affer-
ent sensory impulses appropriately, leading to
“central sensitization,” which widens the range of
sensory impulses perceived as pain, and also en-
larges the area of pain, making it difficult for the
patient to localize pain. Research in progress fo-
cuses on the role in central sensitization of endor-
phins (regenerated by exercise and deep sleep),
serotonin, and other neurotransmitters in the cen-
tral nervous system.

An abundant literature on histologic, physiologic,
and biochemical changes in fibromyalgia muscles

can be summarized as showing many abnormalities
typical of fatigued incompletely relaxed muscle, but
no primary physiologic abnormalities of muscle have
been proven.

The controversial relationship of fibromyalgia
to psychiatric conditions has recently been clarified.
In general, psychological profiles of fibromyalgia pa-
tient resemble those of other chronic pain patients.
The only psychiatric diagnoses more frequent in fi-
bromyalgia patients than in controls are mood and
anxiety disorders. Furthermore, in community-
based surveys, this association only occurs among
the subset (about one-third) of persons with fi-
bromyalgia who seek medical intervention for their
symptoms, and does not apply to the others who
learn from experience how to control their own
symptoms. One symptom characteristic of inade-
quately treated depression is an inability to initiate
and carry out a treatment program, which may
make it especially difficult for such a patient to con-
trol their fibromyalgia symptoms. Patients with
anxiety disorders have difficulty tolerating the
short-term muscle pain experienced during exer-
cise, fearing that they will damage themselves.
Thus, the psychiatric associations with fibromyalgia
have less to do with primary pathology than with
the probability of treatment success. 

Radiologic and Laboratory Features

There are no typical radiologic or laboratory
features of fibromyalgia other than normal values.
The initial workup should focus on ruling out fi-
bromyalgia mimics or exacerbating conditions such
as hypothyroidism (TSH), diabetes (Hemoglobin
A1c) or inflammatory conditions (ESR and CRP). If
muscle spasm is prominent, creatinine, electrolytes,
calcium, and magnesium may be useful. Anemia
should be ruled out as a cause of fatigue. Rheuma-
toid factor and ANA are meaningless in the absence
of specific clinical features of those diseases. Males
should be tested for hypogonadism (free and bound
testosterone). 

Medical Management

Many patients expect that when they get sick,
they will visit the physician, get treated with a med-
icine, and recover. This paradigm does not apply in
fibromyalgia, where the success or failure of treat-
ment depends on the patient, who must faithfully
carry out his or her own treatment program on a
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daily basis over many weeks to alleviate his or her
pain. The physician’s role is to rule out alternative
diagnoses, educate the patient, and arrange the first
meeting with the physical therapist who will act as
“coach.”

The management strategy encompasses three
main aspects: (1) patient education; (2) therapeutic
exercise; and (3) achievement of stage 3 sleep. Anal-
gesic drugs have little impact on fibromyalgia
symptoms, and thus play a minor role, especially
when the patient is severely symptomatic.

Education

Even today, patients may have been told that fi-
bromyalgia is psychosomatic, and many are reas-
sured to learn that it is a recognized medical
disorder with a physiologic basis. The two key
points are the relationship of symptoms to depriva-
tion of sleep and reduced physical activity. The es-
sential message is that by following the treatment
plan the patient will learn how to control his or her
symptoms, but that this control is won slowly over
weeks or months. Patients should be taught to iden-
tify and avoid the exacerbating circumstances in
their own lives. Examples include stress causing
muscle spasm or sleep interruption or occupations
entailing tonic muscle tension (orchestra conduc-
tors, keyboard operators, bus drivers). They must
learn that chronic pain does not have the protective
warning function we all associate with acute pain,
and that it is not harmful to engage in painful exer-
cises today in order to decrease the pain you will ex-
perience next month.

A therapist experienced in fibromyalgia should
be able not only to apply the standard treatments, but
also to direct appropriate patients to second line treat-
ments such as ultrasound, biofeedback (for muscle re-
laxation), and acupuncture. Such a therapist should
also be able to individualize the exercise program for
each patient and make adjustments when other
health events occur (e.g., abdominal surgery, because
of the prolonged inactivity, usually requires returning
to an earlier stage of the treatment protocol). 

Physical Therapy

Three elements comprise the standard fibromyalgia
treatment protocol: (1) gentle stretching, (2) gradu-
ated conditioning, and (3) transcutaneous nerve
stimulation. 

1. The patient begins with muscles that are in-
completely relaxed, which will hurt if con-
tracted too vigorously. Tai Chi-style slow-
motion stretching toward the limit of each
motion promotes relaxation and produces
short-term pain relief, which can be ap-
plied several times per day. Contrasting ac-
tivities to be avoided in the early stages of
treatment are quick forceful contractions.
An athlete needs to warm up before run-
ning a dash to avoid painful muscle spasm,
whereas the fibromyalgia patient needs to
warm up in order to perform normal daily
activity.

2. The conditioning program begins with a low
level of gentle exercise, designed to accelerate
breathing and heart rate, and cause less than
an hour of delayed pain. Swimming or mov-
ing limbs through a full range of motion in a
swimming pool three times per week is ideal,
but walking and other gentle land-based ex-
ercises are an effective second choice. A grad-
ual increase in the intensity and duration of
exercise occurs until pain is controlled. Exer-
cises designed to build strength are especially
painful and may be counterproductive in the
early stages of treatment. Normal daily activi-
ties are encouraged, but do not substitute for
therapeutic exercise.

3. Transcutaneous nerve stimulators (TENS)
help to relax thin muscles lying close to the
skin, so they work much better in the neck
and shoulder region than in the low back
and buttocks. A brief trial with the thera-
pist will usually show whether TENS will
work in a particular patient, who can then
rent a unit on prescription and use it at
home or at work.

The goal of therapy is a patient trained to carry out
a well-designed program on his or her own; pro-
longed “hands on” treatment by a therapist is gen-
erally unnecessary, whereas periodic reassessments
for advancing the program are helpful. The most
common reason for failure of a treatment program
is that the patient has not been doing the exercise.
Reassessment for undertreated depression should
be considered in such a patient. Fibromyalgia pa-
tients should be strongly encouraged to seek ac-
commodations in their work environment (such as
short breaks for stretching) so they can remain pro-
ductive. Social security disability from fibromyalgia
is unusual. 
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Drug Treatment

The only drugs with well-documented efficacy in fi-
bromyalgia are the tricyclics, such as amitriptyline,
trazodone, nortriptyline, desipramine, or cycloben-
zaprine. A dose given 2 hours before bedtime should
increase the proportion of stage 3 sleep. Intolerable
morning grogginess may necessitate cutting the
dose in half or taking it earlier. Lack of effect over
several nights means a higher dose is needed. Lack
of effect plus morning grogginess means a different
tricyclic should be selected. Usually the beneficial ef-
fects of a regimen become evident between 2 weeks
and 3 months. Sleep apnea may need to be ruled out
by polysomnography, and treated if present for
progress to be made.

Failure to respond to opioids and other analgesics is
so typical of severe fibromyalgia that it is considered to
have diagnostic importance. As the patient’s pain re-
sponds to exercise and treatment, the response to conven-
tional analgesics (such as ibuprofen, Tylenol, or tramadol)
reemerges. Opioids may be partially effective in some pa-
tients. However, breakthrough pain increases with time,
leading to dose escalation. Also narcotics can impair deep
sleep. Narcotic rebound pain can be difficult to distin-
guish from fibromyalgia. For these reasons, opioids are not
recommended in fibromyalgia. 
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Metabolic Bone Disease

BONE GROWTH AND DEVELOPMENT

Bone is a living organ that is made primarily of type I collagen. It provides struc-
tural and mechanical support and plays a central role in mineral homeostasis. Its
roles include protecting vital organs and housing bone marrow—as a site for
muscle attachments and as the primary reservoir for calcium and phosphate.

Bone is comprised of cells and extracellular matrices. It is a dynamic entity
regulated by osteoblasts, which are responsible for bone formation, and osteo-
clasts, which are responsible for bone resorption. Pluripotent mesenchymal
cells give rise to marrow stromal-cell progenitors that can proliferate and differ-
entiate into osteoblasts. Peak bone mass is established between 20 and 30 years
of age. Multiple factors influence peak bone mass including race, genetics, nu-
trition, exercise, and in women, regular menstrual cycles. Bone strength is re-
lated to bone mass, distribution of the mass, microarchitectural structure, and
quality of the bone.
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Nutrition

Poor nutritional states such as anorexia nervosa,
especially prevalent in adolescents, disrupt the
hypothalamic-pituitary-gonadal axis, resulting in
disturbance of menstrual cycles. Eating disorders
such as anorexia nervosa are increasingly preva-
lent, with prevalence rates estimated at 0.5 to 1%
among adolescents and young adults. Certain vari-
ables may identify those patients with anorexia
nervosa at highest risk for low bone density. Lean
body mass and low body mass index have been
strongly correlated with amenorrhea and may be
even more important than variables such as partic-
ipation in physical exercise. Length of amenorrhea
in patients with anorexia nervosa has been in-
versely correlated with bone density in the lumbar
spine and hip. Additional important variables in-
clude greater than 12 months since onset of weight
loss, calcium intake less than 600 mg/day, and
body mass index less than 15. Regional bone loss
may be predicted on the basis of low body weight.

Prevention of osteoporosis during adolescence
in all patients includes a combination of adequate
calcium intake and exercise, which together may
represent the most significant factors. Adolescent
women are at particularly high risk of poor nutri-
tion and limited caloric intake. One study showed
that half of adolescent females skipped one meal
per day, more than half were trying to lose weight,
and almost three-fourths were trying to keep from
gaining weight.

The female athlete triad of disordered eating,
amenorrhea, and osteoporosis, also commonly seen
in adolescents, represents a complex interplay of
poor nutrition and disrupted menstrual cycles lead-
ing to osteopenia and osteoporosis. This triad may
be particularly prevalent in sports that place high
emphasis on appearance, such as gymnastics and
figure skating. Additional nutritional conditions
contributing to osteoporosis include alcoholism, es-
pecially in men. Low bone density in alcoholics ap-
pears to be multifactorial in origin, with hormonal
factors, malabsorption, and liver disease all possible
contributors.

Poor intake of calcium, vitamin D, and total pro-
tein directly impact bone density. Poor nutritional
states such as protein and calorie malnutrition stim-
ulate bone resorption and impair bone formation
secondary to reduced serum insulin-like growth
factor-I. Gastrointestinal disorders such as malab-
sorption syndromes secondary to celiac sprue, ul-
cerative colitis, and Crohn’s disease; primary biliary

cirrhosis; chronic obstructive jaundice; and hepati-
tis are associated with bone loss. Specifically, the
cytokines that are involved in inflammatory bowel
disease and possibly celiac sprue stimulate bone
resorption.

Menstrual Cycles

Regular menstrual cycles in women are exceedingly
important for bone health. Hypoestrogenism is a
well recognized cause of osteoporosis. In young
women, the early diagnosis of primary amenorrhea
is of paramount importance because it strongly cor-
relates with osteopenia. Eating disorders, hyperan-
drogenism, and exercise-induced amenorrhea are all
associated with amenorrhea and oligomenorrhea.

The regulation of menstrual cycles is extremely
important and oral contraceptive pills are usually
utilized to regulate cycles. The composition of the
pills appears to be an important factor; it has been
suggested that the use of the progestin-only contra-
ceptive pills, as well as the depot medroxyproges-
terone acetate may have deleterious effects on bone
accretion. Therefore, special care may need to be
taken when prescribing oral contraception for the
regulation of menstrual cycles.

Hypogonadism

Hypoestrogenism in women and low testosterone
levels in men are associated with low bone density.
Men who receive treatments for conditions like
prostate cancer with luteinizing hormone-releasing
hormone (LHRH) agonist analogues are at in-
creased risk for low bone density. The sex steroids
are important in men, both during peak bone for-
mation as well as for the maintenance of bone
strength in adults.

Calcium and Vitamin D

Adequate calcium intake is essential during adoles-
cence and has been shown to increase bone mineral
density. It may be most beneficial to those adoles-
cent girls who are greater than 2 years after menar-
che. Vitamin D deficiency has been correlated with
low bone mineral density in adolescent girls, partic-
ularly in the lumbar spine.

In adults, adequate calcium and vitamin D intake
remains a priority, with recommended minimum
daily intakes of 1200 mg and 400 IU, respectively.
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Elderly postmenopausal patients may benefit from
higher doses of calcium and vitamin D. The use of
calcium and vitamin D in the elderly can result in
gains in bone mineral density in the spine and hip
ranging from 1% to 3%.

Vitamin D is mainly produced in the skin with
the activation of sunlight. It is photoconverted from
7-dehydrocholesterol in the skin to cholecalciferol (vi-
tamin D3) by UV radiation from sunlight and in the
diet is supplied as either vitamin D3 or from the plant
sterol ergosterol as vitamin D2 (ergocalciferol). Vita-
min D is hydroxylated at the 25 position in the liver
and is then hydroxylated by the 1 �-hydroxylase
enzyme in the kidney to the active metabolite 1,25
(OH) 2D.

Vitamin D is needed to maintain calcium home-
ostasis as it increases intestinal absorption of dietary
calcium. With low dietary calcium intake, osteoblasts
signal osteoclast precursors to mature and dissolve
the calcium stored in bone. Vitamin D is metabolized
in the liver and then the kidney under parathyroid
hormone control to 1, 25-dihydroxyvitamin D. 1, 25-
dihydroxyvitamin D receptors are present in many
organs, including the intestine, bone, brain, heart,
stomach, and pancreas.

In the elderly, the most common cause of in-
creased bone resorption is calcium deficiency. Both
calcium and vitamin D deficiency are very com-
mon in the elderly and can be attributed to poor
diet, lack of sunlight, malabsorption syndromes,
and various drugs that are degraded by the liver
enzymes. Postmenopausal patients supplemented
with calcium and vitamin D have shown preser-
vation of bone mineral density and a reduction in
osteoporotic fractures. Vitamin D deficiency ap-
pears to be widely underdiagnosed and under-
treated. Nonambulatory elderly housebound adults
are at particularly high risk of vitamin D defi-
ciency. Exposure to sunlight can increase bone
mineral density in elderly osteoporotic patients
through elevation of 25-hydroxyvitamin D levels.
Vitamin D is an essential vitamin that helps to reg-
ulate serum calcium. Vitamin D deficiency is asso-
ciated with poorer function and increased hip
fracture prevalence. Women with vitamin D defi-
ciency can present with normal levels of calcium,
increased serum PTH, and hypocalciuria. Vitamin
D and calcium supplementation are associated
with a decreased risk of hip fractures (< 25%) and
are shown to be cost effective.

Calcium and vitamin D may be ingested in foods
naturally containing these nutrients as well as with
foods supplemented with the nutrients. Calcium

occurs naturally in dairy products and broccoli.
Foods fortified with calcium including orange juice
and cereals can help to increase dietary intake of
calcium. Vitamin D occurs naturally in foods such
as salmon and mackerel and in fish oils including
cod liver oil. Cereals, bread products, and milk for-
tified with vitamin D are good supplemental sources
of vitamin D.

Exercise

Physical activity during childhood and adolescence,
the peak bone forming years, is essential. Peak bone
mass accretion during childhood and adolescence
may be as important as bone loss, which occurs dur-
ing adulthood. Weight-bearing exercise throughout
the life cycle has been shown to be beneficial and
appears to be especially important in adolescence. In
combination with calcium supplementation, weight-
bearing exercise has been shown to increase bone
mineral density in adolescent women. High impact
weight-bearing exercises may be particularly effec-
tive in premenarchal girls. In mature women, exer-
cise will not increase bone mass but will improve the
quality of bone and decrease fracture risk.

Weight bearing is essential, while lack of weight
bearing has deleterious effects on bone mineral den-
sity. Prolonged immobilization, secondary to condi-
tions such as spinal cord injury or coma, as well as
prolonged space flight are known to have deleteri-
ous effects on bone density.

Accumulation of Peak Bone Mass

Peak bone mass is accrued during childhood and
adolescence, with almost half of peak adult bone
mass acquired during adolescence. Failure to achieve
peak bone mass can contribute to osteopenia and os-
teoporosis. Numerous factors contribute to peak
bone mass formation during this time period. These
factors include gender, heredity, nutrition, exercise,
and the presence of endocrinopathies. The role of nu-
trition, exercise, and presence of endocrinopathies is
discussed elsewhere in this chapter.

Menopause

During the perimenopausal years, bone resorp-
tion is increased and bone loss accelerated. This is
more marked in the trabecular than in cortical
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bone because of the trabecular bone’s greater sur-
face area. In estrogen deficient states, remodeling
increases: more bone is remodeled on its endosteal
surface and within these sites even more bone is
lost as more bone is resorbed while less is re-
placed, accelerating architectural delay. The bone
loss that occurs during menopause is associated
with increased periosteal apposition, which par-
tially preserves bone strength. Areas of the skele-
ton with primarily trabecular bone, such as the
distal forearm and vertebrae, are particularly sus-
ceptible to fracture during this time.

Osteoporosis: Scope of Problem

Osteoporosis is the most common metabolic bone
disease and affects 200 million worldwide and 25
million in the United States. It is a disease that is
often underlooked and undertreated—likely in
part because it is a clinically silent disease until it
manifests in the form of fracture. Osteoporosis has
significant physical, psychosocial, and financial
consequences.

Osteoporosis Definition

Osteopenia and osteoporosis are determined on the
basis of bone mineral density readings. Osteoporo-
sis is a condition in which bone mineral density de-
creases and the fragility of bone leads to increased
susceptibility to fracture. The World Health Organi-
zation has defined osteopenia as a T-score of –1 to
–2.5 standard deviations below peak bone mass in
controls and osteoporosis as a T-score of –2.5 stan-
dard deviations or greater below peak bone mass in
controls.

Risk Factors for Osteoporosis

Low bone density represents the main risk factor for
osteoporosis. Major primary risk factors include
personal history of fracture as an adult, history of
fragility fracture in a first degree relative, low body
weight (less than 127 lbs), and current smoking. Ad-
ditional risk factors include Caucasian race, advanced
age, female sex, dementia, estrogen deficiency (early
menopause, bilateral ovariectomy; prolonged pre-
menopausal amenorrhea (> 1 year), low lifelong cal-
cium intake, alcoholism, impaired eyesight despite
correction, inadequate physical activity, and poor
health/frailty. Numerous medical conditions and

medications are associated with low bone density.
These conditions include hyperparathyroidism, hy-
perthyroidism, osteomalacia/rickets, malabsorption
syndromes, inflammatory bowel disease, and multi-
ple myeloma. Medications associated with increased
risk include prolonged heparin use, anticonvulsants,
cytotoxic drugs, and tamoxifen.

Bone Mineral Density Testing

Bone mineral density testing may be performed using
dual energy x-ray absorptiometry (DEXA), quantita-
tive CT, or other modalities, but DEXA is considered
the gold standard. DEXA represents the areal bone
density. Sites of measurement are the spine, the hip,
and the wrists. Precision between tests approximates
2%. The National Osteoporosis Foundation recom-
mends that bone mineral density should be measured
in the following groups of patients:

1. All women 65 years and older regardless of
risk factors.

2. All postmenopausal women under age 65
years with one or more risk factors for os-
teoporosis (other than being white, post-
menopausal, and female).

3. Postmenopausal women who are consider-
ing therapy for osteoporosis, if bone mineral
density testing would facilitate the decision.

4. Postmenopausal women who present with
fractures (to confirm diagnosis and deter-
mine disease severity).

Medicare coverage for bone mineral density testing
is as follows:

1. Estrogen deficient women at clinical risk for
osteoporosis.

2. Individuals with vertebral abnormalities.
3. Individuals receiving, or planning to receive,

long-term corticosteroid therapy.
4. Individuals with primary hyperparathy-

roidism.
5. Individuals being monitored to assess the re-

sponse or efficacy of an approved osteoporo-
sis drug therapy.

Fracture Determinants

Osteoporotic fractures typically occur in regions
with large volumes of cancellous bone. The ability of
a structure like cancellous bone to carry loads de-
pends on several factors including bone quantity or
tissue volume, architecture or tissue geometry, and
material or tissue composition.
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Falls

Falls or applied loads are implicated in the devel-
opment of osteoporotic fractures, especially hip frac-
tures. Falls are exceedingly common in community
dwellers and in the nursing home setting. Hip frac-
tures are most often associated with falls directly onto
the hip. Determinants of fracture risk in the setting of
falls include hard impact surfaces, quantity of soft tis-
sue covering the hip region, and low bone density.
Causes of falls are multifactorial and include medica-
tions, underlying medical conditions such as periph-
eral neuropathy, neuromuscular deficits including
weakness, decreased visual acuity, cognitive impair-
ment, and poor general physical health. Screening for
falls risk should include neuromuscular examination,
watching the patient ambulate and perform tandem
gait and simple functional tests, including the get-up-
and-go-test and 6-minute walk test. These simple
tests may be performed in the physician’s office or a
physical therapy gym.

In 2003, the Cochrane Review assessed the effects
of 62 trials involving 21,668 people using interven-
tions designed to reduce falls risk in the elderly. The
trials focused on falls and number of fallers. The re-
view concluded that interventions likely to be benefi-
cial in reducing falls included multidisciplinary,
multifactorial, health and environmental risk factor
screening; programs of muscle strengthening and
balance retraining; home hazard assessments and
modifications professionally prescribed for older
people with a history of falling; withdrawal of psy-
chotropic medication; cardiac pacing for fallers with
cardioinhibitory carotid sinus hypersensitivity; and
a 15-week Tai Chi group exercise intervention. The
authors found that interventions of unknown effec-
tiveness included nutritional supplementation,
group-delievered interventions, vitamin D supple-
mentation, pharmacological therapy, cognitive/
behavioral interventions alone, amongst others. The
authors concluded that there are interventions that
are likely to reduce falls, but that further studies as-
sessing prevention of injuries related to falls are
needed.

DIFFERENTIAL DIAGNOSIS 
OF OSTEOPOROSIS

Secondary causes of osteoporosis should be consid-
ered in the differential diagnosis of osteoporosis and
ruled out appropriately. In one review of 1,015 female
patients, a secondary cause for osteoporosis was
found in 8.6% of 384 osteoporotic patients. The most

common secondary causes of osteoporosis included
thyrotoxicosis and parathyroid adenoma. Additional
conditions to be considered in the differential diagno-
sis of osteoporosis should include diseases of the
bone marrow such as multiple myeloma, connective
tissue diseases such as Ehlers-Danlos and osteogene-
sis imperfecta, other endocrinopathies such as type I
diabetes mellitus, and Paget’s disease. These condi-
tions are outlined in the following sections.

Bone Marrow Diseases

Multiple Myeloma

Multiple myeloma is the most common primary
neoplasm of the skeleton. In the United States, ap-
proximately 12,000 cases of multiple myeloma are di-
agnosed each year. Bone pain related to lytic lesions is
the most common presentation of multiple myeloma.
Additional presentations include systemic symptoms
including weakness, infections, fever, or weight loss.
Multiple myeloma should be ruled out with the use
of serum and urine immunoelectrophoresis, serum
and urine protein electrophoresis, complete metabolic
panel, and complete blood count. In a review involv-
ing 1,027 patients diagnosed with multiple myeloma,
anemia was present in 73% of patients, hypercal-
cemia in 13% of patients, and serum creatinine level
of 2 mg/dL or more in 19%, �2-microglobulin level
was increased in 75%, serum protein electrophoresis
revealed a localized band in 82% of patients, immu-
noelectrophoresis or immunofixation showed a mon-
oclonal protein in 93%, and a monoclonal light chain
was found in the urine in 78%.

Multiple myeloma may have two distinct pre-
senting subtypes: presenting with bone lesions and
a nodular growth pattern and the other presenting
with anemia and infiltrative growth pattern.

Connective Tissue Disorders

Patients with connective tissue disorders including
osteogenesis imperfecta, Ehlers-Danlos, and Marfan
syndrome can present with low bone density. Patients
with these disorders have clinical findings related to
collagen defects. Patients with osteogenesis imper-
fecta can present with an array of physical findings
including bone fragility, dentinogenesis, scoliosis,
blue sclera, and hyperlaxity; Ehlers-Danlos patients
have hypermobile joints and hyperelastic skin; and
patients with Marfan syndrome have disorders of the
musculoskeletal, cardiovascular, and ocular systems.
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Endocrinopathies

Primary Hyperparathyroidism

Primary hyperparathyroidism occurs secondary
to parathyroid gland adenoma in 85% of cases. Other
causes include parathyroid gland hyperplasia or
glandular adenocarcinoma. Primary hyperparathy-
roidism results in disturbances in serum calcium
homeostasis, which are detected by the kidney. In re-
sponse to primary hyperparathyroidism, the kidney
increases tubular resorption of calcium, decreases re-
sorption of phosphate and bicarbonate, and excretes
excessive amounts of calcium in the urine.

Optimal localization imaging techniques include
99m Tc-sestamibi scintigraphy and ultrasonography.
This combination helps to detect nodular goiter. In
addition, a 24-hour urinary calcium excretion should
be obtained in order to rule out familial hypocalci-
uric hypercalcemia.

Familial forms of hyperparathyroidism asso-
ciated with MEN syndromes including MEN I
and MEN II. MEN I is associated with hyperpla-
sia of the parathyroid gland, with islet cell tumor
and pituitary adenoma. MEN IIa is associated
with medullary thyroid carcinoma with bilateral
pheochromocytoma and hyperplasia of the
parathyroid gland and MEN IIb has these find-
ings with neurocutaneous manifestations without
primary hyperparathyroidism.

In primary hyperparathyroidism serum levels
of calcium are elevated and serum levels of phos-
phate are decreased. Patients present with weak-
ness, urolithiasis, peptic ulcer disease, pancreatitis,
and bone and joint pain and tenderness. In pri-
mary hyperparathyroidism, the excessive secre-
tion of parathyroid hormone results in different
effects in cortical and trabecular bone. In cortical
bone, bone turnover increases, resulting in increased
resorption at the endosteal envelope, increased cor-
tical porosity, and thinned cortical bone. This condi-
tion is contrasted to cancellous bone, where there is
reduced osteoclastic resorption and osteoblastic bone
formation at individual bone multicellular units, re-
sulting in diminished erosion depth, decreased bone
formation, and decreased thickness of bone struc-
tural units.

Patients with mild primary hyperparathy-
roidism can be treated with bisphosphonates at
doses similar to those administered in osteoporosis.
In addition, surgical treatment has been very suc-
cessful in situations where medical management is
insufficient.

Secondary Hyperparathyroidism

Hypocalcemia stimulates parathyroid hor-
mone secretion and chronic conditions stimulate
parathyroid gland hyperplasia resulting from end-
organ resistance to parathyroid hormone. This can
be caused by several different mechanisms includ-
ing intestinal causes, impaired PTH action, and loss
of calcium from the extracellular compartment. It is
most commonly caused by renal disease.

Intestinal causes of secondary hyperparathy-
roidism include impaired dietary calcium intake,
impaired dietary calcium absorption, and vitamin
D–deficient states. Impaired PTH action can result
in renal failure, in impaired gut calcium absorp-
tion, impaired parathyroid calcium sensing, and in
pseudohypoparathyroidism. Loss of calcium from
the extracellular compartment can occur during
bone growth, during recovery postlactation, in as-
sociation with bisphosphonate treatment, during
lactation, in cases of idiopathic hypercalciuria, in
increased sodium excretion, with the use of loop
diuretics, and in rhabdomyolysis and sepsis. Nutri-
tional disorders, with resulting reduced calcium
and vitamin D, can also cause secondary hyper-
parathyroidism.

Secondary hyperparathyroidism is commonly
caused by chronic kidney disease which can lead
to significant bone loss. It stems from disruptions
in calcium, phosphorus, vitamin D, and parathy-
roid hormone metabolism. Early treatment for
renal failure should include restricting dietary
levels of protein and phosphorus as well as sup-
plementation of calcium levels. In secondary hy-
perparathyroidism, bone is removed from a
dwindling bone mass, with concurrent bone for-
mation on the periosteal bone surface during
aging that in part offsets bone loss and increases
bone’s cross sectional area.

Treatment of secondary hyperparathyroidism
in end stage renal patients is critical. Important
medications in these patients include noncalcemic
vitamin D analogs including 22-oxacalcitriol (Maxa-
calcitriol), 19-nor-1a, 25(OH)2D2 (Paracalcitriol),
and 1a (OH)2D2 (Doxercalciferol) and calcimimetic
agents that bind parathyroid calcium sensing recep-
tors and reduce PTH secretion.

Tertiary Hyperparathyroidism

Tertiary hyperparathyroidism that occurs in sit-
uations of long-standing secondary hyperparathy-
roidism is a condition in which the cause for
secondary hyperparathyroidism has been corrected
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but the parathyroid glands function autonomously
producing hormone despite a lack of calcium imbal-
ance hormone synthesis.

Radiologic findings in hyperparathyroidism in-
clude demineralized and poorly defined bone and
the presence of brown tumors. Rugger jersey spine
describes ill-defined bands of increased bone density
next to the vertebral endplates that can occur in any
situation associated with hyperparathyroidism. A
bone scan demonstrates generalized uptake in the
skeleton with diminished soft-tissue activity, giving
the “super scan” appearance. Uptake also may be in-
creased in the long bones, periarticular regions, cal-
varium, mandible, a “tie” sternum, and “beading” of
the costochondral junctions.

Diabetes Type I

Postteenage women with type I diabetes melli-
tus have lower bone mineral density than controls,
and are at increased risk of osteoporosis. Diagnosis
is made on the basis of elevated glucose levels.

Cushing’s Syndrome

Cushing’s syndrome, in which there is excessive
endogenous glucocorticoid production, is associated
with both osteopenia and osteoporosis. Diagnosis is
made by measurement of urinary-free cortisol, with
surgical treatment the preferred method of treat-
ment. Iatrogenic Cushing’s disease is common and
occurs after treatment for asthma and polymyalgia
rheumatica.

Hyperthyroidism

Thyroid hormone suppresses bone formation
and patients with hyperthyroidism are noted to
have low bone density. Thyroid hormone increases
osteoclast activity to a greater extent than os-
teoblastic activity. Patients with thyrotoxicosis
have increased fracture risk. Surface area of un-
mineralized matrices increase, with increased
numbers of osteoclasts and resorption sites. Obese
patients often use thyroid overdosage to control
their weight.

Rickets and Osteomalacia

Vitamin D deficiency can result in rickets and os-
teomalacia in childhood and adulthood, respectively.
Rickets is a disease in growing children or adoles-
cents, and is characterized by failure or delayed min-
eralization of endochondral new bone at the growth
plates. Osteomalacia is a failure of mineralization of

newly formed osteoid at sites of bone turnover or pe-
riosteal or endosteal apposition in adults.

Cases of rickets and osteomalacia include lack
of dietary absorption and diminished gut absorp-
tion of vitamin D or of calcium. This may be found
in malabsorption syndromes such as Crohn’s dis-
ease or small bowel resection and liver (biliary and
hepatocellular) diseases that lead to problems with
gut absorption of vitamin D and interference with
25-hydroxylation of vitamin D, respectively.

Rickets can be seen in patients with hereditary
defects in vitamin D-signaling molecules, in disor-
ders of phosphate metabolism, and in situations
where there is extrarenal synthesis of 1,25-Hy-
droxyvitamin D such as in granulomatous disease.
Renal diseases can interfere with 1-hydroxylation
of 25-vitamin D. Renal tubular disorders (vitamin
D–resistant rickets), such as x-linked hypophos-
phatemia and cystinosis, result in abnormally in-
creased clearance of inorganic phosphorus
(hypophosphatemia) with diminished ability to
mineralize osteoid. Medications such as Dilantin
and phenobarbital can interfere with vitamin D
hydroxylation and function.

Clinical findings in patients with rickets and os-
teomalacia include painful limbs and muscle weak-
ness, particularly in the elderly. Common laboratory
abnormalities include low normal calcium, low
phosphate, increased intact PTH, increased bone and
total alkaline phosphatase, and low urinary calcium.

Irregular trabeculae may be visualized on radi-
ologic imaging in both rickets and osteomalacia.

In rickets, there is undermineralization of os-
teoid at growth plates (metabolically active sites),
particularly noted at sites of rapid bone growth such
as proximal and distal femur, proximal tibia, proxi-
mal humerus, and distal radius. Therefore, findings
include widened and irregularly shaped physeal lu-
cencies, many times with flaring of metaphyses and
rachitic rosary in ribs secondary to involvement at
multiple costochondral junctions. Radiographic find-
ings in osteomalacia include lucent, coarsened bones,
due to a mixture of decreased bone density, and pos-
sibly radiographic density contributed by nonminer-
alized osteoid. Looser zones or pseudofracture,
which are linear foci of undermineralized osteoid at
sites of mechanical loading, are classically present,
and often appear as linear lucencies perpendicularly
oriented to the cortex of the bone with incomplete
penetration of bony width, which usually occur
along concave aspects of bone. These characteristics
are commonly seen in the femoral neck, pubic rami,
posterior part of ribs, and below the lesser femoral
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trochanter and less frequently in the lateral border of
the scapulae, forearm, and wing of ilium. Bone scan
can detect cortical infarctions, which are precursors to
Looser’s zones. Vertebral bodies can have a ground
glass appearance.

Rickets and osteomalacia are both treated with
high doses of vitamin D.

Paget’s Disease of Bone

Paget’s disease of bone is a progressive bone dis-
ease in which there is bone hypertrophy and disor-
ganized bone remodeling. It is characterized by
bone expansion, cortical bone thickening, and tra-
becular bone thickening. It is suspected that Paget’s
disease has an underlying viral cause. Osteoclasts
and osteoclast precursors respond abnormally to
1,25 (OH)2 D3 and RANK ligand. Osteoclasts are
activated with resultant osteolysis, followed by an
osteoblastic response until a new equilibrium is es-
tablished between bone production and bone lysis.
Histologically, there is a mosaic-like appearance of
osteoid secondary to rapid disordered bone resorp-
tion and production.

Clinical presentations of Paget’s disease of the
bone can include pain, osteoarthritis, deformities,
unsteady gait, and hearing impairments. The three
stages of Paget’s disease include (1) lytic phase; (2)
mixed lytic and blastic phase, which corresponds to
onset of osteoblastic activation in response to osteo-
clastic bone resorption; and (3) sclerotic phase.

Laboratory values include normal serum phos-
phorus and calcium levels but elevated serum alka-
line phosphatase, serum, and urine hydroxyproline.
Radiographic imaging and bone scans are useful di-
agnostic imaging tools. Radiologic findings of Paget’s
disease include “osteoporosis circumscripta,” which
is acutely marginated bone demineralization during
the lytic phase of disease in the skull, and the “ blade
of grass and flame-shaped margin,” which describes
acutely marginated demineralization of long bones.
In addition, there are “picture frame vertebrae,”
which describes the mixed lytic and sclerotic phase in
the spine, and “cotton wool” skull, which describes
the mixed lytic and sclerotic phase in the skull.

Complications of Paget’s disease include os-
teoarthritis, basilar skull invagination, insufficiency
fractures, protrusio acetabuli, and proximal femoral
varus deformity. Neurologic complications related
to osseous expansion include sensorineural and con-
ductional hearing loss and spinal stenosis. Osteosar-
coma can rarely develop in these patients.

Treatment with bisphosphonates is the treatment
of choice, and it addresses osteoclastic-mediated
bone resorption. Calcitonin can also be used for
treatment.

TREATMENT OF OSTEOPOROSIS

Medical 

Calcium/Vitamin D

Patients with osteoporosis require between
1,200 and 1,500 mg of elemental calcium per day and
between 400 and 800 IU of vitamin D per day. It is
essential that calcium and vitamin D are taken to-
gether. Dairy products are a good source of calcium
but most individuals require dietary supplementa-
tion with calcium carbonate or calcium citrate. Vita-
min D is found in fish, such as salmon and mackerel;
in fish liver oils, such as cod oil; and in fortified
foods, such as orange juice and cereals.

Bisphosphonates

Bisphosphonates represent the most potent class
of drug in the prevention and treatment of osteo-
porosis. This class of drugs are pyrophosphate
analogs, which strongly bind to the hydroxyapatite
of bone, inhibiting osteoclast activity. Alendronate
(Fosamax) and risedronate (Actonel) are the two
main oral bisphosphonates utilized for osteoporosis,
with the intravenous bisphosphonates pamidronate
(Aredia) and zolendronate (Zometa) used off label.
Adverse effects for the oral bisphosphonates include
gastrointestinal complications such as gastritis or
esophagitis, abdominal pain, nausea, vomiting, diar-
rhea, and constipation, while adverse effects for the
intravenous bisphosphonates include fevers and a
flu-like syndrome. The administration of concurrent
acetaminophen, antihistamine, and nonsteroidal
anti-inflammatory medication helps to minimize
these transient complications.

Alendronate has been proven to be effective in
postmenopausal osteoporosis in increasing bone
mineral density and decreasing the risk of fracture.
A 5 mg daily dose of alendronate administered for
24 months, and then increased to 10 mg, results in
fewer radiographic vertebral fractures in the treat-
ment group versus placebo, with average increases
in the lumbar spine BMD of about 5% after one
year, and then 1.5% per year for the next 2 years. At
the end of 3 years, BMD increases by about 6% in
the femoral neck and about 7% in the trochanter.
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Alendronate has demonstrated efficacy in men and
individuals on steroids. A single weekly dose is as
clinically effective as daily dosages. Alendronate de-
creases spinal and appendicular fractures by 50%.

Risedronate has also been shown to be effective
in increasing BMD and in reducing fracture risk.
Treatment with a 5 mg daily dose of risedronate re-
duces the risk of new vertebral fractures by 62%
versus control and reduces new vertebral frac-
tures by 90% versus control. A 5 mg oral daily
dose of risedronate results in BMD increases after
only 6 months of therapy, and at 24 months, lumbar
spine BMD is increased from baseline by 4%, with
increases of 1.3% and 2.7% seen in the femoral neck
and femoral trochanter, respectively. A 35 mg once
weekly dose of risedronate appears to be as effec-
tive as a 5 mg daily dose in reducing vertebral frac-
ture risk. Like alendronate, risedronate also decreases
hip fractures.

Parenteral pamidronate has also been used off
label in the treatment of postmenopausal women
with osteoporosis who are intolerant to oral bispho-
sphonates. It has been shown to be have compara-
ble effects on bone mineral density when compared
with alendronate. Fracture data are currently not
available.

Parenteral zolendronate, also used off label, ad-
ministered at intervals of one year, produced com-
parable effects on bone turnover and BMD to those
seen with oral dosing with bisphosphonates. A ran-
domized, double-blind, placebo-controlled trial doc-
umented bone mineral density increases in the
treatment group that were 4.3 to 5.1% higher than
those in the placebo group, with suppressed bio-
chemical markers of bone formation.

Parathyroid Hormone

Parathyroid hormone is the anabolic agent ap-
proved for the treatment of osteoporosis. Approved
by the U.S. Food and Drug Administration in No-
vember 2002, this subcutaneous daily medication
has shown promising results in prospective studies.

The 20-mcg dose of 1-34 parathyroid hormone
has been shown to both increase bone mineral den-
sity and decrease fracture risk, with fewer side ef-
fects than the 40-microgram dose. In a study
involving 1,637 postmenopausal women with prior
vertebral fractures, women who took a 20-mcg
daily dose of 1-34 parathyroid hormone demon-
strated a 0.35 relative risk of fracture compared to
placebo and increases of 9% in the lumbar spine and
3% in the femoral neck.

The use of parathyroid hormone in the treat-
ment logarithm of osteoporotic patients remains
unclear. Clinical studies have suggested that the
concomitant administration of parathyroid hor-
mone with bisphosphonate medication may miti-
gate parathyroid hormone’s effects. In a study
involving 83 men with low bone density random-
ized to received alendronate, parathyroid hormone,
or both, bone density in the lumbar spine and
femoral neck increased significantly than in the
other groups (p < 0.001). The combination therapy
group had increased bone density in the lumbar
spine and femoral neck compared to those in the
alendronate group. Another study involving 238
postmenopausal women using 100 mg of daily
parathyroid hormone (1-84), alendronate or both
showed that the volumetric density of the trabecu-
lar bone at the spine in the parathyroid hormone
group increased about twice that in either of the
other groups after 12 months.

Calcitonin

Nasal calcitonin (Miacalcin) is helpful in the
management of bony pain secondary to fracture and
also works to increase bone mineral density and de-
crease fracture risk. Typically, analgesia for bone
pain is achieved as early as the first to second week
of use. The mechanism of activity is not well under-
stood, though the endogenous opiate system may
play a role in mediating the analgesic effects. A 5-
year, double-blind, randomized, placebo-controlled
study in 1,255 women with established osteoporosis
demonstrated that the 200 IU dose reduces the risk
of new vertebral factures by 33% compared to
placebo, with gains of 1 to 1.5% in the lumbar spine
bone mineral density in patients receiving 100, 200,
and 400 IU of calcitonin daily. It has no protective ac-
tion regarding hip fractures.

Estrogen/Selective Estrogen Receptor
Modulators

Estrogen used for the alleviation of symptoms
following menopause may increase bone density and
decreases fractures by 35%, but is not used as a pri-
mary agent in the treatment of osteoporosis due to its
many potential complications. Estrogen has been as-
sociated with increased incidence of coronary heart
disease events, strokes, pulmonary embolisms, and
invasive breast cancers in patients receiving conju-
gated equine estrogens plus progestin. Therefore, it
has been concluded that the overall health risks from
estrogen exceeds the benefits from use.
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Selective estrogen receptor modulators such as
raloxifene may increase bone mineral but are not
considered primary agents in the treatment of os-
teoporosis. They decrease spine fracture by 35 to
40% but have no effect on hip fractures. Further-
more, they have been associated with venous
thromboembolism and hot flashes.

Nonmedical Management of Osteoporosis

The nonmedical treatment of osteoporosis repre-
sents an extremely important, though often over-
looked, facet of the appropriate management of
osteoporotic individuals. Treatments, including
physical therapy, the use of orthoses such as the
posture training support and hip protectors, and
the minimally invasive spine procedures vertebro-
plasty and kyphoplasty, are exceedingly important
players in a comprehensive multidisciplinary man-
agement approach to osteoporosis.

Physical therapy and exercise programs should
be specifically geared toward the patient with os-
teoporosis. Balance exercises and strengthening
exercises of the bilateral lower extremities and
weight-bearing exercises may help to decrease fall
risks. In particular, Tai Chi has been shown to re-
duce falls risk almost by 50%. Back extensor
strengthening exercises can decrease thoracic
kyphosis and possibly prevent vertebral compres-
sion fractures. In addition, aerobics and weight-
bearing and resistance exercises can increase bone
mineral density in the spine, and walking can result
in increased bone mineral density in the hip.

Hip protectors are orthoses comprised of padding
placed in undergarments worn over the greater
trochanter to help absorb impact on fall. They have
been documented to significantly decrease hip frac-
ture risk in elderly institutionalized patients. Poor pa-
tient compliance remains the main obstacle to their
use. The posture training support, CASH (cruciform
anterior spinal hyperextension) brace, and the Jewett
brace can all be used in individuals with symptomatic
vertebral compression fractures to minimize thora-
columbar flexion. The posture training support may
minimize the symptoms accompanying painful verte-
bral compression fractures.

Vertebroplasty and kyphoplasty are two mini-
mally invasive spine procedures utilized in the man-
agement of painful vertebral compression fractures
that have demonstrated excellent results in allevia-
tion of pain. Both procedures involve placement of
polymethylmethacylate into a symptomatic fractured

vertebral body. Kyphoplasty provides excellent re-
duction of fracture, restoring vertebral body height
and restoring function.

CONCLUSIONS

Bone is a dynamic organ that has many functions.
Many factors, including nutritional status, hormonal
status, calcium and vitamin D, and regular weight-
bearing exercise, play a role in bone development.

Osteoporosis is a condition with decreased
bone mineral density and resulting increased
fragility. It is the most common metabolic bone dis-
ease but is often underdiagnosed and undertreated.
Osteoporosis can be treated with medical manage-
ment as well as a comprehensive multidisciplinary
approach.

The differential diagnosis for osteoporosis in-
cludes other metabolic bone diseases, including hy-
perparathyroidism, rickets/osteomalacia, and Paget’s
disease, among others. These conditions should be
ruled out appropriately. 
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Neuromuscular Diseases

This chapter will cover the diagnosis and management of the most com-
mon neuromuscular disorders. These disorders present some of the most chal-
lenging problems in orthopaedics.

ORTHOPAEDIC MANIFESTATIONS OF CEREBRAL PALSY

Although the brain injury that results in the clinical picture of cerebral palsy (CP)
is static, the orthopaedic manifestations are often evolving, due to the effects of
abnormal muscle tone and movement disorders over the individual’s lifetime.
For instance, one of the first features of CP may be delay in the normal motor
milestones of development. For example, some eventually spastic patients may
first present with hypotonia and be considered a “floppy baby.” Later the child
will demonstrate retardation in normal motor development. In general, most
children are able to sit independently by 6 months and the normal range of walk-
ing onset is from 9 to 18 months. Patients with CP will have delay in these mile-
stones that is concordant to their level of brain injury. Hemiplegic patients may
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walk in the upper range of normal gait onset or
have delays of several months. Diplegic patients
may not walk until 2 to 3 years of age; severely in-
volved diplegic patients or quadriplegic patients
may never walk. Understandably, families are fo-
cused on the potential for ambulation for their chil-
dren. Bleck has described a rating system based on
retention of certain neonatal reflexes beyond one
year of age; this system can be used to predict even-
tual walking. One point is given for the presence of
asymmetric tonic neck reflex, neck-righting reflex,
Moro reflex, an absent parachute reaction, an absent
foot-placement reaction, and extensor thrust. If
more than two are present the prognosis for ambu-
lation is poor. In general, if a child is unable to sit
unsupported by 4 years of age, the potential of in-
dependent ambulation is low.

Abnormal muscle forces and control may result
in altered function and development of every aspect
of the musculoskeletal system. In general, the more
severe fixed skeletal deformities result in those indi-
viduals with spasticity. A child with significant
components of movement disorders such as atheto-
sis tends to not develop fixed contractures. These
children will move their extremities about and tend
to provide excellent range of motion therapy on
their own. Results of orthopaedic treatment are less
predictable in patients with movement disorders
then in those with pure spasticity. The bulk of treat-
ment options, which we will discuss, are directed
toward those patients with spasticity as a major fea-
ture of their CP.

Musculoskeletal interventions for patients with
CP are individualized for each patient and may con-
sist of a variety of different modalities. Rehabilita-
tive methods include physical and occupational
therapy, casting or orthotic use, seating programs,
and medical management to reduce spasticity (oral
baclofen or valium) or injection of phenol around
the motor nerves or botulinum A toxin injection.
The later modality has revolutionized the care of
spasticity in younger patients with cerebral palsy.
Botulinum A toxin is a potent neurotoxin produced
by clostridium botulinum that induces a prolonged,
but reversible, paralysis of skeletal muscle. The
toxin diffuses locally and prevents the release of
acetylcholine at the neuromuscular junction. The ef-
fects on the neuromuscular junction are not perma-
nent, but rather reversible, further suggesting the
possibility for botulinum A toxin as a temporary
agent. The effect of the toxin is related to the dose,
the concentration of the dose injected, and the loca-
tion within the muscles. With time, the temporary

blockade is reversed with new sprouting of nerve
fibers, which then tend to retract once the original
toxin effect at the neuromuscular blockade is re-
versed. In general, botulinum A toxin lasts for 3 to 4
months with better results seen in younger patients
and patients with initial treatment. Efficacy tends to
wane with repeated doses and increased age of the
patients. Although commonly used to combat dy-
namic contractures (spasticity) in an attempt to avoid
the morbidity from surgical release of muscle con-
tractures, some clinicians have attempted to expand
the indications of botulinum A toxin to individuals
with muscle contractures. Unfortunately it is un-
known whether the combination of chemical mus-
cle relaxation (botulinum A toxin) and progressive
stretch (serial casting) will actually make muscles
longer.

Neurosurgical methods of spasticity control in-
clude selective dorsal root rhizotomy (SDR) and in-
trathecal baclofen (ITB) pump placement. Selective
dorsal root rhizotomy (SDR) is useful in the 4- to 5-
year-old diplegic patients with pure spasticity and
no fixed joint contractures who are ambulatory.
These children are usually a result of premature de-
livery and with a higher association of low birth
weights. The indications for SDR have regional dif-
ferences; some centers have broad experience while
others tend to utilize orthopaedic surgery as the pri-
mary method to improve function. The primary
benefit of SDR is to reduce spasticity and improve
the quality and smoothness of gait. This translates
into more efficient gait with less oxygen need. These
individuals may still require orthopaedic surgery
for bony abnormalities or residual contractures. Pa-
tients who undergo SDR should be admitted for in-
tensive therapy for approximately one month.
Potential complications include development of
spinal deformity in 5 to 10% of patients, of which,
very few require eventual spinal stabilization. Sur-
gical treatment of muscle contractures or residual
bony malalignment should be delayed for a year
after SDR.

Intrathecal baclofen pump placement can also
be used in patients with spasticity and may be more
effective in patients who have movement disorders
as a component of their involvement. Use of in-
trathecal baclofen was first described in 1984 and
was shown to reduce spasticity in selected patients
with spinal cord injury and multiple sclerosis.
Long-term ITB was introduced several years later
and is considered safe and effective in reducing
spasticity in patients with CP. The advantages of
ITB pump placement are its relative reversibility
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(it can be removed) and the ability to increase or de-
crease the effect of baclofen. The disadvantages in-
clude risks of infection, trunk weakness, spinal
deformity, and the need to refill the pumps with ba-
clofen. Although designed to reduce lower extrem-
ity spasticity, both SDR and ITB pump placement
may concurrently decrease some upper extremity
spasticity.

Orthopaedic treatment is tailored to the indi-
vidual and his or her potential for ambulation, sit-
ting, or other activities of daily living. For instance,
a child who is severely involved usually has dimin-
ished function and the orthopaedist may contribute
care that is designed to balance sitting and to pre-
vent contractures that preclude comfortable sitting.
Conversely, a mild hemiplegic patient may benefit
from sophisticated tendon transfers, which may es-
sentially normalize hand and foot function. In gen-
eral, more severely involved patients will present
with abnormalities of the entire skeletal system
while more minimally involved individuals have
fewer problems with the spine and hips and present
with problems more distal in the extremities.

Spine Deformities

Spinal deformity is usually restricted to the most se-
verely involved patients with cerebral palsy. In a re-
cent survey, we documented an 87% incidence of
scoliosis in 77 severely involved adult patients with
CP. The incidence in hemiplegic patients is much less
and approaches that seen in adolescent idiopathic
scoliosis. Spinal deformity may also develop as a se-
quelae of ITB pump placement or SDR (Figure 8-1).
The most common spinal deformity is thoracolum-
bar scoliosis with attendant pelvic obliquity. In the
sagittal plane, these patients may also have fairly
significant lordosis, which is due to concurrent hip
flexion contractures and spasticity of the paraspinous
muscles. The deformity differs from curves encoun-
tered in patients with idiopathic scoliosis. Cerebral
palsy curves tend to be long C-shaped curves with-
out compensatory curves. As such, patients tend
have unbalanced sitting posture.

Treatment for scoliosis is individualized to the
patient and his or her level of function. In general,
sitting programs, bolsters, and orthoses have a min-
imal to no effect in slowing the evolution or even-
tual progression of scoliosis. They may have a role
in preventing rapid progression and allow one to
delay surgical treatment in immature patients. The
decision to perform surgery is often difficult and

two important indications: (1) severe curves greater
than 50º and sitting imbalance that may reduce sit-
ting endurance and increase pain, and (2) the pa-
tient should be of sufficient health and function in
order to gain maximal improvement. Surgery is rec-
ommended for those individuals with head control
and some cognitive abilities such as caregiver or en-
vironmental recognition. Surgical treatment may
not be needed in patients who are cognitively dev-
astated and is contraindicated in patients with se-
vere hip extension contractures. Such patients will
not benefit from improved axial alignment as the
hips preclude sitting balance.

The decision to perform such an invasive sur-
gery is complex and involves a great deal of time
discussing the benefits versus the risks of surgery.
Families should be given the opportunity to decide
if the risks outweigh the benefits, and each decision
is individualized. In general, the main benefits are
to prevent curve progression and to improve sitting
balance. It could be argued that the latter doesn’t di-
rectly improve the quality of life of severely in-
volved patients. On the other hand, patients with
severe scoliosis and sitting imbalance are often diffi-
cult to care for. If spine surgery improves the abil-
ity of these patients to sit, it is less likely that they
will be bed bound as they age.

In general, fusion to the pelvis is performed to
reduce pelvic obliquity. Rarely one will encounter
less involved ambulatory patients with curves simi-
lar to those seen in idiopathic scoliosis; in these pa-
tients surgical stabilization that corrects the curve
without necessary stabilization to the pelvis is rec-
ommended. Fixation is performed with rods, sub-
laminar wires, and judicious use of pedicle screws
and hook fixation. Pelvic fixation may be performed
with Galveston fixation or iliac and sacral screws.
Many have found good results with the unit rod
construct. Anterior release and interbody fusion is
indicated in patients with severe curves that do not
reduce on unbending or traction films (> 45º) or if
pelvic obliquity is greater than 15º on preoperative
traction films (Figure 8-2). In younger patients, an-
terior fusion may be indicated to prevent crank-
shaft phenomenon due to anterior growth. Others
have demonstrated that posterior segmental fixa-
tion and fusion may prevent clinically significant
spinal deformity as a result of continued anterior
growth. Anterior release and interbody fusion is
usually performed on the same day that the poste-
rior surgery is performed. Spinal cord monitoring
with somatosensory evoked potentials is utilized in
nonambulatory patients with voluntary bowel and
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A

FIGURE 8-1. (A) AP radiograph of a 15-year-old male with severe spastic quadriplegia. Prior to
placement of baclofen pump demonstrating a left thoracic curve with a Cobb angle of 10º. (B) AP ra-
diograph 17 months after baclofen pump placement demonstrating a left thoracic curve with a Cobb
angle of 76º.

B

bladder function. However, it is not used in se-
verely involved nonambulatory individuals with
no motor control, as the signals are often difficult to
evaluate in those severely affected individuals.
Practically speaking, improved spinal alignment is
more beneficial even if the severely affected indi-
vidual without any voluntary muscle control suf-
fers some neural compromise.

The list of potential morbidities and complica-
tions from spinal surgery is long and includes risk
of infection, blood loss and need for transfusion,
and anesthetic complications such as aspiration

pneumonia. The complication rates, and especially
rates of infection, seem to be higher in patients who
are more severely involved and with poor nutri-
tional status. Careful nutritional assessment is
needed to optimize the nutritional status prior to
surgery. Some patients begin central venous nutri-
tion in the immediate postoperative period. Often
these patients are chronically malnourished, and it
is difficult to get adequate caloric and protein intake
following large surgeries. Dying within 1 year of
surgery may result from complications from sur-
gery at a rate of about 1 to 3%; this is certainly more
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FIGURE 8-2. AP and lateral radiograph after anterior re-
lease and posterior instrumentation and fusion.

common in the more involved patients with CP
spinal deformity. Other complications include pres-
sure sores from new pelvic position and superior
mesenteric artery syndrome. The later is a result of
significant surgical correction and poor nutrition.
These patients will present with vomiting, obstruc-
tion, and potentially fatal electrolyte abnormalities
with prolonged vomiting. Treatment of obstruction
is with hyperalimentation via a feeding tube placed
past the obstruction.

Postsurgical pain control in patients with CP is
among the most challenging to control. These pa-
tients will development muscle spasms in the
lengthened tendons that result in increased pain in
cut muscles leading to more spasm and pain. The
use of epidural catheter placement and infusion
with local anesthetics, narcotics or clonidine pro-
duces good results. Supplemental intravenous nar-
cotics and benzodiazapenes are helpful to keep
these patients comfortable in the challenging post-
operative period.

Hip Dysplasia

Patients with CP are born with normally located
hips; yet a broad spectrum of hip abnormalities may
develop as a result of abnormal muscle forces. These
abnormalities may range from hip contractures to
hip dislocation. The development of hip deformity
in spastic patients is thought to be secondary to
asymmetric muscle forces produced across the hip
by the hip adductors, iliopsoas, and hamstrings. Per-
sistent femoral anteversion, coxa valga, acetabular
dysplasia and pelvic obliquity often result from re-
tained neonatal reflexes and abnormal muscle forces
and have also been implicated in the evolution of
hip subluxation. The increased muscle forces lead to
hip migration in a posterior and superior direction.
Hip migration leads to femoral head deformity and
acetabular dysplasia. One percent of patients may
have dislocation in an anterior direction as a result
of overactive hip extensors (gluteus maximus and
hamstring muscles) and hip abductors. It may be
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hard to recognize anterior instability on standard ra-
diographs but is better documented on CT studies
(Figure 8-3).

Hip subluxation and dislocation in individuals
with CP may result in a serious problem for affected
patients. The incidence of hip subluxation or dislo-
cation in these patients varies from 2.6 to 75% seen
in more severely involved patients with spastic
quadriplegic patients. Uncorrected hip subluxation
or dislocation may lead to later problems with pain,
perineal care, and sitting balance. Patients with an-
terior dislocation may be more likely to have pain
than posterior dislocations. Studies estimate the
rates of eventual pain as a result of hip dislocation
to be from 0 to 50%. In a recently completed study
of severely involved adults with CP, 15% of hips

were dislocated and radiographic arthritis was de-
tected in 23% of hips.

Wide ranges of hip abnormalities are seen in
children with CP and include contractures that
hinder activities of daily living, acetabular or
femoral dysplasia, and hip subluxation and hip
dislocation with or without adaptive or degenera-
tive changes in the pelvis and femur. As a result,
surgical procedures are recommended in children
with progressive hip displacement in an attempt to
prevent progression and to treat the present state
of dysplasia and possible hip dislocation. Surgery
can be classified as reconstruction procedures
where the hip is stabilized or reduced with a com-
bination of soft tissue releases, femoral or pelvic
osteotomy. Salvage procedures are used in patients

B

A

FIGURE 8-3. (A) AP radiograph of a 9-year-old girl
with cerebral palsy. Radiograph demonstrates capacious
acetabulum with deficient anterior coverage. (B) CT
scan confirms anterior displacement of both femoral
heads.
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with long-standing and painful dislocation with or
without arthrosis.

Reconstructive treatment for subluxation or dis-
location in hips of CP patients varies depending on
the degree of subluxation, patient age, range of mo-
tion, and presence of pain or arthrosis. Soft tissue re-
leases such as adductor release or transfer, psoas
release, and abductor advancement have been vari-
ably recommended for hips considered likely to
progress to subluxation or dislocation. Adductor re-
lease is performed through a transverse groin inci-
sion; the adductor longus is sectioned at its origin
once the gracilis has been identified. Lengthening of
the gracilis follows and portions of the brevis may
also be released in order to obtain 45 to 50º of hip ab-
duction. If a hip flexion contracture greater then 20º
exists, the iliopsoas muscle insertion may also be re-
leased off of the lesser trochanter through the inter-
val of the pectineus and the adductor brevis. In
ambulatory patients it’s better to lengthen the psoas
tendon more proximally. “Over the brim” isolated
psoas lengthening provides better hip flexion power
(retained iliacus function) as opposed to direct re-
moval off of the lesser trochanter (loss of both psoas
and iliacus). Finally, it’s important to remember that
the medial hamstrings are often hip adductors and
may need to be concurrently lengthened. Following
soft tissue releases use nighttime bracing for up to a
year. Patients should be followed for several years as
the contractures may recur and progressive hip sub-
luxation may become evident.

Unfortunately, once a hip begins to subluxate,
the success of stabilization with only soft tissue pro-
cedures rapidly decreases. The decision to perform
femoral and acetabular procedures is dependent on
the amount of femoral head coverage and age. Com-
plete hip dislocation at any age will require bony
surgery for stabilization. Stabilization of the hip is
obtained via femoral osteotomy, acetabular osteo-
tomy, or augmentation, or a combination of these
procedures may be recommended. Femoral osteo-
tomy is recommended for older patients (< 6 years of
age) with greater than 50% uncovering of the
femoral head. Concurrent pelvic osteotomy is
recommened in older patients with greater than 50%
uncovering. The goals of femoral osteotomy are to
reduce the neck shaft angle by placing the head in
varus, shortening of the femur and with external ro-
tation of the distal shaft. The neck shaft angle is re-
oriented 95 to 105º in nonambulatory patients and
110 to 115º in ambulatory patients. A great deal of
soft tissue and muscle tension can be obtained by re-
moving a 2-cm wedge of bone. This may obviate

the need for hamstring release. Derotation of the
femur and reducing the persistent femoral antever-
sion may be of some benefit in patients with signifi-
cant femoral internal torsion. In patients with
asymmetric hip subluxation, one may perform bilat-
eral femoral osteotomy, to reduce the displaced hip
and shorten and equalize the less-dysplastic side. It
may be wise to perform bilateral soft tissue releases
if contractures occur in the contralateral hip. Con-
tralateral hip subluxation can occur if one fails to
recognize abnormal tone in the contralateral hip. A
windswept hip appearance can occur by releasing
muscles only in the more severed hip.

Pelvic osteotomies are performed in order to
improve the coverage of the femoral head by cor-
recting the dysplasia mentioned above. These pa-
tients tend to have capacious acetabuli with focal
areas of deficiency. Pelvic osteotomies such as the
Dega, Pemberton, and the San Diego osteotomy are
effective at reducing the volume of the acetabulum
and improving coverage. The Pemberton works
well to improve anterior coverage occasionally seen
in those patients with anterior dislocations. Triple
innominate osteotomies are effective for extensive
and congruent dysplasia.

The above reconstructive procedures are not rec-
ommended in patients with long-standing disloca-
tions or with painful osteoarthritis. In these patients
salvage procedures are chosen and include proxi-
mal femoral resection and interposition of muscle,
valgus femoral osteotomy with or without
femoral head resection, hip fusion, or hip replace-
ment. Proximal femoral resections with muscle in-
terposition have good reliability in reducing pain
in nonambulatory patients but may not completely
remove all of the discomfort. Resection and inter-
position arthroplasty is performed through an ex-
tended lateral position. Careful extraperiosteal
dissection is performed; the proximal femur is re-
sected at a level that is equal to a line drawn across
the ischial tuberosities. More proximal resection of
only the femoral head and without interposition of
muscle will likely lead to proximal migration and
continued preoperative pain levels. The vastus lat-
eralis and rectus femoris is pulled over the proxi-
mal femoral shaft while the gluteus medius and
psoas are sutured into the hip capsule. The pa-
tients will benefit from indomethacin or other anti-
inflammatory medicines to reduce heterotopic
bone. Alternatively a single treatment of 700 rads of
radiotherapy is used. Patients that undergo proxi-
mal femoral resection may be stabilized in traction,
with external fixation for several weeks in order to
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allow soft tissue healing. A pica cast application
with two external fixation half pins in the distal
femur is recommended.

Valgus osteotomy may also be indicated in non-
ambulatory patients and is most useful in painful
hips with severe adduction contractures. Hip re-
placement is most effective in marginal to better am-
bulatory patients who require the ability to position
the hip in extension for ambulation and flexion for
sitting. Hip fusions have less utility in these patients.

Lower Extremity Contractures

There is a continuum of muscle pathology in pa-
tients with CP. Muscle spasticity due to the abnor-
mal stretch reflex is the primary problem. During
physical examination, patients with only spasticity
will have increased tone; however, the joints can be
positioned adequately at near normal extremes of
flexion and extension by prolonged and slow
stretch. However, with time, muscle contracture re-
sults from the prolonged spasticity. For example,
hamstring muscle contracture is detected when the
knee cannot be fully extended with the hip flexed at
90º. Hamstring contracture without knee contrac-
ture is present if the knee can be fully extended with
the hip extended. Finally prolonged muscle con-
tracture may lead to fixed contracture of the joint. In
our previous example, a knee contracture can de-
velop from long-standing hamstring contracture.
The evidence showed restricted knee motion despite
placing the hip in any position of flexion or exten-
sion. In this instance, isolated hamstring lengthening
would be expected to have minimal effect on intrin-
sic knee stiffness. Other procedures such as arthro-
tomy or extension osteotomy would be needed to
fully extend the knee.

It is important to tailor surgical treatment for
muscle spasticity and contractures according to
each patient’s functional levels. Ambulatory pa-
tients are classified as community ambulators if they
are able to ambulate with minimal assistance in
public. These individuals occasionally require the
use of orthotics. Household ambulatory patients re-
quire wheelchairs for travel outside the home but
can use walkers or crutches to be independent at
home. Functional ambulators may stand to transfer
and take a few short steps with maximal assist for
balance and power. Nonambulatory patients require
full assistance for transfer from the bed to chair
and back. It is intuitive to consider that treatment
is more beneficial in community and household

ambulatory patients. Yet on the other hand, it is im-
portant to maintain as much standing as possible in
functional ambulators. This is of paramount impor-
tance for parents who see that their ability to assist
and care for the children would decrease with aging
and the increase in size of the children. In these chil-
dren it is of benefit for them to have standing abili-
ties maintained by avoiding severe hip and knee
flexion contractures.

The assessment of gait abnormalities in com-
munity or household ambulatory patients with CP
is often challenging and treatment has traditionally
been selected based on physical exam and observa-
tional gait analysis (OGA). In the early 1980s, meth-
ods of three-dimensional gait analysis (GA) became
popular and have evolved into sophisticated meas-
ures of gait. Today, instrumented GA is performed
in motion analysis laboratories and usually consists
of physical exam, videotaping for OGA, and calcu-
lation of time–distance parameters. Kinematic as-
sessment of joint motion and kinetic evaluation for
powers and moments is obtained with the use of re-
flective markers, multiple recording cameras, and
refined computer software and force plate data. Fi-
nally, surface or fine wire electrodes are often ap-
plied for electromyographic measurement of muscle
activity.

Proponents of modern gait analysis cite an in-
creased ability to document and quantify preopera-
tive abnormalities in all planes. Such precise
assessment theoretically enables the surgeon to de-
tect all of the pathologic and compensatory compo-
nents of gait and to plan and perform all of the
procedures required for their correction during the
same anesthetic session. When performed postop-
eratively, gait analysis generates objective data that
allows for assessment of treatment and guides fur-
ther treatment in similar patients. Detractors of
modern gait analysis believe that past methods are
perfectly adequate for assessment of gait abnormal-
ities and possible treatment interventions. These
physicians also cite cost (over $2,000 for each gait
analysis) and the difficulty in reproducing similar
data in the same patient.

It is currently recognized that certain muscles
tend to be more problematic than others. For in-
stance, diarthrodial muscles such as the psoas, ham-
string, rectus femoris, and gastrocnemius muscles
cause greater difficulty with ambulation. These
muscles cross two joints and are more likely to in-
voke abnormal stretch reflexes due to their in-
creased muscle excursion during gait. Common gait
abnormalities as a result of contracture or spasticity
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include equinus gait or back-kneeing in stance (gas-
trocsoleus), crouch gait (hamstring and/or psoas),
scissor gait (adductors), and stiff-kneed gait (rectus
and hamstring). Selective lengthening or transfer
(rectus femoris) of the pathologic muscles at one op-
erative setting is reasonable once a child reaches 7 to
8 years of age. Earlier surgery tends to result in re-
currence prior to maturity, and younger children
tend to respond well to nonoperative modalities
such as botulinum A toxin injections and casting or
bracing.

In general it is better to try and correct all signif-
icant deforming muscles at the same time. A good
example of this principle exists in a patient with
tight tendoachilles and hamstrings and hip flexion
contractures. If the tendoachilles was solely length-
ened, the patient would lose knee extension mo-
ment and would tend to crouch more due to the
persistent knee flexion deformity of the hamstrings.
Conversely, release of the hamstrings only would
lead to severe back-kneed gait. Further hamstring
release in the face of severe hip flexion contracture
would lead to increase in pelvic tilt.

It is important to lengthen only those muscles
that are leading to deformity, such as in the patient
with equinus in gait. This deformity may be treated
via lengthening of the Achilles tendon (in effect,
lengthening the soleus and the gastrocnemius) or
just the gastrocnemius fascia. The first surgery is
more appropriate when an equinus contracture ex-
ists whether the knee is in either full extension or in
90º of flexion. Isolated gastrocnemius lengthening
by the Strayer or Vulpius method is better consid-
ered in that patient whose foot can only be dorsi-
flexed past neutral with the knee flexed. (By flexing
the knee the gastrocnemius is relaxed and the test
isolates the soleus muscle.) In general, medial ham-
string contractures are treated in ambulatory pa-
tients by Z-lengthening of the semitendinosis and
gracilis and a fascial lengthening of the semimem-
branosis. Consideration for transfer of the gracilis
and semi tendinosis is reasonable in the face of
weak hip extensors or marginal hip flexion contrac-
ture. Lengthening of the fascia of the biceps tendon
is reasonable in patients with a concurrent knee
flexion contracture or who are nonambulatory. In
these later patients it is perfectly acceptable to
simply cut the semi tendinosis and gracilis with-
out Z-lengthening them.

In ambulatory patients, bony surgery is indicated
in older patients with recurrent flexion deformities of
the hip and knee (extension osteotomy) (Figure 8-4)
or in patients with rotational malalignment (external

rotational osteotomy of the femur or internal os-
teotomy of the tibia). In these individuals rotational
abnormalities can be a hindrance to gait. For in-
stance, excessive femoral anteversion can lead to
significant knee valgus in stance phase as well as in
toeing with the feet hitting in swing phase. Exter-
nal rotation deformity at the tibia will lead to lever
arm dysfunction. In this scenario, the externally ro-
tated foot presents a shorter moment arm, thus di-
minishing the knee extension moment in stance
phase as the leg proceeds from the second to the
third ankle rocker.

Foot Deformities

Foot deformities in patients with cerebral palsy usu-
ally involve an equinus component and may have a
varus or valgus deformity of the hind foot. Varus or
supination deformity tends to predominate in hemi-
plegic patients and some diplegic patients. This is
due to various combinations of overactivity of the
posterior tibialis or supination of the forefoot as a
result of anterior tibialis spasticity. It can be difficult
to determine which muscle is the deforming force.
If the posterior tibialis is the deforming force, the
foot seems to have more hind foot varus without
foot supination that is seen when the anterior tib-
ialis forces. Spastic posterior tibialis may be appre-
ciated by palpating the taunt tendon behind the
malleolus. Fine wire EMG can help determine
whether the anterior tibialis or the posterior tibialis
is the deforming force. In normal gait, the posterior
tibialis is most active in stance phase and should be
relatively quiescent in swing phase. The tibialis an-
terior dorsiflexes the foot at the start of swing phase
due to concentric contraction. In addition, it also
fires in the early stance phase, allowing eccentric
lengthening and lowering of the foot to the floor.
Deviations from these patterns on EMG will delin-
eate the most likely cause of the foot inversion.

Surgical treatment of these deformities includes
selective lengthening or transfer of all or part of the
offending muscles. The most common treatment of
equinovarus deformity includes lengthening of the
gastrocsoleus (if the foot is in equinus irregardless
of knee position) or the gastrocnemius (if no equi-
nus exists when the knee is flexed). The two most
common methods of correcting the foot inversion is
via a split posterior tibialis transfer to the peroneus
brevis or with a combination of posterior tibialis
lengthening and split anterior tibialis transfer. In
the latter procedure, the lateral half of the anterior
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tibialis is placed into the cuboid bone. Each proce-
dure has their proponents but in general each case
must be individualized as other methods including
isolated posterior tibialis lengthening or transposi-
tion may be more appropriate. In general, patients
should be treated with a postoperative ankle-foot
orthosis (AFO) for at least 1 year. Although rare, se-
vere equinovarus deformities may exist in the non-
ambulatory patients. Surgical treatment is indicated
for lateral pressure sores or due to an inability to
provide proper shoe wear. In these cases triple
arthrodesis is a good method to insure a plantar-
grade foot with low recurrence rate.

Flat foot deformities are usually seen in nonam-
bulatory quadriplegic patients; these deformities
usually do not require treatment beyond an ortho-
sis. Surgical treatment may be indicated in cases of

extreme deformity with foot sores and pain. Flat
foot deformities may also be seen in ambulatory pa-
tients with spastic diplegia. In these cases, the equi-
nus contracture will lead to collapse of the midfoot
at Chopart’s joints and an increase in forefoot ab-
duction. The collapse causes a vertical positioning
of the talus with potential for pressure sores; the ab-
ducted foot will contribute to lever arm dysfunction
as the foot is externally rotated on the shank of the
tibia. This inefficiency may hinder knee extension in
the later stages of stance phase. Most patients toler-
ate the planovalgus foot deformities with little prob-
lems, and an accommodative ankle-foot-orthosis
(AFO) is sufficient to prevent problems. Surgical
treatment may be necessary in rare patients with
skin breakdown or pain; treatment options usually
require Achilles contracture release in addition to

FIGURE 8-4. AP and lateral radiograph of distal femoral osteotomy for knee flexion contracture in
an older patient with cerebral palsy. 
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subtalar arthrodesis, sliding calcaneal osteotomy, or
lengthening osteotomy of the calcaneus. In the later
operation the calcaneus is cut between the anterior
and medial facets with insertion of a block of bone.
The lengthening of the lateral column of the foot in-
duces reduction of the talonavicular joint. Long-
term results for this operation are pending and
early recurrences may be prevented when the lat-
eral lengthening is combined with medial reefing of
the posterior tibialis and talonavicular joint. The flat
foot deformity is associated with excessive prona-
tion of the first ray with the development of hallux
valgus deformity. This deformity is rarely sympto-
matic; however, in rare cases metatarsal phalangeal
joint arthrodesis may be needed. Standard hallux
valgus operations are usually prone to failure and
recurrence.

Upper Extremity Deformities

Most orthopaedists have concentrated in under-
standing, diagnosing and treating lower extremity
problems in CP patients, yet an increased interest in
hand and upper extremity function has concur-
rently developed. Patients with upper extremity
spasticity yield a variety of deformities that may af-
fect function as well as cosmesis and hygiene. The
latter issues are of relevant importance in the more
severely affected individuals. Severe muscle con-
tractures lead to thumb-in-palm deformities and
finger and wrist flexion deformities that may result
in poor hygiene and skin maceration. Upper ex-
tremity function may be diminished in the more
functional hemiplegic or diplegic patients at differ-
ent levels. At the shoulder, patients can have spon-
taneous abduction when excited or running. At the
elbow, patients usually have a dynamic flexion con-
tracture with activities or when excited; the forearm
can be pronated relative to the upper arm. The wrist
is often flexed and ulnarly deviated due to in-
creased activity in the flexor carpi ulnaris or other
wrist flexors (Figure 8-5). Treatment is needed to
correct functional problems such as elbow flexion
deformity, diminished pronation, wrist flexion and
ulnar deviation, extrinsic finger contractures, and
intrinsic muscle imbalances. The latter may result in
thumb adduction and finger swan necking.

Occupational therapy and splinting can help
prevent fixed deformities. Botulinum A toxin may
also benefit these patients. The latter is usually more
successful in the upper than the lower extremity and
is a result of the ability to place sufficient quantities

of toxin in the smaller muscles. Surgical treatment
of contractures with lengthening or transfers of
muscles and tendons improves hand function one
to two levels. Less functional patients with severe or
fixed deformities may be treated to improve hy-
giene and cosmesis with surgical release, transfer,
or arthrodesis. Concurrent flexion deformities of
the elbow, wrist, and fingers may be treated with a
flexor–pronator slide. In this procedure the com-
mon flexor origin may retract a great deal when an
extensive extraperiosteal release is performed with
dissection of the neurovascular structures. The
flexor pollicis longus may require an isolated
lengthening in the face of severe flexion deformity.
Wrist arthrodesis is useful in older patients or in pa-
tients with recurrent or severe flexion deformity.
Through a dorsal approach, a proximal row carpec-
tomy is performed and will functionally lengthen
the wrist and finger flexors. Occasionally, a volar
approach and Z-lengthening or release of the wrist
flexors, profundus tendons, or the superficialis ten-
dons may also be needed. A dorsal plate is placed
across the distal radius, the capitate, and the third
metacarpal and will provide stabilization while the
morselized scaphoid, lunate, and triquitrium pro-
vides bone graft (Figure 8-6). Release of thumb ad-
ductors and intrinsic flexors improves the position
of the thumb out from the palm. Augmentation of
the thumb abductors prevents recurrence of thumb
in palm deformity.

More sophisticated procedures may be per-
formed in hemiplegic patients in order to improve
function. Prior to surgical intervention, careful se-
rial physical examinations with an experienced
hand therapist helps identify the functional prob-
lems. Use of dual videotaping and EMG monitoring

FIGURE 8-5. The flexed, pronated, and ulnarly deviated
hand is commonly seen in patients with hemiplegia.
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helps delineate which muscles are firing during
specific activities. Prior to surgery, selective nerve
blockade may simulate potential results of muscle
transfer or release. In general, surgery should be de-
layed until the patient is able to cooperate with post-
operative occupational therapy. In addition, there
may be higher chances of recurrence or overcorrec-
tion in younger patients. Adolescent patients tend to
be excellent candidates as they have the maturity to
decide if treatment is in their best interest and, there-
fore, desire maximum improvement in function
through postoperative occupational therapy.

Patients with dynamic flexion deformities of
the elbow may be treated with fascial lengthening
of the brachialis and Z-lengthening of the biceps
tendon. Concomitant release of the lacertus fibrosis
increases the ability of the biceps to improve supina-
tion. Pronation contracture is treated with isolated
release of the pronator teres or pronator teres trans-
fer. The latter is usually efficacious when the patient

has active pronation without fixed contracture.
Transfer through the interosseous membrane to the
dorsum of the radius converts the pronator into a
supinator. Other tendon transfers, such as dorsal
transfer of the flexor carpi ulnaris may also increase
supination power.

Flexion deformity of the wrist is treated by
weakening of the wrist flexors (simple lengthening
of the flexor carpi radialis and ulnaris) or increasing
the wrist extensor power via augmentation (central
transfer of the extensor carpi ulnaris or brachioradi-
alis). Dorsal transfer of flexor carpi ulnaris is indi-
cated when a patient has weak wrist or finger
extension in addition to overactive wrist flexion.
Transfer to the finger extensors is indicated when
the patient has weak release and to the extensor
carpi radialis brevis when they have weak grasp.
Care is needed to ensure that concurrent finger flex-
ion contractures are not present and, if so, are
treated with fractional lengthening.

FIGURE 8-6. Preoperative and post-
operative radiographs in a skeletally
mature individual with severe cerebral
palsy that underwent proximal row
carpectomy and wrist arthrodesis.
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Thumb deformities have been classified as
simple thumb adduction (type 1), thumb adduc-
tion with MP joint contracture (type 2), thumb ad-
duction with MP hyperextension (type 3), and
thumb adduction with flexion deformity of both
the MP and IP joints (type 4). Treatment of thumb
deformity requires release of contracted tissues
and augmentation of the weakened thumb abduc-
tors and extensors. Adduction is released with a
2- or 4-flap Z-plasty of the first web space and
subsequent release of the adductor pollicis mus-
cle and tendon as well as the first dorsal in-
terosseus muscle off of the first metacarpal. If the
IP joint of the thumb is contracted, Z-lengthening
of the flexor pollicis longus is indicated. Hyperex-
tension deformity of the MP is treatable with MP
capsulodesis or MP arthrodesis. Alternatively,
this deformity may stabilize after rebalancing of
the thumb muscles. Tendon transfers to increase
thumb abduction include exterior pollicis longus
EPL re-routing through the first dorsal compart-
ment, transfer of the extensor pollicis brevis to
the abductor pollicis longus (APL) tendon, or
transfer of the brachioradialis to the APL. Finger
deformities such as flexion contracture may be
treated with release of the flexor digitorum super-
ficialis or fascial lengthening. Swan neck deformi-
ties are treated with lateral band transfer or flexor
digitorum superficialis tenodesis.

ORTHOPAEDIC MANIFESTATIONS
OF MYELODYSPLASIA

Several contrasts exist in CP patients in comparison to
MMC patients . In general, deformities in MMC result
from muscle imbalance due to paralysis of muscles.
In CP, joint deformities are usually a result of asym-
metric spasticity in addition to weakness. Further-
more, most patients with MMC have low to normal
intelligence despite severe motor impairment and,
therefore, are able to communicate effectively with
the health care team. On the other hand, MMC pa-
tients tend to have comorbidities such as frequent uri-
nary tract infections and therefore higher rate of
opportunistic infections. These patients may have
unrecognized hormone imbalances and the poten-
tial for obesity and increased energy consumption
during ambulation. Patients usually require self-
catheterization for urinary retention; spine fusions
may make it impossible for female patients to per-
form this task. Fusions may predispose recurrent
skin and joint problems as the inherent flexibility of

joints is sacrificed. As such, adjacent and insensate
skin and joints must accommodate and are there-
fore predisposed to breakdown (skin sores and
bony Charcot changes). Spine fusions may also pre-
dispose to decubitus ulcers due to stiffening of the
spine and pelvis.

When born, parents of the affected children are
very concerned about the potential for independ-
ent ambulation. A functional level of the third lum-
bar nerve root (medial hamstring function) is
needed to have the possibility of some independent
ambulation. Furthermore, the level of motor func-
tion is predictive for independent ambulation and
for the different orthopaedic manifestations. For in-
stance, patients with a motor level in the thoracic
spine will never walk independently and will have
hip instability with the potential for spinal defor-
mity. Upper lumbar levels (L1 and L2) may have
some ambulation in the early years but as they age
and grow this is usually lost. Spinal deformity is
less common but hip instability is more common
than in thoracic-level deformities. Lower lumbar
levels (L3 and L4) maintain ambulatory potential
for longer periods of time and have a slightly lower
rate of hip instability issues than in the upper lum-
bar level patients. Finally, L5 and sacral level pa-
tients have good ambulatory potential throughout
life but are hampered by inefficient gait from weak
hip extensors and abductors (L5 level) and foot de-
formities (sacral levels).

Ambulatory function in patients with myelo-
meningocele is not static; there is a tendency to un-
dergo progressive degeneration. This is partially
due to society’s acceptance of people with special
needs and the ease at which affected individuals are
able to live. As patients age and their weight in-
creases, it becomes increasingly more difficult to
ambulate with crutches and braces and more ac-
ceptable to use wheelchairs. In addition, degenera-
tion of the central nervous system may be present
due to several possible causes. These causes include
Arnold-Chiari malformations, tethered cord, shunt
malfunctions and hydrocephalus, and syrinx devel-
opment. The neurological deterioration can be sud-
den or very slow and insidious. It is extremely
important that the orthopaedic surgeon carry out a
detailed neurological evaluation at each visit. Any
change in neurological function may be the first
sign that there are problems. Also, any change in
neurological function should generate referral to
the neurosurgeon for appropriate evaluation.

The orthopaedic treatment of the MMC pa-
tient is complicated by multiple medical problems,
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which require treatment by other medical specialists
(neurosurgeons, urologists, developmental pedia-
tricians, and therapists). The mental development of
the child, and the formation of parent–child bonding,
may take precedence over the correction of skeletal
deformity, especially during early infancy. Very few
orthopaedic deformities cannot delay treatment until
the child is one year old. Most of the problems of in-
fancy such as shunt malfunction, feeding difficulties,
respiratory problems, and developmental delay have
been addressed. Orthopaedic treatment should be
coordinated with the overall treatment plan for the
child and also considered in light of orthopaedic de-
formities of the spine, hips, knees, and feet. For in-
stance, severe congenital foot deformity in a patient
with thoracic level paralysis (nonambulatory pa-
tient) takes precedence over the possible presence of
a dislocated hip. On the other hand, severe kyphosis
occasionally seen in thoracic level patients should be
corrected prior to foot deformities. Correction of the
spinal deformity provides more significant overall
patient improvement. The following centers discus-
sion on anatomic area of involvement in patients
with myelodysplasia.

Spinal Deformity in Myelodysplasia

In myelodysplasia, the many unique patient aspects
and anatomic features of the spine make treatment a
challenge. Issues pertinent to the immature spine
with myelomeningocele include failure of the neural
arch to close, resulting in deficiency in the posterior
elements. The lack of posterior elements increases
the difficulty of obtaining surgical fixation and also
decreases the bone available for fusion. As such, indi-
viduals with severe spinal deformity and
myelomeningocele require anterior and posterior
spine fusions to obtain the fusion and improve fixa-
tion. In addition, the open posterior canal increases
the incidence of inadvertent injury to the thecal sac.
Sagittal plane abnormalities tend to be more extreme
in spina bifida than in idiopathic scoliosis with ex-
treme lumbar lordosis and risk for increased kypho-
sis in the thoracic spine. The posterior musculature of
the spinal erector muscles are anterior to the axis of
the spine and may lead to further kyphosis. In addi-
tion, a higher incidence of congenital anomalies of
the spine exists (hemivertebrae, unsegmented bars,
diastematomyelia, lipomas, and dermoid cysts). Pa-
tients with myelomeningocele have high rates of uri-
nary tract infections, which lead to a higher rate of
secondary infection of the spine following surgery.

Scoliosis is prevalent in many patients with
myelomeningocele. Most patients with thoracic
level paraplegia have spinal deformity; the inci-
dence falls to 50 to 60% in patients with low lumbar
level paraplegia. In general, the curves tend to be
greater at an earlier age, therefore, increasing the
potential for significant curves with time. If the
spinal deformity rapidly progresses, MRI scan is
needed to rule out syrinx in the cervical and tho-
racic spine. The lumbar spine is also scanned for
dermoid cysts, lipomas, and tethering of the cord.

Observation is recommended in patients with
curves less than 30º. Bracing may be considered in se-
lected individuals with curves greater than 30º who
are less than 7 years of age. Unfortunately, bracing is
not as efficacious as in idiopathic scoliosis, and pro-
gression of the spinal deformity can be expected. In
addition, problems with skin sores and rib deformities
may result from the use of bracing. Surgical stabiliza-
tion is indicated in patients with progressive curves or
curves greater than 45º. The goals of surgical treat-
ment include obtaining a level pelvis, restoring nor-
mal sagittal and coronal balance, and preventing
further deformity. In general, fusion levels are consid-
ered to extend from the neutral vertebral body proxi-
mally into the distal stable zone. If questions arise, it is
more advisable to fuse longer than shorter. In general,
instrumentation is planned to avoid ending the fusion
in the middle of a sagittal curve.

Fusion to the pelvis is generally indicated in pa-
tients with pelvic obliquity greater than 15º or in
patients with thoracic or upper lumbar level para-
plegia. Unfortunately, fusion to the pelvis may in-
crease secondary problems, such as pressure sore
development. Importantly, female patients should
be informed of the possibility of increased difficulty
of self-catheterization due to stabilization of the
lumbar spine. Anterior interbody fusion is needed to
augment the fusion rates, particularly in the regions
of deficient posterior elements. Fixation of the poste-
rior elements is possible with the use of pedicle
screws; sublaminar wires and cables are placed in
the intact lamina proximally and transverse connec-
tors will prevent collapse of the spine. Contoured
rods may be placed over the ala of the sacrum, or
into the first sacral foramen. Anterior rods and in-
strumentation may be used in patients with extreme
deformity and increased stabilization can be ex-
pected. Anterior only instrumentation for isolated
lumbar curves without posterior surgery may be
considered; however, posterior instrumentation
should be considered in addition to this technique in
patients with larger curves or high level of thoracic
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deformity. Instrumentation should be low profile,
due to the poor skin and problems that can result
from deficient soft tissues in myelomeningocele.

As mentioned, congenital scoliosis is occasion-
ally seen in patients with myelomeningocele and
may be treated somewhat differently than in those
patients with scoliosis without congenital anom-
alies. In general, anterior and posterior spine fusion
over the apices of the deformity is needed to prevent
further progression. Earlier surgery is indicated in
those patients who have congenital anomalies that
are prone to rapid progression, such as contralat-
eral bars and hemivertebrae. Anterior fusion is
done through an open anterior approach; however,
transpedicular approaches can be used to obtain
anterior fusion. Rarely, osteotomies are needed to
correct significant deformities.

Young patients with spina bifida may present or
develop severe kyphosis that merits treatment. Chil-
dren with significant kyphosis will have difficulty
with independent sitting without using their upper
extremities for balancing. Cephalad displacement of
the abdominal contents will restrict breathing, pre-
vent normal nutrition, and may lead to failure to
thrive for these individuals. Try to correct the kypho-
sis early in order to improve the ability of the child to
sit independent without the necessary use of the
upper extremities. Bracing is usually ineffectual. In
general, kyphectomy is performed by decancellation
of the vertebrae above and below the apical verte-
brae and is done to avoid violation of the endplates
and, therefore, the growth centers of this deformity.
Instrumentation is placed extraperiosteally to allow
for future growth. Usually a Luque rod is contoured
and placed over the ala of the sacrum or into the first
sacral foramen. Proximal fixation with pairs of sub-
laminar wires placed in an extraperiosteal fashion
will allow for continued growth. At closure, the
paraspinal muscles are closed posteriorly over the in-
strumentation, reducing them to an anatomic posi-
tion and decreasing the propensity for progressive
kyphosis. Rigid S-shaped kyphosis may be treated
with cordectomy and resection of the vertebral bod-
ies and fixation with segmental fixation.

Hip Dysplasia in Myelodysplasia

Individuals with myelomeningocele are more likely
to have hip dislocation and dysplasia. The inci-
dence of dislocation of the hip is 20% compared to
0.1% in the general population. This is presumably
due to altered forces across the hip in utero and in

the postnatal period. Thoracic level patients may
have contractures of their hips due to positioning.
Upper lumbar level patients will have actively fir-
ing hip adductors and hip flexors, but will be defi-
cient in hip abductors and hip extensors. This
muscle imbalance leads to higher rates of disloca-
tion and dysplasia than in thoracic level patients.
Compared to thoracic level and lower lumbar,
sacral level patients will usually have stronger hip
extensors and abductors, in addition to weight-
bearing activities, which will prevent dislocations.

The goal of treatment in the thoracic level patients
is to avoid hip contractures, which will preclude
comfortable sitting, as well as standing. Thoracic
level patients with dislocated hips or progressively
dislocating hips should not undergo surgery to reduce
the hips. Surgery is only performed in order to pre-
vent significant hip contractures that preclude sitting
or standing. All children who develop independent
sitting by 18 to 24 months of age should be started on
a prone standing program in order to improve their
upper extremity function. Patients with the upper
lumbar level function may be candidates for a recipro-
cating gate orthosis. In these patients, swaying of the
hips in a side-by-side manner will allow for forward
propulsion. Unfortunately, in order to use this ortho-
sis, patients must be fairly contracture free.

The upper lumbar level patients will have
higher rates of hip dislocation and dysplasia than in
the thoracic level paraplegic patients. Historically,
efforts have been made to maintain the hip position
in these patients, including muscle transfers. Today,
treatment in these patients is similar to those in the
thoracic level paraplegic patients and surgery is
only indicated to prevent muscle contractures. In the
past, was recommended reduction of hips in lower
lumbar patients with the addition of different ten-
don transfers designed to augment weak hip exten-
sion and abduction. These reductions include
transfer of the psoas muscle to the greater trochanter;
posterior transfer of the origins of the adductor
longus, brevis and gracilis muscles; external oblique
transfer to the greater trochanter; and posterior ten-
sor fascia lata transfer to the gluteal muscle sling.
Controversy surrounds whether these extensive
muscle transfers prevent later dysplasia and im-
prove the function and gait of these patients. Re-
cently, surgeons have not been reducing dislocated
hips in lumbar level patients, unless patients are ex-
periencing ongoing pain. The function of these pa-
tients whether the hips are dislocated or located
does not seem to vary; and they seem to function
whether the hips are located or not.

WeinCh08ff.qxd  1/2/04  7:05 AM  Page 225



226 CHAPTER 8 � Neuromuscular Diseases

Dislocated hips in patients with sacral level
paralysis should undergo hip reduction and stabiliza-
tion procedures. Standard open reduction through an
anterior approach and femoral shortening in older
patients may be indicated. If weakness of the hip
abductors is noted, the transfer of the external
oblique is probably appropriate.

Knee Problems in Myelodysplasia

The knee in patients with myelomeningocele can
have several problems, including hyperextension de-
formity, flexion contracture, and valgus deformities
of the knee. The important knee functions of motion
and stability are to be reasonably maintained in pa-
tients in order to allow sitting, standing, and gait.

Hyperextension deformities of the knee are
common in patients with L3 level of motor function.
These patients have active quadriceps function with
no hamstring function thus leading to hyperexten-
sion deformities. These deformities are usually
treated well with physical therapy or casting in the
early period. Surgery may be performed in cases
with persistent dislocation of the knee and inability
to obtain flexion. In these patients, the hamstring
muscles can subluxate anteriorly and provide a de-
forming knee extensor moment verses the normal
knee flexion. These patients are treated with an an-
terior VY quadriceps plasty, thus allowing the ham-
string muscles to then drift posteriorly to the axis of
the knee.

Flexion contractures may develop in ambula-
tory patients with myelodysplasia. Patients with de-
formities less than 20º may be treated with an
anterior floor reaction AFO and progressive stretch-
ing. If contractures are greater than 30º, this degree
of flexion will preclude efficient gait and may lead to
anterior knee pain, due to increased stresses of the
patellofemoral joint. Posterior release is indicated in
patients with a significant flexion contracture. In this
technique, the hamstring muscles are transferred
proximally to the insertion of the gastrocnemius
muscle. The gastrocnemius muscle can be released if
it is a deforming force for flexion. Posterior capsulo-
tomy and partial sectioning of the cruciate ligaments
may be needed in order to obtain full extension. In
the author’s experience, posterior capsulotomy is a
procedure that works better in younger patients.
Older patients tend to have higher rates of recur-
rence. Therefore, distal femoral osteotomy with ex-
tension is more reproducible in older patients. It is
important to ensure that the patient has active knee

flexion greater than 100º of flexion, as distal femoral
extension osteotomy will decrease the flexion arc.
Anterior physeal stapling may be indicated in grow-
ing patients with knee flexion contracture, avoiding
the morbidity of distal femoral osteotomy.

Some ambulatory myelomeningocele patients
will develop progressive valgus deformities of the
knee. This may be due to tightness of the iliotibial
band and increased valgus moment of the knee as a
result of the Trendelenburg gait. Patients with a val-
gus deformity of the knee can be treated with a
knee-ankle-foot orthosis. Selective surgical proce-
dures may include iliotibial band release, osteotomy
of the distal femoral joint and medial distal femoral
physeal stapling.

Foot Deformities in Myelodysplasia

In caring for the foot in spina bifida, the correction of
foot pathology requires treatment of structural de-
formity and balance of the extrinsic and intrinsic
foot muscles as well. The preservation, removal, or
transfer of muscle activity must be carefully consid-
ered in relationship to the function of the foot during
walking. For instance, a muscle that functions as a
deforming force may not have the power to fully
correct the structural deformity after transfer. Trans-
fer of a tendon may result in muscle weakness and
production of a secondary problem. In thoracic level
and upper lumbar level patients, the feet should be
kept contracture and deformity free to allow appro-
priate orthosis wear and prevention of foot sores.
This is important for shoeing and to start standing
protocols, which may promote future independence
with activities of daily living. Lower level lumbar
patients have good long-term ambulatory potential
and may require removal of deforming forces in the
foot to maximize ambulatory potential and to pre-
vent areas of high pressure and subsequent pressure
sores. The motion of the joints in the foot should be
preserved as much as possible. This will allow
preservation of the shock absorptive capacity of the
foot, and lessen the possibility of ulceration and joint
degeneration. Sacral level patients have at least
moderate plantar flexion power in the triceps surae,
yet intrinsic paralysis may lead to foot deformities
consisting of hind foot and forefoot malalignment.

Clubfoot

Talipes equinovarus is the most common con-
genital foot abnormality and accounts for over 50%
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of foot deformities. The clubfoot deformity is signif-
icantly stiffer and more resistant to manipulate in
comparison to idiopathic clubfeet (Figure 8-7). As
such, correction of the equinovarus deformity in
MMC patients is rarely accomplished by nonopera-
tive means. An attempt to manipulate and cast the
deformity during the newborn period may be
worthwhile in the extremely rare instance when the
foot is supple and can be manipulated into a satis-
factory position prior to the application of plaster. If
the foot has not achieved satisfactory correction by
the time the infant is 3 months old, make no further
attempts at conservative treatment; surgical correc-
tion is recommended when the child is 1 year old.
Performing the surgery at an age when the child is
able to stand utilizes weight bearing as well as an
orthosis to maintain correction.

Skin coverage of the posteromedial aspect of
the foot presents a major potential problem during
surgical correction of the severe hind foot deformity
common in the MMC clubfoot. Many different inci-
sions have been tried, but no approach is com-
pletely devoid of limitations. After skin incision, all
1 to 2 cm of the paralyzed and spastic tendons
should be resected rather than lengthened. Addi-
tionally, in patients with L5 level paraplegia the
functioning, anterior tibialis and the peroneal ten-
dons will often result in a calcaneal valgus deformity.

In these cases, consider resection of these tendons,
as it is better for the patient to have a flaccid brace-
able foot than a deformed foot due to muscle ac-
tivity that is inappropriate for standing. Limited
surgery rarely corrects the clubfoot. Complete cir-
cumferential subtalar release is necessary in order
to allow the calcaneus to rotate sufficiently under-
neath the talus to reduce varus and align the axis of
the foot with the axis of the ankle and knee. Postop-
eratively, the patient is placed into a long leg cast
and the pins are removed at 6 weeks. The child is
then fitted for a night splint and AFOs are worn
during the day.

Recurrent clubfoot deformity is seen with a
greater frequency in those patients with an MMC.
The treatment of the recurrent deformity depends
on several factors including the age of the patient,
the functional level of the patient, as well as the pre-
vious treatment of the clubfoot. In toddlers treat re-
current clubfoot with a repeat posteromedial release.
Recurrent clubfoot deformity may require talec-
tomy; however, the resultant correction is rarely
satisfactory due to possible recurrence. Less severe
deformities may be managed with a combination
of osteotomies such as a tarsal or metatarsal os-
teotomy to correct the midfoot deformity and a
calcaneal osteotomy to correct the fixed varus de-
formity of the heel.

FIGURE 8-7. Preoperative and postoperative photographs from a child with severe clubfoot treated
with extensive posterior medial and lateral release. 
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Calcaneal Deformity

These foot deformities are primarily due to the
unopposed voluntary or spastic pull of the anterior
tibialis muscle, the toe extensor muscles, or the per-
oneal muscles. With time, the calcaneus eventually
becomes vertical underneath the talus, promoting
excessive pressure under the calcaneus and pre-
venting the forefoot from contacting the floor. Non-
operative treatment of calcaneal deformity is rarely
successful in the long term. Simple resection of the
offending tendons at an early age (in the child
under 5 years of age) allows the foot to be brought
into satisfactory position for bracing. However, in
cases of more severe deformity with vertical align-
ment of the calcaneus, the anterior tibialis tendon is
transferred through the interosseous membrane
and attached to the os calcis. The remaining tight
anterior structures are released so that the foot can
be brought into a satisfactory plantarflexed position
for bracing. The transferred tendon rarely provides
enough power for braceless ambulation and is de-
signed to make the foot braceable and ulcer free, not
to eliminate brace use.

Congenital Vertical Talus

Congenital valgus deformities are usually due
to contraction of the lateral musculature of the foot
with equinus deformity of the calcaneus; severe
cases present with lateral displacement of the calca-
neus from beneath the talus. The deformity may be
flexible or rigid; in the former, a trial of manipula-
tion and cast treatment followed by an orthosis de-
signed to hold the foot in the corrected position may
be successful. In the rigid form of congenital verti-
cal talus, an aggressive surgical approach is needed.
As in 1-year-old patients, surgery consists of an ex-
tensive subtalar release, resection of deforming ten-
dons, and postoperative ankle release. The anterior
tibialis tendon can either be resected or transferred
back to the neck of the talus. After postoperative
cast immobilization, it is important to protect the
foot and ankle with a rigid ankle foot orthosis to
prevent neuropathic degeneration of the ankle joint.

Valgus Deformity

Valgus and external rotation of the foot is a
common deformity seen in older children. The val-
gus deformity may occur in the subtalar joint, in the
ankle, or in both sites. Ankle valgus is noted on ra-
diographs when the fibular physis is above the level
of the plafond, if there is wedging of the distal tibia
epiphysis and if the longitudinal axis of the tibia is

not perpendicular to the dome of the talus. In many
cases, the deformity is mild and requires only cus-
tom inserts such as a UCBL. In rare cases, the ankle
valgus deformity will be excessive and lead to de-
creased knee extension moment in stance phase. In
such instances, correction may be obtained with a
supramalleolar osteotomy that corrects both the
valgus and rotation or, alternatively, a medial tibia
epiphysiodesis may be used in cases of valgus de-
formity without external rotation of the ankle.

Failing to have radiographic evidence of ankle
valgus implies that valgus is present in the subtalar
joint. Several different options exist when the valgus
is due to the subtalar joint. These options include
medial calcaneal osteotomy, calcaneal lengthening
or subtalar arthrodesis. The use of subtalar arthrode-
sis will usually restore normal hind foot alignment
but does remove motion from the subtalar joint. This
increases the risk of sores and Charcot-like changes
in the ankle joint as the child matures.

Cavus

Cavus foot deformity is due to muscle imbal-
ances and is most commonly seen in sacral level
MMC. Muscle weakness leads to dropped first
metatarsal and claw toes. The muscle imbalance
(weak peroneals) and plantar flexed metatarsal
leads the hind foot into varus. Children with a cavus
deformity have sufficient sensation and voluntary
muscle control to walk without an orthosis. Defor-
mity will frequently be progressive, resulting in ul-
cerations on their toes and over their metatarsal
heads. Failure of conservative treatment with severe
calluses or ulcerations and ankle instability due to
hind foot varus is an indication for surgical correc-
tion. Cavus is corrected via plantar fascia release
and osteotomy of the metatarsals or midfoot. Bal-
ancing of muscles may include transfer of the IP
joints, transfer at toe flexors to the extensors, and oc-
casionally extensor hallicus longus recession will be
used to increase foot dorsiflexion power. A calcaneal
osteotomy is necessary when a dorsiflexion attitude
of the calcaneus is present and accentuates the cavus
deformity. Following osteotomy the calcaneus is
moved backward and laterally as needed to correct
cavus or cavovarus deformities.

Charcot Arthropathy

Neuropathic arthropathy is a progressive joint de-
generation due to lack of protective sensation. This
is primarily a problem in the ambulatory young
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adult who has decreased sensation of the knee,
ankle, and foot. The L4–L5 patient appears to be the
most vulnerable; however, patients with paralysis at
the S-1 level of paraplegia may also have Charcot
changes. The pathologic process follows a traumatic
episode that may be quite mild. Progressive destruc-
tion results after the patient continues to walk lead-
ing to further microfractures and joint destruction.
Following initial trauma there is usually a consider-
able amount of swelling and redness around the
joint and the appearance of the foot resembles an in-
fection and cellulitis. Because the initial radiographs
are often unremarkable, the patient may be given
antibiotics for the mistaken diagnosis of infection.

Appropriate treatment consists of complete
joint protection following the initial episode and be-
fore additional injury occurs. Immobilization may
be accomplished by splinting or casting and non
weight bearing. Typically, the swelling and ery-
thema will subside after 1 or 2 weeks and complete
healing will take approximately 6 to 8 weeks. If the
early treatment is successful, then radiographic
changes may never be identified. If redness and
swelling recurs after the onset of weight bearing,
then protection must be resumed for a longer pe-
riod of time. In some cases diagnosis and treatment
are delayed and the radiograph becomes positive
for joint deformity or degeneration. Prolonged im-
mobilization and protection must be provided until
the process has run its course. With this plan, joint
instability and the development of bony promi-
nences are hopefully avoided. Such treatment may
take up to 6 to 8 months and joint protection should
be maintained until there is radiographic evidence
of healing of the joint, and all swelling and ery-
thema has disappeared.

Fractures in Myelodysplasia

Myelomeningocele patients who are ambulatory
can occasionally present with fractures of the
lower extremity following minimal trauma. These
fractures occur in patients who are between 3 and
7 years of age and typically occur in the distal
femur and proximal tibia. Fractures occur at the
epiphyseal plate or in the metaphysis. Presenting
signs and symptoms include erythema, swelling,
and fever; moderate elevations in sedimentation
rate may be noted. Differential diagnosis includes
the possibility of cellulitis and osteomyelitis. Frac-
tures should be considered the primary cause, un-
less other signs and symptoms and positive cultures
are consistent with infection. These fractures are

treated with a bulky soft dressing with splinting
for 3 weeks until callus formation is noted and
then progressive weight bearing is started to pre-
vent further osteopenia.

In summary, patients with myelomeningocele
have multiple problems and issues regarding the
hip, knee, and foot. Treatment is indicated and in-
dividualized to the patient according to the general
medical health of the child, the level of paraplegia
and the functional deficits inherit to each patient.

SPINAL MUSCULAR ATROPHY

Spinal muscular atrophy is due to dysfunction in
the anterior horn cells of the spinal cord, resulting
in distal weakness. The inheritance is autosomal re-
cessive in nature and consists of different clinical
pictures, based on differences in severity. Spinal
muscular atrophy is classified clinically into three
types. Type I is termed Werdnig-Hoffmann disease.
Type II is a chronic form of Werdnig-Hoffmann dis-
ease and Type III is the milder form of Spinal Mus-
cular Atrophy, termed Kugelberg-Welander disease.
No clear demarcation in the extent of disease, onset
of disease and progression of deformity exists be-
tween the three types. However, patients are often
classified into these three categories, even though
clinical presentation may not distinctly place a child
into each of the different groups. In general, the ear-
lier onset of the disease results in more severe clini-
cal effects and poor outcome.

Type I or acute Werdnig-Hoffmann disease is
diagnosed prior to 6 months of age. These patients
present with severe pulmonary restriction and
complications resulting in early death. As such, or-
thopaedic treatment is rarely needed except occa-
sionally to provide immobilization for pathologic
fractures in the postnatal period. Type II or chronic
Werdnig-Hoffmann disease is diagnosed after 6
months of age. These patients never become ambu-
latory and may live into the middle decades of life.
Type III or Kugelberg-Welander disease is usually
diagnosed after 2 years of age. These patients are
ambulatory, with decreasing ambulation over time,
as weakness increases. These patients have proxi-
mal muscle weakness and may have some similar
physical exam features as those seen in muscular
dystrophy.

Orthopaedic treatment needed in spinal muscu-
lar atrophy is needed for resultant muscle weak-
ness, which leads to contractures of the soft tissues,
hip instability, and progressive spinal deformity.
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Due to the muscle weakness, muscle contractures
become common, and muscle is replaced with fat
and fibrosis. Decreased function and an inability to
ambulate predispose individuals to develop hip
and knee flexion contractures. Physical therapy and
orthoses may be of some benefit in maintaining mo-
tion. As these individuals are usually wheelchair
dependent, muscle contractures are rarely severe
enough to require surgical intervention.

In order to prevent pelvic obliquity, difficult
seating, and pain, it is desirable to maintain reduc-
tion of the hips, even in nonambulatory patients.
Many patients have a life expectancy into the fourth
and fifth decade. Treatment to prevent hip displace-
ment includes surgical release of those muscle con-
tractures that lead toward displacement. These
treatments include surgical releases of the adduc-
tors and hamstrings. In patients with rapid subluxa-
tion, femoral osteotomy may be of benefit. In
patients with dislocated hips, an open reduction,
femoral osteotomy and pelvic acetabuloplasty os-
teotomy may be required. Salvage operations, such
as Chiari and shelf operations will maintain poste-
rior coverage, while increasing lateral coverage.

Spinal deformity is common in patients with
spinal muscular atrophy. All type II patients will de-
velop scoliosis within the first decade of life. Individ-
uals with type III spinal muscular atrophy will have
a more variable incidence of scoliosis. In general, sco-
liosis is characterized as a long, C-shaped scoliosis
involving pelvic obliquity. Occasionally, isolated tho-
racic curves will be noted. It is expected that all type
II patients and most type III patients will have pro-
gression of the deformity and will require surgical in-
tervention. Be that as it may, it is a benefit to delay
surgery as long as possible. Therefore, bracing with
use of a TLSO, (Thoracic, Lumbar, Sacral, Orthosis)
may be indicated in patients younger than 8 or 9
years with minor curves. Bracing will allow patients
to have improved sitting balance. The main benefit
allows increased spinal growth and obviates the
need to consider anterior and posterior spinal fusion.
Surgery is uniformly indicated in patients with
curves over 40º and who maintain good pulmonary
function. Pulmonary function is affected in response
to weakness of the intercostal muscles. Pulmonary
function may be further affected by cephalad dis-
placement of the abdominal contents from severe
scoliosis. Decreased complications and improved
outcome can be anticipated in patients whose ex-
pected forced vital capacity is greater than 30 to 40%. 

The benefits of surgery include an increase in
sitting balance, an improvement in self-image, and

cosmesis. Similar to spine fusion in other neuromus-
cular disorders, posterior spine fusion instrumenta-
tion improves the ability of the caregiver to provide
for the patients. Posterior spine fusion may also de-
crease or remove the aching back pain that may occa-
sionally be seen in individuals with severe deformity.
Scoliosis is corrected with posterior spine fusion and
instrumentation to the pelvis in order to reduce
pelvic obliquity, if present. Pelvic fixation is obtained
with Galveston instrumentation or multiple screw
placements into the lower lumbar vertebra, sacrum,
and the iliac wing. Due to the significant osteoporo-
sis seen in these individuals, sublaminar wires at
every level are preferred to segmental instrumenta-
tion via hooks. Anterior release and instrumentation
is rarely indicated in these patients, due to the poten-
tial for exacerbating poor pulmonary function. In-
creased blood loss and need for transfusion is noted,
as well as increased risk of infection, due to complex-
ity and length of these procedures. Spinal cord moni-
toring is utilized. In general, spinal cord monitoring
benefits patients with muscle disease in order to
maintain any residual bowel and bladder function,
as well as to maintain the protective sensation, thus
preventing decubitus ulcers.

Postoperatively, these patients are managed
with aggressive pulmonary toilet Continuous posi-
tive airway pressure (CPAP) is often beneficial in
maintaining lung ventilation and decreases atelec-
tasis. Epidural pain control is of further benefit in
order to prevent the splinting of respiration as a re-
sult of postoperative pain.

FRIEDREICH’S ATAXIA 

Friedreich’s ataxia is considered one of several
spinal cerebellar degenerative disorders and has an
autosomal recessive inheritance. These individuals
present with increased ataxia as the first presenting
symptom. On physical exam, there is a loss of the
knee and ankle reflexes, and a positive Babinski sign.
In addition, there is a loss of proprioceptive and vi-
bratory sense. The average age at clinical onset is
from 7 to 15 years of age, with rare cases of delayed
onset up to 25 years of age. Ataxia and symmetric
weakness leads to progressive decrease in walking
and patients often become wheelchair bound by the
second to third decade. Weakness is usually symmet-
ric, involving the proximal musculature (gluteus
maximus), more than in the distal musculature. Pre-
mature death occurs in the fourth or fifth decade as
a result of complications from cardiomyopathy or
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pulmonary dysfunction following complicating
events, such as aspiration pneumonia. The or-
thopaedic manifestations of Friedreich’s ataxia in-
clude foot disorders and spinal deformity.

Individuals with Friedreich’s ataxia will occa-
sionally have a cavovarus foot deformity as a pre-
senting symptom. Ambulation becomes difficult as a
result of the foot deformity, combined with ataxia. In
order to produce a plantar grade foot, surgical treat-
ment of the cavovarus deformity requires muscle re-
balancing, bony osteotomies, or fusion. Soft tissue
releases include plantar fascia release, tendoachilles
lengthening, transfer of the posterior tibialis tendon,
or lengthening and transfer of the anterior tibialis
tendon. When a transfer of the anterior or posterior
tendon in entertained, it is usually placed into the
dorsum of the third cuneiform in the center of the
foot. Residual skeletal deformity of the foot may be
managed with calcaneal and midfoot osteotomies
versus a triple arthrodesis.

Scoliosis develops in nearly all patients with
Friedreich’s ataxia. Several distinct differences in
spinal deformity exist between patients with Fried-
reich’s ataxia and patients with spinal deformity as
a result of muscle weakness. Patients with Friedre-
ich’s ataxia develop scoliosis not as a function of
muscle weakness, but as a result of abnormalities
in balance. It is theorized that the spinal deformity
in Friedreich’s ataxia is a result of the perturbations
in the proprioceptive and balance systems. This the-
ory is similar to the theories for the cause of curves
in patients with idiopathic scoliosis. Because of the
similarities, the progression, curve pattern, and
treatment are more similar to patients with adoles-
cent idiopathic scoliosis. Curve onset may occur
while individuals are walking, as opposed to those
patients with muscular dystrophy. In the latter case,
curve progression usually develops when patients
become wheelchair dependent. Similar to idio-
pathic scoliosis, progression of scoliosis is age de-
pendent; younger patients will have rapid
progression and larger final magnitudes than pa-
tients with later onset of scoliosis. The curve pattern
in Friedreich’s ataxia is also similar to idiopathic
scoliosis with greater incidences of double major
curve patterns, single thoracic and thoracolumbar
curves. This is in contrast to scoliosis from muscular
dystrophy, which is characterized by long C-shaped
curves and pelvic obliquity.

The treatment for scoliosis in Friedreich’s ataxia
is similar to that in patients with adolescent idio-
pathic scoliosis. Bracing may be utilized in younger,
immature patients with mild to moderate curves.

Bracing may provide some decrease in progression of
the curve; however, the use of the TLSO may limit the
patient’s ability to walk. Surgery is generally indi-
cated in patients who have curves greater than 50º.
Surgical planning and treatment is similar to adoles-
cent idiopathic scoliosis, with the bulk of patients re-
quiring posterior spine fusion with instrumentation.
Because the curves rarely result in pelvic obliquity, fu-
sion to the pelvis is not indicated in most cases. poste-
rior instrumentation with segmental fixation from the
upper thoracic to the low lumbar region, maintaining
curve balance in both the sagittal and coronal planes
is recommended. Unnecessary fusion to the sacrum
with screw fixation or Galveston fixation in an ambu-
latory patient may significantly decrease their ability
to walk. Anterior release is indicated in those curves
with severe rigidity and with poor sitting balance.

ORTHOPAEDIC IMPLICATIONS 
OF DUCHENNE MUSCULAR
DYSTROPHY (DMD)

Clinical onset is usually between 3 to 6 years of age
with noted decreases in ambulation, often heralded
with new onset of toe walking. On initial physical
exam, patients have loss in reflexes and pseudohy-
pertrophy of the calves. Delayed onset of toe walking
due to DMD is uniquely different from that seen in
idiopathic toe walking. These individuals walk on
their toes from the very beginning of independent
ambulation. Patients with DMD may also present
with increased tripping, difficulty running, and
climbing stairs. These patients have difficulties as a
result of proximal muscle weakness in the shoulder
and hip musculature. Weakness in the lower extrem-
ity begins in the gluteus maximus, quadriceps, and
anterior tibialis muscle. In the upper extremity,
weakness is noted in the deltoid, pectoralis, and
trapezius muscles. Pelvic weakness results in an ab-
normal gait that is typical for muscular dystrophy.
These individuals have weak hip extensors and,
therefore, develop compensatory flexion of the hips
and increased lordosis of the lumbar spine. Muscle
contractures in the tensor fascia lata promote devel-
opment of a wide-based gait. Static examination will
further reveal contractures of the tensor fascia lata,
with a positive Ober test. In addition, Trendelenburg
lurch results from weak hip abductors. These pa-
tients have further difficulty compensating for the
abnormal gait due to concurrent weakness in the
upper extremity that precludes crutch use. They
will present with a positive Gower’s sign, which is
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decreased ability to rise from a sitting position with-
out use of the upper extremities.

Treatment is based on maintaining ability to am-
bulate, prevention of contractures which preclude
sitting in nonambulatory patients and prevention of
significant spinal deformity. In ambulatory patients,
judicious release of these contractures, in combina-
tion with aggressive physical therapy in the moti-
vated patients can preserve an ambulatory ability
for 2 to 3 more years. Such surgical procedures are
minimally useful in wheelchair-dependent patients.
Other treatment indications include pain from se-
vere muscle contractures.

Limiting foot deformities in DMD include equi-
nus and equinovarus foot deformities. The latter re-
sults from a combination of the hypertrophy of the
gastrocnemius muscle weakness of the anterior tib-
ialis and over-pull of the posterior tibialis muscle.
These patients are treated with percutaneous ten-
doachilles Z-lengthening and posterior tibialis
transfer through the interosseous membrane. Post-
operative use of an AFO will prevent recurrence.
Ambulatory patients with abduction contractures
may benefit from selective release of the iliotibial
band and the fascia lata. Nonambulatory individuals
with DMD may also develop hip flexion contrac-
tures, which result in increased lordosis and occa-
sional back pain. Selective release of the sartorius,
rectus femoris, and tensor fascia lata may improve
the hip flexion contractures in nonambulatory pa-
tients. Knee flexion contractures may occasionally be
painful in nonambulatory patients and hamstring re-
leases can reduce the pain and spasms.

Ninety-five percent of patients with DMD de-
velop scoliosis. The onset of scoliosis is concurrent
with loss of ambulation in most patients. Rapid pro-
gression of the curve can be expected as soon as a
child becomes wheelchair dependent. Most spinal
deformity is a long thoracolumbar curve, with con-
current pelvic obliquity. Nonoperative treatment for
scoliosis may be indicated in selective patients who
have poor sitting balance and who have contraindi-
cations for surgery. Use of an orthosis will not pre-
vent curve progression in affected individuals, but
may help sitting balance in those patients who are
poor candidates for surgical treatment.

Posterior spine fusion with instrumentation is in-
dicated for a child with a 25º curve. There is no benefit
to waiting as relentless progression of scoliosis and
concurrent decrease in lung function may be expected.
Standard surgical technique includes posterior instru-
mentation from T2 to L5 or to the pelvis. Most utilize
instrumentation to the pelvis, especially if the curves

are greater than 40º with attendant pelvic obliquity.
Posterior instrumentation with Luque wiring pro-
vides solid fixation. Fixation to the pelvis can be ac-
complished with pedicle or sacral screws into the
sacrum or the ilium. Alternatively, a unit rod may be
placed into the pelvis via the Galveston method.
Spinal cord monitoring is used throughout surgery to
detect spinal cord injury. Although patients are non-
ambulatory, maintenance of bowel and bladder func-
tion and protective sensation is important.

The risks of surgery are increased in DMD pa-
tients in comparison to those with idiopathic scolio-
sis. Patients with DMD may have cardiomyopathy;
therefore, a preoperative cardiology evaluation is
mandatory. All patients with DMD have a decrease in
pulmonary function. Once the child becomes wheel-
chair dependant, further loss of pulmonary function
is inevitable. Spinal fusion is reasonably safe in pa-
tients who have a forced vital capacity greater than 30
to 40% of the expected values. Increased complica-
tions from surgery may result when the forced vital
capacity is lower than 30% of expected values. With
aggressive postoperative pulmonary toilet, surgical
intervention may still be possible in patients with
forced vital capacity of 20%. However, families of
these patients should be informed of the significant
risk and need for postoperative intubation. Posterior
spine fusion with instrumentation has also been
noted to stabilize the loss of pulmonary function. As
such, increased life expectancy can be expected as a
result of posterior spine fusion in patients who have
an uncomplicated postoperative course.

Other surgical risks include excessive blood
loss and need for transfusion. Higher rates of infec-
tion are also present as a result of the long duration
of surgery and as a result of the significant blood
loss. Surgical complications such as hardware fail-
ure have also been reported. The benefit of surgical
treatment for spinal deformity is a clear improve-
ment in the quality of life for affected individuals by
maintaining an erect sitting position and improving
their self image and cosmesis. On the other hand,
some patients may have increased difficulty in feed-
ing, as it is harder to get food to their mouth with
their posture restored to near normal.

BECKER TYPE MUSCULAR
DYSTROPHY

Becker type muscular dystrophy is best considered
as a mild form of DMD. Although the anatomic
distribution and problems are similar to those seen
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in DMD, the onset of symptoms is later, at approx-
imately 7 years of age or older. Fortunately, the
severity of the problems and the extent of disabil-
ity are much less and these patients can expect to
be ambulatory into the teen and young adult
years.

Anatomic deformities include equinus and equi-
novarus deformities, as well as a milder form of scol-
iosis (Figure 8-8). Treatment for these deformities is
individualized, using some of the same surgical and
nonoperative treatment strategies seen in DMD. For
instance, AFO use may prevent contracture and im-
prove ambulatory potential. If this fails, tendoachilles
lengthening, plantar fascia release, and posterior tib-
ialis transfer may be needed. Affected individuals
with scoliosis need their treatment individualized ac-
cording to the location of the curve and extent of the
curve size.

EMERY-DREIFUSS MUSCULAR
DYSTROPHY

Emery-Dreifuss muscular dystrophy is also a sex
linked recessive muscular dystrophy. Clinical onset is
noted by early muscle contractures, such as equinus

contractures. Paraspinal weakness, spasm, and
tightness of these muscles may lead to cervical
spine contractures. Affected individuals will also
have elbow flexion contractures. These patients can
walk for many decades and treatment is individu-
alized to release any formal contractures of the
foot. In rare cases, patients with this disorder re-
quire stabilization of the spine when curves are
greater than 40º.

FACIOSCAPULOHUMERAL 
MUSCULAR DYSTROPHY

The two variations of Facioscapulohumeral muscu-
lar dystrophy are differentiated according to differ-
ences in genetic pattern. Patients with infantile
Facioscapulohumeral muscular dystrophy have an
autosomal recessive inheritance. This is a very se-
vere form of muscular dystrophy, with onset of fa-
cial weakness in the first decade of life. Patients
become wheelchair dependent by the second decade
and will develop pulmonary complications result-
ing in death in the second to third decade. Patients
have very severe weakness of the hip extensors, re-
sulting in extreme lumbar lordosis and hip flexion

FIGURE 8-8. Lateral and AP of a 16-year-
old boy with Becker muscular dystrophy. Ex-
treme lordosis and minimal scoliosis is
present. 
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contractures. In these patients, orthopaedic surgery
is rarely helpful in improving function.

Compared to the infantile form, the autosomal
dominant variety of Facioscapulohumeral muscular
dystrophy has a variable expression with a less ma-
lignant course. The onset of clinical symptoms is in
late childhood and early adolescence. Patients pres-
ent with facial weakness and lack of facial mobility;
decreased scapulothoracic motion, and scapular
winging is noted. Following onset of facial abnor-
malities and scapulohumeral changes, weakness of
the pelvic muscles and anterior tibialis is noted
(Figure 8-9). Patients rarely present with scoliosis.
The major orthopaedic problem is winging of the
scapula, resulting in decreased shoulder flexion and

abduction. In these patients, posterior stabilization
of the scapula to the thorax may benefit by improv-
ing shoulder flexion and abduction. These surgical
results are reliably maintained over time.

LIMB-GIRDLE MUSCULAR
DYSTROPHY

Limb-girdle muscular dystrophy is a form of auto-
somal recessive muscular dystrophy. It is relatively
benign in its clinical course in comparison to pa-
tients with Duchenne muscular dystrophy. The
anatomic distribution is similar to that seen in Fa-
cioscapulohumeral muscular dystrophy, except no
involvement of the face is noted. Clinical symp-
toms start in the second and third decade with
weakness in hip extensors, hip flexors, and quadri-
ceps. The clinical exam is similar to that seen in
Becker and Duchenne muscular dystrophy, except
more accentuated effects may be noted in the
shoulder girdle region. Treatment is initiated in
order to prevent and control muscle contractures,
which are similar to those in Duchenne and Becker
muscular dystrophy.

MYOTONIC DYSTROPHY

Myotonia is defined as an inability of the muscles to
relax after spontaneous or reflexive muscle contrac-
ture; and it is this early feature of myotonic dystro-
phy that is noted on physical exam. Other clinical
signs of myotonic dystrophy such as gradual atro-
phy of the muscle, frontal baldness, and cataracts
may be present in older individuals. Cardiac prob-
lems such as arrhythmias or mitral valve prolapse
may be common in patients with myotonic dystro-
phy. Myotonia tends to decrease with disease pro-
gression as a result of the muscle weakness.
Myotonic dystrophy is inherited as an autosomal
dominant disorder. Succeeding generations may
have increased clinical effects than preceding genera-
tions. Clinical onset of functional muscle abnormali-
ties begins in adolescence to early adulthood. As
opposed to muscular dystrophies, myotonic dystro-
phy results in more marked abnormalities in the dis-
tal musculature. Early decreased function in the
hands and decreased grip strength is followed by
more proximal abnormalities. As the disease pro-
gresses, individuals will have impaired walking, due
to weakness of the quadriceps, hamstring, and hip
extensor muscles. Patients tend to lose their ability to

FIGURE 8-9. A 10-year-old female with fascioscapulo-
humeral muscular dystrophy. Note hyperlordosis and knee
flexion secondary to weakness in the hip extensors and tri-
ceps surae.
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ambulate within 15 to 20 years of disease onset. Very
few orthopaedic deformities of myotonic dystrophy
merit surgical treatment. Foot deformities, such as
hind foot varus may be amenable to orthotic use.

HEREDITARY MOTOR SENSORY 
NEUROPATHIES (HMSN)

Hereditary motor sensory neuropathies (HMSN)
are a diverse group of peripheral neuropathies,
which have variable inheritance patterns. The first
three HMSNs have a predominant onset in child-
hood and adolescence. Hereditary motor sensory
neuropathies IV–VII, typically present in the adult
population. Charcot-Marie-Tooth disease is consid-
ered the prototypical hereditary motor sensory neu-
ropathy. Charcot-Marie-Tooth disease is classified
as HMSN I if it is of the hypertrophic form. The less
affected neuronal form of Charcot-Marie-Tooth dis-
ease is considered HMSN II.

The more severe form of HMSN I presents with
decreased deep tendon reflexes and more weak-
ness in the distal extremities, as opposed to the
proximal muscle weakness. The more severe form of
Charcot-Marie-Tooth disease has marked decreased
nerve conduction velocity studies. The milder form
of Charcot-Marie-Tooth disease (HMSN II) has clin-
ically normal deep tendon reflexes with only mild
aberrations noted in the nerve conduction veloci-
ties. These individuals have less weakness and, there-
fore, lead to later disease onset and less significant
deformity. The diagnosis of HMSN can now be reli-
ably made via genetic testing.

The orthopaedic problems of HMSN I and II re-
sult from muscle imbalances; usually resulting in
cavovarus foot deformities, hip dysplasia, spinal de-
formity, and decreased upper extremity function.
The predominant cavovarus foot deformity results
from weakness of the peroneal muscles and rela-
tively normal power of the posterior tibialis tendon.
This deformity leads to foot inversion, abduction,
and a varus hind foot. Cavus results from contracture
of the plantar fascia and intrinsic muscle weakness.
Preferential loss in strength in the peroneus brevis
versus the peroneus longus will also contribute to a
plantar flexed first ray and the cavus deformity. The
cavus deformity and hind foot muscle imbalance (in-
creased tone in the posterior tibialis tendon, com-
pared to the peroneals) results in a varus hind foot
deformity. This deformity is initially flexible, but may
become fixed with time. Anterior tibialis weakness

results in over-activity of the extensor tendons to the
toes. This weakness combined with intrinsic contrac-
ture leads to claw toe deformity.

Treatment options for these foot deformities in-
clude observation, orthotic use, and surgical treat-
ment. The nonoperative methods are reasonable in
patients with mild or nonprogressive deformities.
Surgical indications include progressive deformity,
ankle instability, and pain due to lateral column
overload. Surgical treatment involves muscle balanc-
ing by removing or weakening the deforming forces
and augmenting the deficient forces. The need for
bony surgery in the hind foot is based on whether the
hind foot varus is fixed or flexible. The Coleman
Block Test is useful in determining whether the hind
foot varus is fixed or flexible. With this maneuver, a

-inch wooden block is placed under the lateral
aspect of the foot and fifth metatarsal. Soft tissue
only procedures would be appropriate if the hind
foot can correct to a valgus or neutral position with
this maneuver. Failure to correct the varus deformity
implies a fixed skeletal deformity. In these cases,
forefoot balancing procedures are combined with
hind foot osteotomy or fusion.

The cavus deformity is treated with a plantar
fascia release and in fixed deformities will require
plantar based osteotomy, either through the meta-
tarsals or the first cuneiform. The peroneus longus
is usually transferred to the peroneus brevis tendon.
Supination and hind foot varus is treated with ante-
rior tibialis transfer to the third cuneiform if good
power is present in the anterior tibialis tendon. If
the anterior tibialis muscle is weak, posterior tibialis
tendon transfer through the interosseous mem-
brane will assist in balancing the foot. If the individ-
ual has weak dorsiflexion, a transfer of the extensor
hallucis longus to the first metatarsal may increase
dorsiflexion power with the added advantage of di-
minishing the tendency for clawing at the first ray.
Fixed hind foot varus may be treated with calcaneal
sliding osteotomy, closing wedge osteotomy, or
hind foot triple arthrodesis. Tendoachilles release is
rarely indicated as most of the equinus deformity is
due to forefoot plantar flexion. Triple arthrodesis
may be indicated in the severely deformed foot.
However, complications with this operation include
overcorrection, undercorrection, and pseudoarthro-
sis. Adjacent arthrosis in the ankle and midfoot may
occur with longer term follow-up. Toe deformities
in Charcot-Marie-Tooth disease may be treated with
tenotomy of the long toe flexor in flexible deformi-
ties. Dorsal transfer of the long toe flexors may be
indicated in more moderate deformities. The latter

11
2�

3
4

WeinCh08ff.qxd  1/2/04  7:05 AM  Page 235



236 CHAPTER 8 � Neuromuscular Diseases

operation, however, has risks of complications to
the neurovascular structure. Other treatment op-
tions for toe deformities include a resection arthro-
plasty of the Interphalangeal joints. 

Hip displacement may be present in less than
10% of patients with hereditary sensory motor neu-
ropathy type I and II; a higher incidence is noted in
patients with more severe HMSN I. The spectrum of
hip abnormalities may include dislocation at birth,
as well as progressive acetabular dysplasia, coxa
valga, or hip subluxation. In general, radiographic
dysplasia is asymptomatic. On occasion, patients
may present with hip pain and the above anatomic
deformities are subsequently diagnosed. Treatment
for progressive or symptomatic acetabular dyspla-
sia and subluxation involve balancing of deforming
muscle forces across the hip. Femoral and acetabu-
lar osteotomies may be utilized in the rare patients
with progressive hip subluxation or dislocation.

The incidence of spinal deformity is also less
than 10% of those in patients with HMSN I or II. Fe-
males seem to have a higher incidence than males,
and the deformity is more likely in those individu-
als with more severe HMSN I. The spinal deformity
is similar to that seen in adolescent idiopathic scol-
iosis with usual age of onset at 10 years of age and
with development of similar curve patterns, to 0. In
the unusual instance of large curves (35 to 40º in
rapidly growing individuals) orthotic treatment
with a brace may be indicated. Posterior spine fu-
sion with segmental instrumentation and fusion is
indicated in those rare patients with progressive
deformities greater than 50 to 60º. Use of spinal
cord monitoring during surgery may be limited
due to the poor nerve conduction inherent to the
demyelinization of the patients with hereditary
sensory motor neuropathies.

Decrease sensory function and upper extremity
deformities may be present in severely involved pa-
tients with HMSN I. These patients have intrinsic
weakness, resulting in claw hands of the second
through fifth digits (Figure 8-10). In addition, de-
crease in the intrinsic muscles will result in decrease
pinch and opponens function of the thumb. Surgical
treatment may be considered in those patients with
severe clawing and would consist of flexor digito-
rum superficialis tenodesis.

ARTHROGRYPOSIS

Arthrogryposis is not a diagnosis per se, but a condi-
tion with joint contractures, atrophy of muscles
noted on physical examination. In general, there are
over 60 identifiable causes for arthrogryposis, and all
patients have joint contractures detected at birth. No
unifying theory as to the origin of these disorders is
currently identified. Some may be due to in utero in-
fection of some variety that affects the anterior horn
cells; some may have a strong genetic component
such as in Larsen’s syndrome. Yet all have the charac-
teristic of limited movement of the limb in utero that
probably leads to the fibrosis and stiffness seen at
birth. A diagnosis of arthrogryposis may be suspected
in a fetus that has limited movement and with charac-
teristic deformities such as clubfeet noted on ultra-
sound. Once delivered, these infants may have their
arthrogryposis grossly classified according to distri-
bution of the deformities. These contracture syn-
dromes may involve all four extremities, as seen in
patients with Larsen’s syndrome or arthrogryposis
multiplex congenita. Contractures may involve just
the hands and feet and be considered distal arthrogry-
posis. Pterygium syndromes include those patients

FIGURE 8-10. Intrinsic minus hand seen in a 20-
year-old with HMSN I.
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with severe pterygia of their major joints. Initial
work-up involves consultations with a pediatric ge-
neticist and neurologist and may require evaluation
with MRI scans and skin or muscle biopsies.

Patients with arthrogryposis multiplex con-
genita have a characteristic appearance of the limbs.
Limbs appear tubular without normal contours of
the muscles and joints and the overlying skin is
without wrinkles; however, there may be occasional
dimples over joints or muscles. The shoulder is typ-
ically adducted and internally rotated; and the
elbow is usually fixed in extension. At the wrist, the
hand is invariably flexed and ulnarly deviated and
there may be a thumb and palm deformity with se-
vere finger flexion. More severe finger deformity is
noted on the ulnar side of the hand as opposed to
the radial side. Hips are usually flexed, abducted,
and externally rotated; we have occasionally seen
children with hips and knees in frank breech posi-
tion. Knees may be fixed in the extension and the
feet usually have severe, stiff clubfeet. In general,
examination of the joints demonstrates a rigid block
to motion with firm nonelastic endpoints.

Histologically, the muscles are very small and fi-
brotic with large amounts of fibrous and fatty depo-
sition between the muscle fibers. Myopathic and
neuropathic features can be noted in the muscles.
The joints have severe ankylosis with dysplastic and
contracted joint capsules with thickening and fibrosis
of the ligaments and joint capsules. Intra-articular
deposits of fibrocartilagenous material may accom-
pany the contracted joint capsules and be a mechani-
cal block to reduction in the hips (pulvinar) and the
knees. As time progresses, joint motion is not likely
to worsen. Eventually, 25% of patients will fail to de-
velop ambulation due to stiffness of the joints and
with variable weakness in the extremities.

Goals of treatment are identified in order to im-
prove the lower limb alignment and allow ambula-
tion. Upper extremity treatment may be geared with
the goal to improve the ability of the hand to feed
and assist with perineal care and with transfers.
Physical therapy is important for increasing range
of motion, which is started at an earlier age. Or-
thotics can be used to maintain a standing posi-
tion and also to brace the upper and lower
extremity into positions of functions. In general,
surgical release of soft tissues is done at an earlier
age in order to improve joint motion and correct de-
formity. It is not uncommon for initial surgical cor-
rection to be lost and then to require further surgical
treatment to correct residual or recurrent defor-
mity. However, bony operations such as osteotomy

or fusion are usually done at a later age to correct
residual deformity.

Dislocation of the hip or dysplasia of the acetab-
ulum may be noted in 60% of patients. In general,
the goals of hip treatment are to improve motion
and allow the hips to be in a functional position for
standing and sitting. Maintaining a located hip
based on radiographic presentation is less impor-
tant; it is reasonable to accept bilaterally dislocated
hips that are freely mobile without pain. On the
other hand, patients with unilaterally dislocated
hips generally do not function as well as in patients
with bilaterally dislocated hips. Therefore, early ef-
forts to reduce unilaterally displaced hips may be
indicated by some surgeons. Open reduction via an
anterior approach is used; femoral shortening may
assist in reducing the head and in preventing avas-
cular necrosis from surgery. Postoperative reduc-
tion is maintained with spica casting for a short
period of time and in a position of extension to as-
sist functional standing in the future.

As mentioned above, patients with arthrogry-
posis can have variable deformities of the knee, in-
cluding flexion deformities, hyperextension, and
dislocated knees. In general, patients with extension
deformities of the knees do better than fixed flexion
deformities, as the extended knee allows for reason-
ably good standing. Physical therapy and serial
casting may be of some benefit in obtaining further
knee flexion in the cases of fixed extension or hy-
perextension of the knee. It can be a challenge to
determine the proper plane of knee motion for app-
ropriate therapy and manipulation and casting.
Gentle attempts of physiotherapy and casting are
encouraged to avoid risks of fracture. Once 90º of
knee motion is obtained a Pavlick harness may be
used to maintain reduction. An organized strategy
is needed in those patients with combinations of
dislocated hips and hyperextension deformities of
the knees with and without clubfoot deformities. In
the short term, serial long leg casting may be of
some benefit in reducing the clubfoot deformity
and increasing knee flexion. After patients reach 1
year of age, consider simultaneous clubfoot release
and quadriceps VY plasty to obtain final clubfoot cor-
rection and further knee flexion to 100º. Short-term
immobilization (5 to 6 weeks) in a long leg cast is
utilized and then converted to a short leg cast so
that foot correction can be maintained and knee mo-
tion can be obtained with therapy. Once knee mo-
tion is stabilized, an anterior approach and open
reduction with femoral shortening will be consid-
ered in patients with a unilaterally dislocated hip.
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In general, knee flexion deformities greater than
30º tend to limit ambulatory ability. Therefore, soft
tissue releases, including posterior release of the
hamstring muscles and joint capsule are indicated.
Many of these patients will have anterior joint fibro-
sis and, therefore an anterior release and removal of
the pulvinar from the anterior aspect of the knee is
needed to obtain full knee extension. In older pa-
tients with flexion deformities, a distal femoral ex-
tension osteotomy is reasonable. Other surgical
options would include anterior hemiepiphyseal
stapling in actively growing individuals or consid-
eration for external fixation and gradual joint mobi-
lization. Progressive stretching of the knee with
external fixation will improve the extension of the
knee but it must be done in a gradual fashion to
avoid physeal fractures; unfortunately high recur-
rence rates are often noted.

Patients with arthrogryposis multiplex con-
genita usually present with a very severe clubfoot
deformity that is rigid. Treatment goals for foot de-
formity are to have the foot flat to allow for weight
bearing and ambulation. In general, nonoperative
methods for complete treatment of this deformity
are met with very little success. Other foot defor-
mities are more likely seen in patients with distal
arthrogryposis (such as congenital vertical talus).
The standard clubfoot release that is needed differs
from than used for the idiopathic clubfoot. For ex-
ample, extensive capsular releases are always
needed in arthrogryposis, and it is wise to resect
portions of the extrinsic tendons to prevent recur-
rence of deformity. After surgery and 4 months of
casting, patients should be immobilized in AFOs for
several years to prevent recurrence. Patients with
residual deformity may be candidates for a talec-
tomy at a later age. In rare cases, the posterior me-
dial lateral release and second stage talectomy does
not completely correct the deformities. In these
cases, distal tibia extension osteotomy may be use-
ful with residual, stiff equinus deformity.

Upper extremity function in patients with ar-
throgryposis is usually limited due to the shoulder
contracture with internal rotation and adducted; fur-
ther upper extremity limitation is due to extension
contractures of the elbows. In order to improve the
ability to feed oneself, it is beneficial to obtain active
elbow flexion of one elbow. Extensive release of the
triceps contracture and improved elbow flexion is ob-
tainable; however ultimate active elbow flexion may
not be possible due to deficient motor muscle power.
Treatment may be indicated if the patient has bilateral
elbow extension contractures and good triceps or

pectoralis motor function. In these patients, efforts
are made to improve joint range of motion by doing
posterior capsulotomy, followed by muscle transfer
of the triceps or pectoralis. In general, these surger-
ies work better in children who are greater than 4 to
5 years of age with 4+ power and who may be com-
pliant with the occupational therapy. As in the lower
extremity, humeral osteotomies can be used at a
later date in order to improve the positioning of the
arm for activities of daily living.

Approximately 30% of individuals with arthro-
gryposis will have scoliosis. They respond poorly to
brace treatment and, in general, surgery is indicated
for curves that are greater than 50º.

Larsen’s Syndrome

Affected individuals with Larsen’s syndrome have
many of the same physical exam features as pa-
tients with arthrogryposis. Larsen’s syndrome may
be a sporadically occurring disorder or may be au-
tosomal dominant or autosomal recessive in inheri-
tance. The autosomal recessive form seems to be
more severe than that found in the patients with au-
tosomal dominant inheritance. Clinical features of
patients with Larsen’s syndrome include multiple
large joint dislocations, ligamentous laxity, and flat
facies. The joints that tend to be dislocated are the
knees (Figure 8-11), elbows, and hips; in addition,
many patients have clubfoot deformities. Impor-
tantly, patients have very severe cervical spine
kyphosis. All patients with Larsen’s syndrome
should have regularly scheduled cervical spine
screening radiographs. A certain portion of these
patients will also develop scoliosis.

Treatment of these deformities depends on the de-
gree of dislocation of each joint. In general, upper ex-
tremity deformities and dislocation are not treated.
With time and development, affected patients adapt
and learn to function well with the current disability.
In the lower extremity, efforts are made to improve
knee range of motion in order to stand and sit. This
may involve serial casting to obtain knee flexion in
those patients with extension contractures. Some pa-
tients will have normal motion but will have some in-
stability and are best treated with a knee-ankle-foot
orthosis (KAFO). Surgical reconstruction for ligamen-
tous exam may be considered. Patients with Larsen’s
syndrome may also have hips affected with acetabular
dysplasia, subluxation, or dislocation. Efforts to re-
duce hips at an early age through an anterior or ante-
rior medial approach helps patients who are highly
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functioning with a normal life span. Consideration for
pelvic and femoral osteotomies may be needed in dis-
located hips with severe acetabular dysplasia.

The clubfoot in Larsen’s syndrome is less stiff
than that in arthrogryposis multiplex congenita and
is more amenable to nonoperative treatment with
the Ponseti approach. Although initial improvement
is probable with casting and manipulation, there
may be some residual deformity, which will require
later foot reconstruction or release. Alternatively, ini-
tial extensive posterior medial lateral release may be

preferred in these individuals. Try to obtain as much
correction with casting before considering surgical
release. Following surgery, an AFO may be benefi-
cial for prevention of recurrent deformity.

All patients with Larsen’s syndrome should
have screening lateral radiographs to determine
whether there is cervical kyphosis, which is ap-
parent by radiographic midcervical kyphosis and
hypoplasia of the vertebral bodies. This spinal de-
formity may be myelopathic and lead to complica-
tions, such as cord compromise or early death. In

FIGURE 8-11. A 6-year-old
boy with Larsen’s syndrome
and a dislocated knee.

WeinCh08ff.qxd  1/2/04  7:05 AM  Page 239



240 CHAPTER 8 � Neuromuscular Diseases

general, patients should be monitored for myelopa-
thy and curve progression. In these instances, a pos-
terior arthrodesis is indicated. With time, posterior
tethering via a bone fusion will promote the cervical
spine of the patient to grow into a more normal
sagittal alignment.

Distal Arthrogryposis

Individuals with distal arthrogryposis have contrac-
tures of the hand and feet; the large joint dislocations
and contractures seen in arthrogryposis multiplex
congenita are usually not present. Patients may also
have the facial flattening as seen in Larsen’s syn-
drome. In the upper extremity, patients with distal
arthrogryposis will have ulnar deviation of the fin-
gers and flexion deformities of the IP joints. The hand
has been described as a cup-like palm. Individuals
with distal arthrogryposis may have severe foot de-
formities, including metatarsus adductus, congenital
vertical talus, or clubfoot deformities. Surgery in the
upper extremity is useful to improve hand function
by lengthening the flexor tendons and rebalancing
the extensor tendons. In general, patients with distal
arthrogryposis have more severe foot deformities
than hand deformities. Foot deformities in distal
arthrogryposis are slightly more amenable to conser-
vative management then in arthrogryposis multiplex
congenita. Treatment of clubfeet starts with a series
of clubfoot casting to try to obtain as much correction
as possible. Recurrence rates seem to be less in pa-
tients with distal arthrogryposis than those in the
standard arthrogryposis multiplex congenita.
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Fifteen patients with Charcot-Marie-Tooth disease or Friedriech’s
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teen (47%) were considered poor results. Some bad results seem sec-
ondary to disease progression, but arthritis in adjacent joints and
recurrent deformity were common. Attempts to maintain foot posi-
tion without fusion seemed warranted in light of these results.
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A genetic and molecular revolution is happening in medicine. Lead by the
Human Genome Project, genetic information and concepts are changing the way
disease is defined, diagnoses are made, and treatment strategies are developed.
The profound implications of actually understanding the molecular abnormali-
ties of many clinical problems are affecting virtually all medical and surgical dis-
ciplines. Importantly, genetic technologies will increasingly drive biomedical
research and the practice of medicine in the near future.

Those interested in the musculoskeletal system must be aware of the genetic
cause of its inherited disorders in order to make appropriate referrals for genetic
counseling and to refine the prognosis and natural history in each individual pa-
tient. Current management revolves around treatment to prevent or minimize
medical complications, psychosocial support of patients and their families, and
modification of the environment where appropriate. Gene discoveries will allow
the development of tests to detect disease or to quantify the risk of disease. Fur-
thermore, applying this knowledge is the best hope for developing strategies to
modify the pathologic effect of the gene (drug therapy), repair the gene (gene
therapy), or for approaches to restore lost or affected tissue (tissue engineering).
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Instead of an empiric trial-and-error approach to
therapy, it may become feasible to tailor treatment
to the specific molecular malfunction.

Given the large number of inherited muscu-
loskeletal abnormalities and the power and speed
of current genetic and developmental biology in-
formation, a few selected disorders will be dis-
cussed in this chapter. The discussion will address
general concepts on the genetic bases of muscu-
loskeletal disorders, current classifications, and it
will focus on the clinical characteristics of some of
the most common disorders, including natural his-
tory and treatment options, and it will reflect the
most recent developments in the understanding of
their pathogenesis.

THE GENETIC BASES 
OF MUSCULOSKELETAL DISORDERS

The vertebrate skeleton is a fascinating and com-
plex organ system, composed of 206 bones with
many different shapes and sizes. Like every other
organ system, the skeleton has specific develop-
mental and functional characteristics that define
its identity in biologic and pathologic terms. For
normal skeletogenesis to take place, the coordina-
tion of temporal and spatial gene expression pat-
terns is a crucial prerequisite. Any disturbances in
these processes will lead to abnormalities of the
skeleton.

The development of an adult organism from a
single cell is an unparalleled example of integrated
cell behavior. After fecundation, the single cell di-
vides many times to produce the trillions of cells of
the organism, which form structures as complex
and varied as the eyes, limbs, heart, or the brain.
Development is essentially the emergence of or-
ganized and specialized structures from an ini-
tially very simple group of cells. Therefore, during
development, differences are generated in the em-
bryo that leads to spatial organization, changes in
form, and the generation of different cell types.
Since each cell has the same genetic instructions, it
must interpret this information with regard to time
and space.

The vertebrate skeleton is formed by mesenchy-
mal cells condensing into tissue elements outlining
the pattern of future bones (the patterning phase).
Shortly thereafter, cells within these condensations
differentiate along the chondrocytic pathway. Subse-
quent growth generates cartilage models (anlagen)

of the future bones. The cartilage anlagen will be re-
placed by bone and bone marrow in a process called
endochondral ossification. Finally, a process of
growth and remodeling will result in a skeleton that
is well adapted to its function as an organ not only
for movement and internal organ protection, but
also for blood cell production and regulation of cal-
cium homeostasis.

Pattern Formation

Pattern formation is the process by which spatial
and temporal arrangements of cell activities are or-
ganized within the embryo so that a well-defined
structure develops. Pattern formation is critical for
the proper development of every part of the organ-
ism. In the developing limb, for example, pattern
formation enables the cells to know whether to
make the upper arm or the fingers, and where the
muscles should form.

Pattern formation in many animals is based on
a mechanism where the cells first acquire a posi-
tional identity, which determines their future be-
havior. The ability of cells to sense their relative
positions within a limited population of cells and to
differentiate according to this position has been the
subject of intense research. Interestingly, pattern
formation in many systems has similar principles,
and more striking, similar genes. It is essentially
pattern formation—the size, shape, number, and
arrangement of the bones—that makes human be-
ings different from rabbits or chimpanzees.

Cell Differentiation

Cell differentiation is the process by which cells be-
come structurally and functionally different from
each other, ending up as distinct types as osteoblasts,
chondrocytes, or muscle cells. Because each cell of
the organism has the same genetic material, the
achievement and persistence of the differentiation
state depends on a series of signals that ultimately
control the transcription of specific genes. In hu-
mans, the zygote gives rise to about 250 clearly dis-
tinguishable cell types.

In any organism, differentiation leads to the
production of a finite number of discrete kinds of
cells, each with its peculiar repertory of biochemi-
cal activities and possible morphological configu-
rations. When cells achieve a distinctive state of
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differentiation, they do not transform into cells of
another type. Differentiation leads to a stable, irre-
versible set of cellular activities.

Mutations in early patterning genes cause dis-
orders called dysostoses: these disorders affect
only specific skeletal elements, leaving the rest of
the skeleton largely unaffected. In contrast, muta-
tions in genes that are involved primarily in cell
differentiation cause disorders called osteochon-
drodysplasias, which affect the development and
growth of most skeletal elements in a generalized
fashion. Many genes have important functions in
both of these processes so that some inherited dis-
orders can display features of both dysostoses and
osteochondrodysplasias. Genes used during skele-
tal development may also be important in other or-
gans so that when mutated, the resulting skeletal
defects are part of a syndrome.

CLASSIFICATION 
OF MUSCULOSKELETAL DISORDERS

Broadly defined, birth defects or congenital abnor-
malities occur in 6% of all live births. Twenty percent
of infant deaths are due to congenital anomalies.
About 3% of newborns have significant structural
abnormalities. At present, the cause of approxi-
mately 50 to 60% of birth defects is unknown. Chro-
mosomal abnormalities account for 6 to 7% of the
abnormalities. Specific gene mutations cause 7 to
8%. Environmental teratogens are responsible for 7
to 10% of defects. Combined genetic predisposition
with environmental factors causes the remaining 20
to 25 % of congenital abnormalities.

Genetic disorders of the skeleton comprise a
large group of clinically distinct and genetically
heterogeneous conditions comprising more than
150 forms. Although individually rare, the differ-
ent forms produce a significant number of af-
fected individuals, with significant mortality and
morbidity. Clinical manifestations range from
neonatal lethality to congenital malformations,
spinal and limb deformities to only mild growth
retardation. Importantly, secondary complications
such as early degenerative joint disease and ex-
traskeletal organ involvement add to the burden
of the disease.

Their clinical diversity makes these disorders
often difficult to diagnose, and many attempts have
been made to delineate single entities or groups of
diseases to facilitate the diagnosis. As mentioned

earlier skeletal disorders have been subdivided tradi-
tionally into dysostoses, defined as malformations of
individual bones or groups of bones; and osteochon-
drodysplasias, defined as developmental disorders
of cartilage and bone. The criteria used for their dis-
tinction has been based on a combination of clinical,
radiographic, morphologic, and, in a few instances,
biochemical characteristics. The modes of genetic in-
heritance and extraskeletal abnormalities have also
been used.

Over the past 10 years, this initial broad clinical
classification has progressed to the present reconsider-
ation and regrouping of the disorders according to
their molecular pathogenesis. The International Work-
ing Group on the Classification of Constitutional Dis-
orders of Bone updated the classification in 2001. The
major change was the addition of genetically deter-
mined dysostoses to the skeletal dysplasias. However,
it is now becoming increasingly clear that several dis-
tinctive classifications are needed that reflect, on the
one hand the molecular pathology, and on the other,
the clinical signs and symptoms. Several reviews of
the rapidly changing molecular basis of the skeletal
dysplasias have been published, focusing either on a
molecular-pathogenetic classification; on more spe-
cific aspects such as transcriptional deregulation; or on
a combination of molecular-pathology and develop-
mental biology of the musculoskeletal system. These
new concepts directly link the clinical phenotype to
key cellular processes of skeletal biology and should
assist in providing a framework accessible to clini-
cians as well as basic scientists for future understand-
ing of these disorders. It is likely that future insights
will lead to reclassification.

With this regard, the “Nomenclature and Clas-
sification of the Osteochondrodysplasias,” now
called “Nosology,” has been recently revised to re-
flect the molecular and pathogenetic abnormalities
underlying these disorders. This classification uses
similar criteria to those of the functional classifica-
tion proposed in the 8th edition of The Metabolic and
Molecular Bases of Inherited Disease.

Numerous online services allow access to pub-
lic information and services relevant to the genetics
of musculoskeletal disorders. One database that
contains a wealth of clinical and genetic data is the
Online Mendelian Inheritance in Man (OMIM). It
provides free text overviews of genetic disorders
and gene loci, with the correspondent mouse corre-
late. In general, congenital abnormalities of non-
Mendelian inheritance, chromosomal abnormalities,
and single case reports are not included. The total
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number of entries exceeds 11,000, but most im-
portantly, it is linked to a wealth of other genetic
databases allowing the users to obtain informa-
tion on gene structure, map location, function,
phenotype, or literature references. It is found at
http://www3.ncbi.nlm.nih.gov/entrez/query.fcgi
?db/OMIM. 

The logical extension of the recent success in the
field of skeletal dysplasias is to establish precisely
what the products of the affected genes do during
skeletal development and how mutations disturb
these functions to produce the characteristic pheno-
type. Despite the many hypotheses generated from
the work in human genetics and the knowledge that
has been gained from animal models, there remains
a relatively poor understanding of how these genes
interfere with skeletal development. Unraveling this
mystery and defining it in molecular and cellular
terms will be the challenge for the near future.

CLINICAL EVALUATION

With the increased availability of ultrasonographic
prenatal screening, more patients with skeletal dys-
plasias are being diagnosed before birth. When there
is suspicion of a skeletal dysplasia on ultrasound,
the femoral length is the best biometric parameter.
Further testing may be performed, if indicated, by
chorionic villous sampling and mutation analysis.

Most skeletal dysplasias result in short
stature, defined as height more than two standard
deviations below the mean for the population at a
given age. The resultant growth disproportion is
commonly referred to as “short trunk” or “short
limb.” The short-limb types are further subdi-
vided into categories based on the segment of the
limb that is affected. Rhizomelic refers to shorten-
ing of the proximal part of the limb; mesomelic
refers to the middle segment; and acromelic to the
distal segment.

In evaluating a patient with short stature or ab-
normal bone development, several aspects of the
medical history and the physical exam should be in-
vestigated. A history of heart disease, respiratory
difficulty, immune deficiency, precocious puberty,
and malabsorption should be sought because they
are associated with some of these disorders. Birth
length, head circumference, and weight should be
recorded, and pertinent family history of short
stature or dimorphism should be sought. The height
and weight percentile should be determined using
standard charts. The physical examination should

include careful characterization of the patient facies,
and presence of cleft palate, abnormal teeth, position
of the ears, and extremity malformations. A thor-
ough neurological evaluation is needed because of
the frequent incidence of spinal compromise in
many of these syndromes.

Following the history and physical examina-
tion, radiographs are used to identify the area of
bone involvement. The so-called skeletal survey
may vary from institution to institution, but it
should include the following views: skull (AP and
lateral); thoracolumbar spine (AP and lateral);
chest; pelvis; one upper limb; one lower limb; and
left hand. Flexion–extension views of the cervical
spine should be ordered if instability is suspected.
In some instances, imaging of other family mem-
bers suspected of having the same condition may be
helpful.

Laboratory tests may include calcium, phos-
phate, alkaline phosphatase, serum thyroxin, and
protein to rule out metabolic disorders. Urine should
be checked for storage products if a progressive dis-
order is found. Referral to a pediatric geneticist is
often very helpful in reaching a diagnosis in com-
plex cases, in providing genetic counseling to the
family, and to manage the many medical problems
associated with these disorders.

DEFECTS IN SKELETAL PATTERNING

Proximal Femoral Focal Deficiency

Congenital femoral deficiencies vary in severity
ranging from hypoplastic femur, congenital coxa
vara, congenital short femur with coxa vara, and
proximal femoral focal deficiency (PFFD). This later
term represents a severe disturbance in the growth
of the femur with significant shortening, abnormal-
ity of the hip, and it is commonly associated to fibu-
lar deficiency. The cause is unknown, but in some
cases the combination of femoral deficiency and ab-
normal facies is believed to be an autosomal domi-
nant malformation.

Aitken has classified PFFD into four classes
based in the radiographic evaluation of the femoral
and hip involvement. In class A, a femoral head is
present with an adequate acetabulum, but the
femur is shortened and there is significant coxa
vara. In class B, the femoral deformities are similar,
but there is no connection between the femoral shaft
and the femoral head. In class C, the deformities are
more extensive with no femoral head with results in
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FIGURE 9-1. Proximal femoral focal deficiency. Note the
affected site is shortened with the foot and ankle frequently
at the level of the contralateral knee. The hip is flexed, ab-
ducted, and externally rotated with flexion contracture of
the knee.

a poorly developed acetabulum. Finally, class D
shows no development of the proximal femur or ac-
etabulum, and the deformity is frequently bilateral.

The involved extremities in all four classes have
a similar appearance and should be easily recog-
nized. The affected site is shortened with the foot and
ankle frequently at the level of the contralateral knee.
The hip is flexed, abducted, and externally rotated,
with flexion contracture of the knee and anterior in-
stability secondary to absence of the cruciate liga-
ments (Figure 9-1). Although the hip abductors and
extensors are present, they are unable to function
properly because of the abnormal anatomy of the
proximal femur. Frequently there is an associated
fibular deficiency with or without foot deformity.

The treatment aims to compensate for the func-
tional limitations the patient will experience, includ-
ing shortening of the limb, hip function and its
relationship to the alignment of the extremity, the
deficiency in the muscles around the hip that will re-

sult in a significant lurch, and the instability of the
knee and foot. Therefore, there are more options and
variations in the treatment of this complex defor-
mity than in any other congenital limb deficiency.

The choice of treatment is made by the parents
and the medical team after considering all surgical
alternatives and functional results. If the predicted
leg length discrepancy is less than 20 cm at matu-
rity, the child may be a suitable candidate for a limb
lengthening procedure. If the discrepancy is more
than 20 cm, the options are prosthetic management
with ankle disarticulation; ankle disarticulation and
knee fusion; ankle disarticulation and femoral-
pelvic fusion; rotationplasty and knee fusion; and
rotationplasty and femoral–pelvis fusion.

Tibial Deficiency

Tibial deficiency is a rare type of congenital limb de-
ficiency. It is characterized by a complete or partial
absence of the tibia with bowing, limb shortening,
and an intact fibula. The tibial deficiency may have
a relatively normal knee and foot (intercalary defi-
ciency), or it may be associated with absence of the
medial portion of the foot (terminal deficiency). The
knee may present a flexion contracture and the foot
is rigidly held in varus and supination. Other find-
ings include shortening of the femur, polydactyly
and upper extremity abnormalities, and other organ
systems (Figure 9-2A). The cause is unknown, but
familial occurrences have been reported.

There are two classifications, both based on the
radiographic findings. The simplest is that of Kalam-
chi and Dawe. Type I is complete absence of the tibia
(Figure 9-2B). Type II is absence of the distal tibia but
with a good proximal tibial portion. Type II is distal
tibiofibular diastasis. An unusual type is fibular
dimelia in which the tibia is absent and the fibula is
duplicated.

Treatment considerations include the extent of
the tibial deficiency, the magnitude of the limb
shortening, the severity of the foot deformity, and
importantly, the presence of active knee extension,
which implies an adequate active quadriceps muscle
and insertion on the tibia. Patients with a complete
absence of the tibia can be treated by knee disarticu-
lation and prosthetic fitting. Alternatively, the fibula
can be fused to the femur to warrant an increase in
the length of the stump and to provide a longer lever
arm for the prosthesis. In patients with absence of
the tibia but with a good quadriceps mechanism, the
proximal fibula can be transferred to the femoral
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notch, which will lead to a hypertrophy of the fibula.
Those patients with a portion of the tibia present, a
proximal tibiofibular fusion and amputation of the
foot with prosthetic replacement will provide an ex-
cellent result. In cases of distal tibiofibular diastasis,
a fusion of the calcaneus to the fibula is indicated.

Fibular Deficiency

The terms fibular deficiency or fibular hemimelia imply
a congenital absence of all or part of the fibula, and
they encompass a spectrum of abnormalities related
to abnormal growth and development of the
fibula. The precise cause of fibular deficiency is
unknown and the deformity normally occurs spo-
radically. The resultant limb deficiency is usually a
terminal type with associated foot abnormalities.
In addition, up to 50% of the patients experience
an associated femoral shortening that is variable in
severity.

There have been numerous classifications mainly
based on the anatomic and radiographic appearance
of the deformity, but most of these classifications do
not provide satisfactory guidelines for management
and they do not take in account the shortening of
the limb, one of the most significant factors when

making management decisions. Recently, Birch and
collaborators have proposed a functional classifica-
tion based on the functionality of the foot and the
limb length discrepancy. However, given the large
variation in the different aspects of fibular deficiency,
including parent’s expectations, any classification
only provides a general guide for management and a
method for comparison of treatment results.

The clinical deformity can vary from barely de-
tectable to severely affected. The typical characteris-
tics include a valgus foot that often has one or several
rays missing. The ankle is in valgus because of the
absence of the lateral malleolus and angulation of the
distal tibia. A ball-and-socket ankle has been classi-
cally described. In severe deficiencies, the foot is in
rigid equinus (Figure 9-3A). There is also shortening
of the femur, variable anterior bowing and shorten-
ing of the tibia, and variable valgus instability of the
knee with hypoplasia of the lateral femoral condoyle
and patellar abnormalities such as hypoplasia,
patella alta, or subluxation (Figure 9-3B).

Treatment considerations are very complex and
include management of the foot deformity as well as
of the limb length discrepancy. If the foot has signifi-
cant lateral deficiency and it is rigid, then amputa-
tion (Boyd or Syme type) is generally considered.
Prosthetic fitting is then provided with excellent

A B

FIGURE 9-2. Tibial deficiency.
(A) The knee may present a flexion
contracture and the foot is rigidly
held in varus and supination. Other
findings include shortening of the
femur and polydactyly. (B) Type I
tibial deficiency with complete ab-
sence of the tibia.
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results. In patients with a plantigrade and functional
foot, the limb length discrepancy can be addressed
by epiphysiodesis of the contralateral side, femoral
or tibial lengthening, or a combination of techniques.

DEFECTS IN NUCLEAR PROTEINS
AND TRANSCRIPTION FACTORS

Camptomelic Dysplasia

The first transcription factor discovered to cause a
skeletal dysplasia was SOX9 in camptomelic dyspla-
sia. It is a severe and rare form of dysplasia that is
sometime fatal. This dominantly inherited condition is
characterized by congenital bowing and angulation of
long bones (camptomelia), primarily involving the
tibias and femurs, and disproportionate short-limb
stature. There is relative macrocephaly, distinctive face
(flattened face with a high forehead), low nasal bridge,
and a specific pattern of defective mineralization in-
cluding areas of the spine with progressive scoliosis.
There is also defective cartilage in the tracheal rings
and lower respiratory tract that may cause respiratory
failure. Extraskeletal features include XY sex reversal
and developmental defects of the heart and kidneys.

The transcriptional targets of SOX9 include sev-
eral cartilage matrix proteins such as types II and XI
collagen and aggrecan. Hence, the skeletal manifes-
tations are in part caused by decreased expression
of these molecules and explain some of the pheno-
typic overlap with some of the severe type II col-
lagenopathies. The bowing of the bones appears to
be due to an abnormality in the formation of carti-
lage during fetal development (dischondrogenesis).

Treatment is symptomatic and directed to the
deformities. However, there is a high degree of
complications such as pseudoarthrosis and neuro-
logical complications.

Cleidocranial Dysplasia

Although the name suggests that only two bones
are affected, this is a true dysplasia because there
are numerous abnormalities in all parts of the skele-
ton, primarily those bones of membranous origin. It
is transmitted as an autosomal dominant condition,
and the defect is in the RUNX2 gene, which encodes
for a transcription factor required for osteoblasts
differentiation. Approximately two-thirds are famil-
ial and the rest are new mutations.

A

FIGURE 9-3. (A) The typical characteristics of fibular deficiency including a valgus foot with several
rays missing. The ankle is in valgus and rigid equinua because of the absence of the lateral malleolus
and angulation of the distal tibia. (B) Partial fibular deficiency.

B
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Typically, the disorder is identified within the first
2 years of life. Classic features include a widening of
the cranium and dysplasia of the clavicles and pelvis.
The patients have mildly to moderate short stature.
There is bossing in the frontal parietal and occipital re-
gions. There is maxillary micrognathism and common
cleft palate and dental abnormalities. The clavicles are
partially or completely absent (10% of the time). This
defect causes the shoulders to look droopy, the chest to
be narrow, and the neck longer. The defect may be pal-
pable. When it is bilateral, the classic diagnostic fea-
ture is that the child can touch the shoulders together,
an ability that helped one college wrestler to escape
holds. Brachial plexus irritation occurs in rare occa-
sions. The pelvis shows bilateral involvement with
wide symphysis. The iliac wings appear small and
coxa vara may occur, causing limitation of abduction
and Trendelenburg gait. Scoliosis and syringomyelia
have been described, and it is recommended to obtain
a MRI in patients with progressive scoliosis.

There is no need for treatment for the clavicles.
Coxa vara is treated by corrective femoral os-
teotomies. Scoliosis should be treated as idiopathic
scoliosis. If there is brachial plexus irritation with
pain and numbness, excision of the clavicular frag-
ments can be performed to decompress it.

DEFECTS IN EXTRACELLULAR
STRUCTURAL PROTEINS

Osteogenesis Imperfecta

Osteogenesis imperfecta (OI) is one of the best-
known genetic skeletal disorders. At least seven dis-
crete types have been described, ranging from mild
disease with normal life expectancy to a lethal form.
Approximately 80 to 90% of patients have muta-
tions in one of the two genes encoding type I colla-
gen (COL1A1 and COL1A2). However, in spite of
the large number of mutations already identified in
OI, the precise mechanisms by which different mu-
tations cause different phenotypes are not clearly
understood.

Clinical features include increased bone fragility
with an increased susceptibility for fractures to
occur, short stature, laxity of ligaments, hearing loss,
and depending on the subtype, blue sclera, dentino-
genesis imperfecta, respiratory insufficiency, exces-
sive sweating, and early bruisability. The severity of
involvement ranges from the severe cases of a
crushed stillborn fetus, to an infant with multiple or
unusual fractures, to an almost symptom-free adult.

The classification that is most widely accepted is
the Sillence classification. Type I is a milder form of OI
with onset of fractures after birth (most preschool
age). Fractures heal without deformity, and their inci-
dence decreases after puberty. Type I patients are fur-
ther divided into two subgroups based on the
presence of dentinogenesis imperfecta. Type II
demonstrates more severe involvement (dark blue
sclera, concertina femurs, beaded ribs) with most in-
fants dying in the perinatal period. Type III develops
severe progressive deformities in the extremities and
spine, and these patients usually have in utero frac-
tures and many die in infancy and early childhood
from respiratory insufficiency. These patients have
normal sclerae and hearing. Type IV demonstrates se-
vere osteoporosis, bowing of the bones, and increased
susceptibility to fractures, but they lack blue sclera.
Many of these patients have short stature. The most
severely affected surviving patients often have this
type of disease. Type IV patients are also subdivided
based on the presence or lack of dentinogenesis im-
perfecta. Type V patients have bone fragility, but not
blue sclera or dentinogenesis imperfecta. These pa-
tients are characterized by three distinctive features:
the presence of hypertrophic callus formation at frac-
ture sites, calcification of the interosseous membranes
between the bones of the forearm, and the presence of
a radio-opaque metaphyseal band immediately adja-
cent to the growth plates on radiograph. Type VI pa-
tients have moderate deformity, not blue sclera or
dentinogenesis imperfecta. The distinctive features of
this OI type VI are the fish scale-like appearance of
the bone lamellae and the presence of excessive os-
teoid upon histological examination.

Radiographically, patients with OI demonstrate
osteopenia though it varies in its severity according to
the severity of involvement. Type I patients have min-
imal alterations with thinning of the cortices and de-
creased trabecular bone. In type II patients there is
bone shortening and widening, and they have “crum-
pled concertina” appearance. Type III patients have
narrow diaphyses with increased flaring and enlarge-
ment of the metaphyses and epiphyses. Typically the
long bones are deformed due to multiple fractures.
Pelvic radiographs demonstrate protrusio acetabuli.
Spine radiographs demonstrate platyspondyly, bi-
concave vertebrae, and varying degrees of scoliosis,
kyphosis, or spondylolisthesis. Some patients will
have cranial osteoporosis with wormian bones and
flattening of the occiput (tam-o’-shanter skull).

There is no specific treatment to correct the
basic mutant gene defect in OI. The treatment of OI
has been focused on maximizing patient’s function,
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preventing deformity and disability as a result of
recurrent fractures, correcting deformities that
have developed, and monitoring potential compli-
cating conditions associated with OI.

The treatment of fractures in patients with OI is
sometimes difficult. Fractures heal readily, often
with exuberant callus, but this is plastic and easily
deformed. As a result, bone deformities and short-
ening occur. Closed treatment is often used with
lightweight splints or braces. Devices such as the
parapodium may help a child to acquire an upright
position. When conservative treatment fails, in-
tramedullary rodding is indicated. In addition, mul-
tiple corrective osteotomies with intramedullary
fixation have been accepted for managing recurrent
fractures (Figure 9-4). Scoliosis treatment in patients
with OI still remains a challenge.

Based on recent advances in the understanding
of the underlying biology of this disorder, the med-
ical treatment of OI is undergoing major improve-
ments. Two new approaches have been studied; one
using bisphosphonates and the other using bone
marrow transplantation.

Bisphosphonates are synthetic analogs of py-
rophosphate that inhibit bone resorption, therefore
increasing bone mass overtime. They have been ex-
tensively used in adults with osteoporosis, but they
have recently explored in children. Several cohort
studies of patients with OI have demonstrated im-
proved bone mass after the administration of intra-
venous pamindronate. This increase in bone mass is
mainly due to an increase in the thickness of the cor-
tex, which resulted in a significant reduction of frac-
ture rates. Fracture healing was not affected; neither
was longitudinal bone growth. Patients undergoing
treatment also described less fatigue and less chronic
pain, and they had minimal side effects. Although
very encouraging, many questions still need to be re-
solve regarding when to start treatment, duration,
long-term efficacy, and the safety of the treatment.

The second approach has been the use of bone
marrow transplantation. Bone marrow contains
nonhematopoietic mesenchymal stem cells (MSC)
that can differentiate, among other cell types, into
osteoblasts. The results are very encouraging and
demonstrated good engraftment of the cells in vivo
with improvement of the osteopenic phenotype.

Marfan Syndrome 

Marfan syndrome is an autosomal dominant disor-
der that has an estimated incidence of approximately

1 in 10,000. Approximately 25% of cases occur in the
absence of a family history representing new muta-
tions. The syndrome involves many systems (skele-
tal, ocular, cardiovascular, pulmonary, skin and
integument, and dura), but its more prominent
manifestations are skeletal, ocular, and cardiovascu-
lar. Mutations in the gene encoding type 1 fibrillin
(FBN1) have been reported in Marfan syndrome pa-
tients. Fibrillin-1 represents the major component of
microfibrils, which are found in many types of con-
nective tissue, including bone. To date over 500
mutations have been identified in the FBN1 gene.

FIGURE 9-4. Osteogenesis imperfecta, type I. Treatment
by intramedullary rodding.
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Three categories of mutations have been de-
scribed: (1) missense mutations, (2) small inser-
tion or deletions, mutations causing premature
termination of translation, and (3) exon-skipping
mutations. Presently no definite genotype/pheno-
type correlations have been identified. To facilitate
the identification of different mutations, a “Marfan
database” has been developed that includes not
only molecular but also clinical data. It is only
through a large collaborative international effort
that genotype and phenotype correlations will
eventually be identified.

Although no specific therapy exists for Marfan
syndrome, it is of great importance to confirm or ex-
clude the diagnosis in family members at risk as
early as possible because of the potential fatal com-
plications of the disease (aortic dissection and rup-
ture). At present, diagnosis for most cases is still
based on thorough clinical examination, including
measurements of body proportions, echocardiogra-
phy of the aorta, slit-lamp ophthalmologic evalua-
tion, and radiographs. In the absence of a family
history, patients are diagnosed based on involve-
ment of the skeletal system and two other systems
with at least two major manifestations (ectopia
lentis, aortic dilation/dissection, dural ectasia, or
molecular data). In the presence of a positive family
history, an affected person should display one
major criterion in an organ system and involvement
of a second system. Within a given family, however,
considerable heterogeneity may be present. It is not
uncommon for milder involved patients to have the
diagnosis go unrecognized until another family
member is diagnosed. The phenotype of the Marfan
syndrome remains incompletely defined. Most
manifestations are age dependent and are difficult
to quantify. Molecular data are becoming increas-
ingly important to better characterize Marfan syn-
drome and to study its natural history.

A variety of skeletal manifestations may be
present in patients with Marfan syndrome. Most
characteristic is tall stature and disproportionately
long, thin limbs (dolichostenomelia). This can be
confirmed by demonstrating a smaller than normal
upper segment (head to pubic symphysis) to lower
segment (pubic symphysis to plantar surface) ratio
or an arm span that exceeds the patient’s total
height by at least 7.5 cm. Patients frequently have
arachnodactyly (abnormally long and slender dig-
its) and ligamentous laxity. This combination of
joint laxity and long digits results in several clinical
signs that are indicative of, but not pathognomonic ,
for Marfan syndrome. One such sign is the thumb

sign described by Steinberg. This is positive if the
opposed thumb projects past the ulnar border of the
clenched fist. The wrist sign is the ability of the pa-
tient to encircle the opposite wrist with the thumb
and small finger, with the thumb overlapping the
distal phalanx of the small finger. The crossover leg
sign is the ability of the patient to touch the floor
with the foot of the crossing-over leg. Joint laxity is
another hallmark of the disease, and many patients
have recurrent instability of the patella, shoulder,
hip, and thumb. Marked flatfeet (pes planovalgus),
genu valgum, and genu recurvatum are typical.

Approximately 66% of patients have pectus ex-
cavatum (chest depression) or pectus carinatum (pi-
geon chest). The chest wall deformities in Marfan
patients are due to longitudinal overgrowth of the
ribs. A severe pectus deformity can become clini-
cally significant by reducing total lung capacity,
forced vital capacity, and forced expiratory volume.
Additionally, the occurrence of a severe pectus de-
formity in association with scoliosis may further
compromise the lung capacity of patients with Mar-
fan syndrome. It is recommended that patients with
Marfan syndrome have repair of the pectus defor-
mity done after skeletal maturity to minimize the
chance of recurrence with longitudinal growth of
the ribs.

Spinal deformities are a frequent finding in pa-
tients with Marfan syndrome. Abnormalities in-
clude thoracic lordosis, thoracolumbar kyphosis,
flat-back deformity, and spondylolisthesis. Scoliosis
is one of the most common and important manifes-
tations of Marfan syndrome from an orthopaedic
perspective with an incidence of 62%. The curve
pattern frequently is either a single right thoracic
curve or a double major curve pattern. The thoracic
curve is most commonly lordoscoliotic. The thora-
columbar junction is prone to kyphosis, probably
related to the underlying ligamentous laxity. The
treatment regimen for scoliosis in Marfan syndrome
and adolescent idiopathic scoliosis is similar but the
results of treatment are often different. Specifically,
scoliosis in Marfan syndrome has a higher tendency
toward progression and responds less well to brac-
ing than adolescent idiopathic scoliosis. Both family
and physician should be aware of these facts. In ad-
dition, back pain is frequently associated with scol-
iosis in Marfan syndrome.

Bracing is recommended for curves between
15° and 25°. Spinal fusion with autogenous bone
graft and rigid internal fixation should be consid-
ered in patients with curves that have progressed
beyond 40° (Figure 9-5A,B). The surgeon should
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be aware that there is significantly smaller pedi-
cle widths and laminar thickness in patients with
Marfan syndrome as well as widened interpedicu-
lar distances in the lumbar spine. These osseous
vertebral anomalies may be responsible for some re-
ported postoperative complications including frac-
ture dislocation and pseudarthrosis. Preoperative
cardiac evaluation is critical and frequently deter-
mines whether a patient is a suitable candidate for
extensive spine surgery.

Planovalgus foot deformity is common in Marfan
syndrome and is postulated to be due to increased

ligamentous laxity resulting from underlying connec-
tive tissue pathology. Acetabular protrusio can be
seen radiographically in as many as half of patients
with Marfan syndrome. Patients can be asympto-
matic or have symptoms of hip pain and stiffness. Be-
cause of the lack of a direct relation between protrusio
and hip symptomatology treatment recommenda-
tions are difficult to make.

Dural ectasia, a widening of the dural sac, has a
reported incidence of 63% in Marfan syndrome and
can result in back pain and headaches. It usually oc-
curs in the most caudal portion of the spinal column

A B

FIGURE 9-5. (A) and (B). Scoliosis in a patient with Marfan syndrome. The deformity was treated
by posterior spine fusion and instrumentation.
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causing bone erosion and anterior meningoceles.
Dural ectasia is thought to result from fibrillin defi-
ciency resulting in weakness of the dural sac. There
has been a reported direct correlation between the
size of the dural ectasia and the presence of pain.
Posterior laminectomy has been used as a means of
relieving back pain thought to be secondary to
dural ectasia.

The hallmark of ocular involvement is ectopia
lentis (dislocated lens) due to lax suspensory liga-
ments. The dislocation is superior and lateral and
may not be recognized unless a slit-lamp examina-
tion is performed. Ectopia lentis occurs in more
than half of involved patients. Other ocular mani-
festations include myopia, retina detachments, stra-
bismus, cataract, and glaucoma.

Multiple cardiovascular abnormalities exist in
patients with Marfan syndrome and are the most
common cause of death in this patient group. For
this reason a complete cardiology workup should
be done on all Marfan syndrome patients that in-
cludes an electrocardiogram and echocardiogram.
The most serious complication is dilation of the as-
cending aorta and associated aortic regurgitation.
This often leads to a dissecting aortic aneurysm. Mi-
tral valve prolapse and mitral valve regurgitation
are the most common significant cardiac problems
in children. Many patients are being treated with
medications in an attempt to delay the onset of seri-
ous cardiovascular abnormalities.

Multiple Epiphyseal Dysplasia

Multiple epiphyseal dysplasia (MED) is one of the
most widely known and commonly occurring skele-
tal dysplasia. It is most commonly inherited in an
autosomal dominant fashion though autosomal re-
cessive forms have been described as well. Its preva-
lence is estimated at 1 in 10,000 individuals. The
predominant feature of multiple epiphyseal dyspla-
sia is the delayed and irregular ossification of numer-
ous epiphyses. In most cases there is pain and
stiffness in the joints, with hips and knees being most
commonly affected. In general, affected patients have
mild short stature and early onset osteoarthritis.

Historically, it was described as occurring in two
separate forms: Ribbing’s dysplasia, having mild in-
volvement, and Fairbanks dysplasia, a more severe
type. However, with the current genetic understand-
ing, multiple epiphyseal dysplasia is now consid-
ered to represent a continuous spectrum from mild
to severe and these eponyms have been abandoned.

Multiple epiphyseal dysplasia shows consider-
able genetic heterogeneity. To date, mutations have
been reported in 40 patients or families with multiple
epiphyseal dysplasia, and 15 of these are allelic with
pseudoachondroplasia and result from mutations in
the gene encoding cartilage oligomeric matrix pro-
tein (COMP). MED can also result from mutations in
the genes encoding the �1, �2, and �3 chains of type
IX collagen, COL9A1, COL9A2, COL9A3, respec-
tively. Furthermore, mutations in the gene encoding
matrilin-3, a member of the matrilin family of extra-
cellular oligomeric proteins, can cause a distinctive
mild form of MED. Finally, it has been demonstrated
that a form of recessively inherited MED, with a dis-
tinctive clinical presentation including clubfoot and
bilateral double-layered patellae, can result from mu-
tations in the solute carrier family 26, member 2 gene
(SLC26A2). Therefore, MED is one of the more genet-
ically heterogeneous of the bone dysplasias.

Patients typically present in early adolescence
because of joint stiffness and contractures, lower ex-
tremity pain, angular deformities of the knees, gait
disturbance, or short stature. Depending on the
severity of the epiphyseal dysplasia, symptoms may
develop as early as 4 or 5 years. It is not uncommon,
however, for patients with milder forms to go unrec-
ognized until young adult life. Most patients have
minimal short stature and are above the third per-
centile for standing height; so true dwarfism is not
present. The face and spine are normal. There are no
associated neurologic findings. Intelligence is not af-
fected. The epiphyses of the upper extremities can
be involved but patients rarely complain of any sig-
nificant symptoms in this area. Mild limitation of
motion in the elbow, wrist, and shoulder is occasion-
ally found.

The principal finding on radiographs is a delay
in the appearance of the ossification centers. When
the epiphyses do appear, they are fragmented, mot-
tled, and flattened. The more fragmentation there is
in the capital femoral epiphysis, the earlier onset of
osteoarthritis (Figure 9-6).

The proximal femur is most often affected and
its appearance may be easily confused with those of
bilateral Legg-Calvé-Perthes disease. Several radi-
ographic clues may be helpful in differentiating the
two. In Legg-Calvé-Perthes disease, usually one hip
is involved before the other, so that each hip is in a
different stage of the disease. This is not the case in
MED. In addition, acetabular changes are primary
in MED and are more pronounced. Metaphyseal
cysts are seen in Legg-Calvé-Perthes disease, but
not in MED. Radiographs of the knees, ankles,
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shoulders, and wrists should be obtained in any
child when the diagnosis of Legg-Calvé-Perthes
disease is being entertained to rule out MED.

Coxa vara occurs in some patients. Radiographs
of the knees often demonstrate flattening of the
femoral condyles as well as a genu valgum defor-
mity. Osteochondritis dessecans may be superim-
posed. Lateral radiographs of the knees demonstrate
a double-layered patella in some patients. When this
is present, it is characteristic for MED. The ankles in
MED are also in valgus due to deformity in the talus
predominantly. Upper extremity involvement is less
severe. The metacarpals and phalanges usually are
short with irregular epiphyses. MED is distin-
guished from spondyloepiphyseal dysplasia by the
absence of severe vertebral changes. Mild endplate
irregularities may be present.

Hip pain or subluxation is a common reason pa-
tients with MED seek orthopaedic care in adolescence.
Containment surgery can be considered for those hips
that show progressive subluxation. Although the prin-
ciple of coverage is the same as that used in Perthes
disease, there is often preexisting coxa vara in hips
with MED, which contraindicates use of a proximal
femoral varus osteotomy. In those cases, a shelf ac-
etabular augmentation can improve coverage of the
misshapen femoral head. If hinge abduction is pres-
ent on arthrography, a valgus proximal femoral os-
teotomy may improve congruency and therefore

relieve pain. Osteotomies may be helpful in realigning
angular deformities at the knees. For optimal surgical
correction, the site of the deformity must be ascer-
tained preoperatively as either the distal femur, proxi-
mal tibia, or both. Degenerative joint disease is the
biggest problem, and it usually occurs in the second or
third decade. If the femoral head is well formed at ma-
turity, the onset of arthritis is delayed. The hip is the
most common location of arthritis in this patient
group and often leads to total joint arthroplasty.

Pseudoachondroplasia

Pseudoachondroplasia is a form of short-limbed
dwarfism that has a prevalence of approximately
four per million, making it one of the more common
skeletal dysplasias. It is characterized by involve-
ment of both the epiphyses and metaphyses with af-
fected individuals having significantly short stature
and a predisposition to premature osteoarthritis.
The spine is also involved with this disorder.

Pseudoachondroplasia is usually transmitted as
an autosomal dominant trait. The molecular genetics
of pseudoachondroplasia have been extensively
studied and it now appears that this disease results
almost exclusively from mutations in the gene en-
coding cartilage oligomeric matrix protein (COMP).
The COMP gene consists of 19 exons, and the major-
ity of mutations to date (95%) are clustered within
exons 8 to 14, which encode the type III repeats. The
fact that most of these mutations are in the conforma-
tionally sensitive type III repeats indicates that this
region is critical for protein function. The remaining
5% of mutations are in exons 16 and 18, which en-
code specific segments of the C-terminal globule.

The cell-matrix pathology of pseudoachon-
droplasia resulting from COMP mutations has been
well documented. Abnormal COMP is retained
within the rough endoplasmic reticulum of cartilage,
tendon, and ligament cells. This results in the second-
ary retention of type IX collagen, chondroitin sulfate
proteoglycan 1 (aggrecan), and link protein. This re-
tention of proteins leads to a reduction in the amount
of these molecules available for interactions within
the extracellular matrix of cartilage resulting in cell
death and the phenotypic picture of pseudoachon-
droplasia. Additional studies are needed to delineate
the mechanism leading to excessive retention of pro-
teins in order to develop treatment modalities.

Pseudoachondroplasia is a relatively straight-
forward disease to provide molecular diagnosis for
because it results almost exclusively from mutations

FIGURE 9-6. Multiple epiphyseal dysplasia. Radiograph
of the pelvis demonstrating a fragmented, mottled, and
flattened femoral head, and corresponding changes in the
acetabulum.
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along a very compact region in the COMP gene. Mole-
cular diagnosis for pseudoachondroplasia is currently
provided on a commercial basis (www.genetests.com)
and also as part of the service provision of the Euro-
pean Skeletal Dysplasia Network (ESDN) for research
and diagnosis (www.esdn.org). 

Children with pseudoachondroplasia are nor-
mal at birth and are usually diagnosed at 2 years of
age after the onset of a waddling gait and at the
time rhizomelic shortening becomes noticeable.
Adult height ranges from 106 to 130 cm. Growth
curve charts specific to pseudoachondroplasia are
available. The clinical features are limited to the
skeleton. The skull and facies in pseudoachon-
droplasia are normal, and this is helpful in differen-
tiating it from achondroplasia, in which frontal
bossing and midface hypoplasia are present. Abnor-
malities of the lower extremities are common and
include genu valgum and varum deformities.
Some patients develop windswept deformity of
the knees, in which genu valgum is present on
one side and genu varum on the other. The joints
are extremely lax, especially in childhood and
adolescence, and there is a predisposition to early
osteoarthropathy. The large weight-bearing joints
(hips and knees) are the ones most often affected,
and approximately one-third of patients need total
hip replacement by their mid-30s. Scoliosis may
occur in adolescence but is generally not severe.
Cervical spine instability is seen in 10 to 20% of in-
dividuals (Figure 9-7). Development milestones and

intelligence are normal and premature mortality is
not a reported problem.

Typical radiographic changes include small, ir-
regular epiphyses and metaphyseal changes. Hand
radiographs reveal delayed epiphyseal ossification
resulting in delayed bone age. In the long bones,
these changes are seen as epiphyseal ossification
delay. When the epiphyses do ossify, they appear ir-
regular and fragmented. The hip and knee are most
severely affected (Figure 9-8). In the pelvis, there is
delay in ossification of the capital femoral epiphysis,
and when ossified they are small and flattened. The
femoral heads may resemble what is seen in other
spondyloepiphyseal dysplasias or bilateral Legg-
Calve-Perthes disease. Sclerosis and irregularity of
the acetabular roof are commonly observed. Sublux-
ation of the hips often occurs and degenerative
arthritis develops in response to the incongruity. The
vertebral changes in pseudoachondroplasia are char-
acteristic and consist of anterior beaking in child-
hood that resolves in adolescence. The interpedicular
distance in the lumbar spine is normal in pseudoa-
chondroplasia, unlike achondroplasia. Odontoid hy-
poplasia may be present resulting in atlantoaxial
instability.

Patients with pseudoachondroplasia often have
significant angular deformities of the lower extrem-
ities that require corrective osteotomies. Careful
preoperative assessment is necessary to properly re-
align the mechanical axis through the hip, knee, and
ankle. For instance, in genu varum associated with

FIGURE 9-7. Patient with pseudochondroplasia and cervical spine instability. 
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achondroplasia, the deformity is present solely in the
tibia; however, in pseudoachondroplasia the defor-
mity is often present in both the femur and the tibia,
requiring osteotomies in both the distal femur and the
proximal tibia. Care must also be taken in assessing
the contribution of ligamentous laxity to the bowing
deformity. After corrective osteotomy, recurrence of
the deformity with growth is not uncommon.

Premature osteoarthritis of the hip in early adult-
hood is a frequent problem in pseudoachondroplasia.
Patients with symptomatic subluxation or incongruity
may benefit from a realignment osteotomy of the
proximal femur. Varus osteotomy of the proximal
femur usually creates more incongruity. If hinge ab-
duction is present, demonstrated by the femoral head
levering out of the joint with abduction of the hip, a
proximal femoral valgus osteotomy may improve
joint congruity and improve abductor function. Before
performing a proximal femoral valgus osteotomy, pre-
operative arthrography should be performed to
demonstrate improved congruity with 15° to 20° of
flexion and adduction of the femur. Abduction of the
hip should demonstrate hinge abduction of the
femoral head. Reconstructive pelvic osteotomies, such
as the Salter osteotomy or the triple innominate os-
teotomy of Steel, are contraindicated in pseudoachon-
droplasia because a concentric reduction is not present
preoperatively, which is a prerequisite for these os-
teotomies. Salvage procedures such as the shelf aug-
mentation or the Chiari osteotomy can be done in
select cases. As many as 50% of adult patients have
undergone total hip arthroplasty.

DEFECTS IN SIGNAL
TRANSDUCTION MECHANISMS

Achondroplasia Group

Achondroplasia is by far the most common chon-
drodysplasia in humans, occurring in about 1 in
30,000 live births. A single gene defect (a muta-
tion in the FGFR3 gene) has been established for
this disorder. Initial reports, confirmed subse-
quently in many other laboratories, demonstrated
that more than 97% of patients with achondropla-
sia carried the same mutation, a G to A change at
nucleotide 1138, and that the remaining patients
had a G to C change at the same nucleotide. Very
recently it has been demonstrated that, as previ-
ously expected, FGFR3 mutations in sporadic
cases of achondroplasia occur exclusively on the
parentally derived allele.

Since the FGFR3 mutation in achondroplasia
was recognized, similar observations regarding
the conserved nature of FGFR3 mutations and re-
sulting phenotype have been made regarding
hypochondroplasia, the lethal thanatophoric dys-
plasia, SADDAN (severe achondroplasia with de-
velopmental delay and acanthosis nigricans), and
recently two craniosynostosis disorders: Muenke
coronal craniosynostosis and Crouzon syndrome
with acanthosis nigricans. More importantly, the
relationship between mutations in the FGFR3
gene and other FGFR genes, and the phenotypes
that result from these mutations have improved
our understanding of these disorders, and it has
been observed that there is a highly conserved re-
lationship between mutations at a particular
amino acid and the resulting phenotype. The
skeletal manifestations of achondroplasia are re-
lated to a defect in endochondral bone formation.
The resulting growth disturbances are variable,
affecting proximal segments to a greater extent
than the distal segments of the limbs (rhizomelia),
and with relatively minor involvement of the
growth of the spine.

Achondroplasia is recognized at birth, and the
appearance of a person with achondroplasia has
numerous features that are uniform and predictable.
Intelligence is normal, and life expectancy is not
significantly diminished. The predicted adult
height is 132 cm for men and 122 cm for women.
Obesity is more common than in the general popu-
lation. Developmental milestones are met later in
children with achondroplasia than the average-
stature children.

FIGURE 9-8. Patient with pseudoachondroplasia at age 8.
Radiograph of the pelvis with severe proximal femoral and
acetabular deformities.
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There is enlargement of the cranium with frontal
bossing, midface hypoplasia, flattening of the nasal
bridge, and prominent mandible. The foramen mag-
num is frequently narrowed and it is associated with
neurological complications from compression of the
brain stem (quadriparesis, spasticity, sleep apnea
and respiratory insufficiency, and sudden death).
The spine length is in the lower range of normal
whereas the extremities are much shorter than nor-
mal, with the proximal segments—the humeri and
femora—the most foreshortened (rhizomelic). There
is kyphosis of the thoracolumbar junction during in-
fancy, and it usually improves with increasing age.
Scoliosis is rare. Hyperlordosis of the lumbar spine
increases with age, and there is a high incidence of
symptomatic spinal stenosis (narrowing of the inter-
pedicular distances with shortening of the pedicles).
Clinically, patients will present with low back and
leg pain, paresthesias, dysesthesias, weakness, or
bowel and bladder incontinence.

There is limitation of extension of the elbows
and some patients may have asymptomatic radial
head dislocations. Patients have a classic “trident
hand” characterized by a persistent space between
the long and ring fingers. The main functional limi-
tations of the upper extremities are related to short-
ening of the humeri, which lead to difficulties in
personal hygiene and dressing. Radiographically,
the pelvis is broad with a diminished vertical height.
The iliac crest has a square appearance and the supe-
rior acetabular roof is horizontal. There is flaring of
the distal femoral metaphysis. Genu varum is very
common, with ligamentous laxity and the fibula
overgrow the tibia. Internal tibial torsion is common
with varus of the ankle (Figure 9-9).

Children with achondroplasia should be closely
monitored in the first 2 years of life for signs of
foramen magnum stenosis. If the diagnosis is made
and symptoms are persistent, decompression of the
brain stem is indicated. In some patients associated
hydrocephalus will require shunting. Problems of
the ear, nose, and throat are frequent secondary to
the facial abnormalities. Recurrent otitis media
may result in hearing loss, thus early hearing
screening should be performed. Maxillary hy-
poplasia leads to dental crowding and malocclu-
sion, which may require orthodontic treatment.
Sleep apnea treatment, if necessary, begins with
adenotonsillectomy and may progress to include
more complex procedures.

The main orthopaedic problems include thora-
columbar kyphosis, spinal stenosis, shortening of
the extremities and angular deformities of the knees.

Kyphosis is noncongenital and it is centered in the
thoracolumbar junction. Treatment may be indi-
cated to prevent further development of the defor-
mity and to assist in those that do not correct with
time (bracing); and in adulthood, to correct surgi-
cally those cases in which kyphosis contribute to
symptomatic spinal stenosis. Spinal stenosis is the
most serious problem and usually develops in the
third decade of life. Spinal decompression is indi-
cated as soon as the diagnosis is made. Limb length-
ening remains controversial but is gradually gaining
greater acceptance. If the lower extremities are
lengthened, the humeri should be lengthened also to
facilitate personal care. Treatment of the genu varum
usually requires surgery because bracing is not ef-
fective. Fibular head epiphysiodesis, fibular short-
ening, and tibial osteotomies can be performed to
correct the deformity usually not until age 4 at the
earliest. Interestingly, severe degenerative arthritis is
not common in adults with achondroplasia.

Vitamin D-Resistant Rickets

Vitamin D-resistant rickets, also know as familial
hypophosphatemic rickets, encompasses a group of

FIGURE 9-9. Characteristic radiographic appearance of
achondroplasia.
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disorders in which dietary intake of vitamin D is
insufficient to achieve normal mineralization of the
growing bone. There are four types of vitamin
D–resistant rickets: phosphate diabetes (i.e., failure
of the reabsorptive mechanism for phosphate); fail-
ure of production of 1, 25-vitamin D (i.e., vitamin
dependent rickets); end-organ insensitivity to 1, 25
vitamin D, and renal tubular acidosis.

Historically, patients with these disorders were
first differentiated on the basis of their resistance to
the ordinary treatment doses of vitamin D and
were found to have normal or near normal levels of
calcium, PTH, and vitamin D, but significantly de-
creased serum phosphate and abnormal urinary
excretion for phosphate, water, amino acids, glu-
cose, bicarbonate, ketone bodies, and glycine.

The condition usually becomes symptomatic be-
tween 1 and 2 years of age, and the disease is sus-
pected because of the family history, laboratory
determination of phosphorus concentrations can lead
to the diagnosis in infants as young as 3 months. The
usual presenting complaints are delayed walking,
short stature, and angular deformities of the lower ex-
tremities (genu varum, although genu valgum may
happen in some cases). Systemic manifestation such
as irritability and apathy are minimal. The “rachitic
rosary” may also occur. Spinal stenosis and kyphosis
has been described. Radiographically there is marked
increase in axial height and widening of the growth
plates, cupping, and thin and indistinct cortices and
fuzzy, poorly defined trabecular bone (osteopenia).

Coxa vara may be present as well as lateral bowing of
the femur and tibia. Looser lines can be seen in the rib
cage of a child with florid rickets, resulting from accu-
mulation of osteoid in the bone matrix.

Medical treatment is best managed by a pedi-
atric nephrologist with expertise in metabolic bone
disease. The usual treatment consists of oral neutral
phosphate replacement and the administration of
vitamin D, and the correction of the metabolic ab-
normality present. The orthotic management to cor-
rect the lower extremity deformities has proven
ineffective. If patients experience pain and in-
creased deformities, surgical correction of the angu-
lar deformities should be performed. Multilevel
osteotomy is usually required with intramedullary
fixation or external fixation. Because of a high risk
of recurrences in the younger patient, surgery
should not be performed in early childhood.

DEFECTS IN METABOLIC
MACROMOLECULAR DEGRADATION

Mucopolysaccharidoses

Mucopolysaccharide excretion in the urine charac-
terizes this group of genetic disorders, and these dis-
orders are among the first skeletal dysplasias to be
described and also among the first to be understood
at the biochemical level. There are at least 13 types
(Table 9-1), and each type produces a particular

TABLE 9-1. 
Mucopolysaccharidoses

Designation Name Enzyme Defect Stored Substance

MPS I Hurler/Scheie �-L-iduronase HS+DS
MPS II Hunter iduronase-2-sulfate HS+DS
MPS IIIA Sanfilippo A heparin-sulfatase HS
MPS IIIB Sanfilippo B �-N-acetylglucosamine HS
MPS IIIC Sanfilippo C acetyl-CoA:�-glucosamine- HS

N-acetyl transferase
MPS IIID Sanfilippo D glucosamine-6-sulfatase HS
MPS IVA Morquio A N-acetyl-galactosamine- KS, CS

6-sulfate sulfatase
MPS IVB Morquio B �-D-galactosidase KS
MPS IV C Morquio C unknown KS
MPS V Formerly Scheie, no

longer in use
MPS VI Maroteux-Lamy arylsulfatase B DS, CS
MPS VII Sly �-D-glucuronidase CS, HS, DS
MPS VIII glucuronate-2-sulpitase CS, HS
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sugar in the urine because of a specific enzyme de-
fect. The incidence is about 1 in 20,000 live births.

The intracellular degradation of sulfated gly-
cosaminoglycans (heparin sulfate, dermatan sul-
fate, keratan sulfate, and chondroitin sulfate) by
lysosomal enzymes is abnormal leading to intra-
cellular accumulation of these incompletely de-
graded compounds in the lysosomes themselves.
They are classified based on their enzyme defi-
ciency and the type of substance that accumulates.
The most common types are Morquio’s and
Hurler’s syndromes.

The incomplete product progressively accumu-
lates in the tissues such as the brain, the viscera, and
the joints. This unremitting process leads to the clinical

progression of the disorders. The child is normal at
birth, being biochemically detectable by 6 to 12
months of age, and clinically symptomatic by 2
years of age. All these disorders lead to abnormally
short stature. And in some cases, there is severe
mental retardation (Hurler’s, Hunter’s, and Sanfil-
ippo’s). There are also abnormalities of the skull
(enlarged, with thick calvarium) and facies (coarse,
gargoyle), and deafness. In some cases there is he-
patosplenomegaly and cardiovascular abnormali-
ties. Radiographically, the clavicles are broad and
the scapulae are short and stubby. The vertebral
bodies are ovoid and scoliosis and kyphosis are fre-
quent (Figure 9-10). There is acetabular dysplasia,
coxa valga, and the iliac wings are flared.

FIGURE 9-10. Spine of a patient
with Morquio’s. Platyspondyly with
anterior beaking and mild kyphosis of
the thoracolumbar junction.
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The clinical course is variable, but most pa-
tients die in the first two decades of life if un-
treated. Treatment is evolving and some of these
disorders have been treated successfully with bone
marrow transplantation. The preferred donor is an
HLA-identical sibling. Following successful trans-
plantation, accumulation of the mucopolysaccha-
ride stops, and there is improvement in the coarse
facies, hepatosplenomegaly, and partially in the
hearing. Research is currently under way in the
field of gene therapy for some of these syndromes.

Orthopaedic treatment is directed to correct the
functionally impairing musculoskeletal deformities.
Hip flexion contractures and dysplasia often require
surgical reconstruction, including reduction, femoral
and pelvis osteotomies. Cervical instability may be
present and C1–C2 fusion and halo immobilization
may be necessary. Kyphosis requires orthotic treat-
ment or even surgical spine fusion. Genu valgus may
be treated with corrective osteotomies.

DEFECTS IN TUMOR SUPPRESSOR
GENES

Hereditary Multiple Exostoses

Hereditary multiple exostoses (HME), or diaphyseal
aclasia, is a highly penetrant, autosomal dominant
trait characterized by slightly stunted growth of
long bones and multiple osteochondromas. Osteo-
chondromas are cartilage-capped excrescences of
bone that develop at the growth plate level during
growth. These osteochondromas are indistinguish-
able morphologically from the solitary cases. HME
has an incidence of about 1 in 50,000 live births. The
median age at the time of diagnosis in affected indi-
viduals is approximately 3 years. By the second
decade of life, nearly all affected individuals will
have exostoses as the penetrance of the disorder has
been found to be 96 to 100%. Many patients with
HME require resection of the lesions due to a mass
effect or neurovascular impingement symptoms.
Importantly, up to 3% of patients with HME will
eventually develop a malignant chondrosarcoma.

Over the last decade, advances in molecular biol-
ogy and genetics have permitted a better under-
standing into the molecular players underlying these
lesions. Linkage analysis has located three etiological
genes for HME, EXT1, EXT2, and EXT3. Interestingly,
mutations in any of these genes demonstrate very
similar clinical manifestations. These EXT loci have
defined a new class of putative tumor suppressor

genes, to which have been recently added three re-
lated genes, EXTL1, EXTL2, and EXTL3.

Because both HME and sporadic osteochondro-
mas have been associated with loss of heterozygos-
ity at one or more of the EXT loci, a neoplastic model
of pathogenesis has been suggested. The Knudson
“two-hit” theory of carcinogenesis derived from fa-
milial retinoblastoma has been applied to HME.
Both copies of the EXT1 gene have been observed to
be deleted and gene losses and mutations have been
observed in chondrosarcomas arising from osteo-
chondromas. However, it is still unclear how EXT1
and EXT2 can function as tumor suppressors.

Patients present with several hard, knobby
lumps near the joints. Numerous sites can be in-
volved, typically five or six exostoses can be found in
the upper and lower extremities. The most common
locations are distal femur (70%), proximal tibia (70%),
humerus (50%), and proximal fibula (30%). Over
time, the extremities will shorten in relation to the
trunk, and legs will grow unequally. As the lesions
enlarge, they may cause discomfort secondary to me-
chanical pressure to adjacent soft tissues and mus-
cles. They rarely cause neurological dysfunction.
Often, patients complain of an undesirable cosmetic
appearance. Valgus deformity of the knee and ankle
are not uncommon, and osteochondromas of the
proximal femur may lead to dysplasia of the hip,
which may require corrective osteotomies. In adults,
sarcomatous transformation will present as a painful
and enlarging mass in an area of previous deformity.

Treatment for multiple hereditary exostoses is
surgical excision. However, not all the exostoses
should be removed. Established indications for sur-
gery include growth disturbances leading to angular
deformities or hip dysplasia; functional limitation of
joint range of motion; spinal cord compression with
neurological compromise; painful mass and obvious
cosmetic deformity, and rapid increase in the size of
the lesion. Deformities in the forearm should be
treated early to prevent further progression and to
reduce disability. Knee osteotomies are associated
with a high incidence of peroneal nerve palsy.
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Musculoskeletal Neoplasms 
and Disorders That Resemble
Neoplasms

Neoplasms and lesions that resemble neoplasms often present difficult
diagnostic and treatment dilemmas. The anatomic location, tissue of origin, clin-
ical presentation, and behavior of these lesions varies greatly. They may appear
in any region of the musculoskeletal system; consist of or involve almost any tis-
sue including bone, cartilage, fibrous tissue, bone marrow, lymphoid tissue,
nerve, and blood vessel; and arise in patients of any age. They may destroy nor-
mal tissue and cause dramatic signs and symptoms including intolerable pain,
massive swelling, severe disability, and pathologic fracture, or they may have lit-
tle effect on normal tissues and remain asymptomatic. They vary in natural his-
tory from lesions that spontaneously regress to those that rapidly spread and
lead to death despite early diagnosis and aggressive treatment. Despite their di-
versity, benign and malignant neoplasms and lesions that resemble neoplasms
can have similar clinical and radiographic presentations.

Many of the lesions that resemble neoplasms occur frequently, cause minimal
discomfort or disability, and can be treated without surgery. Musculoskeletal neo-
plasms present more complex problems. Because of their rarity and variability in
presentation and behavior, few physicians have extensive experience with these
problems. A standardized approach cannot always be applied to each patient
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with symptoms, signs, or imaging studies that sug-
gest the presence of a musculoskeletal neoplasm. In
many instances, optimal care requires a multidisci-
plinary team of physicians, including orthopaedic
surgeons, radiologists, pathologists, medical oncolo-
gists, and radiation oncologists. For these reasons,
orthopaedic surgeons and other specialists with ad-
ditional training in the treatment of malignant and
aggressive benign neoplasms of the musculoskeletal
system should provide the definitive care for most
patients with these rare, complex problems.

Patients with musculoskeletal neoplasms are not
always easily distinguished from patients with disor-
ders that resemble neoplasms when they first seek
medical attention. These lesions often come to the pa-
tient’s or physician’s attention because of nondiag-
nostic symptoms, signs, and abnormalities on
imaging studies; as a result most patients with mus-
culoskeletal neoplasms first present to generalists
rather than orthopaedic surgeons with special expe-
rience in the treatment of these problems. It is impor-
tant for the initial treating physician to determine
whether a lesion is present and whether to refer the
patient to an orthopaedic surgeon. The orthopaedist
then must decide whether to recommend observa-
tion and symptomatic treatment, further laboratory
and imaging studies, biopsy, or definitive treatment.

To provide an overview of the information nec-
essary to identify musculoskeletal neoplasms and
disorders resembling neoplasms and make initial
decisions concerning diagnosis and treatment, this

chapter first reviews the clinical presentation of these
disorders. Subsequent sections summarize the more
common disorders that resemble neoplasms, as well
as benign, malignant, and metastatic neoplasms of
the musculoskeletal system (Table 10-1 and 10-2).*

EVALUATION OF A PATIENT WITH 
A BONE OR SOFT TISSUE LESION

Bone and soft tissue neoplasms or musculoskeletal
lesions that resemble neoplasms usually come to
the attention of the patient or physician because of
pain, swelling, or loss of musculoskeletal function.
For benign, indolent lesions, a physical examination
or imaging study performed for other reasons may
identify the presence of a neoplasm.

Clinical

History

It is important to elicit a complete verbal history
and ask specific questions to clarify the patient’s
symptoms and presentation. For bone lesions, pain
is usually the primary symptom, but the type and

TABLE 10-1.
Common Musculoskeletal Disorders That Resemble Neoplasms and Benign Neoplasms 

Disorders That Resemble Neoplasms Benign Neoplasms 

Bone Soft Tissue Bone Soft Tissue

Diffuse osteopenia caused Muscle contusion/ Osteoma Lipoma
by metabolic bone disease tear/hematoma Osteoid osteoma Hemangioma

Stress fracture Myositis ossificans Osteoblastoma Glomus tumor
Brown tumor of Nodular fasciitis Osteochondroma Lymphangioma

hyperparathyroidism Traumatic fat necrosis Enchondroma Neurolemmoma
Osteomyelitis Traumatic neuroma Periosteal chondroma Solitary neurofibroma
Infantile cortical hyperostosis Soft tissue abcess Chondroblastoma Neurofibromatosis
Paget’s disease Ganglion cyst Chondromyxoid fibroma Desmoid tumor
Bone infarct Intramuscular myxoma Giant cell tumor of bone Elastofibroma
Bone island Desmoplastic fibroma Giant cell tumor of tendon
Simple bone cyst Hemangioma sheath
Aneurysmal bone cyst Langerhans cell histiocytosis Pigmented villonodular
Fibrous cortical defect/ synovitis

nonossifying fibroma Synovial chondromatosis
Fibrous dysplasia

*The references included in the bibliography provide more detailed in-
formation concerning the diagnosis and treatment of these lesions.
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pattern of pain varies. Musculoskeletal lesions can
cause symptoms that range from excruciating,
sharply localized pain to vague discomfort or a
sense of fullness, weakness, abnormal sensation, or
stiffness. When aggressive benign or malignant
musculoskeletal neoplasms cause pain, patients
commonly describe the pain as a progressive, deep
aching that interferes with normal activities, awak-
ens them at night, or disrupts sleep. Activity-related
pain alone is more consistent with inflammation or
injury. Often, rest does not relieve tumor-related
pain, and occasionally the pain may be referred to a
more distal location. For example, a tumor involv-
ing the hip may either cause radiating pain from the
thigh to the knee or pain limited to the ipsilateral
knee. A tumor of the cervical spine may cause radi-
ating pain down the arm, and neoplasms of the
lumbar spine or pelvis may cause discomfort in the
buttock, thigh, or leg. The physician should not be
fooled by referred pain when performing a clinical
or radiographic evaluation. For example, it is not
unusual for a patient with a proximal femoral lesion
to complain of knee pain, and subsequently have
extensive studies of the knee before radiographs of
the proximal femur reveal the presence of the lesion
responsible for their symptoms.

Benign and malignant soft tissue neoplasms are
not generally painful, and this often leads to denial by
the patient and a delay in diagnosis. A thorough clin-
ical history can often provide clues to whether a le-
sion is benign or malignant, especially in the soft
tissues. It is important to ask how long the pain or a
mass has been noted. A long-standing mass is less
likely to be malignant, but rare malignant lesions,

such as a synovial sarcoma, grow slowly over months
or years. An enlarging mass is more worrisome than a
small, stable mass, but some soft tissue sarcomas such
as an epithelioid sarcoma or clear cell sarcoma can
present as small nodules along the tendon sheaths of
the hands and feet. A history of trauma might signify
the presence of myositis ossificans. It is important to
ask about a personal history of cancer, as carcinomas
can metastasize to the bone or soft tissues. A family
history of masses might suggest an inherited disorder
such as neurofibromatosis.

Physical Examination

Many soft tissue and some bone neoplasms
cause diffuse swelling or a firm, well-defined mass.
Others produce only a slight increase in limb cir-
cumference. Infrequently, the reaction of normal tis-
sues to a tumor near a synovial joint causes an
effusion, and bleeding into a tumor produces a
hematoma, but physicians should be alert to the un-
derlying problem. Tumors confined within bone
cannot be palpated, and deep soft tissue tumors
may produce little or no increase in limb circumfer-
ence. This is a particular problem with deep soft tis-
sue tumors of the pelvis, thigh, hip, and shoulder.
These lesions can reach substantial size without
producing an easily palpated mass, particularly in
obese or muscular patients. For these reasons, lack
of a palpable mass or measurable swelling does not
eliminate the possibility of a musculoskeletal neo-
plasm. Masses worrisome for malignancy are large
(>5 cm), firm, deep, fixed, and proximal in the ex-
tremities. A rock-hard mass is typical of a benign,

TABLE 10-2.
Common Malignant Musculoskeletal Neoplasms and Metastatic Neoplasms 

Malignant Neoplasms Metastatic Neoplasms

Bone Soft Tissue

Multiple myeloma Liposarcoma Breast
Lymphoma Malignant fibrous histiocytoma Prostate
Ewing’s sarcoma Fibrosarcoma Lung
Osteosarcoma Synovial sarcoma Kidney
Chondrosarcoma Neurofibrosarcoma Thyroid
Fibrosarcoma Rhabdomyosarcoma Gastrointestinal tract
Malignant fibrous histiocytoma Malignant vascular tumors
Malignant vascular tumors Epithelioid sarcoma
Adamantinoma Clear cell sarcoma
Chordoma
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but aggressive, desmoid tumor. Small superficial
nodules in the hand include the possibility of an ep-
ithelioid sarcoma, and nodules along the tendon
sheath may be a clear cell sarcoma. It is important to
examine the entire extremity for additional masses,
as malignant soft tissue tumors can have satellite le-
sions or regional nodal metastasis.

Occasionally, patients with musculoskeletal tu-
mors present with a primary complaint of loss of
musculoskeletal function. The loss of function asso-
ciated with tumors may result from pain, neurologic
deficit, pathologic fracture or restriction of joint mo-
tion. Neurologic deficits may progress slowly as in a
patient with a large soft tissue sarcoma of the poste-
rior thigh gradually compressing the sciatic nerve.
More commonly, the neurologic deficits may occur
acutely as in the sudden compression of the spinal
cord or nerve roots resulting from rapid enlarge-
ment of a primary or metastatic vertebral tumor.

Physicians should suspect the presence of a neo-
plasm in any patient that develops a fracture follow-
ing minor trauma. If the mechanism of injury does
not correlate with the fracture, there should be a
high suspicion of an underlying pathologic process.
Some patients report pain at the site of the fracture
before the injury. Plain radiographs often show a
bony irregularity or lytic lesion, but these irregulari-
ties may be difficult to identify. The neoplasm may
cause a diffuse decrease in bone mass and density
instead of a localized abnormality. Thus, even when
the radiographs do not show an obvious lesion, pa-
tients who sustain a fracture following minimal
trauma should be carefully evaluated for the pres-
ence of a neoplasm. If a pathologic fracture second-
ary to an underlying malignant bone tumor is not
recognized, the surgical treatment could compro-
mise the limb or life of the patient.

Laboratory Studies and Radiographic 
Evaluation

The majority of neoplasms and lesions resembling
neoplasms cannot be identified with routine labo-
ratory studies. There are few serum markers avail-
able of diagnostic or prognostic significance for
patients with musculoskeletal tumors. Elevated white
blood cell counts and erythrocyte sedimentation
rates (ESR) are usually indicative of infection, but
these values can be elevated in tumors such as
Ewing’s sarcoma. Often alkaline phosphatase is 
elevated in metastatic bone disease or Paget’s 

disease. Patients with multiple myeloma often
have a marked anemia and an abnormal serum and
urine protein electrophoresis.

Plain radiographs are often the only study nec-
essary to diagnose benign bone lesions. Many have
a classically described appearance, and more elabo-
rate imaging is not helpful. Occasionally, radi-
ographs performed for a different reason reveal an
unsuspected bone lesion. The majority of these inci-
dentally noted findings are benign. For patients
with a soft tissue mass, the plain radiographs may
reveal helpful soft tissue shadows or calcifications
within the lesion, such as are occasionally found in
hemangiomas and synovial sarcomas. For patients
with bone lesions, it is important to evaluate radi-
ographs in two planes, and for those with metasta-
tic disease, the entire bone should be imaged to rule
out the possibility of additional lesions.

A technetium bone scan is used to identify ad-
ditional skeletal lesions without performing multi-
ple radiographs. In rapidly growing lesions with
minimal osteoblastic response such as multiple
myeloma and some metastatic bone tumors, the
bone scan is not reliable and a skeletal survey
should be performed instead. For patients with
multiple osteochondromas or Langerhans cell histi-
ocytosis, skeletal surveys are also preferred over
bone scans in order to better define the characteris-
tics of specific lesions. In recent years, FDG-PET
scans are gaining in importance for staging patients
with metastatic disease and following the effects of
systemic treatment.

Three dimensional studies such as computed 
tomography (CT) and magnetic resonance imaging
(MRI) are frequently used to evaluate musculoskele-
tal neoplasms. The CT scan is useful in defining the
bony anatomy, the integrity of the cortex surround-
ing a lesion, and calcification within a lesion. The
MRI scan is useful when evaluating patients with
malignant bone or soft tissue tumors. The multiple
magnetic sequences now available can accurately
delineate the extent of marrow involvement of bone
tumors and the effect of soft tissue masses on sur-
rounding visceral or neurovascular structures.

Biopsy Considerations

After the clinical and radiographic evaluation of a
patient with a suspected bone or soft tissue lesion
is complete, the physician should have a general
idea of whether the lesion is benign or malignant.
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Unless the radiographic appearance is classic for a
benign lesion, a biopsy is needed to make a defini-
tive diagnosis. Only a radiologist or orthopaedic
surgeon with training and expertise in performing
biopsies should do this procedure. Options include
a fine needle aspiration, core biopsy, or an open inci-
sional biopsy. The diagnosis of these rare muscu-
loskeletal lesions should be made at institutions with
trained musculoskeletal pathologists, especially in
situations where needle biopsies are utilized. All
biopsies should be performed with oncologic princi-
ples in mind to minimize contamination of sur-
rounding tissues and allow the best chance of
limb-sparing surgery if the lesion is malignant.

DISORDERS THAT RESEMBLE 
NEOPLASMS

Musculoskeletal disorders that resemble neoplasms,
or tumor simulators, occur more frequently than
neoplasms. The symptoms, signs, and imaging stud-
ies of metabolic bone diseases, musculoskeletal in-
juries, infections, developmental disorders and
diseases of unknown etiology may closely resemble
neoplasms. For example, a stress fracture can mimic
a bone-forming neoplasm, and myositis ossificans
can resemble a sarcoma. Osteomyelitis and Ewing’s
sarcoma are often difficult to distinguish based on
the history, physical findings, and plain radiographs.

Bone Disorders

Diffuse Osteopenia Caused by Metabolic 
Bone Disease

Metabolic bone diseases, most commonly osteo-
porosis, osteomalacia, and various forms of hyper-
parathyroidism, decrease bone density and strength
and thereby increase the probability of fracture. Some
pathologic fractures associated with nonneoplastic
causes of osteopenia may be difficult to distinguish
from pathologic fractures due to diffuse lysis from
multiple myeloma or metastatic carcinoma.

Vertebral compression fractures, collapse, or
wedging of vertebral bodies in patients with osteope-
nia occur frequently and can present difficult diag-
nostic problems. Common nonneoplastic conditions
that cause osteopenia and predispose older patients
to vertebral compression fractures include osteoporo-
sis and osteomalacia; neoplasms, especially multiple
myeloma and metastatic carcinoma, may produce

similar clinical, physical, and radiographic findings.
Many vertebral compression fractures associated
with nonneoplastic causes of osteopenia require only
symptomatic treatment, but untreated vertebral frac-
tures due to neoplastic disease can lead to progressive
pain and neurologic compromise.

The presence of osteopenia due to metabolic
bone disease may present as a pathologic fracture or
after radiographs are taken for evaluation of another
problem and show decreased bone density. Clinical
evaluation and standard laboratory tests can help
identify the probable cause of diffuse osteopenia.
Well-nourished elderly patients with diffuse os-
teopenia but a normal blood count, erythrocyte sed-
imentation rate (ESR), serum calcium, and serum
phosphorus usually have osteoporosis, but a bone
biopsy may be necessary to rule out osteomalacia
and make a definitive diagnosis. Elevated serum cal-
cium and depressed serum phosphorus suggest the
possibility of hyperparathyroidism, and an elevated
ESR with anemia suggests the possibly of neoplastic
disease such as multiple myeloma.

Stress Fracture

A stress or fatigue fracture is a localized os-
teoblastic reaction of bone without apparent dis-
ruption of the cortex. It usually causes pain and
may cause radiographic changes that imitate bone-
forming tumors. They occur in children, adults, and
the elderly. In children, stress fractures may resemble
osteosarcomas; in older people stress fractures may
resemble metastatic tumors. Biopsy of a stress frac-
ture reveals cellular tissue with extensive new bone
formation that may be difficult to distinguish from
tissue found in a malignant bone-forming neoplasm.

Stress fractures presumably result from fatigue
failure of bone or a localized reaction of bone to
repetitive loading. Common sites include the
metatarsals, tibia, fibula, femur, pelvis, and lamina
of the lumbar vertebrae. Stress fractures often occur
in young active individuals with normal bone, but
they also present in patients with osteopenia from
osteoporosis or osteomalacia and in those with neo-
plasms. The pain associated with a stress fracture
usually increases with activity and decreases with
rest. In the early phases of a stress fracture or stress
reaction of bone, plain radiographic studies may
not show obvious abnormalities, but a bone scan
will demonstrate increased uptake at the site of new
bone formation. At later stages plain radiographs
may or may not reveal a fracture line, but they 
usually show periosteal new bone formation that
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extends as a dense line into the medullary cavity of
the bone. Stress fractures usually heal with restric-
tion of activity or immobilization.

Brown Tumor of Hyperparathyroidism

Patients with hyperparathyroidism can de-
velop localized, expansile, destructive bone lesions
called brown tumors. They mimic neoplasms be-
cause of diffuse bone resorption similar to neoplas-
tic and non-neoplastic osteopenia. The focal,
destructive lesions occur within the diaphysis or
metaphysis of long bones where they resorb the
medullary cancellous bone and expand the bone
cortex. They may reach a large size and lead to
pathologic fractures. Because of their radiographic
appearance and histologic picture of multiple 
giant cells, hemorrhage, and fibrous tissue, brown
tumors can be mistaken for giant cell tumors
(GCTs) of bone. Unlike patients with GCTs, those
with hyperparathyroidism often have a history
consistent with hyperparathyroidism—an elevated
serum calcium, depressed serum phosphorous, 
elevated parathyroid hormone, and radiographic
changes of diffuse bone resorption. The bone dis-

ease associated with hyperparathyroidism usually
resolves following successful treatment of the un-
derlying disorder.

Osteomyelitis

Osteomyelitis is an infection of bone usually due
to bacteria and can cause pain, systemic symptoms,
physical findings and radiographic changes (bone
destruction combined with new bone formation and
prominent periosteal reaction) that closely resemble
tumors including osteoid osteoma, eosinophilic
granuloma, Ewing’s sarcoma, lymphoma, and os-
teosarcoma (Figure 10-1, Figure 10-2). Histologic ex-
amination of infected bone reveals inflammatory
cells, necrotic bone, and new bone formation (Figure
10-3). Some patients with osteomyelitis have sys-
temic symptoms including fever, weight loss, and fa-
tigue, while others are nearly asymptomatic.

Typically, hematogenous osteomyelitis involves
the metaphysis of long bones, but it can occur in
any location. A definitive diagnosis of osteomyelitis
depends on a positive culture of the infecting organ-
ism. Biopsies of presumably infected bone show
nonspecific inflammation with regions of new bone

FIGURE 10-1. Radiographs showing osteomyelitis of the proximal tibia with irregular bone de-
struction and formation.
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A B

C

FIGURE 10-2. (A) and (B) Radiographs showing osteo-
myelitis of the distal femur. Periosteal new bone increases the
diameter and density of the bone. (C) An MRI reveals the ex-
tensive marrow signal change (arrow).
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FIGURE 10-3. Low power histologic sec-
tion of infected bone. Inflammatory cells fill
the marrow space, and osteoclasts resorb adja-
cent bone. The areas with no osteoclasts indi-
cate necrotic bone.

formation that could result from infection by a vari-
ety of organisms, but these same processes can be
found near bone tumors. In addition to antibiotic
therapy, treatment of osteomyelitis usually requires
surgical debridement.

If treatment does not eradicate the infection, a
chronic draining sinus may develop from the un-
derlying site. Some patients, after years of sinus
drainage, develop squamous cell carcinoma in the
sinus tract. These malignancies can be detected by a
change in the amount or odor of the drainage, a fri-
able, vascular, enlarging mass, and subsequent
bone destruction. Treatment of these secondary car-
cinomas requires wide resection or amputation.

Infantile Cortical Hyperostosis (Caffey’s Disease)

Infantile cortical hyperostosis, a rare idiopathic
disorder that causes rapid periosteal new bone for-
mation, occurs most frequently in children under
6 months of age. Common sites include the diaph-
ysis of long bones, ribs, mandible, and scapula.
Fever, leukocytosis, and an increased ESR often ac-
company the periosteal new bone formation. Ten-
derness of the involved bones and palpable swelling
of the periosteum precede radiographic changes.
Once new bone formation begins, radiographs show
multiple layers of periosteal new bone (Figure 10-4).
The clinical presentation and radiographic changes
resemble osteomyelitis, syphilis, Vitamin A toxicity,
Vitamin C deficiency, trauma, and Ewing’s sarcoma.

The patient may have multiple remissions and exac-
erbations, but the disorder eventually resolves and
the bones remodel to a normal configuration.

Paget’s Disease (Osteitis Deformans)

Paget’s disease, an idiopathic disorder charac-
terized by increased bone resorption and bone for-
mation, produces characteristic bone lesions that
cause pain, deformity, and fracture. It either occurs
in one bone (monostotic Paget’s disease) or multi-
ple bones (polyostotic Paget’s disease). It varies in
severity from an isolated, asymptomatic bone le-
sion to crippling deformities of multiple bones.
The clinical and radiographic presentation of
Paget’s disease may resemble neoplasms such as
metastatic carcinoma. Paget’s disease rarely occurs
before age 20, and most patients are over age 50. It
can affect any part of the skeleton, although it fre-
quently appears in the pelvis, femur, skull, tibia,
and spine. It is one of the few disorders that causes
bone enlargement.

Radiographically, Paget’s disease proceeds
through three phases: a purely lytic phase, a
mixed lytic and blastic phase, and a blastic phase
(Figure 10-5). The early bone lysis results from exten-
sive osteoclastic bone resorption. The blastic changes
correspond to a decrease in bone resorption and in-
crease in formation of new dense bone with an irreg-
ular mosaic pattern. The earliest phase of Paget’s
disease appears radiographically as a wedge, flame,
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FIGURE 10-4. Radiographs showing character-
istic laminations of subperiosteal new bone about
the radius and ulna in a patient with infantile cor-
tical hyperostosis. 

or V-shaped region of bone lysis at the end of a long
bone. Later the cortical bone and medullary trabecu-
lae become more dense, enlarged, and irregular.
Some regions of the bone become extremely dense,
obliterating the areas of lysis. Histologic examination
of pagetoid bone reveals an irregular or “mosaic”
pattern of bone formation and fibrovascular tissue
filling the marrow spaces (Color Figure 10-1).

Pagetoid bone lacks the strength of normal bone.
As a result it deforms and fractures more easily. Pa-
tients with Paget’s disease may develop primary
malignancies such as osteosarcoma in the abnormal
bone that spread rapidly and portend an extremely
poor prognosis. Increasing localized pain, a soft tis-
sue mass, radiographic evidence of bone destruction
(Figure 10-6), or a pathologic fracture suggest the
possibility of malignant degeneration.

Bone Infarct/Avascular Necrosis

Bone infarcts are areas of avascular bone within
the medullary canal, and their actual incidence is
unknown. They occasionally cause pain. Avascular
necrosis may occur following traumatic or surgical

interruption of the blood supply to a portion of the
bone or in association with corticosteroid use, radi-
ation therapy or sickle cell anemia. Idiopathic bone
infarcts occur in the absence of any underlying
medical condition or known cause. Common sites
for bone infarcts include the femoral head, femoral
condyle, talus, carpal navicular, and metaphyses of
the long bones, but the process can occur in any re-
gion of the skeleton.

The radiographic appearance is of an area of ir-
regular increased density within the medullary
canal that resembles an enchondroma or low grade
chondrosarcoma. They have a classic, serpiginous
appearance on MRI scan. Necrosis of small regions of
bone marrow may be painful but does not signifi-
cantly weaken the bone. However, necrosis of load-
bearing subchondral regions with subsequent
vascular invasion and resorption of necrotic bone can
lead to structural collapse, particularly in the femoral
head, humeral head, and talus. Degenerative joint
disease develops following collapse of the articular
surface. Rarely, a malignant fibrous histiocytoma can
develop in or near bone infarcts, especially the idio-
pathic, metaphyseal infarcts of long bones.
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FIGURE 10-5. Radiographs showing the lytic and blastic changes of Paget’s disease in the (A) distal
femur, (B) pelvis, and (C) skull.

Metaphyseal bone infarcts usually require only
symptomatic treatment, but subchondral infarcts
that cause articular surface collapse often require
surgical intervention. The indications and long-
term results of surgical procedures intended to
revascularize or decompress large areas of subchon-
dral bone necrosis are controversial.

Bone Island

Bone islands consist of discrete areas of mature
lamellar bone within the medullary cavity. On radi-
ographic studies they are rounded lesions less than
two centimeters in size located within cancellous

bone (Figure 10-7). Occasionally they resemble os-
teoblastic metastasis. Because they are asympto-
matic, bone islands are usually identified as
incidental findings on plain radiographs or other
imaging studies. They do not require treatment.

Simple Bone Cyst

Simple, or unicameral, bone cysts consist of
fluid-filled cavities within bone lined by a thin layer
of fibrous tissue. They occur most commonly in
children less than 15 years of age. Approximately
50% occur in the proximal humeral metaphysis.
Other common sites include the proximal femur
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FIGURE 10-6. Radiographs showing a femoral osteosar-
coma arising in pagetoid bone. The tumor has formed new
bone and extended through the cortex.

FIGURE 10-7. Radiograph showing a small bone island in
the proximal femur. It is sclerotic and incites no surrounding
reaction.

and iliac wing. They may cause slight expansion of
bone and thinning of the cortex. As a result patients
often present with a pathologic fracture through the
cyst. Some cysts may be discovered incidentally
when radiographs are taken for other reasons.

Radiographically, simple bone cysts are centrally
located, lucent lesions of the metaphysis (Figure 10-8).
As new bone in skeletally immature patients grows
away from the cyst, the lesion may eventually reside
in the diaphysis. Unicameral cysts that present as cen-
tral, lytic lesions of the proximal humerus or proximal
femur in young children have a classic appearance
that does not require further imaging or biopsy. How-
ever, cysts in other locations or those that lack
characteristic radiographic features may mimic other
musculoskeletal lesions including aneurysmal bone
cysts, fibrous dysplasia, and osteosarcoma. More ag-
gressive lesions can be eliminated based on the histo-
logic appearance of a large cystic lesion with
innocuous cells in the lining tissue. Simple cysts re-
solve as patients reach skeletal maturity, but they can
cause multiple pathologic fractures during growth, es-
pecially when they are noted at a very young age. The

fractures cause skeletal deformity, especially when
they occur in the proximal femur. Most fractures
through simple cysts heal rapidly with closed treat-
ment (Figure 10-9). The current recommended treat-
ment of simple cysts includes observation with
restriction of activity and steroid injections. Intrale-
sional curettage and bone grafting is generally re-
served for large cysts at high risk for fracture in the
proximal femur.

Aneurysmal Bone Cyst

Aneurysmal bone cysts (ABCs) consist of blood-
filled cavities lined by fibrous septae that include
giant cells and areas of osteoid but no true endothelial
cells (Color Figure 10-2). Approximately 85% of pa-
tients with ABCs present before age 20. The most
common symptoms are pain, swelling, and ten-
derness on palpation of the involved bone. ABCs
commonly involve the metaphysis of long bones,
posterior elements of the vertebrae, pelvis, or
scapula, but they can occur throughout the skeleton
(Figure 10-10). ABCs can grow rapidly and frequently
cause pathologic fractures. When located in the spine,
they can cause neurologic compromise.

Plain radiographs show a lytic lesion causing
marked expansion of the involved bone and occa-
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FIGURE 10-8. Radiographs showing a unicameral (simple) bone cyst of the proximal femur at risk
for pathologic fracture. Notice the symmetrical metadiaphyseal location of the cyst.
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FIGURE 10-9. Radiograph showing an extensive simple
bone cyst of the humerus with a pathologic fracture and
mild displacement.

expanding and begin to ossify after reaching a certain
size or they may regress spontaneously. Standard
treatment is a confirmatory biopsy followed by in-
tralesional curettage and bone grafting.

Fibrous Cortical Defect and Nonossifying
Fibroma

Fibrous cortical defects (metaphyseal fibrous
defects) and nonossifying fibromas are lytic bone le-
sions that consist of fibroblasts arranged in whirled
bundles with scattered giant cells and regions of
histiocytes. They are commonly discovered inciden-
tally on plain radiographs. They rarely appear in
children younger than 2 years of age or in adults
over 20 years of age. They develop in the metaph-
ysis and, as the bone grows, they gradually seem to
move toward the diaphysis. When patients near
skeletal maturity, the lesions ossify or completely
disappear. Most authors refer to large fibrous corti-
cal defects that extend into the intramedullary re-
gion of the bone as nonossifying fibromas.

Radiographically, these are sharply circum-
scribed, radiolucent, eccentric, or intracortical le-
sions of long bones (Figure 10-12). Except for rare
pathologic fractures, they do not cause pain. The di-
agnosis can usually be made based on their distinc-
tive radiographic appearance. These lesions heal
spontaneously, so they do not require treatment un-
less a pathologic fracture has or is likely to occur. In
these situations, intralesional curettage and bone
grafting allows definitive healing of the lesion.

Fibrous Dysplasia

Fibrous dysplasia is metaplastic bone formation
consisting of irregularly arranged bone trabeculae
in bland fibrous tissue (Figure 10-13) and is among
the most common lesions of bone. It can weaken
bone and lead to a pathologic fracture, and it may
have a radiographic appearance that resembles a
more aggressive tumor. In some patients it involves
a single bone (monostotic fibrous dysplasia), but in
others it involves multiple bones (polyostotic fi-
brous dysplasia). The severity of the disorder
ranges from isolated small lesions that remain
asymptomatic to lesions that cause repeated patho-
logic fractures and deformity of multiple bones. Al-
though most authors consider fibrous dysplasia a
developmental disorder rather than a neoplasm, it
can destroy or expand normal bone and frequently
recurs following curettage and bone grafting.

sional periosteal new bone formation (Figure 10-11).
An MRI scan often reveals fluid-fluid levels. Ag-
gressive benign neoplasms such as giant cell tumors
and primary malignant neoplasms such as telang-
iectatic osteosarcoma can have a similar radiographic
appearance.

ABCs frequently occur in association with pri-
mary bone lesions including fibrous dysplasia, giant
cell tumor, simple bone cyst, eosinophilic granuloma,
nonossifying fibroma, chondroblastoma, osteoblas-
toma, and occasionally osteosarcoma. They may stop
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FIGURE 10-10. Radiograph of the hip show-
ing an expansile, lytic lesion in the acetabulum
consistent with an aneurysmal bone cyst.

Fibrous dysplasia occurs in children and is
often discovered because of pain, pathologic frac-
ture, or skeletal deformity. Plain radiographs show
circumscribed areas of decreased bone density hav-
ing a ground glass or “shower door glass” appear-
ance. Because fibrous dysplasia can thin and
expand the cortex concentrically or eccentrically,
the lesions may resemble unicameral or multilocu-
lar cysts (Figure 10-14).

Fibrous dysplasia commonly affects the ribs, 
vertebrae, femur, tibia, humerus, and maxilla 
(Figure 10-15). When fibrous dysplasia involves the
proximal femur, the resulting weakening of the 
bone may lead to progressive microfractures and 
is referred to as a “Shepherd’s crook deformity” 
(Figure 10-16).

Fibrous dysplasia begins during childhood and
may progressively enlarge. The lesions often become
less active or inactive at skeletal maturity, but they
can grow in adults. In some patients, polyostotic fi-
brous dysplasia occurs in association with preco-
cious puberty and darkly pigmented skin lesions in
a disorder called McCune-Albright syndrome. Sev-
eral case reports have described the appearance of
malignant tumors in regions of fibrous dysplasia, al-
though malignant transformation is extremely rare.
Most patients with small lesions of fibrous dysplasia
do not require treatment. Patients with pathologic
fractures or progressive skeletal deformity require
curettage, bone grafting, and skeletal stabilization.
Recently, bisphosphonates have been used with doc-
umented pain relief in a subset of patients.
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A

B

FIGURE 10-11. A large aneurysmal bone cyst in the prox-
imal humerus is shown by (A) radiograph and (B) MRI scan.
Note the expansile nature of the lesion as well as the fluid-
fluid levels.

Muscle contusions result from direct trauma
that ruptures blood vessels and damages muscle
cells. Common sites of muscle contusion include the
deltoid, brachialis, biceps, and quadriceps muscle
bellies. Muscle tears usually result from contraction
of the muscle against resistance. They often occur at
the musculotendinous junction, and common sites
include the hamstrings, quadriceps, and biceps
muscles.

Most intramuscular hematomas gradually re-
solve, but some become organized and remain as
firm, intramuscular masses. These organized hema-
tomas may mimic intramuscular neoplasms on

Soft Tissue Disorders

Muscle Contusions, Tears, and Intramuscular
Hematomas

Muscle contusions and tears may result in soft tis-
sue masses that resemble neoplasms. The hemorrhage
that results from these injuries causes swelling, and
the muscle that retracts from the site of a tear may
form a discrete mass. Initially the muscle damage, in-
flammation, and hemorrhage causes pain and weak-
ness. As the tissue heals the pain resolves, but a mass
can remain for several months.
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FIGURE 10-12. Radiographs showing a nonossifying fibroma in the proximal tibia. Note the scle-
rotic rim and eccentric location of the lesion.

FIGURE 10-13. A histologic section of fibrous dysplasia
reveals woven bone trabeculae surrounded by a fibrous tis-
sue stroma. Unlike other bone-forming lesions, fibrous dys-
plasia forms metaplastic bone directly from the stroma.

FIGURE 10-14. A radiograph reveals fibrous dysplasia of
the proximal femur. Note the mottled density of the neo-
plastic bone. It has a well-circumscribed benign appearance.
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FIGURE 10-15. A CT scan of the spine reveals an area of
fibrous dysplasia in the vertebral body. The lesion is well-
circumscribed with no soft tissue mass.

FIGURE 10-16. Extensive fibrous dysplasia of the proxi-
mal femur produces a characteristic Shepherd’s crook defor-
mity from multiple microfractures over time.

physical examination and MRI scans. Most patients
identify a specific traumatic episode followed by
pain, swelling, weakness, and ecchymosis, but 
not all patients have a definite history of trauma. 
In individuals with muscle tears, the physical 
examination often reveals a muscle defect or 
retraction. Muscle tears and intramuscular hema-
tomas can be treated by gentle stretching and restric-
tion of heavy activity. In the absence of trauma,
deep intramuscular hematomas are unlikely and
may be difficult to distinguish from neoplasms
without performing a biopsy. Further workup is
necessary if the MRI appearance is indeterminate 
or the mass is enlarging.

Myositis Ossificans

Occasionally single or repetitive blunt muscle
trauma causes myositis ossificans, formation of be-
nign bone, cartilage, and fibrous tissue within con-
tused muscle. This poorly understood condition
begins following muscle damage with hemorrhage
and inflammation. During the initial stages it causes
pain or tenderness along with diffuse swelling and
may be confused with a malignant soft tissue tumor,
parosteal osteosarcoma, or benign lesions such as
nodular fasciitis. As the inflammation subsides,
pain and tenderness decrease, but a firm mass con-
taining bone usually remains.

Myositis ossificans most frequently occurs in
adolescents and young adults. Common sites include
the quadriceps, adductors, deltoid, and brachialis
muscles. Mineralization begins within the lesion ap-
proximately 4 to 6 weeks after injury and proceeds
from the periphery toward the center.

Radiographically the lesions initially consist of
an area of soft tissue swelling that becomes progres-
sively mineralized to contain bone (Figure 10-17).
Microscopic examination reveals a distinct zonal
pattern reflecting the gradations of cellular matura-
tion (Figure 10-18). The inner region of the lesion

contains immature, rapidly proliferating fibroblasts
along with inflammatory cells and occasional giant
cells. A zone of poorly defined osteoid trabeculae
with fibroblasts and osteoblasts surrounds this re-
gion and, in the peripheral areas, the osteoid miner-
alizes into mature lamellar bone. Current initial
treatment of myositis ossificans includes restriction
of activity and gentle stretching to prevent contrac-
tures. The mass is only removed in symptomatic
cases after the appearance is completely mature.

Nodular Fasciitis

Nodular fasciitis or pseudosarcomatous fasci-
itis consists of a proliferation of fibroblasts, capillar-
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ies, and inflammatory cells that produce a tender
soft tissue mass most often in the subcutaneous tis-
sues and infrequently within muscle. It develops
most commonly in adolescents and young adults
and occasionally enlarges rapidly. The cause of this
rare disorder remains unknown, but it appears to be
an inflammatory process instead of a neoplasm.
Simple excision of the mass is usually sufficient to
provide a definitive diagnosis and local control.

Traumatic Fat Necrosis

Blunt trauma to subcutaneous fat can result in
cell death, hemorrhage, and inflammation. As the
inflammation subsides it can leave a firm plaque-
like mass consisting of scar tissue and fat that per-
sists long after the injury. A history of injury and a
subcutaneous location of the mass usually suggests
the diagnosis of traumatic fat necrosis.

Traumatic Neuroma

Partial or complete transection of a peripheral
nerve causes proliferation of nerve tissue that 
can form firm, usually mobile, nodules. These 
traumatic neuromas may grow to moderate size 
and cause intense discomfort. A history of trauma 
or previous surgery combined with paresthesias 
or a Tinel’s sign in the region of the mass helps 
establish the clinical diagnosis of posttraumatic 
neuroma. Neuromas that develop in the surgical 
site after resection of a soft tissue neoplasm 
may be difficult to distinguish from recurrent 
tumor without a biopsy.

Soft Tissue Abscess

A soft tissue abscess may resemble a neoplasm.
These uncommon lesions develop from open
wounds or by direct extension of infection from 

FIGURE 10-17. A lateral radiograph
reveals myositis ossificans in the poste-
rior thigh musculature. It gradually ossi-
fies as it matures.
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FIGURE 10-18. Light micrographs of myositis ossificans.
(A) The cellular inner zone illustrates numerous cells with
occasional atypical mitotic figures and variations in size and
shape of the cells. The histologic appearance is sarcomatous.
(B) The middle zone shows osteoid formation with a fi-
brovascular background. The cellular pattern is uniform.
(C) The outer zone illustrates mature, well-oriented periph-
eral bone. The fibrous stroma appears more mature than at
the center of the lesion. (Courtesy of Dr. William Bacon)

adjacent structures including bones and joints. They
can result from hematogenous spread of organisms,
especially in immunocompromised patients or
those with diabetes mellitus. Most bacterial soft tis-
sue abscesses cause exquisite tenderness, erythema,
and fever, but most tuberculous abscesses (cold ab-
scesses) cause minimal tenderness and may not
produce systemic symptoms. Indolent abscesses
may be difficult to distinguish from a neoplasm
without a biopsy. The treatment of a musculoskele-
tal soft tissue abscess includes tissue cultures, surgi-
cal drainage, and antibiotics.

Ganglion Cyst

Ganglion cysts are unilocular or multilocular
collections of translucent fluid or gelatinous myx-
oid tissue surrounded by fibrous tissue. They can
occur in patients of any age and are located in a su-
perficial location adjacent to synovial joints or ten-
don sheaths. They are commonly found near the
wrist, hand, and knee. Occasionally those that de-
velop near the knee grow to a large size and dissect
through the surrounding soft tissues. Enlargement
of the limb or swelling caused by these unusual
ganglia may suggest the presence of a neoplasm.
Although aspiration can remove the fluid from a
ganglion cyst, surgical resection is currently the
most predictable method of eradicating sympto-
matic lesions.

Intramuscular Myxoma

Intramuscular myxomas are solid soft tissue
masses consisting of an abundant, gelatinous,
myxoid matrix containing few cells and occasional
cystic areas that resemble ganglia. Clinically, 
they are painless, fluctuant, mobile intramuscular
masses that occur in patients between the ages 
of 40 and 70 years. When multiple myxomas are
associated with monostotic or polyostotic fi-
brous dysplasia, it is referred to as Mazabraud’s
syndrome.

Myxomas may enlarge slowly or remain un-
changed for many years. Because of their deep, 
intramuscular location in the thigh, shoulder, 
buttock, or arm, they cannot be easily distin-
guished from soft tissue sarcomas by clinical eval-
uation. They are well defined and have low signal
relative to muscle on T1-weighted MR images.
Treatment of symptomatic or enlarging lesions is
by simple excision.
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BENIGN NEOPLASMS

Benign neoplasms of bone and soft tissue occur much
more commonly than malignant neoplasms. Benign
lesions result from cell proliferation and matrix syn-
thesis that produces new tissue, but their behavior
varies considerably. Many enlarge to a certain size
during skeletal growth and then remain unchanged
indefinitely; thus, they might be considered develop-
mental disorders rather than neoplasms. Lesions that
follow this pattern include osteochondromas, en-
chondromas, lymphangiomas, and hemangiomas.
Benign lesions including GCTs of tendon sheath,
elastofibromas, and pigmented villonodular synovi-
tis may represent inflammatory or reactive disorders,
but lesions such as GCTs of bone and osteoblastomas
are more aggressive neoplasms.

Because of their differences in behavior, benign
proliferative lesions require varied treatments. Most
osteochondromas and enchondromas do not re-
quire surgical treatment, but GCTs and osteoblas-
tomas require intralesional curettage or resection.
The more aggressive benign tumors invade and de-
stroy normal tissue and may be difficult to distin-
guish from low-grade malignant neoplasms. Some
of these benign lesions such as GCT and chondrob-
lastoma can metastasize to the lungs despite their
histologic appearance.

Benign Bone Neoplasms

Osteoma

Osteomas, similar to bone islands, consist of ma-
ture bone. They form on endosteal and periosteal
bone surfaces and occur most commonly in the
mandible, flat bones of the skull, and tibia in adoles-
cents and young adults. On plain radiographs they
appear as dense nodules of bone. Patients may notice
a firm bony mass or the lesion may be detected as an
incidental finding on plain radiographic studies. Os-
teomas do not require treatment.

Osteoid Osteoma

Osteoid osteomas are small, bone-forming le-
sions consisting of a central nidus less than 2 cm in
diameter containing capillaries, osteoclasts, and os-
teoblasts forming large volumes of disorganized os-
teoid (Color Figure 10-3). A larger region of reactive
new bone formation matures to become dense,
lamellar bone around the central region. A thin rim

of granulation tissue may separate the central os-
teoid-forming region from the dense, reactive bone.

Most osteoid osteomas occur in children, ado-
lescents, or adults less than 30 years old. They cause
considerable pain, classically worse at night. Typi-
cally aspirin provides better pain relief than other
medications. Osteoid osteomas occur most fre-
quently in the diaphysis and metaphysis of long
bones, but they can develop in any bone. When they
occur near synovial joints, effusions, muscle
spasms, and contractures may be apparent. The
pain will eventually resolve if aspirin or anti-
inflammatory medications are taken for a pro-
longed period of time, but most lesions are now
treated with radiofrequency ablation (RFA). In
some vertebral lesions where RFA is unsafe near the
spinal cord, resection or surgical burring of the area
may be indicated.

Radiographs reveal osteoid osteomas to be
small, dense regions rimmed by a thin lucent ring
within a region of mature bone (Figure 10-19). Occa-
sionally, they appear only as small, lucent areas sur-
rounded by dense bone as the increased density of
the reactive bone hides the central lesion on plain ra-
diographs. In these instances, CT scans are the pro-
cedure of choice to identify the nidus (Figure 10-20).

Osteoblastoma

Like the central region of an osteoid osteoma,
osteoblastomas consist of osteoblasts, osteoid, and
blood vessels (Figure 10-21). They are benign,
bone-forming neoplasms larger than osteoid osteo-
mas that can expand and destroy bone. Most os-
teoblastomas are painful and occur in patients less
than 30 years of age. The pain is usually less severe
than that associated with an osteoid osteoma. They
occur in the metaphysis or diaphysis of long bones
or the posterior elements of the vertebrae (Figure
10-22, Figure 10-23).

Radiographically they are lucent lesions sur-
rounded by a thin rim of reactive bone. The central
lucent area often contains areas of mineralization.
The differential diagnosis of an osteoblastoma in-
cludes osteosarcoma, giant cell tumor, and osteoid
osteoma.

The behavior of osteoblastomas varies from
slow enlargement to rapid aggressive growth that
resembles the behavior of an osteosarcoma. Occasion-
ally they cause pathologic fractures. Surgical resec-
tion or meticulous intralesional curettage provides
local control.
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FIGURE 10-19. Radiographs of the proximal femur reveal a small lucency in the lateral femoral neck
(arrow) consistent with an osteoid osteoma. There is mild surrounding sclerosis.
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FIGURE 10-20. The nidus of an osteoid osteoma is best vi-
sualized on a thin-cut CT scan.

FIGURE 10-22. A radiograph of an osteoblastoma reveals an
osteolytic, expanding tumor that has eroded the cortex of the
talus and expanded into the surrounding soft tissues. It is sur-
rounded by a thin shell of bone. Scattered, minute opacities
throughout the tumor represent new bone. (Pochaczevsky R,
Ven YM, Sherman RS. The roentgen appearance of benign
osteoblastoma. Radiology 1960;75:429) 

Osteochondroma

An osteochondroma, or osteocartilagenous ex-
ostosis, is one of the most common benign bone tu-
mors. It consists of a bony base or stalk with a
cartilage cap that projects from the normal bone
away from a nearby joint (Figure 10-24). A fibrous
tissue capsule or bursa typically covers the cartilage
surface. Osteochondromas may develop from pro-

liferation of cartilage-forming periosteal cells or
from a defect in the fibrous tissue surrounding a ph-
ysis and therefore likely represent a developmental
disorder instead of a neoplasm. Common locations
include the metaphysis of the proximal tibia, distal
femur, distal tibia, distal fibula, proximal femur,
and proximal humerus. They also can develop from
flat bones of the pelvis and scapula.

Osteochondromas commonly present as soli-
tary or multiple firm, fixed, asymptomatic bony
masses. Most affected patients have a solitary osteo-
chondroma, but some individuals have a hereditary
disorder that causes multiple osteochondromas.
This disorder, multiple hereditary exostoses (MHE),
is transmitted as an autosomal dominant trait with
a high degree of penetrance and can cause marked
skeletal deformity and disability. Most patients 
recognize the presence of multiple lesions before 
20 years of age. Severely affected people develop
considerable skeletal deformity.

The appearance on a plain radiograph estab-
lishes the diagnosis of an osteochondroma. The
bony base of the lesion extends directly from the
medullary canal of normal bone (Figure 10-24).
During skeletal growth the lesions enlarge with
the surrounding bone, and they stabilize with
skeletal maturity. As the bone component of an
osteochondroma forms by enchondral ossifica-
tion, growing osteochondromas typically have a

FIGURE 10-21. Low power histologic section of an os-
teoblastoma shows new bone trabeculae lined by neoplastic
cells.
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large cartilaginous component. As the lesions ma-
ture, the cartilage component decreases until the
osteochondroma consists primarily of bone.

Occasionally an osteochondroma fractures
through its bony stalk or develops an overlying soft
tissue bursa. In these instances it may cause pain.
Enlargement of an osteochondroma may cause ad-
jacent nerve compression or skeletal deformity.
Rarely, a chondrosarcoma develops from an osteo-
chondroma. This is more common in patients with
multiple lesions. Malignant transformation occurs
more frequently in osteochondromas of flat bones,
particularly the pelvis and scapula. This phenome-
non should be suspected when an osteochondroma
causes pain or enlarges in an adult. The main treat-
ment for an osteochondroma is observation until
the patient reaches skeletal maturity. Patients with
MHE are followed yearly with skeletal surveys.
Surgical resection is only indicated when there is

neurologic compromise, abnormal growth, skeletal
deformity, or decreased motion of the adjacent joint.

Enchondroma

An enchondroma is a benign hyaline cartilage le-
sion located in the medullary cavity of otherwise
normal bones. It frequently occurs in the bones of the
hands and feet but may appear in any bone includ-
ing the femur, tibia, and humerus (Figure 10-25). It is
generally considered an asymptomatic, indolent le-
sion. It is most frequently noted when obtaining radi-
ographs to evaluate impingement of the shoulder or
degenerative arthritis of the knee.

Plain radiographs reveal a central, well-
circumscribed lucent region that may be mineral-
ized. Enchondromas resemble bone infarcts. Further
imaging studies are not necessary, but enchondro-
mas normally show increased activity on a bone

FIGURE 10-23. A CT scan of the
spine reveals an osteoblastoma ap-
pearing in the posterior elements, a
common location for this aggres-
sive lesion.
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scan. During skeletal growth the lesions may slowly
enlarge. Following completion of normal growth,
they cease to enlarge and the cartilage component
calcifies to give a stippled radiographic appearance
(Figure 10-26). In extremely rare cases, a chondrosar-
coma can develop from an enchondroma. Because
enchondromas are usually asymptomatic and do not
enlarge after skeletal maturity, a lesion that causes
pain or enlarges in an adult strongly suggests the
possibility of malignant transformation. It is impor-
tant to eliminate other causes for pain before attribut-
ing symptoms to an enchondroma.

Some patients have Ollier’s disease, or multiple
enchondromas, which causes severe deformity and

stunting of growth. These patients have an increased
probability of malignant transformation of an en-
chondroma. Maffucci’s syndrome is a condition
where multiple enchondromas occur in association
with multiple hemangiomas. These patients have an
increased probability of developing a chondrosar-
coma or other visceral malignancies. Enchondromas
generally do not require surgical treatment.

Periosteal Chondroma

A periosteal chondroma is a rare, subperiosteal
lesion consisting of hyaline cartilage. It forms be-
tween the cortical bone and overlying periosteum,

FIGURE 10-24. Plain radiographs showing typical osteochondromas of long bone metaphyses.
Notice that the bony bases of the lesions extend directly from normal bone and that the medullary
cavity of the normal bone extends into the lesion. Plain radiographs do not show the cartilage por-
tion of an osteochondroma, so the lesions may be larger than visualized on the plain radiographic im-
ages. Osteochondromas are shown of the (A) distal femoral and proximal tibial metaphyses in a
patient with multiple hereditary exostoses, (B) the proximal femoral metaphysis, and (C) the proxi-
mal humeral metaphysis.
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often creating an indentation in the bone surface
and a smooth bulge of periosteum-covered cartilage
that projects into the soft tissues. Most patients are
young or middle-aged adults. Presumably pe-
riosteal chondromas develop from proliferation of
cartilage-forming periosteal cells. They occur most
frequently in the proximal humeral metaphysis,
phalanges, metacarpals, and metatarsals.

They usually present as a solitary, painful mass
or as an incidental radiographic finding. Radi-
ographs show a scalloped depression in the bone
cortex and may show the faint image of a soft tissue
mass containing speckled regions of calcification.
Periosteal chondromas can slowly enlarge, but they
have not been shown to be aggressive. For sympto-
matic or enlarging lesions, surgical resection pro-
vides definitive local control.

Chondroblastoma

A chondroblastoma is a benign cartilage tumor
consisting of regions or “islands” of densely packed
polyhedral cells called chondroblasts admixed with
fibrous tissue and chondrocytes forming a cartilage
matrix (Color Figure 10-4). In some areas the carti-
lage matrix mineralizes creating a distinctive “chicken
wire” pattern, while other regions contain large num-
bers of giant cells. Chondroblastomas involve the epi-
physis of long bones in patients with open physes.
They occur most commonly in the proximal humerus,
distal femur, proximal tibia, and proximal femur. Most
patients present with pain and local tenderness. Occa-
sionally they have swelling, limitation of joint motion,
and an effusion.

Radiographs typically show an eccentric, epi-
physeal lucency with punctate calcifications. A scle-
rotic rim surrounds the lucent area (Figure 10-27).
The lesions rarely involve more than half of the
epiphysis and only occasionally extend into the

FIGURE 10-25. A radiograph reveals an enchondroma of
the proximal phalanx with a stippled appearance. These le-
sions are the most common bone tumors found in the hand.
They can be expansile and often fracture.

FIGURE 10-26. A radiograph of the proximal humerus re-
veals a calcified enchondroma. There is no expansion of the
bone or soft tissue mass.
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metaphysis. Intralesional curettage and bone graft-
ing is indicated for a chondroblastoma, but occasion-
ally these lesions recur in the bone or surrounding
soft tissues. Rarely chondroblastomas metastasize to
the lungs.

Chondromyxoid Fibroma

A chondromyxoid fibroma (CMF) is a rare, be-
nign, cartilage tumor consisting of fibrous, cartilagi-
nous and myxoid tissues in variable proportions
(Figure 10-28). Most present in older adolescents
and young adults. It occurs most commonly in the
metaphysis of the tibia as well as the pelvis and
scapula (Figure 10-29). CMFs may be discovered as
an incidental finding on a plain radiograph or be-
cause of mild to moderate pain. In some locations
they form a palpable mass, but they rarely cause
pathologic fractures. Plain radiographs demonstrate
an eccentrically located lytic lesion with smooth
sclerotic margins. Treatment by intralesional curet-
tage or resection provides local control.

Giant Cell Tumor

Giant cell tumor (GCT) is a benign but aggres-
sive lesion consisting of osteoclast-like giant cells,

FIGURE 10-27. A radiograph
of the proximal tibia reveals a
lytic lesion in the epiphysis with
a sclerotic rim consistent with a
chondroblastoma.

FIGURE 10-28. Light micrograph showing a chon-
dromyxoid fibroma. The lesion consists of lobules of myxoid
cartilage matrix surrounded by vascular fibrous tissue. The
cell density of the lobules increases towards the periphery.

fibroblast-like stromal cells, and blood vessels (Fig-
ure 10-30). Patients with GCTs are usually between
30 and 45 years of age with a female predominance.
Unlike chondroblastomas, most GCTs occur after
physeal closure in the involved bone. They can
cause pain, swelling, and pathologic fracture, and
aggressive lesions cause extensive destruction of
normal tissue. They occur in the epiphysis of long
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FIGURE 10-29. A CT scan of the pelvis reveals an aggressive lesion in the posterior ilium and lateral
sacrum. There are visible calcifications within the lesion. This is a common location for a chon-
dromyxoid fibroma.

FIGURE 10-30. Histologic
section of a giant cell tumor re-
veals multinucleated giant cells,
fibroblast-like stromal cells, and
blood vessels.
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bones and extend into the metaphysis. GCTs 
abut the subchondral surface of the adjacent joint.
Common sites include the tibial plateau, femoral
condyle, distal radius, and humeral head (Fig-
ure 10-31).

Plain radiographs demonstrate lucent, eccen-
tric, expansile lesions that thin or fracture the 
overlying cortex (Figure 10-32). The differential di-
agnosis of GCT includes ABC, chondroblastoma,
Brown tumor of hyperparathyroidism, and nonos-
sifying fibroma. The radiographic appearance of ag-
gressive GCTs can resemble a sarcoma. Rarely, giant
cell tumors appear in multiple sites or produce be-
nign lung metastases.

When possible, GCTs are treated with thor-
ough intralesional curettage using a high-speed
burr followed by cementation or bone grafting. Fre-
quently, adjuvants such as phenol, cryotherapy, or
argon beam coagulation are used to extend the
zone of treatment. There is a 10 to 20% risk of local
recurrence. In aggressive lesions with extensive
bone destruction, resection of the joint is necessary
followed by reconstruction using either an allograft
or metal prosthesis.

Desmoplastic Fibroma

A desmoplastic fibroma is a bone lesion consist-
ing of dense benign fibrous tissue. These rare lesions
behave as low-grade malignant neoplasms and may
be mistaken for a fibrosarcoma of bone. They can ag-
gressively destroy bone and invade surrounding soft
tissues. Desmoplastic fibromas usually appear in pa-
tients younger than 30 years of age. They may cause
aching pain, swelling, and rarely, pathologic fractures.

Radiographically they are lytic lesions that oc-
casionally produce bone expansion. Although they
do not metastasize and their clinical behavior
varies, they frequently recur unless excised with a
margin of normal tissue.

Hemangioma of Bone

Hemangiomas are collections of blood vessels
within bone (Figure 10-33) and often occur in verte-
bral bodies. They may represent a developmental
disorder or a neoplasm. Generally, they remain
within the medullary cavity. Plain radiographs reveal
regions of generalized decreased bone density with
abnormally prominent bone trabeculae. Most of these
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FIGURE 10-31. Radiographs of the proximal tibia reveal an eccentric, lytic lesion with no sclerotic
border located in the epiphysis or metaphysis. It is consistent with a giant cell tumor.
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lesions are asymptomatic and detected as an inciden-
tal finding, thereby requiring no surgical treatment.
However, occasionally vertebral hemangiomas are
associated with pain and neurologic deficits.

Langerhans Cell Histiocytosis

The bony lesions of Langerhans cell histiocyto-
sis (LCH) consist of histiocytes admixed with
eosinophils, lymphocytes, and neutrophils (Figure
10-34). They cause bone destruction and a sur-
rounding reaction that mimics benign and malig-
nant neoplasms as well as osteomyelitis. They can
lead to pathologic fractures and, in children, col-
lapse of a vertebral body, called vertebra plana (Fig-
ure 10-35). Plain radiographs of the lesions vary
from sharply circumscribed, round or oval lucent
regions to extensive, permeative bone destruction
(Figure 10-36).

The age at diagnosis and severity of the dis-
ease previously separated LCH into three overlap-
ping disorders. Two disorders, Letterer-Siwe and
Hand-Schüller-Christian, involved multiple tis-
sues and affected young children. A solitary bony
lesion (eosinophilic granuloma) was more com-
mon in older children and young adults. More re-
cently, LCH has been referred to as a spectrum of
disease with varying degrees of severity and bone
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FIGURE 10-32. A giant cell tumor of the distal radius
has expanded the cortex.

FIGURE 10-33. A histologic section of an in-
traosseous hemangioma reveals blood vessels ad-
mixed with fibrous tissue within the bone.
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FIGURE 10-34. Cytologic features of Langerhans cell histiocytosis. (A) Smear of aspiration speci-
men shows an admixture of abundant histiocytes, containing either single or multiple nuclei. These
nuclei often contain lipid-filled vacuoles and hemosiderin-like pigment. Also shown are eosinophils,
lymphocytes, and neutrophils (�460). (B) Higher magnification. The histiocytes are irregularly
shaped with ill-defined outlines, and they contain an eccentric, large, indented, finely creased nucleus
with delicate chromatin, surrounded by abundant, delicate, pink-staining cytoplasm that contains
granular material. The histiocytes sometimes have a loose syncytial appearance, often possess long cy-
toplasmic processess, and appear to fuse to form giant cells (�1150). (C) Ultramicroscopic features of
Langerhans cell histiocytosis shows characteristic Langerhans granules. The electron micrograph
shows the tubular inclusions within the cytoplasm of a typical histiocyte of eosinophilic granuloma.
These are invariable features of this disease. They may be found in any condition in which the patho-
logic process is associated with a reactive histiocytosis (�140,000). (Katz R, Silva EG, de Santos LA et
al. Diagnosis of eosinophilic granuloma of bone by cytology, histology, and electron microscopy of
transcutaneous bone-aspiration biopsy. J Bone Joint Surg 1980;62A:1284)

or soft tissue involvement. The more severe forms
of LCH cause systemic illness in young children,
and these patients rarely present with skeletal in-
volvement alone. In contrast, patients with a soli-
tary eosinophilic granuloma seek medical attention
because of bone pain, a pathologic fracture, or be-
cause the lesion was discovered incidentally.

Most patients with the most severe form of LCH
present at less than 2 years of age with an acute onset

of the disease that may include hepatosplenomegaly,
lymphadenopathy, rash, bleeding diathesis, anemia,
and occasionally exophthalmos and diabetes in-
sipidus. Patients with a more chronic from of dis-
seminated histiocytosis usually present before age
5 and may develop otitis media, diabetes insipi-
dus, exophthalmos, fever, hepatosplenomegaly, lym-
phadenopathy, anemia, and disturbances of liver
function. These disseminated forms of the disease
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FIGURE 10-35. Radiograph showing an eosinophilic gran-
uloma that has caused collapse of the T5 vertebral body
(vertebra plana). These lesions usually resolve spontaneously
and, if a sufficient period of growth remains, the vertebral
body regains normal size.

FIGURE 10-36. Radiographs showing disseminated Langer-
hans cell histiocytosis involving the skull. The lesions are seen
as well-circumscribed lytic bone defects.

have historically had a high mortality rate despite
treatment. However, new chemotherapy regimens
have been successful in improving the overall sur-
vival of these patients in recent years.

A solitary eosinophilic granuloma can occur in
children, adolescents, and young adults, although
most patients present before age 10. The primary
symptom is localized pain. It occurs in the diaphysis
or metaphysis of long bones and can stimulate a pe-
riosteal reaction that resembles osteomyelitis or
Ewing’s sarcoma. Patients may have a solitary le-
sion, multiple lesions simultaneously, or a succes-
sion of lesions over years. Some patients that present
with an isolated bone lesion later develop multiple
lesions or more diffuse systemic involvement.
Eosinophilic granulomas involving bone heal spon-
taneously, but establishing the diagnosis, relieving
pain, or preventing pathologic fracture may require
intervention before this occurs. Steroid injection is

the treatment of choice with intralesional curettage
reserved for persistent lesions.

Benign Soft Tissue Neoplasms

Lipoma

A lipoma is a common, benign neoplasm con-
sisting of mature fat. It rarely develops in individu-
als less than 20 years of age, and it becomes more
common in the fifth and sixth decades. Lipomas
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occur in both the superficial subcutaneous and deep
soft tissues. Superficial lipomas occur frequently on
the back, shoulder, neck, and proximal regions of
the arms and legs. Lipomas that develop deep in the
muscle fascia (usually within muscle) can occur in
almost any muscle but appear most frequently in
the large muscles of the limbs, back, and pelvis.
Lipomas present as asymptomatic, slowly growing,
mobile soft tissue masses. Occasionally large lipo-
mas compress peripheral nerves and cause pain.

Plain radiographs show lipomas as distinct ra-
diolucent masses, but an MRI shows a classic ap-
pearance of a lesion bright on T1-weighted images
that also suppresses with fat suppression sequences
(Figure 10-37). Left untreated, some tumors become
large enough that patients have difficulty finding
suitable clothing. Simple excision successfully re-
moves the lipoma with a low risk of recurrence.

Soft Tissue Hemangioma

Hemangiomas consist of abnormal collections
of blood vessels. It is not clear if they result from a
disturbance in tissue development or actual neopla-
sia. More than 80% of these lesions first appear in
people younger than 30. They present as slowly
enlarging soft tissue masses, and many patients
have pain or vague discomfort in the region of the
hemangioma for years before diagnosis. Heman-
giomas occur most frequently in the skin and sub-
cutaneous tissues where they form soft masses with
a blue appearance. These superficial lesions may be
present at birth or develop during childhood and
adolescence. The clinical appearance of these le-
sions is diagnostic.

Deep soft tissue or intramuscular hemangiomas
are more difficult to diagnose and may resemble
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FIGURE 10-37. An axial MRI of the proximal arm reveals a lipoma deep to the deltoid muscle. It has
a signal similar to the superficial adipose tissue.
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malignant neoplasms. They consist of blood vessels,
fibrous tissue, and adipose tissue. They may appear
in any muscle but most commonly involve the
lower extremity, particularly the thigh muscles.
They do not cause skin discoloration unless they ex-
tend into the subcutaneous tissues. Small deep le-
sions may be difficult to identify without performing
an MRI of the involved muscle (Figure 10-38). Al-
though many hemangiomas remain confined to
muscle, these lesions can erode adjacent bone or sur-
round nerves and blood vessels.

In most instances, surgery is not appropriate
because these lesions do not metastasize. They
have not been shown to become malignant even in
patients with large lesions, and they generally do
not enlarge after skeletal maturity. Recurrence of

the hemangioma often follows surgical treatment.
In some cases, successful surgical excision of small,
superficial hemangiomas can be performed, but a
more recent option is embolization or sclerother-
apy of symptomatic lesions. This treatment is usu-
ally performed by an interventional radiologist.
Other options for treatment of symptomatic, inop-
erable hemangiomas include anti-inflammatory
use and compression stockings.

Rarely, a patient is born with a hemangioma
that extends throughout the soft tissues of an ex-
tremity. This disorder, congenital hemangiomatosis,
increases the circumference and length of the in-
volved extremity and may cause significant defor-
mity. During childhood the discrepancy in size
between the normal and involved extremities may

FIGURE 10-38. An axial MRI
of the proximal arm reveals a soft
tissue hemangioma. It contains
both fluid and adipose elements
and is diffusely present within
the muscle.
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increase and, in some patients, amputation may be
appropriate.

Glomus Tumor

A glomus tumor consists of capillary-sized
blood vessels surrounded by layers of polygonal
cells called pericytes. Fine unmyelinated nerve
fibers run between the blood vessels. These tumors
occur in young adults and usually form soft, vascu-
lar masses no more than a few millimeters in diam-
eter. Patients with glomus tumors characteristically
report episodes of intense pain in the region of the
tumor. Many of these episodes follow minor
trauma. The tumor can be found in multiple loca-
tions, but it typically develops in the nail bed of a
finger or toe where it may be seen through the nail
as a small, blue nodule. Surgical excision eradicates
most glomus tumors.

Lymphangioma

A lymphangioma is a mass formed primarily
from lymphatic vessels and lymphoid aggregates
that rarely affects the musculoskeletal system.
These lesions are discovered in newborns or infants.
More than 50% present at birth, and over 90% pres-
ent by the age of 2 years. Parents or physicians can
recognize the presence of a lymphangioma because
of a fluctuant soft tissue mass that may fluctuate in
size. The lesions rarely cause pain at rest but may be
associated with discomfort following trauma or ex-
ercise. Large lymphangiomas may cause disfigure-
ment or interfere with musculoskeletal function.
Most lymphangiomas involving the trunk or limbs
occur in the superficial tissues of the axilla or upper
extremity. It is not certain if these lesions form by
neoplastic proliferation of lymph vessels or repre-
sent hamartomas or lymphangiectasis. They are be-
nign but may enlarge by accumulation of fluid.

Surgical excision can be curative for small le-
sions; but attempts to excise large lesions frequently
lead to complications including infection and wound
healing problems.

Neurolemmoma (Benign Schwannoma)

A neurolemmoma is a benign encapsulated pro-
liferation of nerve sheath cells. It can occur at all
ages but reaches a peak incidence in patients be-
tween the ages of 20 and 50 years. It most com-
monly develops in the larger nerves of the head,
neck, and flexor surfaces of the upper and lower ex-
tremities. It grows slowly and rarely causes pain or

neurologic deficits unless it becomes quite large.
Palpation or compression of a neurolemmoma usu-
ally causes paresthesias. Malignant transformation
of a neurolemmoma is rare. Neurolemmomas tend
to expand within a nerve sheath without infiltrating
between nerve fibers, so they can often be safely re-
moved without sacrificing nerve function.

Solitary Neurofibroma

Solitary neurofibromas and neurolemmomas
share many clinical and histologic features. Presum-
ably, they both originate from the Schwann cell but,
theoretically, neurolemmomas consist of a more ho-
mogeneous population of cells and have distinct
capsules. They can both develop from major nerves
and have similar clinical presentations but, unlike
neurolemmomas, neurofibromas also develop from
small, unmyelinated nerves. In some instances it is
difficult to identify a clear relationship between a
neurofibroma and a nerve. Neurofibromas also tend
to grow in and around individual nerve fibers
rather than compressing or displacing them as is the
case with neurolemmomas. This entwining growth
often makes it difficult to resect a neurofibroma
without causing neurologic damage.

Isolated neurofibromas occur most frequently in
individuals between the ages of 20 and 30 and ap-
pear as superficial lesions in the dermis or as deep
soft tissue masses. They usually remain asympto-
matic. However, some may grow slowly and cause a
neurologic deficit. Occasionally, a solitary neurofi-
broma becomes malignant. Surgical excision of a
neurofibroma is curative.

Neurofibromatosis (von Recklinghausen’s Disease)

Neurofibromatosis, a genetically determined dis-
order, causes neurofibromas (Figure 10-39), acoustic
neuromas, café-au-lait spots and skeletal deformities
including scoliosis, kyphosis, pseudarthrosis and
asymmetrical enlargement of limbs. Neurofibroma-
tous tissue may form discrete masses like those seen
in patients with solitary neurofibromas or plexiform
neurofibromas, which are diffuse lesions that extend
throughout normal tissues without a definite margin
(Figure 10-40).

Neurofibromatosis develops as an autosomal
dominant inheritance pattern with a high degree
of penetrance, but approximately 50% of patients
present as new mutations. The severity of neurofibro-
matosis varies among patients: some have café-au-
lait spots with or without neurofibromas, and others
have extensive, disfiguring neurofibromas and severe

Weinstein Ch10.qxd  3/22/05  12:38 PM  Page 300



Benign Neoplasms 301

FIGURE 10-39. Neurofibromatosis. (A) Typical multiple
subcutaneous tumor nodules. These nodules are composed
of nerve tissue covered by areolar tissue and skin. (B) Low
power magnification of enlarged nerve fiber removed from a
plexiform neurofibromatous mass. (McCarroll HR. Clinical
manifestations of congenital neurofibromatosis. J Bone Joint
Surg 1950;82A:601)

FIGURE 10-40. Neurofibromatosis. Multiple nerve root involvement at cauda equine. The patient
died at 42 years of age of sarcomatous degeneration of a neurofibroma of the brain. (Courtesy of
Pathology Department, Mount Sinai Hospital, Chicago)

skeletal deformity (Figure 10-41, Figure 10-42). In
severely affected patients or those with a family
history of neurofibromatosis, the diagnosis is often
apparent at birth. In others, multiple neurofibro-
mas appear during childhood or adolescence and
progressively enlarge.

In addition to the problems caused by skeletal
deformities, patients with neurofibromatosis have a
higher risk of secondary malignant transformation
of a lesion. Patients who have had the disease for
over 10 years are at the greatest risk. Rapid enlarge-
ment of a neurofibroma or increasing pain in a neu-
rofibroma suggest the possibility of malignant
change. Despite radical surgical excision and ag-
gressive adjunctive treatment, the prognosis for pa-
tients with malignant nerve sheath tumors in the
setting of neurofibromatosis remains poor.

Desmoid Tumor

Similar to a desmoplastic fibroma found in bone,
desmoid tumors in the soft tissues consist of dense,
proliferating fibrous tissue. They rarely affect infants
or the elderly and occur most commonly in people
between 25 and 35 years of age. They present as rock-
hard, painless masses. With time they may cause dis-
comfort, nerve compression, and muscle weakness.
Large lesions can restrict joint motion. The tumors
are usually located deep in the musculature of the
shoulder, chest wall, back, or thigh. They often lie
within muscle, but they can extend along fascial
planes and appear in multiple sites within a single
limb. These lesions do not metastasize, but they can
aggressively invade normal tissue including bone,
and they occasionally develop in old scars.

Desmoid tumors do not follow a predictable pat-
tern of behavior. Their aggressiveness has led some
authors to call them well-differentiated fibrosarcomas,
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but an occasional desmoid tumor ceases growing or
even spontaneously regresses. If possible these tu-
mors should be treated by wide surgical excision,
which is often difficult. With less than a wide exci-
sion, the lesions frequently recur. Radiation therapy
has been used in cases with an inadequate surgical
margin or at the time of local recurrence. More re-
cently there are low-dose chemotherapy regimens
available that may provide benefit and allow sur-
gery to be avoided in anatomically difficult areas.
Amputation is to be avoided if possible as this is a
benign tumor.

Elastofibroma

An elastofibroma is an ill-defined, firm mass of
fibrous tissue containing elastic fibers that occurs in
the soft tissues between the scapula and chest wall of
elderly people. It may result from repetitive mechan-
ical trauma rather than a neoplastic process, but this
hypothesis has not been proven. This lesion causes
mild tenderness, pain, and occasional restriction of

scapulothoracic motion. It does not adhere to the
skin and can often be palpated in the lower sub-
scapular area deep to the rhomboid and latissimus
dorsi muscles where it is firmly fixed to the chest
wall. An elastofibroma grows slowly and can be
treated by surgical excision.

Giant Cell Tumor of Tendon Sheath

A giant cell tumor of tendon sheath consists of
multinucleated giant cells, inflammatory cells, histi-
ocytes, and fibroblasts. It develops in or near syn-
ovial joints, bursae, and tendon sheaths and may
represent a reactive inflammatory process or a be-
nign neoplasm. It most frequently develops in peo-
ple between 30 and 50 years of age. It commonly
appears in the hand and less commonly in the foot,
ankle, and knee. Physical examination reveals a
firm, small, lobulated mass fixed to the underlying
tissues or tendon sheaths. Occasionally it can erode
bone. This tumor may grow slowly and recur fol-
lowing surgical excision.

FIGURE 10-41. Neurofibromatosis. (A) Congenital thoracic scoliosis in a child. The angula-
tion is acute and usually rapidly progressive and disabling. Fusion should be done promptly. 
(B) Pseudoarthrosis of tibia at site of a cystic lesion. (McCarroll HR. Clinical manifestations of
congenital neurofibromatosis. J Bone Joint Surg 1950;82A:601)
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Pigmented Villonodular Synovitis

Pigmented villonodular synovitis (PVNS) con-
sists of proliferating synovial tissue containing histi-
ocytes, fibroblasts, multinucleated giant cells, and
capillaries that can destroy dense fibrous tissue, form
soft tissue masses, and invade bone. Like GCT of ten-
don sheath, PVNS may represent a reactive inflam-
matory process or a benign neoplasm. It occurs most
commonly in adolescents and young adults in large
synovial joints including the knee, hip, and ankle, al-
though it also occurs in smaller synovial joints,

FIGURE 10-42. Neurofibromato-
sis. (A) Diffuse soft tissue hypertro-
phy and increased length of the
lower extremity. (B) A typical tumor
mass of hypertrophied soft tissue is
exposed at operation. It is not encap-
sulated and is superficial to the deep
fascia. (C) and (D) Hypertrophy of
the left thumb and index finger and
corresponding portion of the hand.
(McCarroll HR. Clinical manifesta-
tions of congenital neurofibromato-
sis. J Bone Joint Surg 1950;82A:601)

tendon sheaths, and bursae. It can occur in a focal or
diffuse form. Most patients present with a swollen
joint and give a history of recurrent effusions. Plain
radiographs initially show erosions on both sides of a
joint (Figure 10-43). There is periarticular bone de-
struction and degenerative joint disease in the later
stages. The MRI appearance of PVNS is a low signal
on both T1- and T2-weighted images. Occasionally it
presents as solitary or multiple soft tissue nodules
near a joint and can resemble GCT of tendon sheath.

PVNS requires simple excision of the focal type
or complete open or arthroscopic synovectomy for
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the diffuse type. Local recurrence is common. Adju-
vant chemotherapy and radiation have been tried
with variable success.

Synovial Chondromatosis

Synovial chondromatosis is a collection of hya-
line cartilage nodules within the synovium of large
joints. It occurs most frequently in young adults. Pa-
tients present with pain, mechanical symptoms, and
an enlarging mass. Most patients develop loose frag-
ments of cartilage within the joint, but some patients
form an enlarging mass of proliferating chondro-
cytes in the periarticular tissues. Radiographs reveal
speckled calcifications within the joint or in the soft
tissues around a joint. The current treatment of syn-
ovial chondromatosis includes complete synovec-
tomy and removal of any cartilaginous loose bodies.

MALIGNANT NEOPLASMS

Primary malignant musculoskeletal neoplasms occur
much less frequently than benign lesions. Unlike their
benign counterparts, malignant tumors have the

capacity to cause disseminated disease and death.
Some malignant neoplasms develop in or near previ-
ously existing benign lesions such as osteochondro-
mas (multiple hereditary exostoses), enchondromas
(Ollier’s disease and Maffucci’s syndrome), chronic
draining osteomyelitis, bone infarcts, Paget’s disease,
and neurofibromas (neurofibromatosis). The devel-
opment of a malignant neoplasm presumably results
from overexpression of preexisting malignant po-
tential (Ollier’s disease). In spontaneous cases of
malignancy, the development presumably results
from an alteration in the normal cells near the lesion
(bone infarcts).

Primary malignant bone tumors vary in their
clinical presentation. For example, multiple myeloma
frequently causes generalized weakness and bone
pain without a mass in elderly, debilitated people,
whereas osteosarcoma commonly causes sharply
localized bone pain with a soft tissue mass in chil-
dren and adolescents without systemic symptoms.
Current treatment of these neoplasms also varies
from systemic chemotherapy and radiation used for
multiple myeloma to preoperative chemotherapy
and surgery used for osteosarcoma.

FIGURE 10-43. A radiograph of the hip re-
veals lytic lesions on both sides of the joint and
mild degenerative changes consistent with an
active synovial process such as pigmented vil-
lonodular synovitis (PVNS).
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In contrast with malignant bone tumors, most
soft tissue sarcomas vary less in clinical presenta-
tion and current treatment. Most present as a pain-
less mass. Wide surgical excision of primary bone
and soft tissue tumors is the recommended treat-
ment with or without adjuvant chemotherapy and
radiation.

Malignant Bone Neoplasms

Multiple Myeloma

Multiple myeloma, the most common primary
bone tumor, consists of malignant plasma cells
(Color Figure 10-5). The disease rarely occurs before
the fifth decade of life. In many patients the malig-
nant cells extend throughout the bone marrow
(BM), so a BM aspiration provides diagnostic tissue.
Most patients have moderate to severe anemia, an
elevated ESR, and an abnormal serum protein elec-
trophoresis and immunoelectrophoresis. Occasion-
ally, patients present with a solitary focus of plasma
cells referred to as a plasmacytoma. These individu-
als usually develop diffuse disease after a latent pe-
riod of up to 5 to 10 years.

Most patients with multiple myeloma have
bone pain that is diffuse or localized to regions of
bone destruction. Because the disease often in-
volves the vertebral bodies, patients can develop
back pain and vertebral compression fractures. In
addition, many affected individuals have systemic
symptoms including weakness, fatigability, and
weight loss. The radiographic features of multiple

myeloma vary from multiple “punched out” areas
of bone destruction often in the skull and pelvis
(Figure 10-44), to diffuse osteopenia difficult to dis-
tinguish from that secondary to metabolic bone dis-
ease. In the early stages of multiple myeloma,
radiographs may not show any changes. An os-
teoblastic reaction to multiple myeloma is rare, so
bone scans may be falsely negative. Pathologic frac-
tures due to multiple myeloma commonly occur in
the vertebral bodies but may occur throughout the
skeleton. Radiation alone can effectively treat a
plasmacytoma, and chemotherapy with radiation is
the treatment of choice for disseminated disease.
Recently, stem cell transplant has been used with
success in many patients.

Lymphoma

Lymphoma of bone is comprised of malignant
histiocytes and occurs in middle-aged patients. The
appearance of a lymphoma, also called a reticulum
cell sarcoma, frequently resembles a Ewing’s sar-
coma. However, a lymphoma contains a network or
reticulum of fine matrix fibers that appear as thin
dark threads when stained with a silver or reticu-
lum stain (Figure 10-45).

A lymphoma involving bone can cause pain 
or a pathologic fracture. Plain radiographs show 
extensive, permeative lesions that often extend
throughout the bone. The regions of bone destruc-
tion have an irregular appearance that blends 
with normal bone. Occasionally plain radiographs
appear normal, but a bone scan is positive and an 

FIGURE 10-44. Radiograph show-
ing the multiple punctate lucent de-
fects in the pelvis of a patient with
multiple myeloma.
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FIGURE 10-45. (A) A lateral ra-
diograph of the distal femur in a
patient with lymphoma reveals
subtle permeative destruction. (B)
A histologic section shows the
population of round cells that form
the neoplasm. (Histology courtesy
of Dr. A.G. Huvos)
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MRI scan shows a large soft tissue mass. The major-
ity of lymphomas involve bone as part of a systemic
presentation. These patients are treated with chemo-
therapy as well as radiation to the bony site. Iso-
lated lymphoma of bone is rare but can be treated
with radiation with or without surgery.

Ewing’s Sarcoma

Ewing’s sarcoma, a highly malignant tumor of
bone, consists of densely packed, distinctive, small
round cells of uncertain origin. The light micro-
scopic appearance is similar to other small round
cell tumors; however, recent molecular tests have a
high sensitivity for an accurate diagnosis. Ewing’s
sarcoma occurs more frequently in males and in pa-
tients younger than 20 years of age. The tumor may
appear in any bone or occasionally in the soft tis-
sues, but most present in the pelvis and lower ex-
tremities. The tumor usually causes pain and may
enlarge rapidly to produce significant soft tissue
swelling and occasional pathologic fractures. Some
patients with Ewing’s sarcoma have systemic
symptoms such as fever, generalized weakness, and
laboratory abnormalities including anemia and an
elevated ESR. It is important to differentiate the
clinical presentation from osteomyelitis.

Plain radiographs show a diffuse, permeative
lesion that stimulates a layered periosteal reaction
(Figure 10-46). In long bones Ewing’s sarcoma usu-
ally involves the diaphysis, but it may extend into
the metaphysis. In flat bones such as the pelvis or
scapula, it can involve the entire bone. The radi-
ographic appearance of Ewing’s sarcoma may re-
semble osteomyelitis, lymphoma, osteosarcoma,
eosinophilic granuloma, and metastatic carcinoma.
The tumors often break through the cortex and pe-
riosteum with invasion of the soft tissues at the time
of diagnosis (Figure 10-46).

The current standard treatment for Ewing’s sar-
coma is systemic chemotherapy. Local control is
usually obtained with wide surgical resection. Radi-
ation is also effective and is indicated for unre-
sectable lesions.

Osteosarcoma

The presence of malignant cells producing os-
teoid identifies a tumor as an osteosarcoma (Color
Figure 10-6). The matrix of a typical osteosarcoma
consists of osteoid that may or may not mineralize.
Other osteosarcomas synthesize a cartilaginous or fi-
brous matrix, and a rare subtype forms large vascu-
lar channels. These neoplasms occur most frequently

in the second decade of life with an additional peak
in patients 70 to 80 years of age. Osteosarcomas cause
progressively increasing pain. At the time of diagno-
sis many extend through the bone cortex and pro-
duce a firm soft tissue mass (Figure 10-47). They can

FIGURE 10-46. (A) A radiograph and (B) an MRI scan of
a patient with Ewing’s sarcoma of the femur. Note the subtle
destruction and periosteal reaction on the radiograph as well
as the large soft tissue mass on the MRI scan.

FIGURE 10-47. Photograph of a classic intramedullary os-
teosarcoma of the distal femur. Notice how the neoplasm has
broken through the bone and formed a large soft tissue mass.
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develop in association with Paget’s disease or fol-
lowing radiation therapy and, in these situations,
have an extremely poor prognosis. Osteosarcomas
develop in the metaphysis of long bones, espe-
cially the distal femur, proximal tibia, and proxi-
mal humerus, although they can be found in any
bone (Figure 10-48). Less commonly osteosarco-
mas can develop on the surface of the bone (pe-
riosteal and parosteal osteosarcomas). A rare type
of osteosarcoma develops in the soft tissues (ex-
traosseous osteosarcoma).

On plain radiographs, osteosarcomas appear as
regions of permeative bone destruction and irregu-
lar new bone formation (Figure 10-48); although,
tumor osteoid does not always mineralize, so occa-
sionally there is no evidence of new bone formation.
The radiographic appearance of a telangiectatic os-
teosarcoma containing large vascular channels may
resemble the bone changes seen in an ABC. Parosteal
osteosarcomas mineralize so densely that they ap-
pear as sclerotic masses on the surface of the bone.

Classic osteosarcomas that originate within bone
behave aggressively. They rapidly destroy normal

bone, invade soft tissue, and frequently metastasize
to the lungs. The current treatment for these tumors
is systemic multiagent chemotherapy followed by
surgical resection with a wide margin.

Periosteal osteosarcomas occur on the cortical
surface of long bones most often in young adults.
They erode the cortex producing a shallow cavity
and reactive periosteal new bone formation. Some
produce radiographic changes that resemble a pe-
riosteal chondroma, but the osteosarcoma creates a
more irregular bony margin that suggests the pres-
ence of a malignant tumor. As a periosteal osteosar-
coma grows, it extends into the soft tissues, and
ossification may appear within the enlarging mass.
Eventually the lesions grow into the medullary cav-
ity. Patients with a periosteal osteosarcoma often
present after they notice a firm, fixed, slowly enlarg-
ing mass. This type of osteosarcoma is an interme-
diate grade malignancy. Surgical resection with or
without chemotherapy is the standard treatment.

Parosteal osteosarcoma has a better prognosis
than classic intramedullary or periosteal osteosar-
coma. Most parosteal osteosarcomas involve the

FIGURE 10-48. Radiographs of a distal femoral osteosarcoma. (A) Lateral view of the distal femur
showing the irregular bone destruction and bone formation that gives the bone a mottled appearance.
(B) A radiograph of the resected specimen after removal of the soft tissues. This view reveals destruc-
tion of the cortex and development of a soft tissue mass. Notice the new bone formation in the soft tis-
sue mass.
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femur, humerus, or tibia with the vast majority oc-
curring on the posterior aspect of the distal femur
(Figure 10-49). These tumors grow slowly over
years, and the patient may notice swelling but little
discomfort. Plain radiographs reveal dense mineral
deposits within the tumor. It lies directly on the cor-
tical surface and occasionally extends into the
medullary canal. The radiographic differential diag-
nosis includes myositis ossificans, periosteal os-
teosarcoma, and osteochondroma. Wide surgical
excision without chemotherapy is necessary for
local control.

An extraosseous osteosarcoma is a soft tissue
tumor that contain regions of ossification. It occurs
in young adults near the shoulder and pelvis. These
rare lesions are treated by surgical resection with or
without adjuvant chemotherapy and radiation sim-
ilar to the treatment of a soft tissue sarcoma.

Chondrosarcoma

A chondrosarcoma is a malignant tumor con-
sisting of chondrocytes in a cartilaginous matrix
(Color Figure 10-7). It may develop from an enchon-
droma or osteochondroma but occurs more com-
monly in bones with no known preceding cartilage
lesion. Chondrosarcomas occur in adults and the
elderly most commonly in the pelvis, scapula,
humerus, femur, and tibia. Patients with multiple

hereditary exostoses, Ollier’s disease and Maf-
fucci’s syndrome have a higher risk for malignant
transformation of a cartilaginous lesion.

Chondrosarcomas vary considerably in their
behavior: some enlarge rapidly, aggressively in-
vade normal tissue, metastasize, and cause death,
but most are low grade tumors that enlarge slowly,
cause little damage to adjacent tissues, and metas-
tasize only after many years. They vary in their his-
tologic appearance from lesions that resemble
normal hyaline cartilage to lesions consisting of
poorly differentiated cells that fail to produce a
typical hyaline cartilage matrix. These differences
in the histologic appearance of chondrosarcoma led
to a three-tiered classification of chondrosarcoma
based on its resemblance to normal hyaline carti-
lage (Figure 10-50). The grade of the tumor is a
strong predictor of its behavior. Rare subtypes in-
clude mesenchymal, dedifferentiated, and clear cell
chondrosarcoma.

Chondrosarcomas may arise within the bone
(central chondrosarcoma) or from the surface of the
bone (peripheral chondrosarcoma). Plain radiographs
reveal bone destruction as well as mineralization
within the tumor (Figure 10-51). Peripheral chon-
drosarcomas may resemble osteochondromas on
plain radiographs, although they commonly show
bone destruction and irregular calcification of the
cartilage cap. MRI and CT scans of these lesions

FIGURE 10-49. Grade I lesion of parosteal osteosarcoma. (A) Radiographs show an irregular
ossified mass with prominent lucency indicating a large amount of fibrous and cartilaginous tis-
sue. The subjacent cortex is sclerotic. (B) Typical external appearance. This is the most com-
mon location of the tumor on the posterior aspect of the distal end of the femur at the popliteal
area. (C) Sagittal section shows that this tumor merges imperceptibly with the cortex along its
entire base. The underlying cortical bone is thickened. (Ahuja SC, Villacin AB, Smith J et al.
Juxtacortical (parosteal) osteogenic sarcoma. J Bone Joint Surg 1977;59A:632) 
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FIGURE 10-50. Light micrographs showing the variability in the histologic appearance of chon-
drosarcomas. (A) The histologic appearance of grade I and grade II chondrosarcomas. (Top and middle)
Grade I changes include increased cell density and increased variability cell size, shape and staining.
(Bottom) Grade II changes include more advanced cellular pleomorphism. (B) The histologic appear-
ance of grade III chondrosarcomas. (Top and center) Dedifferentiation toward fibrosarcoma at the pe-
riphery of chondrosarcomatous lobules. (Bottom) Lobules of malignant cartilage penetrate bone,
demonstrating the ability of these lesions to destroy normal bone. (Dahlin DC, Salvador AH. Chon-
drosarcomas of bones of the hands and feet: a study of 30 cases. Cancer 1974:34:755)

A
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FIGURE 10-51. Plain radiographs showing central chondrosarcomas. These lesions cause bone de-
struction and produce regions of mineralization. (A) A central chondrosarcoma of the humerus show-
ing an irregular area of central bone destruction with mineralization and erosion of the medial cortex.
(B) Radiographic features include osteolysis, scalloping endosteal erosion of inner cortex, central
areas of calcification, and no reactive bone formation about the periphery.

may show increased thickness of the cartilage cap
suggesting the presence of malignancy. Because
plain radiographs do not accurately show the cartilage
component of these tumors, they may be considerably
larger than they appear. Central chondrosarcomas
appear as regions of bone destruction with areas of
calcification. Frequently they extend further in the
medullary cavity than the plain radiographs sug-
gest. They can break through the cortex and form
large soft tissue masses. There is usually no reactive
bone formation.

Most chondrosarcomas eventually cause pain,
but some cause little or no discomfort despite reach-
ing large size, especially within the pelvis (Figure
10-52). Peripheral and central chondrosarcomas

that extend into the soft tissues form firm, fixed
masses. In some patients, a mass may have been
present for years. Wide surgical excision is neces-
sary and offers the best possibility of cure, as radia-
tion and chemotherapy have not proven to be
effective methods of treatment for chondrosarcoma.
Locally recurrent disease is common and may be
difficult to treat. 

Fibrosarcoma

A fibrosarcoma is one of the most uncommon
malignant bone tumors. Like a fibrosarcoma of soft
tissue, it consists of fibroblasts and a collagenous
matrix. These tumors occur over a wide age range
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FIGURE 10-52. (A) A plain radiograph and
(B) MRI of the pelvis reveal a lesion in the right
periacetabular region consistent with a chon-
drosarcoma. These tumors frequently occur in
the pelvis as lytic lesions and can become de-
structive with large soft tissue masses that may
go unrecognized given their deep location.
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and may appear in any part of the skeleton. Most of
them cause pain and swelling. They may occur in as-
sociation with Paget’s disease, fibrous dysplasia,
bone infarcts, or following radiation therapy. Plain
radiographs show irregular, mottled bone destruc-
tion with occasional regions of reactive new bone for-
mation around the periphery. Wide surgical excision
is the currently accepted treatment, and neoadjuvant
chemotherapy has been used for some patients.

Malignant Fibrous Histiocytoma

A malignant fibrous histiocytoma (MFH) is a
highly malignant tumor consisting of the same cell
types found in MFH of soft tissues such as giant
cells, fibroblasts and histiocytes. It is much more
commonly found in the soft tissues but can occur in
bone. These tumors occur in patients of any age and
have also been reported in association with Paget’s
disease, bone infarcts, and radiation therapy. Pa-
tients have pain, and plain radiographs show irreg-
ular bone destruction. They are treated with the
same chemotherapy regimen as is used for osteosar-
coma. Wide surgical resection is indicated following
neoadjuvant chemotherapy.

Malignant Vascular Tumors

All malignant vascular tumors in bone contain
capillaries formed by malignant cells, but they vary
in their predominant cell type. In hemangioendothe-
liomas, capillary endothelial cells are the predomi-
nant cell type, whereas in hemangiopericytomas,
pericytes are the predominant cell type. Heman-
gioendotheliomas occur more frequently in bone,
and hemangiopericytomas occur more frequently in
the soft tissues. An angiosarcoma refers to the most
malignant form of hemangioendothelioma or he-
mangiopericytoma.

Malignant vascular tumors can appear in most
regions of the skeleton, and occasionally occur in
multiple sites within the same limb. They usually
produce pain, and radiographs show evidence of
bone destruction. Surgical resection and chemother-
apy are indicated for high grade solitary lesions. Ra-
diation therapy is frequently the sole treatment for
hemangioendothelioma involving multiple areas
within the same bone.

Adamantinoma

An adamantinoma is a rare neoplasm consist-
ing of islands or strands of epithelial-like cells
surrounded by fibrous tissue (Color Figure 10-8).

It is almost exclusively found in the tibial diaph-
ysis. It tends to follow a prolonged course and oc-
curs in individuals between late adolescence and
middle age. Most adamantinomas cause mild to
moderate discomfort and a palpable mass over
the anterior tibial border. Radiographically, they
cause irregular, bubbly bone destruction of the
anterior cortex (Figure 10-53). The lesion may be
confined to the cortex of the bone.

Wide resection of the tumor is the recom-
mended treatment. The diaphysis is most com-
monly affected, so an intercalary allograft is often
the reconstruction of choice. Chemotherapy and ra-
diation have no role in treatment. Patients can de-
velop late pulmonary metastasis.

FIGURE 10-53. A radiograph of the tibia reveals a lytic,
bubbly lesion involving the cortex consistent with an
adamantinoma.
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Chordoma

A chordoma consists of malignant cells derived
from notochordal rests (Color Figure 10-9). It may
occur throughout the spine but is most frequently
noted in the sacrococcygeal region or at the base of
the skull. These tumors rarely occur in individuals
less than 30 years of age. Most chordomas grow
slowly, and patients present with pain, bowel dys-
function, or neurologic symptoms. Plain radi-
ographs of chordomas typically show irregular
midline bone destruction. Small lesions are often
difficult to recognize on plain radiographs due to
overlying shadows. A CT or MRI scan is preferred
to better define the anatomical extent of the tumor
(Figure 10-54). Chordomas often have a large pre-
sacral mass that can be identified on a rectal exami-
nation. A wide surgical margin is necessary to
achieve local control, but this is difficult given the
anatomic location. Nerve roots or visceral struc-
tures involved by the chordoma should be sacri-
ficed to obtain an adequate resection. Radiation can
be helpful for areas where margins are positive or

for locally recurrent disease. Chemotherapy has not
been effective in the treatment of this tumor.

Malignant Soft Tissue Neoplasms

Malignant soft tissue neoplasms, such as fibrosar-
coma and neurofibrosarcoma, are named for their
presumed cell of origin. However, for many le-
sions such as synovial sarcoma and epithelioid
sarcoma, the cell of origin is unknown. Other soft
tissue sarcomas consist of undifferentiated cells
that cannot be identified with a specific tissue. Al-
though soft tissue sarcomas differ in basic cell
type, they have similar clinical presentations, ra-
diographic appearances, and treatment. They usu-
ally present as firm, painless masses. MRI scans
are extremely accurate in elucidating the size and
anatomic location of a soft tissue tumor, but they
cannot reliably distinguish between histologic
subtypes or between benign and malignant neo-
plasms. Soft tissue sarcomas appear as heteroge-
neous masses that are often large and deep to
fascial planes (Figure 10-55). The current treat-
ment of soft tissue sarcomas consists of wide sur-
gical resection and preoperative or postoperative
radiation. The use of chemotherapy is the stan-
dard of care for patients with rhabdomyosarcoma
but is controversial for adults with soft tissue sar-
comas. There is a high risk of pulmonary metasta-
sis for large, deep, high grade tumors.

FIGURE 10-54. A sagittal MRI reveals a large lesion ema-
nating from the lower sacrum with a large presacral mass
consistent with a chordoma.

FIGURE 10-55. An MRI of the thigh reveals a large, inho-
mogeneous soft tissue mass consistent with the appearance of
multiple different histologic subtypes of soft tissue sarcoma.
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Malignant Fibrous Histiocytoma

Malignant fibrous histiocytoma is the most
common soft tissue sarcoma and, similar to its rare
bony counterpart, consists of malignant fibroblasts
and histiocytes as well as giant cells and occasion-
ally inflammatory cells. The majority of soft tissue
MFHs present as painless, enlarging masses in peo-
ple between 50 and 70 years of age. They occur
most frequently in the deep soft tissues of the lower
extremity.

Liposarcoma

Liposarcomas are malignant tumors of fat cells
with a variable histologic appearance. They are the
second most common soft tissue sarcoma. They fre-
quently reach a large size and have a peak incidence
in people between 40 and 60 years of age. Most li-
posarcomas of the extremities lie deep within the
soft tissues, especially in the quadriceps muscle and
popliteal fossa. Other common locations include the
shoulder and calf. Patients usually detect liposarco-
mas because of a mass or increase in size of the
limb. The clinical behavior of these tumors varies
based on their grade.

Fibrosarcoma

Soft tissue fibrosarcomas consist of malignant
fibroblasts. They occur in patients of any age but
appear most frequently in those between 30 and
55 years of age. They can occur throughout the
soft tissues, most frequently in the thigh. Usually
they present deep within the soft tissues and as an
enlarging mass. Only rarely do they cause signifi-
cant discomfort before reaching a large size. Occa-
sionally fibrosarcomas arise in tissues previously
treated with radiation or in burn scars.

Synovial Sarcoma

Despite the name, cells forming synovial sarco-
mas do not originate from the synovium. These tu-
mors consist of two morphologically distinct cell
types: epithelial-like cells that assume a cuboidal or
columnar form and fibroblast-like spindle cells.
The combination of these two cell types creates a
distinctive biphasic pattern: the spindle cells sur-
round islands and strands of epithelial cells (Color
Figure 10-10). Some synovial sarcomas only con-
tain the spindle cells and are referred to as mono-
phasic synovial sarcomas.

Synovial sarcomas occur most frequently in
young adults between 15 and 35 years of age and

rarely appear in individuals over 50 years of age.
They present as discrete masses or diffuse swelling,
and they often cause discomfort. These tumors
grow quite slowly, and many patients have symp-
toms for years before biopsy or excision demon-
strates the presence of the tumor. Synovial sarcomas
appear most frequently in the extremities, usually
in periarticular regions or near tendon sheaths, bur-
sae and joint capsules. It is extremely uncommon to
find synovial sarcomas within a joint.

Plain radiographs may show scattered areas of
calcification within a synovial sarcoma. These tu-
mors can metastasize to regional lymph nodes. In
some series, chemotherapy adds to the effectiveness
of surgery and radiation.

Neurofibrosarcoma

Neurofibrosarcomas (also referred to as malig-
nant peripheral nerve sheath tumors) arise from pe-
ripheral nerve sheath cells or from neurofibromas.
Most occur in patients between 20 and 50 years old.
They present as enlarging masses that may or may
not cause pain. Patients with neurofibromatosis
(von Recklinghausen’s disease) have a significantly
increased risk of developing a neurofibrosarcoma,
and this underlying disease may predispose them
to a worse prognosis than those who develop this
tumor spontaneously. Like other soft tissue sarco-
mas, surgical excision is the best treatment for this
disorder. Unfortunately, some of the tumors as-
sume a diffuse form that makes wide resection 
almost impossible. In addition, when major neuro-
logic structures such as the brachial plexus are in-
volved, amputation may be the best surgical
option.

Rhabdomyosarcoma

Rhabdomyosarcomas arise in or near skeletal
muscle and consist of cells that form myofibers.
There are different histologic subtypes with differ-
ent prognoses. They are the most common soft tis-
sue sarcomas in children and adolescents. Most of
these tumors present as enlarging, deep masses
closely associated with muscle and can metastasize
to regional lymph nodes. They rarely cause pain or
tenderness. A combination of surgical excision, ra-
diation therapy, and chemotherapy are used to treat
patients with this tumor.

Malignant Vascular Tumors

Malignant vascular neoplasms account for only
a small percentage of soft tissue sarcomas. Like
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their bony counterparts, malignant vascular tumors
of soft tissue form capillaries and vary in their pre-
dominant cell type. Hemangiopericytomas occur
more frequently in the soft tissues than in bone.
Some malignant vascular neoplasms arise in the su-
perficial tissues and skin, but others develop in the
deep soft tissues and closely resemble other soft tis-
sue sarcomas. In some vascular sarcomas, a wide
surgical margin is difficult to achieve given their
diffuse nature.

Epithelioid Sarcoma

Epithelioid sarcomas consist of malignant round
cells of mesenchymal origin, inflammatory cells, and
capillaries. These neoplasms occur most commonly
in young adults and often develop in the hand or
foot. They are the most common soft tissue sarcomas
of the hand. Epithelioid sarcomas present as small,
tender masses fixed to tendon sheaths, periarticular
tissues, and fascia. Because their clinical presentation
differs from other soft tissue tumors and because
there are inflammatory cells in the lesion, these tu-
mors are frequently mistaken for nonspecific inflam-
matory processes even after a biopsy. The current
treatment of these tumors is wide surgical excision.
Regional lymph node metastases are common, and
patients are at high risk for eventual lung metastasis.

Clear Cell Sarcoma

A clear cell sarcoma consists of large malignant
cells with clear cytoplasm resembling swollen chon-
drocytes. It occurs in older adolescents and young
adults and presents as a slowly growing, fixed
mass. It is the most common malignant soft tissue
tumor of the foot. Like epithelioid sarcomas, clear
cell sarcomas may involve periarticular tissues and
tendon sheaths and spread to regional lymph
nodes. The current treatment is wide excision, and
there are no effective options for chemotherapy. Pa-
tients with this disease have a poor prognosis un-
less the tumor is discovered before it metastasizes.

METASTATIC NEOPLASMS

Skeletal metastases from carcinomas occur far more
frequently than primary bone tumors. Malignant cells
grow within the bone, replace normal bone marrow,
and usually cause bone destruction. Prostate and
some breast cancer metastases stimulate neoplastic
bone formation. Nearly all malignant tumors have

the ability to metastasize to bone, but carcinomas of
the breast, lung, prostate, kidney, and thyroid are the
most common. Approximately 50% of patients with
breast, lung, or prostate cancer eventually develop
bone metastasis. Examination of the skeletal metas-
tases reveals cells similar to those in the primary neo-
plasm (Figure 10-56, Figure 10-57, Figure 10-58). Soft
tissue sarcomas and primary bone tumors can metas-
tasize to bone, but this is extremely rare.

FIGURE 10-56. A histologic section showing a metastatic
carcinoma of the breast. The lesion consists of islands of neo-
plastic epithelial cells surrounded by reactive fibrous tissue.

FIGURE 10-57. A histologic section showing metastatic
prostate carcinoma. The lesion consists of gland-forming
epithelial cells.
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Metastatic bone lesions are painful and frequently
cause pathologic fractures (Figure 10-59). They occur
most commonly in the vertebrae, pelvis, ribs, and
proximal appendicular skeleton (Figure 10-60, Figure
10-61). Although bone metastases occur primarily in
adults over 45 years of age, neuroblastomas can
metastasize to bone in children. Most patients with

FIGURE 10-58. A histologic section of metastatic carci-
noma of the thyroid gland. Note the filled spaces with a sim-
ilar appearance to native thyroid tissue.

FIGURE 10-59. A radiograph of the hip showing a patho-
logic fracture from metastatic renal cell carcinoma.

FIGURE 10-60. Thoracic and lumbar vertebra with multi-
ple metastasis from breast carcinoma. The roughly spherical
metastatic lesions have replaced bone marrow in part of
every vertebral body.

bone pain or a pathologic fracture from skeletal metas-
tases have a known primary malignant tumor, but oc-
casionally the skeletal metastasis is the first indication
of a primary malignancy. For this reason, the possibil-
ity of metastatic carcinoma should be investigated in
middle-aged and older patients with a destructive
bone lesion.

In patients with metastatic bone disease, the
tumor must destroy 30 to 50% of the bone before a
plain radiograph reveals the lesion. A technetium
bone scan offers a more sensitive method of detect-
ing metastatic disease, although it may not be reli-
able for rapidly destructive lesions such as multiple
myeloma or renal cell carcinoma. Most metastases
destroy bone, but those from prostate and breast
cancers can stimulate bone formation and appear as
regions of increased bone density on plain radi-
ographs. If plain radiographs or bone scans fail to
demonstrate suspected bone metastasis, an MRI
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scan may provide more detailed information. In a
small subset of these patients, biopsy of the bone le-
sion shows a poorly differentiated metastatic carci-
noma, and physical examination, imaging studies
and laboratory studies will not identify the primary
lesion.

Operative treatment of metastatic bone dis-
ease can preserve musculoskeletal function and
relieve pain. Options include prophylactic inter-
nal fixation or prosthetic reconstruction of in-
volved bones to prevent pathologic fractures.
New implants and techniques are available to pro-
vide durable reconstructions. Methyl methacry-
late is often used as a local adjuvant to add
strength to the metal construct. Postoperatively,
radiation is often effective in maintaining local
control. Bisphosphonates are now used routinely

in patients with lytic bone metastasis and inhibit
osteoclast-mediated bone destruction.

SUMMARY

Lesions that resemble neoplasms, benign neoplasms,
primary malignant neoplasms, and metastatic neo-
plasms (Tables 10-1 and 10-2) can involve all areas of
the musculoskeletal system. They vary in clinical be-
havior from developmental disturbances that resolve
spontaneously to benign neoplasms that can grow
and destroy bone to highly malignant tumors that
cause death, despite aggressive treatment.

Because these tumors are rare, many physicians
may not suspect neoplastic disease in a patient with
vague discomfort, swelling, loss of musculoskeletal
function, or incidental radiographic abnormalities.
In addition, common benign lesions of the muscu-
loskeletal system may initially resemble malignant
lesions.

Patients with signs, symptoms, or abnormali-
ties on imaging studies that suggest the presence of
a musculoskeletal tumor should have a careful eval-
uation. Based on this evaluation the physician must
decide if the patient can be observed and treated
symptomatically or if the patient should have fur-
ther testing, referral, or treatment. Conditions re-
quiring immediate treatment include pathologic
fractures, impending pathologic fractures, neuro-
logic deficits, and uncontrolled pain. In most in-
stances, the definitive evaluation and biopsy of a
lesion that may be malignant should be performed
by an orthopaedic surgeon with experience in the
management of these problems.
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The Neck

TORTICOLLIS

Torticollis, or wry neck, a common clinical symptom and sign found in a variety
of situations, is a rotational deformity of the upper cervical spine that causes a
turning and tilting of the head (Figure 11-1). The head is tilted to the involved
side and the chin rotated to the opposite side. This is most often seen in the new-
born period. It is often associated with deformity of the head (plagiocephaly). If
torticollis is present in the newborn period, the usual cause is congenital muscu-
lar torticollis. Roentgenograms of the cervical spine, however, should be ob-
tained to exclude other less common congenital conditions, such as fixed or
bony torticollis resulting from Klippel-Feil syndrome, or other anomalies of the
atlantoaxial portion of the cervical spine. 
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Torticollis may also be seen following a child-
hood upper respiratory tract illnesses. When torti-
collis is present after the newborn period one
should be highly suspicious of a problem in the
upper cervical spine as 50% of the rotation of the
cervical spine occurs at C1-C2. Therefore, condi-
tions that would cause a rotational deformity are
likely present at the atlantoaxial level.

Congenital Muscular Torticollis 
(Congenital Wry Neck)

Congenital muscular torticollis is usually discovered
in the first month of life. It presents as unilateral

tightness of the sternocleidomastoid muscle. Sev-
enty-five percent of the involved muscles are on the
right side. There may be a palpable mass “tumor”
that is generally nontender, firm to soft and mobile
beneath the skin, and attached to or located within
the body of the sternocleidomastoid muscle. This
mass often enlarges during the first 4 to 6 weeks
of life and then gradually decreases in size. By 4
to 6 months of age, the mass is usually absent, and
the only clinical findings that may remain are the
contracture of the sternocleidomastoid muscle and
the torticollic posture with the head tilted toward
the involved side and the chin rotated toward the
opposite shoulder.

Differential Diagnosis

The causes of torticollis is diverse, and identifying
the cause can pose a difficult diagnostic problem.
Radiographs are often difficult to obtain because
the mastoid overlies the upper cervical spine. A ra-
diograph of the cervical spine taken as a lateral to
the skull can image the atlantoaxial region where
the problem usually exists.

If congenital muscular torticollis is not present,
there may be an odontoid anomaly, C1-C2 instabil-
ity, Klippel-Feil syndrome, and so forth (Table 11-1).
All children with torticollis should be evaluated
with roentgenograms to exclude bony abnormality
or fracture. Roentgenographic evaluation may be
difficult in any child with a rotational deformity, but
this is particularly true in the neonate.

Clinical and Radiographic Features

If torticollis is noted in the weeks following deliv-
ery, the usual cause is congenital muscular torticol-
lis. If the child is less than 2 months of age, the
palpable lump usually is diagnostic. Congenital

TABLE 11-1.
Differential Diagnosis of Torticollis

Congenital Neurologic Inflammatory Traumatic

Congenital muscular Ocular dysfunction Lymphadenitis of the neck Fractures, subluxations, 
torticollis Syringomyelia Spontaneous hyperemic dislocations of the 

Klippel-Feil syndrome Spinal cord or cerebellar atlantoaxial rotatory cervical spine, 
Basilar impressions tumors (posterior fossa) subluxation particularly 
Atlantooccipital fusion  Bulbar palsies Upper respiratory tract C1-C2
Pterygium colli (skin webs) infection
Odontoid anomalies Post-tonsillectomy

FIGURE 11-1. Torticollis is head tilt with rotation. Con-
genital muscular torticollis and rotatory subluxation of the
atlas on the axis are the two most common causes in chil-
dren. Facial asymmetry is present.
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muscular torticollis is painless, is associated with a
contracted sternocleidomastoid muscle, and is un-
accompanied by any bony abnormalities or neuro-
logic deficit. Any findings of pain or neurologic
deficit should lead one to seek out other causes. Soft
tissue problems are less common and include ab-
normal skin webs or folds (pterygium colli). Tu-
mors in the region of the sternocleidomastoid
include brachial cleft cyst and teratomas, which are
rare but should be considered.

In later childhood, bacterial or viral pharyngitis
and involvement of the cervical nodes is the primary
cause of torticollis. Spontaneous atlantoaxial rotatory
subluxation may follow an acute pharyngitis. Radi-
ographic confirmation is difficult, and computed
tomographic (CT) scans and magnetic resonance im-
ages (MRIs) may be necessary for diagnosis. If torti-
collis goes untreated for more than several weeks,
there may be secondary soft tissue deformities that
result in fixed rotatory subluxation.

Traumatic causes should be considered and ex-
cluded as part of the evaluation. Torticollis most com-
monly follows injury to the C1-C2 level. Fractures of
the odontoid may not be apparent in the initial radi-
ographic views; if a high index of suspicion is present,
special radiographic studies should be undertaken.
Children with bone dysplasias, such as Morquio’s
disease, spondyloepiphyseal dysplasia, and Down
syndrome, have a high incidence of C1-C2 problems
and should be evaluated if torticollis is present.

Neurologic problems, particularly space-
occupying lesions of the central nervous system,
such as tumors of the posterior fossa or spinal col-
umn and syringomyelia, may be accompanied by
torticollis. Generally, there are additional neuro-
logic findings such as long tract signs, weakness in
the upper extremities, and hearing or visual prob-
lems that may also cause head tilt.

Pathoanatomy

Congenital muscular torticollis is believed to be
caused by local trauma to the soft tissues of the neck
just before or during delivery. Two-thirds of children
are associated with difficult labor and delivery, and
these children often have had breech or difficult for-
ceps deliveries. Torticollis can occur after otherwise
normal delivery, however, and has been reported
following cesarean section. The fibrosis in the mus-
cle may be due to venous occlusion and pressure on
the neck in the birth canal because of cervical and
skull position. The persistent clinical deformity is

probably related to the ratio of fibrosis in the muscle
to the remaining functional muscle. If sufficient nor-
mal muscle is present, it usually stretches with
growth, and the child does not develop torticollis. In
three of four children, the lesion is on the right side.
Up to 20% of these children have congenital dyspla-
sia of the hip associated with torticollis.

Natural History

If the condition is not treated, considerable cosmetic
deformities of the face and skull can result, including
asymmetry of the eyes and ears. Flattening of the face
on the side of the contracted sternocleidomastoid
may be impressive and is due to the position of the
head when the child sleeps. If the child sleeps prone,
it is more comfortable to have the affected side down.
The face on the affected side remodels to conform to
the surface. In children who sleep supine, the model-
ing of the contralateral aspect of the skull is evident.

Treatment

Excellent results can be obtained in most patients
with stretching exercises. The exercises include posi-
tioning the ear opposite the contracted muscle to the
shoulder and also stretching the chin to the shoulder
on the opposite side. When adequate stretching has
been obtained in the neutral position, these maneu-
vers should be repeated with the neck extended.
Other measures include positioning of crib toys so
the sternocleidomastoid are stretched when trying
to reach and grasp. If exercises are unsuccessful,
surgical resection may be required to release a portion
of the tendon at the clavicular attachment. Surgery is
usually performed before school age. Asymmetry of
the skull and face corrects as long as adequate growth
potential remains after the deforming force of the
sternocleidomastoid is removed. The results of sur-
gery are usually good with a low incidence of compli-
cations and recurrence, although some children
require a repeat procedure during adolescence. More
severe deformities may require both proximal and
distal sternocleidomastoid release.

Rotatory Subluxation of Childhood

A common condition present in children is Cl-C2
rotatory subluxation or Cl-C2 rotatory displacement
(rotatory subluxation of childhood; Figure 11-2).
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FIGURE 11-2. Rotatory subluxation, C1 on C2. This
open mouth view is consistent with atlantoaxial rotatory
subluxation. There is tilt of the skull as well as a shift of the
lateral masses of C1 on C2, with overlap of the lateral mass
of C1 on C2 on the left side. Cineradiography or dynamic
CT scan is the best method to confirm fixed rotatory sublux-
ation of C1 on C2.

This condition may occur following trivial trauma
or a viral upper respiratory tract inflammatory con-
dition but also can occur following tonsillectomy or
other oral pharyngeal surgery. Grisel’s syndrome is
not a cervical infection but a rotatory displacement
of C1-C2 secondary to local inflammation, which
can allow capsular or synovial interposition of tissue
at the atlantoaxial level.

Clinical Features

Symptoms and signs of rotatory subluxation include
local muscle spasm, torticollis, and pain on cervical
motion. Usually the range of motion is not signifi-
cantly altered, but motion is uncomfortable if moved
from the torticollic position. This condition occurs
most commonly in children 3 to 12 years of age.
There is no spasm or contracture of the sternocleido-
mastoid muscle. The sudden onset of torticollis in
this age group or in adults should lead to radi-
ographs of the upper cervical spine. If these are not
rewarding, further radiographic studies should be
done in this area to look for the cause of torticollis.

If the torticollis develops rather slowly, consider
either some type of central nervous system tumor or
a visual abnormality. As children compensate for
various abnormal vision-related problems, they may
tilt their head to be more comfortable with the image.

Treatment

In most cases, the torticollis resolves in a few days
with or without treatment. Occasionally, it be-
comes fixed and requires treatment. Most patients
are in between these extremes and may require
anti-inflammatory medication, soft collar, or head
halter traction to resolve the torticollis. Treatment
should be persistent and early to avoid the fixed
rotatory problem. If the torticollis becomes fixed,
in situ fusion may be indicated.

Spasmodic Torticollis

This is an uncommon condition that may be present
in adults with painful spasms producing a wry neck
deformity. Radiographic studies are normal. The
cause is idiopathic; however, electromyelographic
studies show involvement of many muscles in the
area, including the sternocleidomastoid, trapezius,
and splenius. This condition is resistant to the usual
forms of treatment, including surgery. Often these
patients have concomitant or develop severe psy-
chiatric disturbances.

Treatment consists of intradural section of the
spinal accessory nerves and the first three anterior
cervical nerve roots. Minimal involvement on one
side and severe involvement on the other may require
nerve root section on one side only. When the pain is
intense and bilateral and many muscles are at fault,
section of the fourth anterior cervical nerve root may
be added without fear of compromising diaphrag-
matic function. Postoperatively, neck function is weak
but the patient’s painful spasms have improved.

Neuritis of the spinal accessory nerve can present
much like spasmodic torticollis (Figure 11-3). This con-
dition is, however, temporary and usually resolves in
a few weeks with application of heat, rest, and, occa-
sionally, local injection of the spinal accessory nerve.

STIFF NECK

A stiff neck may be caused by trauma or can follow
exposure to direct cool air on the neck. There are
multiple causes for neck stiffness, and many of these
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FIGURE 11-3. Acute torticollis due to neuritis of the spinal
accessory nerve. The severely painful spasms were unilat-
eral, temporary, and relieved by infiltration of the nerve with
a local anesthetic. In contrast, spasmodic torticollis is bilat-
eral, persistent or intermittent, and unaffected by injection
of the nerve.

problems may come from the degenerative processes
discussed later. Patients may present with torticollis
that lasts for several days or more. A significant
amount of discomfort is commonly associated with
any motion of the cervical musculature leading one
to rotate the thorax with the head. This condition is
more commonly seen in adolescents and young
adults than in older patients. The exact cause is vari-
able and often not identified. Causes can include
muscle spasm, early disc herniation, multiple sclero-
sis, rheumatoid arthritis, primary or metastatic neo-
plasm, and vertebral osteomyelitis.

Clinical Features

Symptoms may last for only a few days to a few
weeks. The area of discomfort may be the entire
neck but is usually located in the paraspinous mus-
cles posteriorly and in the occipital area. Often pa-
tients are tender to palpation and with any passive
or active motion is painful. Lying down, using trac-
tion or cervical collars, or employing other measures
to relax the cervical muscles are the only methods
that tend to give any relief from the complaint. Asso-
ciated symptoms such as nausea, dizziness, or
headache may accompany the neck discomfort.
Patients with this problem are usually obvious be-
cause when they turn their head, they turn their en-
tire body, or they may use their hands for support of

their head with any active movement. Pain may be
referred to the scapula, occipital area, or the shoul-
ders, and there may be diffuse tenderness in the area
of the trapezius.

Radiographic Studies

Following a history and physical examination, radi-
ographic evaluation should include anteroposterior
(AP) and lateral flexion-extension radiography to
evaluate the bony portions of the cervical spine.
Early with muscle spasm, there is loss of cervical lor-
dosis as seen in the lateral cervical spine radiograph.
There is little movement of the cervical spine on mo-
tion studies, which are often not helpful in evaluat-
ing for stability or injury because patients guard the
spine against attempts at motion. Depending on his-
tory and physical examination, other studies (e.g.,
myelogram or MRI) may be important to arrive at
the exact diagnosis for a stiff neck.

Natural History

Depending on the cause of the problem the condi-
tion usually is self-limiting and responds to rest
and anti-inflammatory agents. The problem may
clear without treatment. If one of the more signifi-
cant degenerative, infectious, or neoplastic processes
are found, treatment should be appropriate to that
condition.

In general, if all early studies and physical ex-
amination are within normal limits, treatment usu-
ally consists of application of heat, nonsteroidal
anti-inflammatory medication, and a soft collar or
supine cervical traction to relax cervical musculature.

DEGENERATIVE AND HERNIATED
INTERVERTEBRAL DISC DISEASE

Degenerative problems of the cervical spine gener-
ally occur in the middle or later years of life. Cervi-
cal disc degeneration can be manifested as axial
pain, radiculopathy, or myelopathy. The process can
be acute as seen with disc herniations and cause
symptoms resembling those of an acute lumbar disc
herniation (i.e., clear radicular pattern of pain,
motor, and sensory deficits); the clinical picture may
also be more indolent from chronic cervical disc de-
generation and may be confusing. Several terms
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are commonly used to describe the degenerative
cervical spine. The most frequent term is cervical
spondylosis; other synonyms are osteoarthritis, osteo-
arthrosis, chronic herniated disc, chondroma, and spur
formation.

Incidence

Kelgren found that 82% of people age 55 and older
have radiographic evidence of cervical degenera-
tion. Degeneration of cervical discs is a natural
process associated with aging, which is difficult to
distinguish from the disc disease that is a deteriora-
tive process and may produce pain. DePalma re-
ported that in people older than 70 years, 72%
had severe radiographic abnormalities. Rothman
found myelographic abnormalities were common
in asymptomatic patients. Abnormalities were seen
in 21% of cervical myelograms, 24% of lumbar myel-
ograms, and 8% of lumbar and cervical myelograms.
Thus, no clear correlation exists between radi-
ographic changes and symptoms. Radiographically,
the most frequently involved level is C5-C6 fol-
lowed by C6-C7, and C4-C5. Upper-level (occiput-
C3) involvement is less common.

Clinical Features

Patients usually present with either pain or neuro-
logic dysfunction (i.e., radiculopathy or myelopa-
thy). Radiculopathy—root compression—is a lower
motor neuron problem and is manifested by pain
in the distribution of a nerve root. It can be associ-
ated with neck pain, sensory deficit, and motor
deficiency. Ideally, these findings would all corre-
late with a specific root but at times can be more
vague with some overlap of adjacent roots as
demonstrated by Marzo et al. The associated re-
flex may be diminished. Myelopathy involves
compression of the spinal cord, and thus, it can ef-
fect the upper and lower extremities with a mix-
ture of upper and lower motor neuron lesions.
Patients with myelopathy do not necessarily com-
plain of pain. The hallmark is extremity dysfunc-
tion such as hand clumsiness with fine motor
tasks and gait instability.

Pain production is multifactorial. Nerve roots
may be directly compressed. Osteophytes, which
develop as a reaction to the process of degenerative
disc disease extending across the posterior and pos-
terolateral aspect of the vertebral bodies, may cause

direct compression. An inflammatory component of
the neuroelements may be a more significant cause
of pain than actual mechanical changes. Studies
have shown that compression of a normal nerve
root results in paresthesia while compression of an
inflamed root results in pain.

The spondylotic spine may be hypermobile, re-
sulting in instability. This can usually be identified on
lateral flexion and extension radiographs. Anterior-
posterior movement of one vertebral body on another
of 3.5 mm or greater in the adult is considered abnor-
mal. Traction (horizontal) osteophytes may be an in-
dicator of hypermobility.

Spinal cord compression occurs when the di-
mensions of the spinal canal itself becomes compro-
mised by bone or soft tissue hypertrophy. In
addition, the canal may be congenitally narrow. Hy-
perextension in the spondylotic cervical spine may
cause further compromise with inward bulging of
the posterior ligamentum flavum and by disc pro-
trusion. Ischemic changes of the spinal cord may re-
sult from compression of its blood supply as the
vessels pass through the pia mata. The vertebral ar-
tery, which ascends through an osseous canal
formed by the foramen transversarium in the trans-
verse processes of the sixth to the second cervical
vertebrae, may be compressed creating a constella-
tion of symptoms from the cerebellum, posterior
fossa or brainstem.

Arthrosis of the facet joints in the spondylotic
cervical spine may be a source of a dull, aching
axial pain or radiating pain secondary to direct
nerve root compression. Likewise, the pathophysi-
ological changes that occur within the aging disc
may be a direct source of axial pain. Additional
mechanical sources of pain are microfractures in
the vertebral bodies and pseudarthrosis of the cer-
vical spine.

The differential diagnosis (Table 11-2) of neck
pain must include tumors, either primary such as
osteoid osteomas or metastatic. A pancoast (supe-
rior sulcus) tumor in the apex of the lungs can
mimic neck pain or create neurological deficits
within the lower brachial plexus that can be con-
fused with cervical disease. Additional causes of
neck pain are compressive lesions of the brachial
plexus and shoulder pathology.

Vertebral artery compression must be consid-
ered in the differential diagnosis and may result in
vertebral artery syndrome. The symptoms are inter-
mittent in nature and include headaches, vertigo,
tinnitus, and momentary loss of consciousness par-
ticularly when associated with extension or rotation
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maneuvers of the head and neck. The patient may
experience dizziness, ataxia, headaches, nystagmus,
and visual aberrations. Vertebral artery compression
syndrome resulting by ingrowth of osteophytes
from the lateral aspect of the vertebral bodies are
more common than realized.

Thoracic outlet syndrome may cause neck pain.
The patient may experience supraclavicular pain
with radiation to the arm increased by use of the
arm. There may be a history of paresthesia, particu-
larly in the ulnar distribution, and blanching or
coldness of the fingers. Physical examination may
reveal tenderness about the brachial plexus and a
positive Adson test in which patients place their
hands on the thighs in a sitting position, turn the
head to the side, and inhale deeply, resulting in a
reproduction of the symptoms. Other peripheral
compressive neuropathies, such as cubital tunnel
syndrome and carpal tunnel syndrome, can be con-
fused with cervical radiculopathies.

Posterior head and neck pain may result from
greater occipital nerve neuralgia in which the poste-
rior primary ramus of the C2 nerve becomes irri-
tated or inflamed. Physical examination may reveal
subjective paresthesia to percussion. The patient
may experience limited neck motion, and symp-
toms may be reproduced by vertical loading or by
maintaining the neck in extension.

Cervical Radiculopathy

Cervical radiculopathy is most common between
ages 40 and 70. The onset of pain is insidious or
sudden, and there may or may not be a history of
trauma. The location of pain varies with the nerve
root involved. Referred pain and soreness in the

intrascapular region via the dorsal ramus of C6, or
suboccipital headache secondary to greater occipi-
tal nerve involvement may occur (Table 11-3). The
pain of cervical radiculopathy may be described as
dull, aching, boring, and related to neck motion. It
may or may not be related to sneezing or cough-
ing. Extension with ipsilateral tilt of the neck,
Spurling’s sign, may exacerbate the arm symp-
toms. Patients sometimes get relief by placing their
arm on top of their head, relaxing any root tension.

Myelopathy

Cervical myelopathy secondary to chronic disc de-
generation with posterior osteophyte formation is
the most common cause of spinal cord dysfunction
in patients older than 55 years. The patient may
present with a stooped wide-based or spastic gait
and complain of weakness and clumsiness in the
hands. Pain may not even be present, although
many of these patients include axial or radicular
pain. The symptoms may be dynamic with paresthe-
sias into the upper extremities on flexion and exten-
sion, L’hermittes’s sign.

The clinical examination often reveals signs of
upper motor neuron involvement in the lower ex-
tremities, and a combination of upper and lower
motor neuron involvement in the upper extremities.
In other words, the lower extremities are spastic
with increased deep tendon reflexes and a positive
or upgoing Babinski test. They often have several
beats even sustained clonus. The upper extremities
show weakness and atrophy. A Hoffmann’s reflex is
frequently positive. Several proposed mechanisms
describe the pathophysiology of cervical myelopa-
thy. Anterior compression of the spinal cord results
from posterior osteophytes. Posterior compression
may result by infolding of the ligamentum flavum
particularly in extension. Nutritional and vascular
involvement with decreased blood supply through
the spinal arteries resulting in ischemic changes to
the spinal cord has been identified.

Roentgenographic Features

Plain radiographs of the spine provide a clue to
the level or levels of spine disease that may be re-
sponsible for the radicular syndrome in cervical
spondylosis. Studies can include AP, bilateral
obliques, lateral, odontoid open mouth, and lateral
flexion and extension views (Figure 11-4). Look for

TABLE 11-2.
Cervical Radiculopathy: Differential Diagnosis

Carpal tunnel syndrome
Ulnar nerve compression palsy
Tardy ulnar palsy
Thoracic outlet
Cervical pain syndrome
Brachial plexopathy
Shoulder soft tissue and articular pain syndromes
Shoulder hand syndrome
Infection and inflammation
Developmental abnormalities
Vascular malformations
Neoplasms
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FIGURE 11-4. Degenerative arthritic changes in the cervical spine following loss of disc material par-
ticularly between C5 and C6. However, the oblique view shows spur formation encroaching on the in-
tervertebral foramina from C3 to C7, which can cause nerve root symptoms.

TABLE 11-3.
Cervical Radiculopathy

Nerve Root Disk Level Sensory and Pain Symptoms Motor and Reflex

C3 C2-C3 Pain and numbness in back of neck, No changes; electromyelographic findings only
especially around ear

C4 C3-C4 Pain and numbness in back of neck; No changes; electromyelographic findings only
radiation to intrascapular area and 
down anterior chest

C5 C4-C5 Pain radiating from side of neck to Deltoid weakness; shoulder abduction; biceps
supraspinous shoulder; numbness reflex
chevron or middeltoid (axillary nerve)
area

C6 C5-C6 Pain lateral arm and forearm, into Weak biceps, elbow flexion and supination; wrist
thumb and index; numbness tip extension; brachioradialis reflexes
of thumb and first dorsal 
interosseous muscle

C7 C6-C7 Pain middle of forearm to long Triceps elbow extension; finger extension, wrist 
finger; index and ring may be flexion; triceps reflex
involved

C8 C7-T1 Pain medial forearm to ring and Triceps elbow extension, finger flexion at 
little fingers; numbness ulnar metacarpophalangeal joints and distal joints; 
side of ring finger and little finger reflex—none

T1 T1-T2 Medial arm Finger intrinsics, dorsal interrossei, abduction, 
and palmar interrossei adduction; reflex—none
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FIGURE 11-5. Cervical myelogram demonstrating herni-
ated disc with left C5-C6 nerve root compression.

evidence of foraminal encroachment, vertebral
malalignment, sclerosis, facet joint subluxation,
osteophyte protrusions, destructive changes within
the disc or vertebral body, and ossification of the
posterior longitudinal ligament. Canal dimensions
can be inferred by measuring the Torg ratio of canal
width (posterior vertebral body to posterior laminar
line) to vertebral body, with anything less than 0.8 is
considered stenosis. Further evaluation may include
MRI, myelography using water-soluble contrast fol-
lowed by contrast-enhanced CT scanning. An exten-
sion lateral view taken during the myelogram may
illustrate infolding of the ligamentum flavum and
dynamic encroachment in the spinal canal.

Computed Tomographic Scans

High-quality CT scans are extremely useful in assess-
ing the size of the neuroforamina, which are nor-
mally 5 to 8 mm in vertical diameter. Scans must be
performed using thin overlapping slices, appropriate
bone windows, and reconstructions in the parasagit-
tal plain to show the neuroforamina in profile. A non-
contrasted CT scan is also very useful in delineating
bone from soft tissue in planning a decompressive
procedure.

Myelography

For many investigators, water-soluble contrast myel-
ography in combination with CT scanning remains
the securest way of defining root sleeve pathology
(Figure 11-5). It must be remembered that myelogra-
phy does not define the most lateral component of
the neuroforaminal encroachment because the sub-
arachnoid space does not extend out to the full extent
of the neuroforamen along with the nerve roots.
Myelography with flexion and extension views can
demonstrate dynamic cord compression related to
bulging of the posterior longitudinal ligament and
ligamentum flavum, or to spinal instability.

MRI

MRI scanning has become the gold standard in eval-
uating the cervical spine. Although CT scanning is
still better at delineating bone from soft tissue, the
MRI is far superior in defining soft tissue anatomy
(Figure 11-6). The disc material and nerve anatomy
can be seen as well as demonstrating pathophysiolo-
cal effects such as “gliosis” associated with chronic

spinal cord compression. Be careful in assessing the
amount of canal compromise on T2-weighted image
because the degree of stenosis can be overestimated.
Under those circumstances a CT or myelogram can
be a complimentary study. Infections, hematomas,
and tumors are also much better visualized by MRI.

Diskography

The internal structure of the disk can be outlined by
injecting it with a radiopaque substance, thus ob-
taining a cervical diskogram (Figure 11-7). Distinc-
tive diskogram determinations are dynamic tension
on injection, the actual diskogram appearance on
radiograph, and the reproduction of pain response.
In the cervical spine, reproduction of clinical symp-
toms with injection is more important than the ac-
tual descriptive interpretation of the diskogram.
Diskography is not a routine diagnostic procedure.
It is important, however, to recognize that abnormal
diskograms and pain produced locally and at a dis-
tance by injecting can be demonstrated in some
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FIGURE 11-6. (A) A sagittal T2-weighted MRI scan of the
cervical spine demonstrates chronic disc protrusions at C3-C4
and C4-C5 along with infolding of the ligamentum flavum at
those same levels. This is typical of cervical spondylosis and
the resultant cord compression has created “gliosis” changes
within the cord as illustrated by the increased signal intensity
within the cord at the C3-C4 disc level. (B) The correspon-
ding T2 axial images at C3-C4 in the same patient further de-
fines the degree of cord deformity from the compression.

A

B
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FIGURE 11-7. Normal cervical
diskograms: (A) lateral view; (B) AP
view. (C) “Mushroom” diskogram.
(Dye around the posterior osteo-
phyte beneath the posterior longi-
tudinal ligament.) (D) Massive
posterior disc rupture. (E) and (F)
Examples of unilateral disc rupture.
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asymptomatic people. The percentage of false-
positive examinations increases with advanced
age. The procedure itself, therefore, is not infalli-
ble proof of an abnormal symptom.

Other Diagnostic Studies

Electrodiagnostic studies may be useful in establish-
ing the diagnosis particularly by documenting the
distribution of involvement, and distinguishing pe-
ripheral entrapment syndromes and generalized
peripheral neuropathy, from radiculopathy. Nerve
conduction studies can indicate that the nerve lesions
are axonal rather than demyelinated. Conduction ve-
locities within the involved nerve are normal or re-
duced in proportion to the degree of axonal loss.

Electromyography is a motor study not a sen-
sory study. It takes 4 to 28 days for electromy-
elographic (EMG) changes to develop in acute
radiculopathy. One-third of patients have abnor-
malities in only the arm muscles, one-third are ab-
normal in only the paraspinal muscles, and
one-third have electrical abnormalities in both
paraspinal and arm muscles. The EMG is an elec-
tronic extension of the physical examination.

Local Injection

In older patients with multiple levels of abnormal-
ity shown on radiologic and other imaging studies
in whom cervical radiculopathy cannot be local-
ized, injection of local anesthetic into the interspace
under fluoroscopic control and injections of local
anesthetic into the facet joints may be useful in lo-
calizing the pain syndrome.

Pathoanatomy

Several factors should be considered in cervical disc
degeneration, including physical stress, biochemi-
cal abnormalities, genetic defects, psychophysio-
logic effects, and autoimmune processes.

Biochemical changes precede structural changes.
With aging, there is decreased water content of the
disc and diminished water-binding capacity. Colla-
gen, the main structural component of the disc, in-
creases, and its orientation and pattern change with
age. These and other biochemical changes lead to a
loss of the gel behavior of the nucleus and a loss of
the desired biomechanical properties of the annu-
lus, which becomes weakened and inelastic. The

mechanical properties change from liquid to solid.
Radiographically, this is manifested by gradual nar-
rowing of the cervical disc space, sclerosis of the ver-
tebral bodies, and the presence of osteophytes.

Deterioration of a cervical disc may result in
acute nuclear herniation, annular protrusion or
bulging, and diffuse degenerative changes. De-
generative changes commonly seen include osteo-
phytes, both anterior and posterior, fissures in the
discs, nuclear extrusion, abnormality and sclerosis
at the joints of Luschka, foraminal narrowing,
rounding of the anterosuperior vertebral bodies,
and disc space narrowing.

The neuroforamen may be compromised as the
disc space narrows. Encroachment into the neuro-
foramina may be caused by the joints of Luschka
(uncovertebral joints), products of disc, or hyper-
trophic or subluxed facet joints. Osteophytes may
develop posteriorly and extend across the entire
width of the vertebral body as a protuberant ridge.
Additionally, the posterior longitudinal ligament
may become hardened or calcified. Hypertrophy of
the ligamentum flavum may also occur, which, on
hyperextension, results in a rigid encroachment or
bulging into the spinal canal with resultant compres-
sion on the posterior aspect of the thecal sac. The av-
erage spinal canal diameter between C3 and C6 is
17 mm. Degenerative changes in the cervical spine
may result in a decreased canal diameter, thus reduc-
ing the space available for the cord (SAC). A SAC of
11 mm or less implies spinal cord compression.

Treatment

Conservative management of patients with neck
pain involves the use of rest and splinting. Often a
soft cervical collar is adequate to provide gentle
support. Philadelphia collars and other rigid cervi-
cal collars are frequently not well tolerated. Gentle
traction using 5 to 10 lb with a head halter and a
neutral position of flexion-extension to open up the
neuroforamina may be of value. Traction applied in
either flexion or extension may aggravate the pa-
tient’s pain problem. Salicylates and the application
of hot moist packs may be effective.

Cervical epidural steroid injections can prove
useful in treatment of radiculopathy. Approximately
80% of radiculopathy patients can be successfully
treated nonoperatively.

Surgical treatment for radiculopathy is usually
indicated if there has been a documented failure of
appropriate nonoperative treatment or if there is
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progressive neurologic deficit with a radiculopathy.
Options are anterior or posterior decompression
with or without fusion (Figure 11-8), depending on
location and type of compressive pathology. Cervical
myelopathy resulting from degenerative spondylosis
or disc herniation is typically treated surgically. Pa-
tients presenting with cervical myelopathy seldom
improve with nonoperative management and
roughly one-third will continue to deteriorate, some-
times suddenly with hyperextension. The intent of
surgical decompression in myelopathy patients is to
prevent progression with neurological improvement
being secondary and unpredictable. Because one
cannot foresee those patients that will deteriorate
while being treated nonoperatively, surgical manage-
ment is favored. Options are anterior decompression
via corpectomy, diskectomy, and fusion versus poste-
rior complete laminectomy and decompression. In
the case of multilevel disease (3 or more levels), open
door hinged laminoplasty, in which the lamina is cut

FIGURE 11-8. A lateral radiograph demonstrating an ante-
rior cervical fusion with plating done in conjunction with a
corpectomy and C5-C6 diskectomy used to decompress the
spinal cord in a patient with cervical myelopathy.

on one side and hinged on the other side to create a
flap-type opening and thus expand the spinal canal,
has been gaining favor (Figure 11-9). Open-door
laminoplasty for multiple-level decompression seems
to prevent postoperative swan-neck-type deformi-
ties, which sometimes occur after extensive multi-
level posterior laminectomies.

KLIPPEL-FEIL SYNDROME

Klippel-Feil syndrome includes all individuals with
congenital fusion of the cervical vertebrae whether
it be two segments or the entire cervical spine. The
incidence is less than 1% of the population.

The cause is unknown; however, embryologi-
cally congenital cervical fusion represents a failure
of the normal segmentation of the cervical somites
during the third to 8th week of life. There can be
congenital blocked vertebrae with complete fusion
of two or more adjacent vertebral bodies or a congen-
ital bar with partial fusion of two or more vertebrae.
This syndrome is usually most apparent in children
in the posterior elements and radiographically may
appear as a bar between the bones (Figure 11-10). The
embryologic abnormality is not limited to the cervi-
cal spine.

Children with Klippel-Feil syndrome, even those
with minor cervical fusions, may be at risk for other
less apparent but serious defects in the genitourinary,
nervous, and cardiopulmonary systems. Many have
hearing impairment. These hidden abnormalities
may be far more detrimental to the child’s general
well-being than the deformity of the neck.

Clinical Findings

Most patients appear normal without any abnormal
clinical appearance. There is, however, a classic syn-
drome triad that includes a low posterior hairline, a
short neck, and limitation of head and neck motion.
The limitation of motion is predominantly in lateral
side bending. Despite severe congenital fusion,
many with this syndrome are able to maintain a de-
ceptively good range of motion. Associated condi-
tions, which are commonly seen when congenital
cervical fusion is present, include Sprengel’s defor-
mity, scoliosis, deafness, synkinesis, and hand,
renal, and cardiac deformities. Individuals with this
syndrome may present because of an incidental ra-
diologic finding or in association with the workup
of other conditions or because of cosmetic concerns
about their neck web or low hairline.
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Radiographic Findings

The fixed bony deformities often prevent classic po-
sitioning for AP, lateral, and oblique views of the
cervical spine. Often there are overlapping shadows
from the mandible, occiput, and mastoid areas. Lat-
eral flexion-extension views, CT scans, and other
studies may be necessary to fully evaluate the cervi-
cal spine deformity. If pain is present (as may be ev-
ident in older patients with this problem), serial
lateral flexion-extension views may be necessary to
evaluate for segmental instability with blocked mo-
tion at other levels. Other special studies, such as

cineradiography, CT scans, and MRIs, may be nec-
essary in certain situations.

If fusion is suspected in a child, it may be evi-
dent on flexion-extension views; however, there
may be persistent cartilaginous endplates, which
look as if they are normal disc spaces. As the verte-
bral body completes its ossification, the fusion often
becomes obvious.

Usually, no neurologic problems are associ-
ated with Klippel-Feil syndrome; however, there
can be radiculopathy, myelopathy, quadriplegia,
and sudden death from abnormal motion in the
neck.

A B

FIGURE 11-9. Lateral plain radiographs and sagittal T2 MRI in a patient with multilevel congenital
cervical stenosis with associated spondylosis causing severe cord compression, including signal change
within the cord, in a patient with spastic gait and clumsy hand consistent with cervical myelopathy
(A, B). Because of the multilevel nature of the problems the treatment selected was a posterior
laminoplasty with excellent recovery of neurological complaints (C, D).
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Associated Conditions

Scoliosis or kyphosis is commonly associated with
this syndrome. Spinal deformity may be present in
up to 60% of patients with Klippel-Feil syndrome.
There is a 20% incidence of renal abnormalities re-
ported in patients with congenital scoliosis. Usual
evaluation of Klippel-Feil syndrome includes an ul-
trasound of the kidneys and, if there is any doubt
about a diagnosis, an intravenous pyelogram.

Treatment

Treatment, in general, is directed at the symptoms
that may be associated with Klippel-Feil syndrome.
Few children are symptomatic, and most patients
who develop symptoms are in at least the second or
third decade of life. Usually patients with Klippel-Feil

FIGURE 11-9. (Continued)

C D

syndrome can be expected to lead a normal, active life
with only minor restrictions. Many of the severely in-
volved patients may require fusion of abnormally
mobile levels.

JUVENILE RHEUMATOID ARTHRITIS

Cervical spine involvement in juvenile rheumatoid
arthritis (JRA) is usually limited to polyarticular
and systemic JRA. The major problem associated
with the cervical spine in JRA is slow, progressive,
clinical stiffness and anatomic fusion of segments of
the cervical spine. The usual reason to evaluate this
problem early is to provide cervical protection dur-
ing the active stage of the disease to direct the iatro-
genic fusion of segments to a position of function.

Involvement of the cervical spine in JRA is com-
mon, with an occurrence of 60 to 70% in patients
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with the disease. Radiographic evidence of cervical
spine abnormalities have been found in 27 to 80% of
children with JRA.

Clinical Features

Neck pain is a frequent complaint in children with
JRA. The pain is characteristically in the posterior
area of the neck, radiating up into the occipital area
and down into the shoulders and is worse with any
motion of the head and neck. Usually the pain and
loss of motion occur before the radiographic abnor-
malities, although severe neck pain is not common
in the juvenile form of this disease.

Signs of neurologic change, either radicular, com-
pressive, or myelopathic, are rare. They may occur in
those few children with C1-C2 instability or with one
motion segment following spontaneous fusion above
and below.

Origins

As in joint destruction in other anatomic areas, there
is inflammation of synovial tissues that spread to in-
volvement of the supporting ligamentous structures
around the cervical spine. Synovial joints in the cer-
vical spine include the posterior apophyseal joints,
which rapidly become ankylosed with developing
arthrosis, and the area around the odontoid both in
the anterior articulation with the ring of C1 as well
as with the transverse ligament. This results in the
radiographic apple core odontoid.

The upper cervical spine may be involved in
JRA just as in adult rheumatoid arthritis. Early
changes consist of erosion of the odontoid or the so-
called apple core odontoid. There may be apparent
C1-C2 instability because of narrowing of the odon-
toid from this process. There is erosion of the odon-
toid at the level of the synovial membrane with the
transverse ligament.

With long-standing rheumatoid disease, C1-C2
instability may be evident because of attrition or
fracture of the odontoid. There may also be collapse
of the C1-C2 facet area laterally, resulting in torticol-
lis or abnormal positioning.

The most common problem in juvenile arthritis
is apophyseal joint ankylosis resulting from inflam-
matory disease of the facet joints (Figure 11-11).
There may be decreased height secondary to this
fusion if it occurs when the growth plates are still
open. Spontaneous fusion usually has no associated
neurologic problems. There may be decreased size
of the vertebral body, but the spinal canal is not
compromised. Subluxation and instability may be a
problem because of segmental fusion and abnormal
motion occurring at fewer mobile levels.

Natural History

The ankylosis of the apophyseal joints in the cervical
spine, particularly the joints between the second and
third cervical vertebrae, is considered characteristic
of JRA. As these areas fuse, the mechanical cervical
pain improves but results in an inability to move the

FIGURE 11-10. Lateral flex-
ion-extension radiographs of a
10-year-old child with occipital
and shoulder pain. There is fu-
sion of C2-C4 (Klippel-Feil
syndrome), the odontoid is ab-
sent, and motion of C1 on C2 is
abnormal.
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neck. This may result in instability if there are levels
between fused segments that become hypermobile.
The usual course of the cervical spine disease paral-
lels the systemic course of the disease and also usu-
ally correlates with the severity of involvement of
the individual patient. The stiffness of the cervical
spine usually results in stiffness in extension and is a
common early finding in polyarticular or systemic
onset juvenile arthritis. Severe neck pain or torticol-
lis is not common. When a severe amount of pain or
torticollis is present, look for either a fracture or in-
fection as the cause of that complaint.

Treatment

The treatment for cervical spine involvement in
JRA consists of splinting the neck in a functional
position. The patient should be encouraged to
sleep without a pillow or in a position with a
small amount of flexion. A cervical collar, either
hard or more commonly soft, is the usual treat-
ment method. Occasionally, surgical treatment for
instability is required to further fuse areas of the

cervical spine. Rarely, atlantoaxial subluxation re-
quiring surgery may be present.

RHEUMATOID ARTHRITIS

Involvement of the cervical spine in adults with
rheumatoid arthritis varies significantly from the ju-
venile counterpart. Stiffness is the rule in JRA,
whereas looseness and instability is frequently a
problem in adults who have cervical spine involve-
ment. Only rarely is there autofusion of the subaxial
spine as in JRA. Adults tend to develop instability
patterns that generally fall into one of three types;
occipital cervical settling (basilar invagination), at-
lantoaxial (C1-C2) instability, or subaxial subluxation.
Atlantoaxial subluxation is probably the most com-
mon and significant manifestation of involvement of
the cervical spine. Its incidence has been estimated to
be somewhere between 25 to 60% of patients with
rheumatoid arthritis. About 33% of patients with
rheumatoid arthritic involvement demonstrate C1-C2
subluxation on flexion-extension radiographs. These
patterns can occur in combination or as isolated

FIGURE 11-11. (A) Radiograph of a 9-year-old child with neck pain and polyarticular juvenile
rheumatoid arthritis, illustrating early sclerotic change in posterior cervical joints. (B) Radiograph of
the same patient 13 months later shows complete ankylosis of the apophyseal joints of the cervical
spine typical of juvenile arthritis.
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areas of disease. The patients with severe erosive ex-
tremity disease and nodules are at greatest risk for
cervical involvement.

Clinical Features

Neck pain is a frequent complaint in rheumatoid
arthritic patients regardless of the radiographic find-
ings. This pain can be suboccipital indicating upper
cervical disease or more generalized. The most signif-
icant concern is that of myelopathy, which is mani-
fested by upper extremity dysfunction, paresthesias,
and gait instability. If these symptoms are secondary
to cord compression, they may not be associated with
pain. Some patients will also have radiculopathy
from root compression and can complain of upper ex-
tremity radiating pain in that root distribution.

Because many of these patients have advanced
disease in their extremities, such as contractures and
joint instability, their hand function and gait can be
difficult to accurately assess. Often the patient can
distinguish progressive dysfunction secondary to
neurologic impairment as opposed to peripheral ex-
tremity disease progression. Particular attention
should be paid to identifying signs of spasticity such
as hyperreflexia, Hoffmann’s sign, clonus, and
Babinski sign. If the cord compression is due to basi-
lar invagination, there may be brain stem manifesta-
tions such as dysphagia, nystagmus, or other cranial
nerve findings. Consider the possibility of periph-
eral neuropathies, which are also common in rheu-
matoid patients. Another less common manifestation
of instability is vertebral artery insufficiency result-
ing from intermittent mechanical blockage.

Diagnostic Studies

Atlantoaxial subluxation is usually best seen on the
lateral flexion view (Figure 11-12). The atlantoden-
tal interval (ADI) is measured from the anterior sur-
face of the odontoid to the posterior surface of the
anterior ring of C1. Flexion-extension views can
identify how much motion is present at that level.
The ADI is thought to be abnormal when greater
than 3 mm in an adult and greater than 5 mm in a
child. Perhaps a better indication of the potential for
neurological involvement is the space available for
the cord (SAC), measured from the posterior cor-
tex of the odontoid to the anterior cortex of the
posterior C1 ring. This can also be called the poste-
rior atlanto-dens interval (PADI). Measurement of
14 mm or less indicate significant risk for neurologic

involvement. MRI flexion-extension views may also
be helpful in cord compression because these views
allow better visualization of the soft tissues such as
the cord itself and pannus formation anterior to the
cord at C1 odontoid joint. If the pannus is large
enough, it alone can create cord compression.

Basilar invagination may be difficult to accu-
rately assess with plain radiographs and may be bet-
ter seen on an MRI or CT scan. Similar measurements
can be made for translocation of the odontoid into the
foramen magnum. This is usually done by measuring
the McGregor line as well as the Chamberlain line to
determine the degree of odontoid projection (Figure
11-13). The line drawn across the foramen magnum
described by McRae should be well above the tip of
the odontoid process. It is often difficult to visualize
the pertinent structures at the base of the skull. Under
those circumstances Ranawat’s line can be useful.
Cervicomedullary angle measured via a sagittal MRI
scan can also be used and anything less than 135º sig-
nifies neurological risk to the patient (Figure 11-14).
This measures with a line parallel to the brainstem
and intersecting a second line parallel to the cervical
cord. This disease is a systemic disease, so nearly all
elements of the cervical spine are involved, including
the bone ligaments, capsules, and so forth. Further
changes can occur if the patient has been using
steroids. The severity of cervical spine involvement
usually parallels the severity of the disease.

Natural History

The natural history of involvement of the upper cer-
vical spine is somewhat controversial. The greatest
concern with regard to natural history of the cervical

FIGURE 11-12. Lateral flexion (A) extension (B) cervical
radiographs demonstrating instability at the C1-C2 junction.

A B
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FIGURE 11-13. (A) Drawing of lines for measurements of basilar invagination. Chamberlain’s line:
odontoid tip > 6 mm above the line. McRae’s line: odontoid tip above this line. McGregor’s line: males,
odontoid tip > 8 mm above the line; females, odontoid tip > 9.7 mm above the line. Redlund-Johnell dis-
tance: males < 34 mm; females, < 29 mm. (B) The distance described by Ranawat and associates is be-
tween the sclerotic ring, which represents the pedicle of the axis, and the transverse axis of the atlas, as
measured along the longitudinal axis of the odontoid process. As this distance becomes shorter, the
severity of cranial settling increases. Normal values are 17 mm + 2 in females. (Reprinted with permis-
sion from Clark CR, Goetz DD, Menezes AH. Arthrodesis of the cervical spine in rheumatoid arthritis.
J Bone Joint Surg 1989;71A:381–392)

A

B
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FIGURE 11-14. A midline sagittal MRI reveals basilar in-
vagination with the odontoid extending into the foramen mag-
num and a decrease in the cervicomedullary angle to 135º.

FIGURE 11-15. One technique of posterior atlantoaxial
(C1-C2) fusion using transarticular screws in combination
with a Brooks wiring. This allows for enough immediate sta-
bility to avoid the need for postoperative halo immobilization.

disease is to predict those patients that are at risk to
develop progressive myelopathy. Once a patient is
identified with extremity dysfunction from myelopa-
thy, any improvement in function as a result of surgi-
cal treatment is unpredictable, thus it is ideal to
identify these patients at risk prior to or early in their
course of myelopathy. Boden et al analyzed patients
based on the PADI and found that a measurement of
14 mm or less was predictive of paralysis and surgi-
cal treatment was warranted even in patients thus far
asymptomatic.

In addition to myelopathic syndromes, these
patients are at risk for sudden death due to upper
cervical cord compression above the root supply to
the diaphragm (C3, C4, C5). Once a patient devel-
ops myelopathy from upper cervical disease, the
risk of sudden death is significant as demonstrated
on autopsy studies by Delamarter, Dodge, and
Bohlman. 

Treatment

A protective soft collar or firm collar may help pro-
vide some degree of comfort. A firm Philadelphia
collar may give some support. However, there may
be skin sensitivity and difficulty in using the collar
and it does not protect from progressive neurologi-
cal deterioration nor death. Thus, it is a sympto-
matic treatment for pain component only.

The indications for surgical intervention are (1)
pain, (2) neurologic dysfunction, and (3) radiographic

parameters. Because the location of pain is diffi-
cult to pinpoint, surgical treatment via fusion can
prove to be unreliable in resolving this complaint.
Thus, when pain is present in the absence of neu-
rological involvement or radiographic parameters
then every effort is made to treat it nonopera-
tively. If recalcitrant to nonoperative treatment
then fusion is generally carried out at the most in-
volved segments.

When the patient has evidence of neurological
involvement or specific radiographic parameters
predictive of neurological problems, then the only
treatment likely to aid the patient is surgical. In gen-
eral the procedure is to adequately decompress the
neural elements, either by directly removing the
compressive structure or indirectly by realigning
the spinal canal. In order to maintain the decom-
pression and prevent recurrence a fusion is war-
ranted in essentially all of these patients.

Atlantoaxial instability can be treated with a
posterior C1-C2 arthrodesis using one of many
techniques (Figure 11-15). Techniques that provide
the best immediate stability are favored in order to
avoid the need for postoperative halo immobiliza-
tion. Basilar invagination can be more difficult to
treat. If the occipital migration can be reduced via
traction then a simple occipital cervical posterior fu-
sion may be adequate, occasionally including poste-
rior C1 laminectomy. If this cannot be accomplished
then a similar posterior fusion can be utilized fol-
lowed by direct decompression of the anterior cord
with an odontoid resection. For subaxial subluxa-
tions the surgical technique is generally a posterior
fusion. A laminectomy decompression is included if
the anatomic alignment of the segment cannot be
restored with the fusion.
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Complications of Treatment

These patients often have numerous comorbidities
making their medical complications rates high. In
addition they tend to be osteopenic with poor tissue
quality giving risk to frequent instrumentation re-
lated complications. The mortality rates within a
year of surgery on the cervical spine, particularly the
upper cervical spine in patients with rheumatoid
arthritis, range as high as 50%. These patients have a
high incidence of failure of fusion and a tendency to
resorb bone graft particularly in upper cervical fu-
sion. Infection rates, wound healing problems, and
difficulty with postoperative immobilization are
other significant problems in the treatment of this
condition. Adjacent segment instability can be a late
problem particularly given the predisposition to in-
stability in these patients.
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The Shoulder and Arm

BIRTH PALSY

Birth palsy is a traumatic injury to the brachial plexus resulting in partial or com-
plete paralysis of the upper extremity, usually occurring secondary to perinatal
complications. These injuries occur in 0.1 to 0.4% of live births. Development of a
plexus injury may be related to a number of factors such as intrauterine positioning,
mismatch between infant size and the vaginal outlet, and the child’s ability to self-
protect during a difficult delivery. These scenarios may include multiparous preg-
nancy, prolonged labor, large size for gestational age, fetal hypotonia secondary to
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fetal distress or maternal sedation, shoulder dysto-
cia in vertex deliveries, and arm and head extrac-
tions during breech presentations.

In predicting outcome, it is important to local-
ize the lesion. Partial injury to the plexus is most
common and occurs at the upper roots (C5-C6) re-
sulting in Erb’s palsy. Weakness in shoulder abduc-
tion, external rotation, elbow flexion, and forearm
supination result in the characteristic “waiter’s tip”
posture of the upper extremity.

Complete brachial plexus involvement is typi-
cally the result of root avulsions from the spinal
cord and consequently have a poorer prognosis. In
addition to the extremity paralysis, these pregan-
glionic lesions manifest unilateral Horner’s syn-
drome (anhydrosis, miosis, ptosis) from injury to
the cervical sympathetic chain, paralysis of the
hemidiaphragm from phrenic nerve injury, and
asymmetric tonic neck and Moro reflexes.

The least common form of plexus birth injury is
Klumpke’s paralysis involving the lower spinal
roots (C7-T1). Findings include absence of the pal-
mar grasp reflex and weakness of hand and wrist
flexors as well as hand intrinsics resulting in a claw-
hand deformity.

Clinical and Radiographic Features

Directed physical examination is the most reliable
method of determining the nature of the injury. Gross
inspection of the infant may demonstrate partial or
complete paralysis of the affected limb. Provocative
testing by eliciting neonatal reflexes to induce elbow,
wrist, and digital extension may be used. The Moro
reflex is demonstrated by placing the infant face up
on a soft, padded surface. The head is gently lifted to
remove the body weight from the pad. The head is
then released suddenly but quickly supported. The
infant may have a “startled” look as the arms fling
out sideways with the palms up and the thumbs
flexed. As the reflex ends, the infant draws the arms
back to the body, elbows flexed, and then relaxes.
Unilateral absence of the Moro reflex may indicate
neural or bony injury. Similarly, the asymmetric tonic
neck reflex, activated by turning the head to one side,
may be used to elicit upper extremity movement. As
the head turns, the arm and leg on the same side ex-
tends while the opposite limbs bend.

Osseous injuries to the shoulder girdle should be
sought as the cause of the paralysis or as a coexisting
injury. Soft tissue swelling may indicate a fracture of
the clavicle or the proximal humeral physis. Fractures

of the clavicle are often initially unappreciated, being
discovered as a lump over the site of injury at about
10 days after birth. Findings in proximal humeral
physeal fractures can be subtle, such as irritability
with attempted arm movement or pseudoparalysis.
Plain films of the shoulder should be obtained with
comparison views of the opposite side. Because the
proximal humeral ossification centers do not coalesce
until about 5 to 7 years of age, other studies may be
necessary to confirm the diagnosis; arthrography, ul-
trasound, and magnetic resonance imaging (MRI)
have been used to help delineate the position of the
largely cartilaginous proximal humeral fragment.

The use of invasive and noninvasive diagnostic
tools has attempted to differentiate between root
avulsions and extraforaminal ruptures. One study
examined the results of myelography, myelography
combined with computed tomography (CT), and
MRI and comparing them with operative findings
in infants. CT myelography demonstrated a true-
positive rate of 94%; similar results were obtained
with MRI with the additional advantage of permit-
ting more distal visualization of the plexus.

Electromyography (EMG) and nerve conduction
velocities (NCV) have also been used to further de-
fine the extent of the neurological deficit. In the early
postinjury period, documentation of nerve recovery
can be performed; however, the presence of motor
activity in a given muscle unit may not accurately re-
flect the extent of useful motor function. Multiple
investigators in helping to predict functional out-
come have emphasized the importance of serial clin-
ical examinations. Gilbert and Tassin first described
the importance of monitoring the return of biceps
function as an indicator of overall neurologic recov-
ery. They noted that if normal biceps function did not
return by 3 months of age, the outcome at 2 years of
age was abnormal. Michelow et al. found increased
accuracy in predicting outcome by combining elbow
flexion with return of wrist, finger, and thumb exten-
sion and shoulder abduction. A general consensus
exists that total plexus or C5-C7 involvement, or the
presence of Horner’s syndrome, predict a poorer
prognosis for spontaneous recovery.

Treatment 

In the early postinjury period while awaiting neuro-
logic recovery, nonsurgical treatment is directed at
preserving joint motion. Daily passive motion of all
affected joints should be performed with adjunctive
splinting as necessary to prevent contracture. Con-
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servative measures should be continued until suffi-
cient motor recovery has occurred or the child is
able to cooperate with a postoperative regimen fol-
lowing a reconstructive procedure.

Controversy remains in regard to the indica-
tions for and timing of operative intervention for
brachial plexus injuries. The timing of plexus explo-
ration with microsurgical nerve graft reconstruction
or nerve transfers for upper root avulsions is based
on the overall extent of injury and return of biceps
function. Infants with total plexus involvement
with Horner’s syndrome and no return of biceps
function at 3 months or partial plexopathy with no
return of biceps function between 3 and 6 months
may be considered for surgical intervention.

Chronic untreated or incompletely recovered
plexopathies may develop significant contractures
impairing activities of daily living. Upper-trunk le-
sions result in weak external rotators against intact
internal rotators and adductors; this imbalance may
lead to posterior glenohumeral subluxation or dis-
location with secondary glenohumeral changes. In
an attempt to avert this complication, a subscapu-
laris muscle slide has been described to increase
passive external rotation at 1 year of age for those
unresponsive to physical therapy.

In the slightly older child with an internal rota-
tion contracture, external rotator and abductor
weakness, and posterior glenohumeral subluxation
without significant glenoid deformity, the Sever-
L’Episcopo procedure has been successfully per-
formed to address the anterior contracture in
addition to providing active external rotation. First,
open release of the anterior capsule with division of
the subscapularis and pectoralis major increase pas-
sive external rotation. Second, transfer of the teres
major and latissimus dorsi tendons to the rotator
cuff permits active external rotation.

If osseous deformity with flattening of the
humeral head and posterior glenoid is present from
chronic subluxation or dislocation, a derotational os-
teotomy of the proximal humerus becomes a reason-
able option. A transverse osteotomy is performed
followed by external rotation of the distal segment
to improve the utility and function of the existing arc
of motion by rotating it into a more central position.

Multiple studies have demonstrated gleno-
humeral arthrodesis improves stability and func-
tion of the upper extremity after brachial plexus
injuries with a resultant flail shoulder. Despite the
loss of glenohumeral motion, residual scapulotho-
racic and elbow motion reliably permit activities at
waist and midelevation levels.

Symptomatic glenohumeral arthrosis following
a chronic plexus injury may require prosthetic re-
placement. Patients suffering from debilitating pain
unresponsive to conservative measures including
anti-inflammatory medications and activity modifi-
cation may benefit from a joint replacing procedure.
However, given that resultant motion and gleno-
humeral stability is highly dependent on the in-
tegrity and function of the surrounding rotator cuff
and deltoid musculature, pain relief is a more reli-
able surgical goal.

DEGENERATIVE AND PAINFUL
CONDITIONS OF THE
ACROMIOCLAVICULAR JOINT

The acromioclavicular (AC) joint is a freely movable,
or diarthrodial, joint that connects the distal clavicle
medially to the acromial facet laterally. Between the
articular cartilaginous surfaces is a fibrocartilagi-
nous meniscal disc of variable size and shape and
whose biomechanical role is poorly understood.

The synovial-lined joint capsule is reinforced by
a number of surrounding ligaments. In their biome-
chanical study of the capsular and ligamentous
structures of the AC joint, Fukuda et al. induced
fixed displacements and rotations, and recorded the
forces and torques required to produce them. The
thicker superior and thinner inferior acromioclavic-
ular ligaments, in conjunction with the capsule, are
predominantly responsible for AC joint stability in
the anteroposterior as well as in the superior-inferior
plane with small displacements. The coracoclavicu-
lar ligaments, consisting of the conoid and trape-
zoid ligaments, provide further stability to the AC
joint with larger displacements. The conoid pro-
vides the greatest contribution to superior transla-
tion (62%) and the trapezoid resists most (75%) of
the axial compressive loads (as in weight lifting). In
all degrees of displacement, the primary restraint to
posterior clavicular translation is the AC capsule
and ligaments.

Motion about the AC joint has historically pro-
vided some confusion with the seemingly contra-
dictory observations of clavicular rotation with arm
elevation and the little observed motion between
the acromion and clavicle. The clavicle does, in-
deed, rotate 40 to 50° during full overhead eleva-
tion; however, the scapula simultaneously rotates
during this “synchronous scapuloclavicular” mo-
tion resulting in very little relative rotation (5 to 8°)
at the AC joint.
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Origins

As with other joints in the body, the AC joint is sub-
ject to inflammatory and degenerative processes.
Primary osteoarthritis of the AC joint appears to be
related to the normal aging process. The relatively
small surface area of this joint is subject to high
loads and shear stresses with disc degeneration oc-
curring as early as the second decade and degenera-
tive changes by the fourth decade in the majority of
specimens obtained from 151 patients.

In spite of these findings, symptomatic primary
osteoarthritis of the AC joint is relatively uncom-
mon. In the evaluation of pain around the shoulder,
consider other possible coexisting conditions. AC
arthrosis may be only one of a number of pathologic
disorders such as rotator cuff impingement or
glenohumeral arthritis resulting in the symptom
complex. Similarly in rheumatoid arthritis, a recent
prospective study of 74 patients demonstrated that
although the AC joint was affected more often than
the glenohumeral articulation, both joints were af-
fected in almost half (42%) of the cohort.

Acute or repetitive injury can result in post-
traumatic arthritis. Acromioclavicular sprains and
separations and fractures of the clavicle, particu-
larly those with intra-articular extension, can pro-
duce a painful joint. Osteolysis following repetitive
microtrauma has gained increased recognition as a
potential source of AC joint symptoms. Most com-
monly associated with weight-lifting activities, the
so-called “weightlifter’s clavicle” may result from
repeated injury to the subchondral bone resulting in
microfractures. The resorptive response following
this trauma produces the characteristic osteolysis.

Clinical and Radiographic Features

The patient with isolated AC joint symptoms typi-
cally report discomfort and aching along the anterior
and superior aspect of the shoulder. Occasionally,
the pain may radiate into the trapezius, deltoid, and
down the arm; irritation of the AC joint has been
shown to mimic symptoms similar to cervical radic-
ular pain.

Common daily activities elicit and exacerbate
the pain. Reaching overhead to high shelves, behind
the back to a back pocket or to unhook a bra, or to
the opposite shoulder or axilla for daily hygiene in-
crease contact between the acromial and clavicular
facets. Pain at night may also occur, disrupting sleep
when the patient rolls onto the affected shoulder.

A patient may also have a history of more
physically demanding heavy-load or repetitive
overhead activities resulting in or exacerbating the
pain. These patients may include laborers, throw-
ers, golfers, swimmers, and racquet-sport athletes.
Weight-training individuals often report onset of
symptoms after bench pressing, dips on the paral-
lel bars, and push-ups.

Physical examination may initially reveal joint
prominence and asymmetry secondary to osteo-
phyte formation or synovitis. Localized tenderness
over the AC joint is present, and pain may be repro-
duced with certain provocative maneuvers such as
adducting the arm across the body to the opposite
shoulder (the cross-body adduction test) or placing
the shoulder into internal rotation with the hand
behind the back (Figure 12-1).

Glenohumeral and scapulothoracic motion are
usually largely unaffected. With the exception of
chronic cases that may develop some loss of terminal
internal rotation and cross-body adduction, passive
motion is rarely limited other than by discomfort.
Greater restrictions in motion may indicate underly-
ing capsular tightness or glenohumeral arthrosis.

A complex or unclear clinical picture can be
clarified with direct local anesthetic injection into
the AC joint. Elimination of symptoms several min-
utes following an injection may serve as a very use-
ful diagnostic tool as well as a reliable indicator of
probable success or failure with a distal clavicle ex-
cision procedure.

Anteroposterior (AP) and axillary views of
the AC joint are usually sufficient for initial radi-
ographic evaluation. The Zanca view provides an
unobstructed AP view of the AC joint by angling the
x-ray beam 10 to 15° cephalad. Stress views obtained
with traction or weights on the affected extremity are
not routinely indicated in evaluation of degenerative
AC joint disorders but may be useful in diagnosis of
AC joint instability following trauma.

The radiographic findings will depend on the un-
derlying pathological process. Degenerative disease
manifests itself similarly to other joints with narrow-
ing of the joint space, subchondral cysts and sclerosis,
and osteophyte formation (Figure 12-2). In contrast,
osteolysis of the distal clavicle may demonstrate rela-
tive osteopenia, widening or tapering of the distal
clavicle, and expansion of the joint space (Figure 12-3).

Three phase technetium-99m bone scans may
be useful in cases where plain radiographic find-
ings do not correlate with the clinical examination.
In the active patient whose history and physical
exam are inconsistent with radiographic findings,
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bone scintigraphy may detect subtle osteolysis as
well as infectious or neoplastic conditions.

Treatment

The initial approach to a symptomatic degenera-
tive or osteolytic AC joint is nonoperative treat-
ment. Activity modification, heat, and nonsteroidal
anti-inflammatory medications along with judicious
use of intra-articular steroid injections may ade-
quately alleviate symptoms. Physical therapy, while

not directly addressing the AC joint pathology, may
be useful as an adjunct to decrease or prevent re-
stricted motion as well as address any associated
rotator cuff disease. Although some authors recom-
mend 6 months prior to initiating operative treat-
ment, this must be adjusted to the patients’ activity
level, symptoms, and degree of disability.

If a course of nonoperative treatment has
failed, surgical intervention may be considered.
Open distal clavicle excision was first described
independently by Mumford and Gurd in 1941
and remains a reliable procedure allowing direct

FIGURE 12-1. (A) Palpation of
the acromioclavicular (AC) joint;
(B) cross-body adduction test
elicits pain with AC arthritis and
osteolysis.
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FIGURE 12-2. (A) and (B) An-
teroposterior view of an arthritic
AC joint with joint space narrowing
and superior osteophyte formation.

A

B

visualization of the AC joint ensuring adequate
bone removal.

As the technology has evolved and more pro-
cedures are performed arthroscopically, the tech-
nique of arthroscopic distal clavicle resection has
become more common. Esch et al. described a sub-
acromial approach to excision of the distal clavicle
in patients undergoing a subacromial decompres-
sion procedure. A superior direct approach to the

AC joint was subsequently developed with the the-
oretical advantage of preserving subacromial and
capsular anatomy (Figure 12-4). The advantages of
either arthroscopic approach over open resection
are reduced morbidity with smaller incisions and
avoidance of detaching the deltoid and trapezius.
However, more technical skill is required in addi-
tion to the potentially higher risk of inadequate re-
section (Figure 12-5).
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Complications

The complications of treatment are similar for both
open and arthroscopic distal clavicle resection. Per-
sistent pain or weakness can occur and may be at-
tributable to diagnostic error, inadequate bone
resection, or joint instability.

DEGENERATIVE OSTEOARTHRITIS
OF THE GLENOHUMERAL JOINT

Causes and presentation of glenohumeral os-
teoarthritis share the same characteristics as that of
degenerative arthroses elsewhere in the body. In all
diarthrodial joints, hyaline cartilage provides a con-
gruent, smooth bearing surface with a coefficient of
friction 10 to 100 times less than that of ice on ice. In
the osteoarthritic shoulder, however, distortion of
the articular surfaces and joint orientation in addi-
tion to soft tissue contractures can lead to pain and
loss of function.

Epidemiology, Origins, Pathoanatomy

About 5 to 10% of patients with shoulder pain man-
ifest glenohumeral degenerative joint disease. In
primary osteoarthritis, a source cannot be identified

but may result from a combination of genetic and
environmental factors resulting in articular carti-
lage injury. Several secondary forms of arthritis
have been described in the shoulder including
posttraumatic, rheumatoid, inflammatory, post-
instability repair, and rotator cuff arthropathy.
The incidence of shoulder osteoarthritis is higher
in women and appears to increase with age for
the typical patient in the sixth or seventh decade
of life.

The anatomic findings of glenohumeral os-
teoarthritis were well characterized by Neer with
the gross pathologic findings similar across most of
the patient population. Articular cartilage loss with
eburnation and sclerosis of the bone is most pro-
nounced in the area of the humeral head that con-
tacts the glenoid between 60 and 100° of abduction.
Subarticular cysts may be present. Large peripheral
osteophytes occur most commonly at the inferior
margin of the joint, blocking rotation and enlarging
the diameter of the head (Figure 12-6).

The glenoid is typically smooth but eburnated
with marginal osteophytes. These excrescences are
easily palpated but usually obscured from direct
view by the overlying capsular and ligamentous
structures. Posterior glenoid wear is a common
finding in conjunction with an internal rotation con-
tracture and posterior subluxation of the humeral
head.

FIGURE 12-3. Osteolysis of the dis-
tal clavicle demonstrating osteopenia
and widening of the joint space.
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FIGURE 12-4. (A) Arthroscopic distal
clavicle resection from a superior (di-
rect) approach; (B) Resection of the dis-
tal clavicle viewed from the subacromial
space.

A

B

Clinical Features

Patients frequently present with an insidious onset
of pain over the course of several months to years.
Pain localized to “deep” in the joint or along the an-
terior and lateral deltoid is common, although pat-
terns vary. Symptoms may initially be merely a

nuisance but ultimately can become debilitating.
Maneuvering the affected extremity in space to per-
form basic activities such as daily hygiene may
become difficult, secondary to pain and loss of mo-
tion. Interference with sleep may also occur with
pain at rest and at night, often with the patient
rolling onto the affected side.
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On examination, active and passive motion are
often restricted with a relative compensatory increase
in scapulothoracic motion. Contracture of the sur-
rounding soft tissues, distortion of the bony anatomy,
osteochondral loose bodies, and pain may all con-
tribute to the loss of motion. Movement may elicit pal-
pable and audible crepitation or grating as the

articular surfaces devoid of cartilage rub against one
another. Joint line tenderness with palpation is com-
mon with the posterior margin usually more pro-
nounced due to less overlying soft tissue. Aside from
weakness due to pain inhibition and disuse, strength
is usually well-preserved with a low incidence of tears
of the rotator cuff in association with osteoarthritis.

FIGURE 12-5. (A) and (B) Postoper-
ative anteroposterior views after distal
clavicle resection.
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FIGURE 12-6. (A) and (B) Intra-
operative photographs of gleno-
humeral arthritis with flattening of
the head, loss of articular cartilage,
eburnation of the subchondral bone,
and large peripheral osteophytes.

Radiographic Features

Patients with degenerative glenohumeral osteoarthri-
tis share similar roentgenographic features. Plain ra-
diographs in the AP and axillary planes are usually
sufficient to evaluate the extent of disease. The ab-
sence of articular cartilage manifests as a loss of the
joint space along with sclerosis of the subchondral
bone and subarticular cysts in both the humerus and
glenoid. Flattening of the humeral head and large
peripheral osteophyte formation, particularly along

the anterior and inferior margins, results in an appar-
ent increase in the head diameter. Although rotator
cuff tears are uncommon in primary osteoarthritis, as
previously mentioned, maintenance of the subacro-
mial space provides a simple initial indicator of rota-
tor cuff integrity (Figure 12-7). 

Assessment of glenoid bone stock is crucial in
preoperative planning. The AP view is useful in
determining the amount of medial glenoid bone
loss. Posterior glenoid bone erosion is common
and is best visualized on the axillary view. The

A

B
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FIGURE 12-7. Glenohumeral os-
teoarthritis. (A) Anteroposterior ra-
diograph demonstrating joint space
narrowing (large black arrow), osteo-
phyte formation (large white arrows),
and subchondral cysts (small black
arrows). (B) Axillary view showing
typical posterior glenoid wear (large
black arrows) and posterior subluxa-
tion of the humeral head. The small
black arrows indicate normal points
of contact between the head and the
glenoid.

combination provides crucial information in pre-
dicting the ability to resurface the glenoid. Al-
though not routine in the initial workup of primary
osteoarthritis, an MRI, usually obtained to deter-
mine the status of the rotator cuff, or CT, may also
yield additional information about glenoid align-
ment and bone quantity (Figure 12-8).

Treatment

Symptomatic osteoarthritis may adequately respond
to an initial trial of conservative treatment. Judicious
use of oral anti-inflammatory medications, taken
with the caveat of possible gastrointestinal and renal

side effects, may make symptoms tolerable. Activity
modification may diminish exacerbating events but
can be difficult or impossible to institute when symp-
toms are elicited with activities of daily living. Intra-
articular steroid injections may provide longer lasting
relief but remain unpredictable in duration and carry
the catastrophic risk of infection. Aside from main-
taining generalized strength and conditioning of the
muscles, physical therapy has no formal role in treat-
ment and may in fact worsen symptoms.

Surgical treatment is reasonable after failure of
nonoperative therapy. Several options have been
described ranging from arthroscopic debridement
to prosthetic arthroplasty with distinct indications
for each intervention.
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FIGURE 12-8. Axial CT image of
the glenohumeral joint demonstrating
posterior glenoid wear and subchon-
dral sclerosis and cyst formation.

Arthroscopic debridement has had mixed re-
sults with the extent of disease as a primary influ-
ence on outcome. Success with this technique has
been demonstrated in patients with evidence of
early osteoarthritis. One study found arthroscopy
as a reasonable option when the humeral head re-
mains concentric within the glenoid and where
some joint space remains on the axillary radi-
ograph. Another group found that patients with
Outerbridge IV changes could gain significant
improvement in pain relief and function with re-
sults deteriorating with lesions greater than 2 cm
in diameter.

Arthrodesis is seldom, if ever, an accepted
treatment for glenohumeral osteoarthritis. Appro-
priate situations may include painful arthritis with
permanent loss of motor function (i.e., brachial
plexus injuries or insufficiency of the deltoid and
rotator cuff), chronic infection, failed revision
arthroplasty, severe refractory instability, or bone
loss following tumor resection. In the young pa-
tient who is likely to place excessive demands on a
prosthesis with heavy manual labor, consider an
arthrodesis. Although it remains a viable salvage
procedure to achieve pain relief, fusion results in
significant functional limitations such as loss of in-
ternal and external rotation and use of the extrem-
ity above shoulder level.

Resection arthroplasty also has limited utility in
treatment of glenohumeral osteoarthritis. This treat-
ment modality, now essentially reserved for failed
arthroplasty with extensive bone loss and salvage

after severe infection, results in limited motion and
variable pain relief.

Prosthetic arthroplasty, either replacement of
only the humeral head (hemiarthroplasty) or the
head and the glenoid (total shoulder replacement),
remains the treatment of choice for most cases of de-
generative osteoarthritis of the glenohumeral joint.
In the early 1950s, Neer introduced his technique
and design for humeral head replacement for com-
plex shoulder fracture-dislocations. Current tech-
nology includes a polyethylene glenoid component
and adaptation of the humeral prosthesis with most
modern systems providing an array of modular
stem and head sizes (Figure 12-9).

Unconstrained prosthetic arthroplasty provides
predictable pain relief as well as functional im-
provement with an intact functional rotator cuff
and appropriate physical therapy. Both total shoul-
der replacement and hemiarthroplasty can reliably
provide improvement in pain in more than 90%
of patients; however, humeral head replacement
alone may result in less pain relief, relief that dete-
riorates with time, and inferior functional outcomes
(Figure 12-10).

Complications

Although the results of shoulder arthroplasty are
good to excellent in the vast majority of cases, poten-
tial complications are a concern with any prosthetic
reconstruction. With an overall incidence reported to
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FIGURE 12-9. Modular shoulder prosthesis. (A) Multiple
stem, (B) and (C) glenoid, and (D) head sizes and configura-
tions. (Courtesy of Zimmer, Warsaw, IN)

B C

D

A

be approximately 14%, problems may occur, includ-
ing instability, rotator cuff tear, glenoid and humeral
component loosening, intraoperative fracture, nerve
injury, and infection. Revision surgery can success-
fully manage many of these causes of failed shoul-
der arthroplasty, but overall results are inferior
compared to primary procedures.

OSTEONECROSIS OF THE HUMERAL
HEAD

Osteonecrosis, also referred to as aseptic or avas-
cular necrosis, is a condition caused by a vascular
insult leading to death and collapse of the bone.
Although more commonly affecting the femoral

head and similar in many respects, osteonecrosis
of the proximal humerus is a distinct entity with
different clinical manifestations.

Origins

Any injury or disease process that results in inter-
ruption of the blood supply to the humeral head
can lead to osteonecrosis. Reported causes include
trauma, corticosteroid use, alcohol abuse, radia-
tion, dysbarism, cigarette smoking, and systemic
diseases such as Gaucher’s disease, rheumatoid
arthritis, systemic lupus erythematosus, and infec-
tion with human immunodeficiency virus. Sickle
cell hemoglobinopathy is the most common cause
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FIGURE 12-10. Total shoulder
arthroplasty. (A) Anteroposterior and
(B) axillary radiographs of a total
shoulder prosthesis.
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of osteonecrosis worldwide. Occasionally, no cause
can be identified.

Clinical Features

A patient’s symptoms and physical findings may re-
flect the extent of disease. Patients will typically pres-
ent with pain that is not well localized and worse
with activity. Night pain and pain at rest may occur
but not as commonly as with other disorders of the
shoulder, such as osteoarthritis or rotator cuff dis-
ease. Active motion may be affected early in the dis-
ease process by pain inhibition, but passive motion is

often preserved unless capsular contracture and sec-
ondary osteoarthritis are present. Strength is usually
preserved except in those cases with underlying cuff
pathology or systemic disease affecting the muscles.

Radiographic Features

Radiographic workup should initially consist of
plain radiographs in orthogonal planes. Cruess’s
modification of the Ficat-Arlet classification of os-
teonecrosis of the femoral head is the most widely
used system for evaluation and treatment plan-
ning. The continuum ranges from stage I where
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changes are not visible on plain radiographs; stage II
characterized by focal sclerosis; stage III with sub-
chondral collapse and loss of the head’s spherical
contour (the crescent sign); stage IV with an area of
collapsed articular surface; and stage V with signs
of secondary arthritis on both the humeral and gle-
noid surfaces (Figure 12-11). Signal intensity on
MRI depends on water and fat variations and
therefore can reveal osteonecrosis prior to radi-
ograph changes (Figure 12-12). Bone scanning has
been used for early detection of the disease, but re-
cent work has called its utility into question with
failure to detect more than half of the lesions iden-
tified by MRI and histology.

Natural History

Disease progression and symptom development is
varied with relationship to etiologic factors and ex-
tent of involvement. In general, clinical progression
is slow with most patients presenting with advanced
radiographic changes. Patient with sickle cell disease
tend to have the most benign course. Corticosteroid-
induced osteonecrosis appears to fare better than
posttraumatic causes with Hattrup and Cofield find-
ing almost twice as many trauma-related cases re-
quiring arthroplasty at 3 years after diagnosis.

Treatment

A course of nonoperative treatment should initially
be instituted with oral anti-inflammatory medica-
tion and physical therapy for range of motion and
strengthening exercises. These interventions are
often more successful in the shoulder than in the
hip for several reasons. The glenohumeral joint is
not subjected to the same weight-bearing forces, the
articulation is less conforming than the acetabulum
and can tolerate greater deformity, and scapulotho-
racic motion can partially compensate for lost
glenohumeral motion.

If nonsurgical options have failed, several
forms of operative management may provide relief
of symptoms. Core decompression has been de-
scribed with some good results in earlier stages of
disease. LaPorte et al. reported their experience with
63 shoulders followed for an average of 10 years. Re-
sults demonstrated success rates as high as 94% for
stage I disease and falling precipitously to 14% for
stage IV osteonecrosis.

Prosthetic replacement, either hemiarthroplasty
or total shoulder arthroplasty, may be appropriate
in stage IV and V disease and select patients with
stage III involvement (Figure 12-13). Glenoid resur-
facing is used when the glenoid is involved with
substantial secondary arthritis. In a recent study, 88

FIGURE 12-11. Avascular nec-
rosis of the humeral head with
collapse of the subchondral bone.
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FIGURE 12-12. Coronal MRI image of avascular necrosis of the humeral head
(depicted by white arrows).

shoulders followed for an average of 8.9 years were
treated with either hemiarthroplasty or total shoul-
der arthroplasty with 79.5% reporting subjective
improvement and 77.3% with no to moderate pain.
Inferior clinical results were noted in posttraumatic
osteonecrosis and superior results in corticosteroid-
induced disease.

Careful evaluation should be performed prior to
initiating operative treatment and should be based on
patient function, symptomatology, and radiographic
findings. Rutherford and Cofield reviewed the data
on 33 shoulders and concluded that even with exten-
sive radiographic changes (stage IV and V), mild
symptoms will not necessarily progress and can be
treated nonoperatively.

RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic, systemic in-
flammatory disease with formation of destructive,
hyperplastic synovium or pannus. The inflammation
results in erosive, symmetrical polyarthritis with ap-
proximately 91% of patients with long-standing dis-
ease developing shoulder symptoms.

Clinical Features

Involvement of the shoulder may present with an
insidious onset of pain, swelling, and loss of mo-
tion. All synovial-lined joints may be affected in-
cluding the acromioclavicular, sternoclavicular,
and glenohumeral joints, although the latter can be
the only symptomatic location in up to two-thirds
of patients.

Initially, pain may restrict active motion while
preserving passive motion. Development of soft tis-
sue contracture and bony destruction may eventu-
ally affect passive motion as well. Strength may
deteriorate with muscle atrophy and rotator cuff
disease, which is found in as high as 75% of patients
with RA.

Radiographic Features

Radiographic changes are variable with early in-
volvement exhibiting only minimal findings with
more extensive changes late in the course of dis-
ease. Plain radiographs may reveal only osteope-
nia of the humeral head and glenoid. Symmetrical

Weinstein Ch12.qxd  3/21/05  3:58 PM  Page 360



Rheumatoid Arthritis 361

marginal erosions along the inferior humeral head
and subchondral cysts develop and may eventu-
ally involve large portions of the head. Glenoid
destruction occurs with disease progression
demonstrating central or peripheral erosions (Fig-
ure 12-14). Osteosclerosis and osteophytosis is un-
common in RA and typically reflects quiescence of
the inflammation and development of secondary
osteoarthritis.

Superior migration of the humeral head may
result from incompetence of the rotator cuff. Con-
tinued contact between the head and the under-
surface of the acromion can produce erosion and
thinning of the acromion process and possible
fracture (Figure 12-15).

MRI is useful in delineating the soft tissue
component of the disease. The extent of syn-
ovial proliferation and joint effusion can be visu-
alized. More importantly, the integrity of the rota-
tor cuff can be determined with pathology
ranging from mild inflammation to full-thickness
tears.

Bone destruction and alteration in the normal
osseous architecture is best evaluated with CT scan.
In the preoperative planning process, quantification
of bone loss, particularly when considering implan-
tation of a glenoid component, may be necessary;
CT scan has been shown to provide superior char-
acterization of bony defects compared to conven-
tional radiography.

Treatment

Initial nonsurgical management of rheumatoid arthri-
tis affecting the shoulder is appropriate in the early
phases of disease with minimal bony destruction.
Physical therapy may be helpful in maintaining ac-
tive and passive motion during acute exacerbations
and gradually adding resistive exercises to preserve
strength.

Optimization of medical therapy is the primary
means of controlling the disease process prior to
development of extensive radiographic changes

FIGURE 12-13. Intraoperative photograph of avascular necrosis of the humeral head. Note the col-
lapse of the articular surface.
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and severe symptoms unresponsive to conserva-
tive measures. Limited trials of corticosteroid injec-
tions may be useful in reducing the symptoms of
acute inflammation unresponsive to oral medica-
tions aimed at the underlying disease process.
Communication with the patient’s rheumatologist
is essential prior to embarking on surgical treat-
ment. When the rheumatologist’s medical arma-

mentarium of nonsteroidal anti-inflammatory
medications, antimetabolic drugs, steroids, and
disease-modifying drugs has been exhausted, sur-
gical intervention should be considered. However,
once joint destruction is demonstrated, early re-
placement before loss of the rotator cuff and 
glenoid vault preclude glenoid resurfacing should
be considered.

FIGURE 12-14. (A) Anteroposte-
rior and (B) axillary views demon-
strating rheumatoid arthritis of the
glenohumeral joint. Narrowing of
the joint space, large subchondral
cysts, and medialization of the gle-
noid are typical. Note the absence
of large peripheral osteophytes
commonly seen with osteoarthritis.
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B
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In patients with joint swelling and pain but rel-
ative preservation of the glenohumeral articular
surfaces, bursectomy and synovectomy may be
useful. Synovectomy may also help slow disease
progression in aggressive cases of synovitis.

Hemiarthroplasty or total shoulder arthro-
plasty should be considered for patients with se-
vere pain and functional limitation unresponsive to
more conservative modalities. The indications for
humeral head replacement are an irreparable rota-
tor cuff tear or inadequate glenoid bone stock pre-
cluding adequate fixation of the polyethylene
component (Figure 12-16). Most patients who un-
dergo prosthetic arthroplasty for RA can expect
some pain relief and improvement in shoulder
function, but results are less reliable than in the
treatment of osteoarthritis.

POSTTRAUMATIC GLENOHUMERAL
ARTHRITIS

Glenohumeral arthritis as a sequelae of traumatic
injury can develop from a number of differing
mechanisms. Commonly, arthritis can develop as a
result of a proximal humerus fracture treated opera-

tively or nonoperatively. Glenohumeral instability
also may result in degenerative changes either as a
result of the trauma itself or, more frequently, from
the surgical treatment.

Clinical Features

The presenting symptoms of posttraumatic arthritis
are similar to other forms of degenerative arthritis of
the shoulder. Pain level is variable but is usually the
primary complaint. Motion may be restricted by
pain, bone deformity, and contractures of the sur-
rounding capsule and rotator cuff. Strength may be
compromised as well from injury to the rotator cuff
and deltoid or from alterations in rotator cuff attach-
ments seen in proximal humerus malunions and
nonunions. Neurologic injury should always be con-
sidered and appropriate evaluation with an EMG
should be performed if there is clinical suspicion.

Radiographic Features

The radiographic findings are varied and depend
on the underlying inciting injury. Fractures of the

FIGURE 12-15. (A) and (B) Destructive rheumatoid
arthritis with superior migration of the humeral head and
erosion of the acromion and distal clavicle.

A
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proximal humerus may demonstrate malunion or
nonunion of the tuberosities, head segment, or sur-
gical neck or articular surface collapse from post-
traumatic osteonecrosis. Arthritis resulting from
anterior instability may show a Hill-Sachs lesion on
the posterolateral humeral head, a so-called Re-
verse Hill-Sachs lesion on the anteromedial head in
posterior dislocations, persistent anterior or poste-
rior subluxation with corresponding glenoid bone
loss, or a chronic dislocation with bony injury to
the humerus and glenoid. The presence of metallic
implants used for fracture fixation or instability re-
pair have the potential to encroach on the gleno-
humeral joint and may be evident on radiographic
examination.

Further testing with CT or MRI may be useful
in preoperative planning in more complex cases
where the normal anatomical relationships have
been distorted by the injury.

Treatment

A course of nonoperative therapy should be at-
tempted as an initial form of treatment. Activity
modification, gentle exercises, and anti-inflammatory

medications may provide enough symptomatic relief
to avoid surgical intervention.

Operative intervention is warranted if nonoper-
ative therapy has failed. When arthritis has devel-
oped secondary to fracture nonunion or malunion,
osteotomies or soft tissue procedures alone will not
address the articular incongruity. Humeral head
and glenoid articular destruction would likely most
benefit from prosthetic replacement. In cases of
arthritis following instability repair, mild arthritic
change and significant loss of external rotation due
to tightening of the anterior soft tissue structures
may benefit from anterior releases. Studies examin-
ing arthroplasty for arthritis following instability
repairs have shown reduction in pain and improved
function but high rates of revision surgery second-
ary to instability, component failure, and pain due
to an unresurfaced glenoid at long-term follow-up.
The difficulties following previous injury or surgery
including extensive scarring and distortion of the
normal bony and soft tissue anatomical relation-
ships make these cases challenging for even the
most experienced of surgeons.

ROTATOR CUFF TEAR
ARTHROPATHY

A massive chronic full-thickness rotator cuff tear
and collapse of the subchondral bone of the
humeral head are the hallmarks of a clinical entity
termed cuff-tear arthropathy by Neer. A diagnosis of
rotator cuff-tear arthropathy (RCTA) requires the
aforementioned findings in addition to progres-
sive bone loss of the glenohumeral joint, cora-
coacromial arch, and the distal clavicle.

Origins

The findings of Neer et al. suggested that the precipi-
tating event in RCTA was, as its name suggests, the
massive, untreated rotator cuff tear. They noted, how-
ever, that only 4% of shoulders with full-thickness
cuff tears progressed to RCTA. Thus, aside from pure
mechanical dysfunction, other possible contributing
factors must be involved to account for the pathologic
findings (Figure 12-17).

Normally, the rotator cuff stabilizes the head
against the glenoid and provides the mechanism for
rotation of the glenohumeral joint. Full-thickness
tears of the cuff may disrupt these functions as well

FIGURE 12-16. Postoperative anteroposterior radiograph
of Figure 12-14 after hemiarthroplasty.
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as provide a conduit for escape of synovial fluid es-
sential for cartilage nutrition.

Studies in the rheumatology literature have em-
phasized the role of crystal deposition and the sub-
sequent inflammatory cascade and injury in the
pathogenesis of a clinically similar disease. McCarty
et al. hypothesized that diseased synovium and car-
tilage release basic calcium phosphate crystals in
shoulders clinically similar to RCTA but what they
termed Milwaukee shoulder syndrome. The ensu-
ing inflammatory response results in injury to the
rotator cuff and articular cartilage.

Although the precise cause still remains un-
clear, these differing theories may in fact represent a
single disease entity.

Clinical Features

Patients with cuff-tear arthropathy will often pres-
ent with predictable symptoms related to arthritis
and cuff deficiency. A long history of progressively
worsening pain and stiffness is typical. Both active
and passive motion may be affected secondary to
joint incongruity, pain, and lack of a competent ro-
tator cuff. Dislocation or rupture of the tendon of
the long head of the biceps occurs in most patients
and may be detected on exam. Many patients also
exhibit significant shoulder swelling resulting from
synovial fluid communication between the gleno-

humeral joint and subacromial bursa ( fluid sign).
Aspiration of this fluid may reveal a bloody or
blood-streaked effusion. Large ecchymoses down
the arm are not unusual, and often spur fruitless
workups for clotting abnormalities. Shoulder gir-
dle muscular atrophy, weakness, and loss of active
and passive motion will be evident resulting from
disuse, pain, joint incongruity, and the large rota-
tor cuff tear.

Radiographic Features

Destructive, arthritic changes of the osseous struc-
tures of the shoulder are characteristic of RCTA. Early
in the disease process, radiographic changes may
only reflect a large rotator cuff tear with proximal
humeral migration and abutment against the un-
dersurface of the acromion. Progression will in-
volve extensive erosion of the proximal humerus
and narrowing of the glenohumeral joint (Figure
12-18). A standard axillary radiograph may reveal
subluxation or dislocation of the proximal humerus.

Additional imaging will most often not be nec-
essary. MRI is typically not indicated in the evalua-
tion of RCTA, given the drastic changes seen on
plain radiography suggestive of a massive, chronic
rotator cuff tear. Similarly, CT scan does not have
specific utility in preoperative planning aside from
assessment of bone loss.

FIGURE 12-17. Proposed mechanisms of development of rotator cuff-tear arthropathy. (From Neer
CS II, Craig EV, Fukuda HA. Cuff-tear arthropathy. J Bone Joint Surg 1983;65r:1232–1244.)
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Treatment

As in most conditions affecting the shoulder, a trial
of nonoperative management is reasonable. Oral
nonsteroidal anti-inflammatories, limited trials of

intra-articular cortisone, activity modification, and
gentle exercises may provide some symptomatic
relief.

Several surgical options have been described
for treatment of the cuff-deficient arthritic shoulder.

FIGURE 12-18. (A) Anteroposte-
rior radiograph of cuff-tear arthro-
pathy with superior migration of
the head and arthritic changes of
the glenohumeral joint. (B) Intra-
operative photograph with erosion
of the articular surface and absence
of the rotator cuff.
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Arthrodesis, now considered a salvage procedure
by most surgeons, may rarely be indicated in the
setting of the arthritic shoulder with an irrepara-
ble cuff tear and an incompetent deltoid. Con-
strained shoulder arthroplasty, involving a coupled
humeral and glenoid articulation, theoretically
provided a stable fulcrum around which the re-
maining deltoid could rotate the humerus. How-
ever, the tremendous stresses generated from this
construct have been shown to lead to rapid com-
ponent loosening, catastrophic implant failure, and
fracture.

Nonconstrained prosthetic shoulder arthro-
plasty is currently the surgical treatment of choice
for this patient population with pain relief as the
primary goal. Despite providing a painless articu-
lation with prosthetic replacement, the remaining
cuff defect will result in a persistently weak shoul-
der. Multiple studies examining the results of total
shoulder arthroplasty have emphasized the im-
portance of the rotator cuff in centering the
humeral head on the glenoid during active mo-
tion. Loss of this stabilization effect from an unre-
paired or irreparable cuff tear has been shown to
result in eccentric loading and early failure of the
glenoid component. Although every attempt
should be made at reconstructing the rotator cuff,
it is now recommended that large defects with
proximal humeral migration should be treated

with hemiarthroplasty alone with preservation of
the coracoacromial arch to prevent anterosuperior
migration of the component (Figure 12-19).

In the early 1990s, Grammont introduced a re-
verse shoulder prosthesis with a concave humeral
articulation and a spherical glenoid. Early results in
Europe have been promising with respect to stabil-
ity and function, however, glenoid survival remains
a concern. Long-term experience with this prosthe-
sis is lacking, and it has only recently been ap-
proved for use in the United States.

ROTATOR CUFF DISEASE

Diseases of the rotator cuff involve a continuum of
disorders ranging from subacromial bursitis and
tendinosis to full-thickness tears. Proper diagnosis
and treatment of these disorders is based on an un-
derstanding of the basic anatomy and function of
the rotator cuff as well as the intrinsic and extrinsic
factors associated with cuff tendon degeneration.

Anatomy and Function

The glenohumeral joint is a diarthrodial ball-and-
socket-type articulation with tremendous capac-
ity for motion in multiple planes. This motion is

FIGURE 12-19. Absence of the coracoacromial arch and injury to the deltoid leads to anterior-
superior ascent of the shoulder prosthesis. (A) At rest and (B) with attempted glenohumeral motion.

A B
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obtained through the sacrifice of joint stability.
Often likened to a “golf ball on a tee,” the humeral
head articulates with the small, shallow glenoid
surface. The labral, capsuloligamentous, and mus-
culotendinous structures surrounding the joint
provide compensation for the lack of inherent
bony restraint.

The rotator cuff is composed of four musculo-
tendinous units that provide multiple functions in-
cluding motion about the axis of the joint. The
subscapularis, which originates on the anterior
surface of the scapula and inserts onto the lesser
tuberosity of the humerus, provides internal rota-
tion, particularly at the end range of motion. The
supraspinatus originates from the supraspinatus
fossa of the scapula, and inserts on the greater
tuberosity of the humerus and contributes to
shoulder abduction. External rotation power is
produced solely by the infraspinatus and teres
minor, both of which originate from the scapula
and insert onto the greater tuberosity.

Despite its ascribed name, current understand-
ing of rotator cuff function has emphasized its role
as a prime stabilizer of the humeral head rather

than its motor function. The cuff compresses the
joint and provides resistance to sliding and transla-
tion during dynamic activity. In midrange positions
of the shoulder when passive soft tissue restraints
are lax, almost all stability is imparted by cuff func-
tion (Figure 12-20).

Pathogenesis

Extrinsic mechanical and intrinsic factors have both
been proposed as the origin of rotator cuff disease.
No one unifying theory exists addressing their rela-
tive contributions to these conditions.

The mechanism of external impingement is
based on compression of the rotator cuff between
the unyielding surfaces of the humerus and cora-
coacromial arch, which is composed of the cora-
coid, coracoacromial ligament, and the anterior
acromion (Figure 12-21). Inherent morphologic
variations of the acromion (flat, curved, or hooked)
(Figure 12-22) or age-related acromial spur forma-
tion may contribute to the role of mechanical-
based pathology of the rotator cuff. Biomechanical

FIGURE 12-20. Illustration depicting the role of the rotator cuff in compressing the head against the
glenoid.
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analysis has demonstrated a correlation between a
hooked acromion and increased contact with the
underlying cuff. Furthermore, contact of the acro-
mial undersurface has also been shown to occur
predominantly with the supraspinatus, consistent
with the majority of pathology originating in this
location. More recent studies have described the en-
tity of internal impingement where the articular-
sided surface of the cuff repetitively contacts the
glenoid rim. Tensile overload and subtle gleno-
humeral instability can result in repeated micro-
trauma in the overhead throwing athlete in the
absence of external, or subacromial, impingement.

Intrinsic properties of the rotator cuff have been
the focus of other studies examining the causes of
rotator cuff disease. Higher incidence of articular-
sided partial-thickness rotator cuff tears may be
partially explained by histologic studies demon-
strating variations in collagen with thinner, less uni-
form bundles near the articular surface. Thicker,
longitudinally oriented fibers found near the bursal
surface were found to have an ultimate failure
stress twice as high as those found near the articular
side. Tenuous vascularity along the articular surface
of the cuff shown in injection studies has also been
suggested as a factor in the pathogenesis of under-
surface partial tears.

Clinical Features

The symptom characteristics of rotator cuff disease
may be somewhat variable depending on the dura-
tion and extent of tendon involvement. The patient
will typically have a history of slowly escalating
pain or pain arising acutely from a single traumatic
event. A dull ache in the anterior and lateral deltoid
is typical, often with radiation down the arm to the
elbow. Occasionally, the pain may radiate into the
trapezius and parascapular musculature, but these
findings should alert the examiner to possible cervi-
cal spine pathology; an examination of the neck is
essential to rule out other causative or potentiating
sources of shoulder complaints. Symptoms may ini-
tially occur only with vigorous activities such as lift-
ing or sports requiring motion above shoulder
level. A painful arc of motion between 60 and 120°
of elevation is present in most patients. Early in the
course, rest and occasional use of anti-inflammatory
medication may provide significant relief. Sec-
ondary stiffness can develop from inflammation
and immobility of the shoulder due to pain inhibi-
tion, although stiffness is surprisingly uncommon
with full-thickness tears. Eventually, pain may
progress to symptoms at rest or with use of the ex-
tremity for daily activities such as brushing the

FIGURE 12-21. Illustration depicting
the normal relationship of the rotator
cuff between the humeral head and the
acromion.
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FIGURE 12-22. Illustration depicting flat, curved, and hooked acromial morphologies.
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teeth, combing the hair, reaching the perineum, un-
hooking a bra, or even donning a coat. Pain pre-
venting or interrupting sleep is common, particularly
when rolling onto the affected side.

Physical exam findings are essential to accu-
rately assess the status of the rotator cuff. The pres-
ence and severity of certain provocative maneuvers
and signs will often aid in determining the degree
of rotator cuff injury.

Abnormalities in the normal contour of the
shoulder girdle may be found on visual inspection.
Atrophy in the supraspinatus or infraspinatus fos-
sae may indicate chronic massive tearing of the asso-
ciated tendons or compression of the suprascapular
nerve. Loss of the rotator cuff’s compressive func-
tion may result in anterosuperior prominence of the
humeral head. Associated proximal rupture of the
long head of the biceps is identified as a painless
soft tissue bulge along the upper arm (Popeye mus-
cle). A discrete fluid-filled mass or swelling around
the shoulder may also become evident with full-
thickness tears as synovial fluid escapes into the
subacromial space (fluid sign).

The diagnostic challenge is often in distinguish-
ing pain from mechanical impingement from other
sources of shoulder pain. The Neer impingement sign

(Figure 12-23) (pain with forced passive forward ele-
vation) and Hawkins sign (Figure 12-24) (pain with
internal rotation and 90 degrees of forward elevation)
may reproduce symptoms. Diminution of pain on re-
peat testing after injection of 10 mL of 1% lidocaine
into the subacromial space (the impingement test) is
useful not only in verifying the diagnosis as well as
discerning it from other causes of shoulder pain but
also in obtaining a more accurate measure of strength
inhibited by pain.

Strength is highly dependent on the specific
tendons involved and their degree of integrity (Fig-
ure 12-25). Strength is generally preserved with par-
tial tears but can be falsely diminished by pain.
External rotation lag signs may help differentiate
partial from full-thickness tears; the inability to
hold the affected extremity in external rotation in
abduction or at the side is highly suggestive of a
complete tear (Figure 12-26). The hornblower’s
sign, an inability to externally rotate the elevated
arm, is another indication of significant pathology
of the posterior cuff (Figure 12-27). Patients with
large cuff tears may also shrug the affected shoulder
in an attempt to elevate the arm (Figure 12-28).
Tears of the subscapularis are often missed but can
be detected by noting a loss of terminal internal

FIGURE 12-23. Neer impinge-
ment sign. As one hand stabilizes
the scapula, pain is elicited with
forced passive elevation of the af-
fected extremity.
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FIGURE 12-24. Hawkins sign.
Forward flexion and internal ro-
tation elicits shoulder pain.

rotation strength, increased passive external rota-
tion as compared to a normal contralateral side, and
inability to perform the belly-press and Gerber lift-
off tests (Figure 12-29).

Radiographic Features

Plain radiographic studies should include AP views
in the plane of the scapula and glenohumeral joint
as well as an axillary lateral. Subtle findings sugges-
tive of rotator cuff pathology such as an acromial or
AC joint spur, cystic changes in the greater tuberos-
ity, or a sourcil (or eyebrow) sign with sclerosis on
the undersurface of the acromion to unequivocal
signs, such as proximal humeral migration, may be
evident on radiographs. Certain specialized views,
including the supraspinatus outlet (Figure 12-30)
(10 to 15° caudal tilt lateral scapular view) and
Zanca (10 to 15° cephalic tilt AP coronal view), may
also be obtained to look specifically for outlet nar-
rowing and AC joint degeneration.

Because information about the integrity of the
rotator cuff can only be inferred from plain films,
additional imaging modalities are crucial in the
evaluation of rotator cuff disease. Arthrography
has been considered the gold standard for diagno-
sis of rotator cuff tears. Though highly accurate, it
remains an uncomfortable, invasive test with less

utility in determining the size of full-thickness tears
or the presence of partial tears. For these reasons, it
has been largely supplanted by other techniques.

Ultrasonography has been gaining more inter-
est in the diagnosis of rotator cuff disorders. This
noninvasive and relatively inexpensive technology
has been shown to be accurate in detecting and de-
termining the size of larger full-thickness tears.
The problems have included a high dependence on
operator experience and detection of smaller tears.
However, modern equipment and addition of dy-
namic images have increased the accuracy.

Magnetic resonance imaging (MRI) is the main-
stay of radiographic diagnosis of rotator cuff
pathology. The advantages of MRI are numerous
and include noninvasiveness; capacity to detect
full-thickness, partial-thickness, and intrasubstance
tears; and ability to measure tear size and extent of
retraction (Figure 12-31). In addition, MRI can eval-
uate other associated abnormal conditions such as
degenerative acromioclavicular or glenohumeral
changes, muscle atrophy and fatty degeneration,
capsular and labral pathology, biceps rupture or
dislocation, and ganglion cysts (Figure 12-32).
Through compression of the suprascapular nerve,
these ganglion cysts may produce signs and symp-
toms mimicking those of a rotator cuff tear. Experi-
ence of the reader and the quality of the equipment
limit the study’s accuracy. Furthermore, long study
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FIGURE 12-25. Manual strength test-
ing in (A) external rotation, (B) internal
rotation, and (C) forward elevation.
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FIGURE 12-26. External rotation lag sign.
(A) The affected extremity is held in external
rotation; (B) the patient is unable to actively
hold this position due to a full-thickness rota-
tor cuff tear.

A
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FIGURE 12-27. Hornblower’s sign. The patient is unable
to externally rotate the elevated arm due to a full-thickness
rotator cuff tear involving the teres minor.

FIGURE 12-28. Attempted forward elevation with a large
rotator cuff tear. The patient will commonly shrug the shoul-
der in an effort to compensate for the loss of active elevation.
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FIGURE 12-29. Rupture of the sub-
scapularis (left side) with loss of termi-
nal internal rotation. (A) and (B)
Gerber lift-off test: a positive test is an
inability to hold the affected extremity
off the back; (C) the belly-press test: a
positive test is an inability to press the
hand in toward the abdomen and
keeping the wrist straight. Normally,
one performs this maneuver using the
subscapularis to internally rotate the
arm. With a subscapularis-deficient
shoulder, the wrist is flexed to orient
the arm and set the posterior deltoid
to perform this function.

A

B

C

Weinstein Ch12.qxd  3/21/05  3:58 PM  Page 375



376 CHAPTER 12 ● The Shoulder and Arm

FIGURE 12-30. Large outlet spur impinging on the sub-
acromial space (white arrow).

FIGURE 12-31. Coronal MRI image of a full-thickness rotator cuff tear with retraction
half way to the glenoid rim. The white arrow is pointing to the tendon edge.

times and the confined space in the machine may be
intolerable to some patients.

Natural History

Cadaveric studies have estimated a prevalence of
full-thickness rotator cuff tears ranging from 7 to
40%. Radiographic imaging studies of asympto-
matic patients have shown that rotator cuff tears are
an age-related phenomenon with a significantly
higher prevalence in individuals older than 60 years
of age. Of course, the tears of clinical significance
are those that become symptomatic.

Although the reasons why some asympto-
matic tears develop symptoms remain unclear, re-
cent study has suggested that many asymptomatic
tears will become symptomatic as well as demon-
strate progression of tear size (Figure 12-33). Fur-
thermore, studies have shown that rotator cuff
tears do not heal spontaneously. Over time, irre-
versible tendon and muscle degeneration can
occur with profound effects on the likelihood of
success with treatment.
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FIGURE 12-32. Coronal
(A) and axial (B) MRI images
of a ganglion cyst (white ar-
rows) compressing the supras-
capular nerve.
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FIGURE 12-33. (A) Coronal MRI
image of a partial-thickness rotator
cuff tear (white arrows). (B) Three
years later, MRI of the same patient
demonstrating a full-thickness tear
of the rotator cuff with retraction
of the supraspinatus tendon (white
arrow) to the glenoid rim.

A

B

Treatment

Therapeutic decision making in the treatment of ro-
tator cuff disorders should be based on knowledge
of the natural history of the disease and how a par-
ticular intervention may alter its course.

Patients presenting early with outlet impinge-
ment and intact cuffs with tendinosis or partial-
thickness tears are almost universally treated with
an initial course of nonoperative therapy. Inflamma-
tion is controlled with activity modification, oral
anti-inflammatory medication, judicious use of sub-
acromial corticosteroid injections, and physical ther-
apy aimed at regaining motion and strengthening of

the rotator cuff and periscapular musculature. Al-
though studies have suggested that most partial-
thickness tears will continue to enlarge with time,
the role of operative treatment in modifying dis-
ease in this stage is unclear. There is no universal
agreement that surgical debridement of a partially
torn cuff relieves pain or stimulates a sufficient
healing response. Furthermore, the permanent
changes in tendon and muscle quality associated
with larger, more chronic tears are not present.
Thus, although nonoperative care runs a risk of
prolonged pain and progression to larger tears, ir-
reversible injury due to delayed surgical interven-
tion is unlikely.
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Surgical care should be considered with failure
of nonoperative treatment in these early stages after
a course of approximately 6 to 12 months. Treatment
includes anterior acromioplasty for impingement le-
sions and debridement or tear completion and re-
pair of partial tears. The rationale for removal of the
anterior acromial spur is to eliminate the pathologic
compression of the cuff. As previously mentioned,
tear debridement has been met with mixed results.
Tear completion and subsequent repair has been ad-
vocated in more extensive partial tears (more than
50% of the cuff thickness) with significantly better
results reported as compared to debridement alone.

Treatment of symptomatic full-thickness tears is
based on several factors including severity and dura-
tion of symptoms, patient activity level and goals,
and tear size, chronicity, and location. Although a trial
of nonoperative treatment is not unreasonable with
smaller, minimally symptomatic tears or massive,
chronic tears with irreversible tendon and muscle de-
generation, anterior acromioplasty and rotator cuff
repair remain the mainstays of treatment for most
symptomatic full-thickness lesions (Figure 12-34). Re-
sults have been shown to be good or excellent in as
many as 95% of patients with preoperative tear size
as the primary predictor of outcome. Pain relief is a
reliable goal with less consistent return of function
with larger tear sizes. Some authors have recom-
mended the use of tendon transfers in the presence of
larger, chronic, retracted tears with associated fatty
degeneration and muscle atrophy. Transfers of the
latissimus dorsi or teres major for infraspinatus and
supraspinatus loss and pectoralis major transfer for
irreparable subscapularis ruptures have been de-
scribed for massive tears and in those who have un-
dergone a failed primary repair with local tissue.

Although conventional open treatment for ro-
tator cuff repair and acromioplasty remains the
standard, less invasive techniques are becoming

more widely used. Arthroscopic subacromial de-
compression in conjunction with arthroscopically
assisted or mini-open repair or all-arthroscopic ro-
tator cuff repair offer distinct advantages over tra-
ditional methods with indications identical to those
for open techniques. These advantages include
smaller incisions, avoidance of deltoid detachment,
shorter hospital stays, and ability to inspect the
glenohumeral joint and treat pathologic entities
such as articular-surface partial cuff tears, labral
tears, biceps lesions, and arthritic lesions of the gle-
noid and humeral head. These methods are techni-
cally demanding but early results are promising
with patient satisfaction approaching that or equal
to formal open procedures (Figure 12-35).

Postoperative rehabilitation is extremely impor-
tant to the success of all of the surgical treatment
options. Early passive motion is instituted and con-
tinued for approximately 6 weeks at which time pa-
tients begin active range-of-motion exercises.
Strengthening exercises are added at about 3 months
from surgery and continue until 1 year when the pa-
tient can expect maximal improvement.

LESIONS OF THE BICEPS
TENDON/BICEPS ORIGIN

The biceps, as its name implies, is composed of
two heads: the short head originating from the
coracoid process and the long head from within
the glenohumeral joint, both which combine at the
level of the deltoid insertion to form the muscle
proper. As the long head exits the glenohumeral
joint, it traverses through the rotator interval, a tri-
angular portion of the shoulder capsule between
the supraspinatus and subscapularis tendons, and
enters the bicipital groove of the humerus.

The function of the biceps tendon as it relates to
the kinematics of the glenohumeral joint has been
extensively studied but not entirely understood.
Some authors have proposed that it acts as a de-
pressor of the humeral head and anterior stabilizer
of the glenohumeral joint. More recent attention has
been given to lesions of the superior labrum at the
biceps origin as a source of subtle glenohumeral
joint instability and pain.

Pathogenesis

Because of the proximity of the biceps tendon to the
rotator cuff, degeneration of the biceps tendon is
thought to occur much in the same way as mechanical

FIGURE 12-34. Intraoperative photograph of an open ro-
tator cuff repair with suture fixation of the tendon to bone.
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impingement of the cuff beneath the coracoacromial
arch. The role of other factors such as failure from
tensile overload or vascular insufficiency is unclear
although pathologic findings of the distal tendon
have been found with normal segments proximally
where mechanical degeneration would be expected
(Figure 12-36).

Disorders of the biceps origin have gained
more attention with increasing recognition of this

entity using arthroscopy. The term SLAP lesion (supe-
rior labrum anterior and posterior lesions) was intro-
duced by Snyder et al. to characterize injuries of the
superior labrum and biceps anchor (Figure 12-37).
These lesions have been postulated to occur in vari-
ous ways including sudden deceleration of the
flexed elbow in the follow-through stages of
throwing and shearing of the glenoid rim from a
fall on the outstretched hand. Disruption of this
complex has been shown to increase humeral head
translation and secondarily compromise impor-
tant static restraints to shoulder stability.

Clinical Findings

Pain is typically the presenting complaint of biceps
tendinopathy. Anterior shoulder pain at the bicipital
groove may be found while associated cuff disease or
glenohumeral instability may produce a vaguer, dif-
fuse pain. Painful clicks with shoulder motion may
indicate disorders of the labrum and biceps origin.

Provocative testing may help isolate symptoms
to the biceps tendon. Speed’s test is performed by
elevation of the extended, supinated arm against re-
sistance. Yergason’s test may elicit symptoms by
having the patient supinate the forearm against

FIGURE 12-35. Arthroscopic rotator cuff
repair. (A) Retracted tendon edge (small
arrow) and greater tuberosity (large arrow);
(B) grasper pulling the tendon laterally to the
prepared bone bed on the greater tuberosity;
(C) completed repair held with sutures.

A

C

B

FIGURE 12-36. Arthroscopic image of humeral head
(HH) and fraying (black arrow) of the biceps tendon (Bi).
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B

FIGURE 12-37. (A) Arthroscopic
image of a SLAP lesion. (B) Arthro-
scopic repair of a SLAP lesion.

resistance with the elbow flexed to 90°. O’Brien’s
test (active compression test) is utilized to isolate
SLAP lesion-related pain from other sources. The
shoulder is internally rotated, flexed to 90° and ad-
ducted 10 to 15°. Pain that occurs with resisted ele-
vation in this position and diminishes with testing
in external rotation signifies a positive test.

As degeneration of the tendon progresses,
rupture of the long head of the biceps may occur

with retraction of the distal segment through the
bicipital groove. The loss amounts to little more
than a cosmetic deformity in the arm (Popeye
muscle) and a minimal loss in supination and
elbow flexion strength (Figure 12-38). In fact, re-
moval of the diseased intra-articular portion of
the tendon, either through spontaneous rupture
or surgical resection, generally results in improve-
ment of pain.
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FIGURE 12-38. Popeye muscle.
(A) and (B) Rupture of the long-
head of the biceps (right side) with
distal retraction of the muscle belly
into the arm.

A

B

Treatment

Biceps pathology rarely occurs in isolation, and as
previously mentioned, may be associated with rota-
tor cuff disease or glenohumeral instability. Initial
conservative treatment should address these underly-
ing disorders in conjunction with alleviating the
acute symptoms. Oral nonsteroidal anti-inflammatory
medication and avoidance of exacerbating activities

followed by a physical therapy regimen emphasizing
shoulder and periscapular strengthening may pro-
vide relief.

If symptoms persist, surgical options may be
considered. Options for operative care entail de-
bridement, tenotomy, or tenodesis of the biceps
tendon. Tenotomy simply involves transection of
the intra-articular portion of the tendon, either
arthroscopically or during an open procedure for
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concomitant pathology. This approach is particu-
larly attractive for older, lower demand patients
who are willing to accept the resultant deformity
and prefer a faster return to activity, although ten-
odesis may be preferable in the younger, more ac-
tive individual.

Several methods of tenodesis have been de-
scribed from suturing the tendon back on itself or to
adjacent soft tissue structures to locking the distal
segment into the humeral head using a bone tunnel
and interference screw fixation. The effect of teno-
tomy on the purported stabilizing function of the
biceps is unknown. Isolated biceps tendinopathy
with no evidence of coexisting shoulder pathology,
such as impingement of glenohumeral instability, is
rare. Results of isolated biceps release (tenotomy) or
tenodesis have been mixed implying that there are
various mechanisms of biceps-related pathology.

Disorders of the biceps origin and labrum are
treated arthroscopically. Simple fraying of the
labrum with a stable biceps anchor is typically
treated with debridement. Detachment of the supe-
rior labrum and biceps origin is best treated with
reattachment to the glenoid rim with bioabsorbable
tacks or suture anchors to restore the stabilizing ef-
fect on the glenohumeral joint. Tears of the biceps
tendon extending from the labrum are debrided,
but may require repair or tenodesis if a significant
portion of the tendon is torn or degenerated.

FROZEN SHOULDER

The term frozen shoulder, as it will be used here, has
been broadly applied to a wide range of disorders
that result in a stiff and painful shoulder. Although
attempts in the literature have been made to differ-
entiate these entities, confusion still exists as to the
proper terminology. In terms of treatment, it may be
useful to categorize the stiff and painful shoulder
into conditions that primarily result from pericapsu-
lar scarring and adhesions in contrast to contraction
of the glenohumeral capsule, with extracapsular
structures secondarily involved.

Origins

The idiopathic form of shoulder motion loss due
to capsular contractures and adhesions was termed
adhesive capsulitis by Neviaser based on the ob-
served pathoanatomy. The pathogenesis of this
disease remains unclear with several systemic

disorders, such as diabetes mellitus, cardiovascu-
lar disease, mastectomy, or other operations about
the chest and shoulder, found in association with
this form of stiffness. Patients with diabetes melli-
tus, in particular, are more prone to bilateral in-
volvement that is extremely resistant to all forms
of treatment.

Capsular contracture may also result secondary
to an underlying disorder such as voluntary immo-
bilization from rotator cuff tendonitis or tear or
bicipital tenosynovitis. These forms of secondary
stiffness and pain are often difficult, if not impossi-
ble, to clinically discern from the primary or idio-
pathic type.

In contrast, shoulder stiffness and pain due to
trauma or surgery will typically result in scarring of
the extra-articular tissues and tissue planes. Frac-
tures of the proximal humerus, treated operatively
or nonoperatively, or surgery for instability, for ex-
ample, may cause shortening or contracture of the
pericapsular tissues and present with a clinical pic-
ture very similar to other etiologies.

Clinical Features

Demographically, patients with idiopathic stiffness
are usually females between the ages of 40 and 60
years with the nondominant arm more commonly
involved. As mentioned previously, patients with
diabetes mellitus tend toward bilateral involve-
ment. Motion loss must be carefully documented to
assess severity and track progress with both active
and passive motion deficits found on examination.
Patients may exhibit compensatory increases in
scapulothoracic motion or trunk lean and should be
carefully identified to accurately measure pure
glenohumeral motion loss (Figure 12-39).

Detailed history is essential and may reveal con-
comitant disorders or potential etiologic sources.
History of systemic disease, trauma or previous
surgery, or a long-standing rotator cuff tear with
pain and normal motion at a prior office visit may
provide a likely cause for the current stiffness. Simi-
larly, in patients with a noncontributory history,
symptom patterns may suggest or mimic other un-
derlying disorders such as rotator cuff disease, al-
though the stiffness and associated pain often may
mask other clinical findings.

Patterns of motion loss may vary with different
causes of stiffness. Adhesive capsulitis or capsular
stiffness secondary to other processes typically result
in global loss of motion. Postsurgical or posttraumatic
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stiffness may present with motion loss in all planes or
with stiffness in some planes although sparing other
ones. Discriminating between these types will help
guide specific treatment.

Radiographic Features

Plain radiographs of the shoulder are typically not
helpful in diagnosis or determination of cause in
frozen shoulder but may identify other associated
abnormalities such as fracture, arthritis, metal im-
plants, or neglected dislocations, which may con-
tribute to the clinical findings.

Historically, arthrography has been used to con-
firm a diagnosis of adhesive capsulitis with oblitera-
tion of the axillary fold seen with contrast infusion.
However, little correlation has been demonstrated
between arthrographic findings and motion loss. In
addition, the invasive nature of the test has de-
creased its utility.

MRI may be used in cases when other associ-
ated disorders are suspected. Rotator cuff or labral
tears can be readily detected. Use of MR imaging to
define specific pathologic findings consistent with
capsular contracture such as capsular or synovial
thickening and decrease in capsular volume, how-
ever, has been inconclusive.

FIGURE 12-39. Passive range-of-
motion exam. (A) External rotation
at the side; (B) external rotation in
abduction; (C) internal rotation in
abduction; (D) internal rotation be-
hind the back.

A

B
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Treatment

The natural history of adhesive capsulitis has been
described as self-limiting with resolution of symp-
toms occurring over 1 year. However, most patients
are unwilling to endure the discomfort for this period
of time without intervention. The initial management
of most cases of frozen shoulder consists of physical
therapy emphasizing range of motion and gentle
stretching every day with the majority of patients re-
sponding to nonoperative treatment (Figure 12-40).

For those refractory cases demonstrating little or
no improvement in symptoms over several months
of therapy, manipulation and arthroscopic capsular

release should be considered. Traditionally, manipu-
lation alone with anesthesia has been performed to
rupture the adhesions. The role of arthroscopy as an
adjunct to manipulation in the treatment of frozen
shoulder has been recently described. Some authors
have adamantly discouraged its use in the treatment
of this disorder although others have had encourag-
ing results, noting the additional benefits of being
able to release rather than tear the capsule, treat co-
existing pathology, and document the results of ma-
nipulation. Nonetheless, essential to any operative
form of intervention is the use of adequate postoper-
ative analgesia and aggressive therapy. Use of inter-
scalene brachial plexus block regional anesthesia has

C

D
FIGURE 12-39. (Continued)
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FIGURE 12-40. Stretching exercises. (A) External rota-
tion and abduction; (B) forward elevation using a door or
(C) against the wall; (D) external rotation at the side; (E) in-
ternal rotation with cross-body adduction, (F) behind the
back against a counter and (G) with a towel.

A B

C D

E F

G
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been used to facilitate motion in the immediate post-
operative period.

Patients with severe osteopenia, those who
have undergone tendon or fracture repair in the
previous 3 to 6 months, or have suspected or known
extra-articular contractures (such as after previous
Putti-Platt or Bristow procedures for instability)
should undergo open release.

Crucial to all forms of treatment is early recog-
nition and realization that several months may
elapse before observing significant gains in motion.

GLENOHUMERAL INSTABILITY

Glenohumeral instability is a common problem en-
countered by the orthopaedic surgeon, particularly
in young, active individuals. Better understanding of
glenohumeral joint biomechanics and the role of var-
ious anatomic structures has led to increased recog-
nition and advances in the treatment of instability.

Anatomy and Biomechanics

Multiple structures are involved in maintaining sta-
bility of the shoulder. The balance between stability
and permitting a wide range of motion is provided
by the interaction of dynamic and static factors. The
static stabilizers include the glenoid, labrum, cap-
sule, glenohumeral ligaments, and the rotator inter-
val. The role of the biceps tendon as a static stabilizer
is unclear but is also thought to contribute to gleno-
humeral joint stability.

The glenoid provides a small, shallow surface
to articulate with the humeral head and provides
little constraint for the glenohumeral joint. The fi-
brocartilaginous labrum attaches to the glenoid rim
and increases its effective depth and surface area.
Isolated labral deficiency has been shown not to
allow glenohumeral dislocation without associated
injury to the capsule, emphasizing the crucial role
of the capsuloligamentous structures in maintain-
ing stability.

The three major glenohumeral ligaments func-
tion as “check-reins” toward the extremes of motion
while remaining relatively lax in the midrange to
allow normal joint translation. The superior gleno-
humeral ligament, coracohumeral ligament, and the
rotator interval (between the leading edge of the
supraspinatus and the superior edge of the sub-
scapularis) restrain anterior humeral head transla-
tion in 0° of abduction and external rotation. With

increasing abduction to 45°, the middle gleno-
humeral ligament provides the primary anterior re-
straint. Finally, the inferior glenohumeral ligament
tightens and becomes the prime anterior stabilizer
at 90° of abduction and 90° of external rotation.

The rotator cuff and scapular stabilizers serve as
dynamic restraints in normal shoulder biomechan-
ics. A primary role of the rotator cuff is to resist trans-
lational forces on the joint through compression of
the humeral head into the glenoid cavity. Scapular
winging—an imbalance of the scapular stabilizing
musculature—has been implicated in pain and insta-
bility of the glenohumeral joint. Operative interven-
tion addressing scapulothoracic dysfunction may
lead to elimination of symptoms in select cases.

Clinical Features

Critical to the evaluation of glenohumeral instabil-
ity is a careful history and physical examination.
The nature of the injury surrounding the onset of
symptoms should be determined and are particu-
larly useful in identifying the type of instability.
Position of the arm at the time of injury or cir-
cumstances that provoke symptoms often indicates
the direction of instability. Reproduction of a pa-
tient’s symptoms in a position of abduction, exter-
nal rotation, and extension suggests anterior
instability. Flexion, internal rotation, and adduction,
in contrast, would more likely point to posterior in-
stability. Voluntary control of instability must be
carefully sought out as this may change the ultimate
course of treatment. Patients with psychiatric disor-
ders may utilize a concomitant ability to dislocate
the shoulder for secondary gain. Although opera-
tive intervention in this situation would likely fail,
treatment options exist for other forms of voluntary
subluxation. Surgery may benefit patients who can
subluxate the shoulder by placing the arm in pro-
vocative positions. Biofeedback techniques, how-
ever, may help those patients who sublux through
selective muscular activation.

In determining the degree of instability, the his-
tory should ascertain whether the initial and any
subsequent episodes of instability were elicited by
high-energy trauma (such as violent twisting or
fall), minimal repeated trauma (such as throwing a
ball), or no trauma (such as reaching a high shelf).
The type of reduction required (i.e., was the shoul-
der self-reduced or did it require manipulation by
another person?) may also provide additional infor-
mation about the extent of joint laxity.
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Detailed record of prior treatment should also be
obtained, including the type and duration of immo-
bilization, rehabilitative efforts, and previous surger-
ies. Knowledge of failed interventions will help
guide future treatment in the recurrent dislocator.

Pain as an isolated symptom will not typically re-
veal much useful information. Anterior shoulder pain
may indicate anterior instability as well as other com-
mon disorders including subacromial impingement.
Similarly, posterior shoulder pain is nonspecific and
may represent a range of pathology from instability to
cervical spine disorders. Location of the pain in com-
bination with provoking arm positions and activities,
however, may aid in making a diagnosis of instability.
Altered glenohumeral kinematics in throwers, for ex-
ample, may result in posterior shoulder pain during
late cocking (posterior internal impingement). Pa-
tients may also report other symptoms consistent
with subtle shoulder instability. Rowe and Zarins

described a phenomenon termed the “dead-arm syn-
drome,” in which paralyzing pain and loss of control
of the extremity occurs with abduction and external
rotation of the shoulder.

Finally, determining the patient’s level of impair-
ment and activity level is important prior to formulat-
ing a therapeutic plan. The different expectations of a
sedentary patient with minimal functional loss versus
the high-performance athlete with pain and appre-
hension may affect the type of prescribed treatment.

A thorough physical examination is equally
essential in making an accurate diagnosis and rec-
ommending the appropriate intervention. Both
shoulders should be adequately exposed and exam-
ined for deformity, range of motion, strength, and
laxity. Unreduced dislocations may produce an ab-
normal contour to the shoulder in addition to re-
stricting active and passive motion (Figure 12-41).
Demonstration of scapular winging may accompany

FIGURE 12-41. Posterior gleno-
humeral dislocation (right side).
Clinical photo demonstrating block
to external rotation.
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instability, particularly of the posterior type, and
should be considered a potential cause of symp-
toms. Generalized ligamentous laxity may also
contribute to instability and can be easily elicited
with the thumb-to-forearm and metacarpopha-
langeal hyperextension tests (Figure 12-42). Oper-
ative reports and evidence of healed anterior or
posterior scars from previous instability repairs
indicate what has been done and may provide a
rationale for the patient’s current symptoms. Lim-
itation of external rotation may accompany a prior
anterior tightening procedure (i.e., Putti-Platt or
Magnuson-Stack). 

Typically, there is a full range of motion with
the exception of guarding at the extremes as the
shoulder approaches unstable positions. Clinical

suspicion should be raised, however, in the patient
older than 40 years of age who is unable to actively
abduct the arm after a primary anterior dislocation.
It has been shown that a high percentage of these
patients have a concurrent rupture of the rotator
cuff with restoration of stability following repair.

Various basic provocative tests can be used to
reproduce the patient’s symptoms and confirm the
diagnosis. In order to minimize the effects of mus-
cle guarding, these maneuvers should be per-
formed first on the unaffected side and then in
succession of increasing discomfort. The sulcus test
evaluates inferior translation of the humeral head
with the arm at the side in neutral and in external
rotation. The scapula is stabilized with one hand
while the other applies a mild compressive force to

A

B

FIGURE 12-42. Ligamentous laxity.
(A) Thumb-to-forearm; (B) metacarpop-
halangeal hyperextension.
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the head in conjunction with a downward force to
the arm. Significant findings would include an in-
creased palpable gap between the acromion and
humeral head compared to the opposite side as
well as translation below the glenoid rim. Perform-
ing the test in external rotation will not reduce the
gap when there is incompetence of the rotator in-
terval (Figure 12-43).

Laxity can be further evaluated by anterior and
posterior drawer or load-and-shift tests. The proximal
humerus is shifted in each direction while grasped
between the thumb and index fingers. Alternatively,
with the patient supine, the scapula is stabilized while
the humeral head is axially loaded and translated an-
teriorly and posteriorly. Translation greater than the
opposite shoulder or translation over the glenoid rim
indicates significant laxity (Figure 12-44). Only trans-
lations that reproduce the patient’s symptoms are con-
sidered to demonstrate instability. 

The anterior apprehension test is performed by
externally rotating, abducting, and extending the
affected shoulder while stabilizing the scapula or
providing an anteriorly directed force to the
humeral head with the other hand. Significant find-
ings include a sense of impending subluxation or
dislocation, or guarding and resistance to further
rotation secondary to apprehension. Pain as an iso-
lated finding is nonspecific and may indicate other
pathology such as rotator cuff disease. Jobe’s reloca-
tion test is done in the supine position, usually ac-
companying the apprehension test. As symptoms
are elicited with progressive external rotation, the
examiner applies a posteriorly directed force to the

humeral head. A positive test is signified by allevia-
tion of symptoms (Figure 12-45).

Posterior instability can be elicited with the
posterior stress test. As one hand stabilizes the
scapula, a posteriorly directed axial force is applied
to the arm with the shoulder in 90° of flexion, ab-
duction, and internal rotation. Positive findings
produce posterior subluxation or symptoms of in-
stability experienced by the patient.

Radiographic Features

Though the history and physical examination are
the key elements in patient evaluation, a series of
radiographic studies may be helpful in confirming
the diagnosis and defining associated pathology.
AP radiographs in internal and external rotation, a
lateral view in the scapular plane (scapular-Y view),
and an axillary view should be obtained in the ini-
tial evaluation. A Hill-Sachs lesion (posterolateral
impression fracture) of the humeral head is best
seen on the AP radiograph in internal rotation (Fig-
ure 12-46) or on specialized views such as the
Stryker Notch or West Point Axillary. Fractures or
erosions of the glenoid rim can be detected on an
axillary or apical oblique view (Garth). 

Other more specialized imaging studies are not
routinely obtained in the initial evaluation of insta-
bility but may be useful in a preoperative workup.
Computed tomography can assist in further assess-
ment of fractures and glenoid defects as well as de-
tect subtle subluxation of the humeral head. MRI and

FIGURE 12-43. Sulcus sign.
Downward traction of the arm will
create a gap between the acromion
and the humeral head.
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FIGURE 12-44. (A) Anterior-
posterior drawer: translation of the
humeral head held between the
thumb and index finger and stabi-
lization of the scapula with the
other hand. (B) Load-and-shift: si-
multaneous axial loading and trans-
lation of the humeral head.

MR arthrography can identify associated pathology
of the labrum, glenohumeral ligaments, and the rota-
tor cuff (Figure 12-47). More recent radiographic
modalities such as dynamic MR-imaging currently
have no defined indications but may become a useful
adjunct in evaluating glenohumeral instability.

Treatment

Although the results vary with age and associated
bone and soft tissue injury, nonoperative treatment
consisting of a period of immobilization followed

by rehabilitation is typically successful in managing
the majority of patients with glenohumeral instabil-
ity. Early studies of young (less than 20 years old),
athletic patients, however, found a recurrence rate
as high as 90% after a primary dislocation. Al-
though subsequent studies have reported lower
numbers, clearly the risk for subsequent disloca-
tions is higher with earlier onset of instability.

The length and type of immobilization re-
mains a matter of debate. Several published series
have advocated immobilization for a few days to
several weeks. However, studies by Hovelius and
Simonet and Cofield have found no difference in
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FIGURE 12-45. (A) Apprehension test: ab-
duction and external rotation will produce
sense of impending subluxation or dislocation
with anterior glenohumeral instability; (B)
relocation test: posterior-directed force on
the humeral head will alleviate symptoms.

A

B

FIGURE 12-46. Hill-Sachs lesion. An im-
paction fracture of the posterolateral humeral
head associated with an anterior glenohumeral
dislocation is depicted by the small white ar-
rows on this internally rotated anteroposterior
radiograph.
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FIGURE 12-47. (A) and (B) Axial
MRI images of a Bankart lesion
(white arrows).

outcome from either the type or length of immo-
bilization. In general, younger patients (less than
30 years of age) sustaining a primary dislocation
are preferably immobilized for approximately 3
to 4 weeks. Older patients, who have a smaller
risk of recurrent instability but a higher suscepti-
bility to stiffness, may be immobilized for shorter
periods.

Rehabilitation efforts are aimed at strengthen-
ing the dynamic stabilizers and regaining motion.
Progressive resistive exercises of the rotator cuff,
deltoid, and scapular stabilizers are recommended.
Stress on the static restraints (i.e., capsuloligamen-
tous structures) should be prevented in the immedi-
ate postinjury period by avoidance of vigorous
stretching and provocative arm positions.
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Failure of conservative management for gleno-
humeral instability is an indication for proceeding
with operative intervention. Open procedures are
currently the gold standard for repair of the dis-
rupted soft tissue shoulder stabilizers. Historically,
many of these procedures treated anterior instabil-
ity through nonphysiologic shortening or transfer
of muscle or bone resulting in significant loss of
motion, postoperative glenohumeral arthritis, and
complications of loose or prominent hardware in
the joint.

Modern techniques emphasize anatomic resto-
ration of the soft tissue structures. Based on the
work of Perthes in 1906, Bankart in 1923 popular-
ized repair of the capsule to the anterior glenoid
without shortening of the overlying subscapularis.
After modifications to his original description, re-
construction of the avulsed capsule and labrum to
the glenoid lip is commonly referred to today as
the Bankart repair. Several capsulorrhaphy proce-
dures have also been described to address capsular
laxity and the increase in joint volume. These pro-
cedures allow tightening of the anterior capsule in
combination with reattachment of a capsulolabral
avulsion.

Open treatment of posterior instability most
commonly addresses the capsular laxity seen with
this problem. Similar to the anterior procedure, a
posterior capsulorrhaphy functions to reduce cap-
sular laxity and address associated posterior labral
injury. Difficulty in treatment of multidirectional in-
stability of the shoulder is, in part, due to improper
recognition. Procedures involving anterior capsular
tightening fail to address the inferior and posterior
components of instability seen in this disorder. The
inferior capsular shift procedure, described by Neer
and Foster, treats multidirectional instability by si-
multaneously reducing volume in the anterior, pos-
terior, and inferior capsule.

Good results have been achieved with most
open techniques to treat these various problems.
Successful outcomes greater than 80 to 90% can
be expected; however, results have been generally
less predictable for posterior and multidirectional
instability compared to anterior instability proce-
dures.

In selected cases, current trends are moving to-
ward arthroscopic intervention. The goals of restor-
ing the capsulolabral anatomy and reduction of
capsular volume remain the same as in open proce-
dures. Reduced morbidity from smaller incisions,

elimination of subscapularis detachment, avoid-
ance of scarred and distorted tissue planes in revi-
sion situations, and the ability to simultaneously
address multiple factors contributing to instability
have made these minimally invasive techniques
more appealing.

Arthroscopic anterior instability repairs remain
controversial with high (up to 70%) failure rates re-
ported for transglenoid suture fixation. Improve-
ments in patient selection, technique, and implant
and equipment design have decreased the recur-
rence rate. Contraindications to arthroscopic repair
include patients with glenoid bone defects, engag-
ing Hill-Sachs lesions, and attenuated capsulolabral
tissue. Athletes involved in contact sports have
been a relative contraindication, although some sur-
geons have modified the exclusion criteria to in-
clude this subset of patients. Improved surgeon
technique with bone preparation and soft tissue
tensioning and the use of suture anchors have led to
improved results (Figure 12-48).

Thermal energy has been used in arthroscopic
instability repairs, in part, due to its easy applica-
tion. Thermal capsulorrhaphy may be done alone
or to tighten residual capsular laxity following
capsulolabral repair or capsular plication with
sutures. Complications following its use have in-
cluded neurologic injury to the axillary nerve,
capsular necrosis and loss of capsular and gleno-
humeral ligament integrity, and stiffness and loss
of motion. Although proponents of thermal cap-
sulorrhaphy have found this technique a useful
adjunct for treating instability of the shoulder,
long-term follow-up studies advocating its rou-
tine use are not yet available. Rehabilitation fol-
lowing open and arthroscopic instability repairs
is identical. The shoulder is generally protected
with 4 to 6 weeks of sling immobilization in inter-
nal rotation for anterior repairs and in slight ab-
duction and neutral rotation following posterior
and multidirectional instability procedures. Ac-
tive hand, wrist, and elbow motion is permitted
followed by progressive range of motion exercises.
Resistive exercises are started between 6 to 8
weeks with return to sports at up to 9 to 12 months
postoperatively. Although there are no strict guide-
lines, the postoperative therapy regimen must be
tailored to each particular patient accounting for
the quality of the tissues, the durability of the re-
pair, patient reliability, and future demands on
the shoulder.
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ANNOTATED BIBLIOGRAPHY

Birth Palsy

Hardy AE. Birth injuries of the brachial plexus: incidence and
prognosis. J Bone Joint Surg 1981;63B:98–101.
This article estimated an incidence of 0.87 birth injuries to the
brachial plexus per 1,000 live births at a New Zealand hospital.
Nearly 80% of these children had made a complete recovery by the
age of 13 months, although none of those with significant residual
defects has severe sensory or motor deficit of the hand.

Kawai H, Tsuyuguchi Y, Masada K et al. Identification of the lesion
in brachial plexus injuries with root avulsion: a comprehensive
assessment by means of preoperative findings, myelography,
surgical exploration and intraoperative electrodiagnosis.
Neuro-Orthop 1989;7:15–23.
The authors compared the results of myelography, myelography-
CT, and MRI, with operative findings. They found an 84% true-
positive rate, 4% false-positive rate, and a 12% false-negative rate
for myelography. Results improved with addition of CT. MRI had
similar accuracy as myelography-CT with the additional benefit of
allowing more distal visualization of the plexus.

Michelow BJ, Clarke HM, Curtis CG et al. The natural history of
obstetrical brachial plexus palsy. Plast Reconstr Surg 1994;
93:675–681.
Sixty-one of 66 patients (92%) with a brachial plexus palsy recov-
ered spontaneously and five patients (8%) required primary
brachial plexus exploration and reconstruction (median age 12
months), demonstrating that most patients do well. Additional
analysis was undertaken to examine ways in which outcome might
be predicted. They determined that when elbow flexion and elbow,
wrist, thumb, and finger extension at 3 months were combined into
a test score, the proportion of patients whose recovery was incor-
rectly predicted was reduced to 5.2% compared to 12.8% when
elbow flexion alone was used.

Rühmann O, Gossé F, Wirth CJ et al. Reconstructive operations
for the paralyzed shoulder in brachial plexus palsy: concept
of treatment. Injury 1999;30:609–618.
In this study, 63 patients with persistent brachial plexus palsy
underwent a transfer of the trapezius muscle and 14 patients un-
derwent a shoulder arthrodesis. In patients with brachial plexus

palsy, trapezius transfer resulted in an improvement of shoulder
function and stability. The increase in function was, however,
less pronounced in comparison with shoulder arthrodesis. They
state that the advantages of muscle transfer are regaining of nor-
mal passive function and the shorter duration of surgery. How-
ever, shoulder fusion is more suitable for those patients who
require the best possible extent of function and strength in the
shoulder.

Strecker B, McAllister JW, Manske PR et al. Sever-L’Episcopo
transfers in obstetrical palsy: a retrospective review of twenty
cases. J Pediatr Orthop 1990;10:442–444.
The authors retrospectively studied 25 patients who underwent
Sever-L’Episcopo transfers for obstetrical birth palsy. A follow-up of
2 to 6 years was possible with a retrospective review of 16 patients.
Substantial improvement in shoulder external rotation as well as
subjective functional improvement was obtained by all patients.
Three transient and one permanent axillary nerve palsies resulting
from this procedure were reported.

Degenerative and Painful Conditions 
of the Acromioclavicular Joint

Cahill BR. Osteolysis of the distal part of the clavicle in male ath-
letes. J Bone Joint Surg 1982;64:1053–1058.
The author reported osteolysis of the distal part of the clavicle in 46
men, none of whom had a history of acute injury to the acromio-
clavicular area. All patients were athletes and 45 lifted weights as
part of their training. Pain and tenderness at the acromioclavicular
joint associated with radiographic signs of osteoporosis, loss of sub-
chondral bone detail, and cystic changes in the distal part of the
clavicle were present. Resection of the distal end of the clavicle in 21
patients, 4 with bilateral procedures, resulted in relief of symptoms
in the 19 who were followed. The 25 patients who were not operated
on also had improvement, but only after activity modification with
avoidance of weight training.

Esch JC, Ozerkis LR, Helgager JA et al. Arthroscopic subacromial
decompression: results according to the degree of rotator cuff
tear. Arthroscopy 1988;4:241–249.
In this article, the authors describe their technique of arthroscopic
distal clavicle resection from a subacromial (indirect) approach
performed in patients undergoing an arthroscopic subacromial
decompression.

A B

FIGURE 12-48. Arthroscopic images demonstrating (A) an avulsion of the anterior-inferior labrum (Bankart lesion) and 
(B) suture repair.
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Flatow EL. The biomechanics of the acromioclavicular, stern-
oclavicular, and scapulothoracic joints. Instr Course Lect
1993;42:237–245.
The anatomy and biomechanics of the acromioclavicular, stern-
oclavicular, and scapulothoracic joints are discussed.

Flatow EL, Cordasco FA, Bigliani LU. Arthroscopic resection of
the outer end of the clavicle from a superior approach: a criti-
cal, quantitative, radiographic assessment of bone removal.
Arthroscopy 1992;8:55–64.
The technique of arthroscopic resection of the outer end of the clavi-
cle through a superior approach was evaluated to determine whether
adequate bone removal could be achieved. These results were com-
pared with open resection. The authors determined that satisfactory
bone removal was possible arthroscopically. Comparable pain relief
and function were achieved in both groups. However, hospital stay
was shortened and pain relief was achieved on average 3.4 months
earlier in the arthroscopic group.

Fukuda K, Craig EV, An KN et al. Biomechanical study of the lig-
amentous system of the acromioclavicular joint. J Bone Joint
Surg 1986;68A:434–440.
The ligamentous structures of the acromioclavicular joint were
studied by gross examination and quantitative measurement in 12
human cadaver specimens. Twelve modes of joint displacement were
examined. The acromioclavicular ligament acted as a primary con-
straint for posterior displacement of the clavicle and posterior axial
rotation. The conoid ligament played a primary role in constraining
anterior and superior rotation as well as anterior and superior dis-
placement of the clavicle. The trapezoid ligament contributed less
constraint to movement of the clavicle in both the horizontal and the
vertical plane except when the clavicle moved in axial compression
toward the acromion process. The various contributions of different
ligaments to constraint changed not only with the direction of joint
displacement but also with the amount of loading and displacement.

Gartsman GM. Arthroscopic resection of the acromioclavicular
joint. Am J Sports Med 1993;21:71–77.
Arthroscopic resection of the distal clavicle was used to treat 26 pa-
tients who had osteoarthritis of the acromioclavicular joint and were
followed for a minimum of 2 years. The preoperative ratings for
pain, activities of daily living, work, and sports improved markedly
in 17 patients. The author concluded that arthroscopic resection
was effective in the treatment of isolated acromioclavicular joint
arthritis.

Mumford EB. Acromioclavicular dislocation: a new operative
treatment. J Bone Joint Surg 1941;23:799–802.
This is one of two simultaneous descriptions of distal clavicle exci-
sion as surgical treatment for acromioclavicular dislocation.

Degenerative Ooteoarthritis of the Glenohumeral
Joint

Cameron BD, Galatz LM, Ramsey ML et al. Nonprosthetic man-
agement of grade IV osteochondral lesions of the gleno-
humeral joint. J Shoulder Elbow Surg 2002;11:25–32.
The authors examined their results following arthroscopic debride-
ment and capsular release in patients with limited osteoarthritic
changes of the glenohumeral joint. They concluded that in well-
selected patients with grade IV osteochondral lesions, arthroscopic
debridement can provide significant improvements in pain relief
and function. Furthermore, arthroscopic capsular release can be
added in patients with a loss of passive arcs of shoulder motion. Os-
teochondral lesions greater than 2 cm2, however, were associated
with failure of this procedure.

Levine WN, Djurasovic M, Glasson JM et al. Hemiarthroplasty
for glenohumeral osteoarthritis: results correlated to degree
of glenoid wear. J Shoulder Elbow Surg 1997;6:449–454.
Thirty patients (31 shoulders) were retrospectively reviewed after
hemiarthroplasty for glenohumeral osteoarthritis. Outcome corre-

lated most significantly with the status of posterior glenoid wear.
They concluded that hemiarthroplasty can be an effective treatment
for both primary and secondary arthritis but should be reserved for
patients with a concentric glenoid, which affords a better fulcrum
for glenohumeral motion.

Neer CS II, Watson KC, Stanton FJ. Recent experience in total
shoulder replacement. J Bone Joint Surg 1982;64A:319–337.
The authors expand on their earlier experience with shoulder
arthroplasty for arthritis, elaborating on indications, operative find-
ings, and technique.

Norris TR, Iannotti JP. Functional outcome after shoulder arthro-
plasty for primary osteoarthritis: a multicenter study. J Shoul-
der Elbow Surg 2002;11:130–135.
A prospective, multicenter clinical outcome study evaluated 176
shoulders in 160 patients with primary osteoarthritis. The authors
concluded that total shoulder arthroplasty and hemiarthroplasty for
treatment of primary osteoarthritis result in good or excellent pain
relief, improvement in function, and patient satisfaction in 95% of
cases.

Weinstein DM, Bucchieri JS, Pollock RG et al. Arthroscopic de-
bridement of the shoulder for osteoarthritis. Arthroscopy
2000;16:471–476.
Twenty-five patients underwent arthroscopic debridement to treat
early glenohumeral osteoarthritis. The operative procedure con-
sisted of lavage of the glenohumeral joint, debridement of labral
tears and chondral lesions, loose body removal, and partial syn-
ovectomy and subacromial bursectomy. Overall, results were
rated as excellent in 2 patients (8%), good in 19 patients (72%),
and unsatisfactory in 5 (20%). The authors found this as a rea-
sonable procedure for treating early glenohumeral osteoarthritis
that has failed to respond to nonoperative treatment, in which the
humeral head and glenoid remain concentric, and where there is
still a visible joint space on an axillary radiograph. They did not
recommend this technique when there was severe joint incon-
gruity or large osteophytes.

Osteonecrosis of the Humeral Head

Cruess RL. Steroid-induced avascular necrosis of the head of the
humerus: natural history and management. J Bone Joint Surg
1976;58B:313–317.
Ninety-five patients with steroid-induced avascular necrosis of
the humeral head were followed in this study. Conservative treat-
ment consisted of pendulum exercises and avoidance of abduction,
particularly against resistance. This led to satisfactory function with
only intermittent symptoms in 14 patients. Five humeral heads in
4 patients required prosthetic replacement. After 1 to 7 years, the re-
sults of all 5 were classified as excellent in terms of motion and
symptoms.

David HG, Bridgman SA, Davies SC et al. The shoulder in sickle-
cell disease. J Bone Joint Surg 1993;75B:538–545.
This article reviewed 138 patients with sickle cell disease for clini-
cal, radiological, and functional abnormalities of the shoulder. Radi-
ographic lesions, frequently bilateral, were found in 28% and only
53% of patients had normal shoulder function.

Hattrup SJ, Cofield RH. Osteonecrosis of the humeral head: re-
sults of replacement. J Shoulder Elbow Surg 2000;9:177–182.
Eighty-eight shoulders treated with prosthetic replacement for os-
teonecrosis with average follow-up of 8.9 years were examined in
this study. Inferior functional results were noted in posttraumatic
osteonecrosis compared to those in steroid-induced osteonecrosis.
The most common postoperative complication was rotator cuff tear-
ing, which was more common in shoulders with a history of any
surgery.

LaPorte DM, Mont MA, Mohan V et al. Osteonecrosis of the
humeral head treated by core decompression. Clin Orthop
1998;355:254–260.
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Sixty-three shoulders in 43 patients who underwent a core decom-
pression for humeral head osteonecrosis were followed up from 2 to
20 years (mean 10 years). Results of core decompression according
to preoperative Ficat and Arlet stage revealed stage I disease had 15
of 16 (94%) successful outcomes and stage II had 15 of 17 (88%)
successful outcomes. stage III had 16 of 23 (70%) successful results
and stage IV had 1 of 7 (14%) successful result. They concluded
that this procedure could be successful for stages I, II, and III os-
teonecrosis in terms of early relief of pain and increased function.

Rheumatoid Arthritis

Cuomo F, Greller MJ, Zuckerman JD. The rheumatoid shoulder.
Rheum Dis Clin North Am 1998;24:67–82.
The authors discuss the epidemiology of rheumatoid arthritis, the
disease as it affects the shoulder, the differential diagnosis, clinical
and radiographic manifestations, and treatment approaches.

McCoy SR, Warren RF, Bade HA III et al. Total shoulder arthro-
plasty in rheumatoid arthritis. J Arthroplasty 1989;4:105–113.
Twenty-nine Neer-type total shoulder arthroplasties were per-
formed in 26 patients with rheumatoid arthritis. The most signifi-
cant improvement was noted in pain relief (93% of patients).
Follow-up study demonstrated poorer results for patients with rota-
tor cuff tears.

Petersson CJ. Painful shoulders in patients with rheumatoid
arthritis: prevalence, clinical and radiological features. Scand
J Rheumatol 1986;15:275–279.
The shoulders of 105 patients with rheumatoid arthritis were exam-
ined. Ninety-six patients (91%) reported shoulder problems with
progression of destructive changes and a decrease in the range of
motion with increasing duration of the disease.

Posttraumatic Arthritis

Connor PM, Flatow EL. Complications of internal fixation of
proximal humerus fractures. Instr Course Lect 1997;46:25–37.
The authors present the complications that can occur with open re-
duction and internal fixation of proximal humerus fractures.

Green A, Norris TR. Shoulder arthroplasty for advanced gleno-
humeral arthritis after anterior instability repair. J Shoulder
Elbow Surg 2001;10:539–545.
Seventeen of 19 shoulders with advanced glenohumeral arthritis
after anterior instability repair were treated with arthroplasty. Prior
surgeries included four Bristow, four Putti-Platt (two in combina-
tion with other procedures), four Magnuson-Stack, two Bankart,
and five other anterior capsulorrhaphies. Common findings in-
cluded severe internal rotation contracture and posterior glenoid
wear. There was improvement in functional use of the upper ex-
tremity in all cases except one.

MacDonald PB, Hawkins RJ, Fowler PJ et al. Release of the sub-
scapularis for internal rotation contracture and pain after an-
terior repair for recurrent anterior dislocation of the shoulder.
J Bone Joint Surg 1992;74A:734–737.
Ten patients who had an internal rotation contracture and pain
after an anterior repair for recurrent dislocation of the shoulder
were treated by release of the subscapularis muscle. Six patients
demonstrated severe arthritic radiographic changes in the shoulder.
Following release, each patient had less pain in the shoulder and an
average increase of 27° of external rotation.

Sperling JW, Antuña SA, Sanchez-Sotelo J et al. Shoulder arthro-
plasty for arthritis after instability surgery. J Bone Joint Surg
2002; 84A:1775–1781.
Thirty-one patients with glenohumeral arthritis after instability
surgery were treated with shoulder arthroplasty (total shoulder or
hemiarthroplasty). The group was followed for a minimum of 2
years (mean, 7 years) or until the time of any subsequent revision

surgery. Shoulder arthroplasty was associated with significant pain
relief as well as significant improvement in external rotation and ac-
tive abduction. However, 3 patients in the hemiarthroplasty group
and 8 patients in the total shoulder arthroplasty group underwent
revision surgery. Their data suggest that shoulder arthroplasty for
osteoarthritis following instability surgery provides pain relief and
improved motion but is associated with high rates of revision sur-
gery and unsatisfactory results due to component failure, instabil-
ity, and pain due to glenoid arthritis.

Wiater JM, Flatow EL. Posttraumatic arthritis. Orthop Clin North
Am 2000;31:63–76.
The authors discuss etiology, preoperative evaluation, treatment,
complications, and outcomes of treatment of posttraumatic gleno-
humeral arthritis.

Rotator Cuff Tear Arthropathy

Franklin JL, Barrett WP, Jackins SE et al. Glenoid loosening in
total shoulder arthroplasty: association with rotator cuff defi-
ciency. J Arthroplasty 1988;3:39–46.
Seven cases of total shoulder arthroplasty exhibiting loosening of
the glenoid component were evaluated to identify causative factors.
Six of the patients had severe, incompletely reconstructable rotator
cuff tears present at the time of surgery, and 1 patient developed a
cuff tear within 1 year of surgery. The amount of superior migration
of the humeral component was closely correlated with the degree of
glenoid loosening. Superior displacement of the humeral component
was associated with superior tipping of the glenoid component (a
“rocking horse” glenoid). The authors concluded that upward rid-
ing of the prosthetic humeral head in patients with rotator cuff defi-
ciency may contribute to loosening of the glenoid component in
total shoulder arthroplasty.

Grammont PM, Baulot E. Delta shoulder prosthesis for rotator
cuff rupture. Orthopedics 1993;16:65–68.
The authors describe the reverse shoulder prosthesis and its use in
glenohumeral arthritis with associated rotator cuff tear.

McCarty DJ, Halverson PB, Carrera GF et al. “Milwaukee shoul-
der”—association of microspheroids containing hydroxyap-
atite crystals, active collagenase, and neutral protease with
rotator cuff defects. I. Clinical aspects. Arthritis Rheum 1981;
24:464–473.
Four women, aged 63 to 90 years old, presented with mildly painful
shoulders and decreased mobility or stability. Radiographic evidence
of a complete tear of the rotator cuff was present in 7 of 8 shoulders.
Hydroxyapatite crystals were seen by scanning electron microscopy
in 12 of 13 synovial fluid samples. All synovial fluids showed acti-
vated collagenase and neutral protease activity. The authors desig-
nated this constellation of findings as the “Milwaukee shoulder.”

Neer CS II, Craig EV, Fukuda H. Cuff-tear arthropathy. J Bone
Joint Surg 1983;65A:1232–1244.
This study described the clinical and pathological findings, differen-
tial diagnosis, and pathomechanics of cuff-tear arthropathy in 26
patients. The authors hypothesized that nutritional and mechanical
factors cause atrophy of the glenohumeral articular cartilage and os-
teoporosis of the subchondral bone of the humeral head in a minor-
ity of patients with a massive rotator cuff tear. Their preferred
method of treatment was total shoulder replacement with rotator
cuff reconstruction and special rehabilitation.

Sanchez-Sotelo J, Cofield RH, Rowland CM. Shoulder hemi-
arthroplasty for glenohumeral arthritis associated with se-
vere rotator cuff deficiency. J Bone Joint Surg 2001;83A:
1814–1822.
In this study of 33 shoulders with glenohumeral arthritis and a
massive, irreparable rotator cuff tear, the authors found that hemi-
arthroplasty provided marked pain relief in three-quarters of the pa-
tients. They cautioned, however, that outcomes may be complicated
by instability and progressive bone loss.
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solute constant score improved from 43 points preoperatively to 79
points at review. Two patients, operated on early in the series, pre-
sented with a rupture of the tenodesis. The authors concluded that
arthroscopic biceps tenodesis using bioabsorbable screw fixation is
technically possible and gives good clinical results.

Mariani EM, Cofield RH, Askew LJ et al. Rupture of the tendon
of the long head of the biceps brachii: surgical versus nonsur-
gical treatment. Clin Orthop 1988;228:233–239.
In this comparison of surgical versus nonsurgical treatment of
proximal biceps tendon ruptures, conservatively treated shoulders
demonstrated no differences in arm pain or shoulder range of 
motion. The authors did find 21% less supination strength and 
8% loss of elbow flexion strength in the nonoperative group.

Post M, Benca P. Primary tendinitis of the long head of the bi-
ceps. Clin Orthop 1989;246:117–125.
The authors reported satisfactory results in 16 of 17 patients diag-
nosed with isolated biceps pathology treated with biceps tenodesis.

Snyder SJ, Karzel RP, Del Pizzo W et al. SLAP lesions of the
shoulder. Arthroscopy 1990;6:274–279.
This retrospective review described a specific pattern of injury to
the superior labrum of the shoulder identified arthroscopically in
27 patients. Mechanism, clinical picture, classification, and recom-
mended treatment are described for this entity the authors termed a
SLAP lesion (superior labrum anterior and posterior).

Warner JJP, McMahon PJ. The role of the long head of the biceps
brachii in superior stability of the glenohumeral joint. J Bone
Joint Surg 1995;77A:366–372.
The authors studied seven patients who had isolated loss of the
proximal attachment of the tendon of the long head of the biceps
brachii, documented operatively or with magnetic resonance imag-
ing, in order to identify and measure superior translation of the
humeral head on the glenoid. Results showed superior migration of
the humeral head relative to the contralateral (control) shoulder
supporting the role of the tendon of the long head of the biceps
brachii as a stabilizer of the humeral head in the glenoid during ab-
duction of the shoulder in the scapular plane.

Frozen Shoulder

Kinnard P, Truchon R, St-Pierre A et al. Interscalene block for
pain relief after shoulder surgery: a prospective randomized
study. Clin Orthop 1994;304:22–24.
This prospective randomized study of 30 patients who underwent
outpatient acromioplasty demonstrated the efficacy and safety of in-
terscalene block postoperatively.

Neviaser RJ, Neviaser TJ. The frozen shoulder: diagnosis and
management. Clin Orthop 1987;223:59–64.
The authors define and differentiate the stiff and painful shoulder
from true adhesive capsulitis and describe their recommended treat-
ment for these distinct entities.

Pollock RG, Duralde XA, Flatow EL et al. The use of arthroscopy
in the treatment of resistant frozen shoulder. Clin Orthop
1994;304:30–36.
This study describes the authors’ technique for managing resistant
frozen shoulder. A treatment regimen consisting of interscalene re-
gional anesthesia, manipulation, and arthroscopic release, yielded
overall satisfactory results in 25 (83%) of 30 shoulders in their se-
ries. The subgroup with diabetes mellitus fared less well than the
other groups, with only 64% satisfactory results.
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Glenohumeral Instability
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good or excellent at the time of the final follow-up. Thirty-four of 38
patients returned to their desired level of sports activity following
the operation. The authors concluded that arthroscopic treatment of
anterior-inferior glenohumeral instability is better than previous
arthroscopic techniques and is equivalent to open repair.

Hovelius L, Augustini BG, Fredin H et al. Primary anterior dislo-
cation of the shoulder in young patients: a ten-year prospec-
tive study. J Bone Joint Surg 1996;78A:1677–1684.

Two hundred and forty-five patients who had had 247 primary an-
terior dislocations of the shoulder were followed for 10 years. The
ages of the patients at the time of the dislocation ranged from 12 to
40 years. The patients were assigned to one of three various conser-
vative treatment groups. At the 10-year follow-up evaluation, no
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CONGENITAL CONDITIONS

Arthrogryposis Multiplex Congenita

Arthrogryposis is a congenital condition of uncertain origin but believed to in-
volve nerve and muscle, possibly anterior horn cells, occurring in approximately
1/3,000 live births. These children have a predictable pattern of muscle weak-
ness and joint contracture. Although the elbow may present in a 90° flexed posi-
tion, a typical clinical presentation is shoulder girdle wasting, stiff extended
elbows, pronated forearms, and flexed wrists. The primary goal is to provide
these children with one elbow that will allow hand to mouth while maintaining
one arm extended, facilitating lower extremity or perineal care.

Shortly after birth, the parents of the child are instructed on manual stretch-
ing exercises in an attempt to achieve some element of a supple elbow. Later dur-
ing this initial treatment phase, static elbow splints are worn to maintain passive
range of elbow motion. Once improved passive elbow motion is achieved, ten-
don transfers about the elbow are considered following posterior elbow joint re-
lease. Some prefer a two-staged operative approach while others will perform

401401
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both procedures at once. Muscle transfers accom-
plishing elbow flex can include triceps transfer, pec-
toralis major muscle transfer, or a free gracilis
muscle transfer. Although surgical results are not
ideal, these children are typically of normal intelli-
gence, respond well to physical therapy, and can be-
come independent.

Congenital Radial Head Dislocation

The actual cause of the infantile dislocated elbow
remains speculative. Suggested origins include
congenital, developmental or posttraumatic. A
commonly considered traumatic cause is the
“nursemaid’s elbow” or the pulled elbow of in-
fancy. Developmental causation can result from
an ulnar aplasia, multiple exostosis, and multiple
enchondromatosis. Radiographic evidence of a
true congenital cause is hypoplasia of the capitel-
lum, a rounded appearance of the radial head ar-
ticular surface and a thin radial neck. Clinical
evidence of a congenital origin for this condition
is the presence of bilateral involvement.

Many patients never receive treatment of this
condition. Disability from degenerative arthritis is
seldom seen in patients having congenital disloca-
tion of the radial head. If degenerative arthritis is
seen, radial head resection in the adult patient is
the preferred treatment option. In a recent study,
Sacher and Mih have reported encouraging results
in children having surgery for radial head disloca-
tion, but the long-term efficacy of such a procedure
is unknown. As many patients do well with this

condition, supportive care may be all that is neces-
sary for congenital radial head dislocation, irre-
spective of the cause.

Congenital Radioulnar Synostosis

Congenital radioulnar synostosis occurs early on in
fetal development when the longitudinal separa-
tion of the forearm anlage does not completely
occur. The most common presentation is a failure of
proximal separation of the radius and ulna leaving
a coalition between these bones (Figure 13-1). Other
presentations of congenital elbow synostosis in-
clude radiohumeral synostosis, ulnohumeral synos-
tosis, or synostosis involving all three bones about
the elbow. Radioulnar synostosis is seen in patients
with fetal alcohol syndrome and is also seen in asso-
ciation with hip dysplasia, clubfoot, and a variety of
congenital hand anomalies.

Diagnosis is often delayed and frequently does
not become apparent until the child has difficulty
with a simple task that requires forearm rotation.
Physical examination often finds a forearm fixed in
a midrange pronated position, which is often a
functional position. Patients with a forearm in the
completely pronated position likely suffer from no-
table functional disability. Fortunately, this condi-
tion is unusual and patients generally adapt, through
wrist hypermobility, to the degree that little func-
tional disability persists. In the patients with dis-
ability, treatment can consist of a derotational
osteotomy either in the midforearm or at the level of
the synostosis. When extreme forearm positions are

FIGURE 13-1. Congenital radioulnar syn-
ostosis involving proximal aspect of the ra-
dius and the ulna.
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corrected, injury to nerve and arterial structures can
occur as the forearm is derotated to a more neutral
position. Such injury can result in hand ischemia or
even compartment syndrome. Careful postoperative
monitoring is necessary following these procedures.
Fortunately, most children with congenital radioul-
nar synostosis are left with a forearm in a functional
position and surgery is not necessary.

NERVE ENTRAPMENT SYNDROMES

Anterior Interosseous Nerve Syndrome 
and Pronator Syndrome

Entrapment neuropathies of the median nerve
about the elbow are much less common than carpal
tunnel syndrome. Some have reported that median
nerve neuropathies about the proximal forearm and
elbow account for less than 1% of all entrapment
neuropathies. Anterior interosseous syndrome oc-
curs due to fascial bands or aberrant blood vessels
compressing the anterior branch of the median
nerve. Pronator syndrome is caused from direct
compression of the median nerve by the pronator
teres muscle. The site of compression is distal to the
branch of the anterior interosseous nerve.

Patients with anterior interosseous syndrome
present with weakness of the flexor pollicis longus
muscle and the flexor digitorum profundus to the
index. Characteristic hyperextension posturing of the
distal interphalangeal joints of the index finger and
thumb are seen. Patients cannot make an “OK” sign
due to FPL and FDPI weakness. Sensory examination
is normal and pain, paresthesias absent. The diagno-
sis of anterior interosseous syndrome should be dis-
tinguished from Parsonage-Turner syndrome, or
brachial neuritis. In Parsonage-Turner syndrome, a
painful shoulder and arm prodrome exists with
paralysis of the anterior interosseous nerve occurring
later. Trauma, surgery, flu, or a vaccination may pre-
cede the diagnosis of Parsonage-Turner syndrome.
The cause of this peculiar syndrome is uncertain.

Electromyographic studies are often helpful in
diagnosing advanced anterior interosseous lesions,
although electrodiagnostic testing is often unreliable
in the earlier stages of the condition. Neurodiagnos-
tic studies are not helpful for 6 weeks following the
onset of symptoms due to neurophysiologic equili-
bration of the nerve.

Initial treatment is nonoperative with pa-
tients instructed to avoid repetitive gripping and

lifting. Long-arm splinting and nonsteroidal anti-
inflammatory drugs (NSAIDs) may prove helpful.
If no improvement in FPL and FDPI is seen in 3 to
4 months, surgical exploration and decompression
of the anterior interosseous nerve is indicated.
This decompression is accomplished through a
generous incision over the volar aspect of the
proximal forearm, which often leaves a rather un-
sightly scar. Treatment for Parsonage-Turner syn-
drome is nonsurgical with return of function seen
up to 2 years following the onset of symptoms.

In contrast to anterior interosseous syndrome,
patients with pronator syndrome present with
vague anterior forearm pain and unpredictable sen-
sory changes of the hand. The forearm pain is exac-
erbated by repetitive activities such as hammering
and forced gripping. Decreased sensation may be
found in the thumb, index finger, long finger, and
the radial aspect of the ring finger. The pattern of
sensory change can be distinguished from carpal
tunnel syndrome by the loss of sensation in the palm
of the hand caused by involvement of the palmar cu-
taneous branch of the median nerve. Patients with
pronator syndrome typically do not experience
night paresthesias, further distinguishing the condi-
tion from carpal tunnel syndrome. Electrodiagnostic
studies are helpful only in 40 to 50% of cases. The
diagnostic acumen of neurodiagnostic studies for
pronator syndrome is limited due to the proximal
forearm median nerve conduction velocity delays
often seen in carpal tunnel syndrome. The diagnosis,
then, is clinical. Physical examination findings in-
clude tenderness over the course of the median
nerve in the forearm, a Tinel’s sign in the proximal
forearm, and a positive nerve compression test in
the proximal forearm. Much like the carpal tunnel
compression test in the wrist, the proximal forearm
compression test is performed by applying firm, di-
rect pressure over the median nerve at the pronator
arcade. The pressure is held for 30 seconds. A posi-
tive test is elicited by pain in the forearm or pares-
thesias in the median nerve distribution of the hand.
Hyperflexion of the elbow and pronation of the fore-
arms may also elicit symptoms.

Similar to anterior interosseous syndrome, the
initial treatment of pronator syndrome is nonopera-
tive. Activity restriction with goal-directed recovery
under the supervision of a certified hand therapist
is, perhaps, the most effective nonoperative meas-
ure. NSAIDs and removable long-arm splinting
with the elbow in 90° flexion and the forearm in neu-
tral may prove useful. Failure to improve following
6 months of nonoperative therapy is an indication
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for surgical exploration and decompression of the
median nerve in the forearm. Sites of compression
can not only include the interval between the two
heads of the pronator teres, the fibrous elements of
the lacertus fibrosis, or the proximal arch of the
flexor digitorum sublimus muscle.

Radial Nerve Entrapment Syndromes

Proximal to the elbow joint, the radial nerve branches
into the superficial radial nerve and the posterior
interosseous nerve (PIN). The superficial radial
nerve courses distally beneath the brachioradialis
muscle over the dorsal radial aspect of the forearm
before emerging to a subcutaneous position at the
junction of its distal third and middle third. The
posterior interosseous nerve travels around the ra-
dial neck and through the interval between the two
heads of the supinator muscle. This opening, which
often has an overlying, compressive fibrous arch, is
known as the arcade of Frosche. The space beneath
the supinator muscle belly and where the PIN trav-
els is known as the radial tunnel. The sites of poten-
tial radial nerve compression are the entrance to the
radial tunnel (arcade of Frosche) and the exit of the
superficial radial nerve from beneath the brachiora-
dialis muscle.

Compressive neuropathy of the superficial ra-
dial nerve as it exits the brachioradialis muscle can
result in Wartenberg’s syndrome. This condition
can occur following direct trauma along the course
of the superficial radial nerve or, possibly, as a result

of repetitive forearm movements as might be sus-
tained in certain occupations. Patients with com-
pressive neuropathy of the superficial radial nerve
present with pain, paresthesias, or anesthesia over
the dorsum of the hand. Clinical examination may
find tenderness over the course of the nerve or a
Tinel’s sign where the nerve lies in a subcutaneous
position. Initial treatment is nonoperative, includ-
ing splinting, NSAIDs, and activity avoidance or
modification. In rare instances, surgical decompres-
sion of the nerve may be necessary.

Compressive neuropathy of the PIN can occur
at the arcade of Frosche, potentially resulting in one
of two different syndromes. Posterior interosseous
nerve syndrome causes a painless paralysis of digi-
tal and wrist extension. External compression of the
PIN may also occur due to ganglion cyst formation
from the elbow joint or the development of other
neoplasms. PIN syndrome may also result from
proliferative synovitis from the radiocapitellar joint
in the patient with rheumatoid arthritis. Electrodi-
agnostic testing may localize the site of compres-
sion. A brief period of observation and nonoperative
treatment is indicated initially following the onset
of symptoms, but surgical exploration and PIN de-
compression is indicated if symptoms do not re-
solve promptly (Figure 13-2).

Radial tunnel syndrome is a curious PIN com-
pressive condition characterized by volar forearm
pain without muscle weakness. Thought to occur as
a result of PIN compression within the radial tun-
nel, the condition is often confused with chronic lat-
eral epicondylitis. Some have suggested that lateral

FIGURE 13-2. Dorsal aspect of the pos-
terior forearm with posterior interosseous
nerve (PIN) exposed following release of
the supinator. Notice flattening and discol-
oration of the PIN.
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epicondylitis and radial tunnel syndrome may co-
exist, further complicating the clinical picture. Oth-
ers, however, have questioned the existence of the
condition altogether. Most patients respond to non-
operative treatment of activity modification, splint-
ing, NSAIDs, and rest. Surgical decompression may
be indicated in recalcitrant cases and is often com-
bined with lateral epicondylar release. Electrodiag-
nostic testing is often of little diagnostic benefit in
patients with radial tunnel syndrome.

Ulnar Neuropathy

Ulnar nerve compression most commonly occurs at
the elbow within the fibro-osseous groove known
as the cubital tunnel. Other sites of potential ulnar
nerve compression at the elbow or ulnar include the
arcade of Struthers, the medial intermuscular sep-
tum, and the ligament of Osborne. The arcade of
Struthers is a constrictive condensation of fibrous
tissue adjacent to the medial intermuscular septum,
located approximately 12 cm proximal to the cubital
tunnel. The intermuscular septum is a sheet of fi-
brous tissue separating the triceps from the brachialis
muscle. The ulnar nerve lies immediately posterior
to this structure and can be a source of impinge-
ment to the ulnar nerve when treatment calls for an-
terior transposition of the nerve. The ligament of
Osborne is the fibrous tendinous arch of the proxi-
mal origin of the two heads of the flexor carpi ul-
naris tendon. Ulnar neuropathy may develop
idiopathically or as a late result of trauma. The later
is known as tardy ulnar nerve palsy and results
from a malunited distal humerus fracture or from
posttraumatic growth arrest of the distal humerus.

Patients with ulnar neuropathy complain of
paresthesias (abnormal sensations) and dysesthesias
(lack of feeling) in the small finger and the ulnar por-
tion of the ring finger. Burning ring and small finger
pain as well as hand weakness and clumsiness are
also common complaints. Physical examination may
reveal exacerbation of the paresthesias with light
percussion over the ulnar nerve within the cubital
tunnel (Tinel’s sign). Additionally, the ulnar nerve
may be tender to touch in this region. In more active
patients or patients with a history of sporting activi-
ties, the ulnar nerve may be found to slip in and out
of the cubital groove (translocation) during flexion
and extension of the elbow.

In more advanced cases of ulnar neuropathy,
motor weakness of the ulnarly innervated muscles
may result. This most notably manifests itself by
clawing of the ring and small fingers (Figure 13-3).
Other signs of ulnar nerve paralysis include in-
terosseous muscle wasting, Wartenberg’s sign (in-
ability to abduct the small finger in against the ring
finger due to weakness of the palmar interosseous
muscles), and Froment’s sign (substituting thumb
IP joint flexion for thumb adduction due to weak-
ness of the adductor pollicis muscle) (Figure 13-4).
Findings can vary due to aberrations in ulnar nerve
anatomy. For instance, the intrinsic muscles in the
hand are innervated by the median nerve through
the Martin-Gruber anastomosis in 7.5% of people.
Electrodiagnostic studies are helpful in confirming
the diagnosis and following recovery.

In its early stages, treatment of ulnar neuropa-
thy is nonoperative. Queries are first made to iden-
tify in occupational or activities of daily life that
may have become an irritant to the ulnar nerve at
the elbow. Avoidance of these activities may be all

FIGURE 13-3. Clawing of the ring and
small finger due to ulnar nerve dysfunction.
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FIGURE 13-4. Froment’s sign showing
thumb IP joint flexion substituting for ad-
ductor pollicis weakness.

that is necessary in some patients. Further nonoper-
ative measures include immobilization of the elbow
in 30° of extension, followed by periods of mobiliza-
tion with elbow padding. An often-used protocol is
the fabrication of an orthoplast, anteriorly based
nighttime splint with the elbow at 30° flexion. The
patient is instructed to remove the pad during the
day and wear an elbow pad in an effort to prevent
direct trauma to the nerve and to prevent the pa-
tient from applying direct pressure on the ulnar
nerve. A lack of response to these measures by 3
months is generally considered a failure of conser-
vative treatment.

Fibrillations, sharp waves, polyphasic com-
plexes, and insertional activity on the electromyo-
graphic portion of the neurodiagnostic studies are
indicative of advanced ulnar neuropathy and indi-
cate the need for surgical treatment of the ulnar
neuropathy. Other indications for surgical treat-
ment of ulnar neuropathy are clinical signs of
ulnar nerve paralysis and failure of nonoperative
management. Opinions vary on the best surgical
procedure for treating ulnar neuropathy. Options
include in situ release, anterior ulnar nerve trans-
position (either subcutaneous, submuscular, or in-
tramuscular) and medial epicondylectomy. The in
situ release is decompression of the ulnar nerve by
release of the cubital tunnel retinaculum and the
ligament of Osborne connecting the two muscle
heads of the flexor carpi ulnaris (FCU). Anterior
transposition of the ulnar nerve requires release of
ulnar nerve compression sites and restraints as
mentioned earlier. The transposed ulnar nerve can
be placed subcutaneous, submuscular beneath the

FIGURE 13-5. Anterior transposition of the ulnar nerve.
Constraints of the ulnar nerve have been released and the
ulnar nerve is prepared for subcutaneous placement.

flexor-pronator mass, or intramuscular (Figure 13-5).
Medial epicondylectomy removes the anterior
bony barrier to nerve anterior translation. Propo-
nents of this procedure cite the advantage of less
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dissection about the nerve and, therefore, less in-
terruption of ulnar nerve blood supply.

For minimal or mild ulnar neuropathy, all forms
of treatment are successful with a high degree of pa-
tient satisfaction including nonoperative measures. In
one Kaplan-Meier analysis, 80% of patients with mild
ulnar neuropathy were improved with nonoperative
treatment. For the more advanced lesions, submuscu-
lar transposition has a higher patient satisfaction rate
compared to the other methods of treatment.

OLECRANON BURSITIS

The olecranon bursa is a synovial-lined structure lo-
cated between the olecranon process and the skin.
This normal structure may become inflamed and
accumulate fluid once injured from blunt or repeti-
tive trauma. Other causes of olecranon bursitis in-
clude gout, calcium pyrophosphate deposition, and
rheumatoid arthritis. Patients may or may not re-
veal a history of blunt trauma but repetitive trauma
is often identified with careful history taking. Pa-
tients typically present with a notably swollen and
fluctuant posterior elbow. For nonseptic conditions
pain and warmth are generally not elicited. The di-
agnosis of the nonseptic olecranon bursitis is clini-
cal and treatment is conservative. The condition
usually responds to a brief period of activity modi-
fication and elbow protection. The elbow may be
protected with a posterior orthoplast splint or alter-
natively with a pad. The condition should respond
to nonoperative management in 3 to 4 weeks. If the
condition does not respond and the bursitis becomes
chronic, infection must be considered and the bursa
aspirated for culture. Culture analysis should in-
clude aerobic, anaerobic, fungus, and mycobac-
terium analysis. Nonseptic, chronic, long-standing
olecranon bursa unresponsive to conservative man-
agement occasionally requires surgery. However,
bursectomy is often complicated by wound-healing
problems and should only be considered after exten-
sive nonoperative therapy.

Septic olecranon bursitis can occur from rather
innocuous injury and must always be considered in
immunocompromised patients. These infections can
progress insidiously leading to devastating conse-
quences. Abscesses can track proximally and distally
in the arm along fascial planes leading to a necritizing
fasciitis, particularly in the immunocompromised
host. The most common organism is Staphylococcus
aureus. The isolation of methicillin-resistant S. aureus
is becoming increasingly more common. 

The treatment for septic olecranon bursitis is
incision, drainage, and debridement, leaving the
wound open to heal by secondary intention. Wound
care of the open olecranon wound following incision
and drainage can be facilitated by use of a negative
pressure wound closure assist device. The negative
pressure wound healing assist device removes fluid,
including proteolytic enzymes responsible for in-
hibiting tissue angiogenesis. Healing by secondary
intention can be prolonged in these patients. Soft tis-
sue pedicled muscle or fasciocutaneous transfer can
be considered in recalcitrant cases.

DEGENERATIVE ARTHRITIS

By comparison, degenerative arthritis of the elbow
is uncommon, accounting for fewer than 5% of pa-
tients receiving a total elbow replacement. Addi-
tionally, primary degenerative arthritis of the elbow
has been reported to affect less than 2% of the pop-
ulation. Males are more commonly affected than fe-
males. Patients complain of pain on terminal
extension of the elbow and less frequently pain
with flexion. On occasion, patients may be both-
ered by pain that awakens them from sleep or lock-
ing of the elbow during daytime activities. The
dominant extremity is involved in greater than 80%
of patients with bilateral involvement occurring in
up to 60% of patients. Characteristically, these pa-
tients lose terminal extension, but elbow flexion
and forearm rotation may also be limited. Routine
elbow radiographs often reveal osteophytes of the
sigmoid notch of the ulna as well as osteophytes of
the coronoid process (Figure 13-6A). Loose bodies
may also be present.

Nonoperative treatment includes NSAIDs and
a trial of intra-articular corticosteroid injections. The
time from symptoms onset until surgery may be
several years. Operative procedures include arthro-
scopic joint debridement, ulnohumeral arthroplasty
(Outerbridge procedure), and total elbow arthro-
plasty. Relief of pain and modest improvement in
motion can be anticipated following arthroscopic
debridement. Long-term results of this procedure
are not known. Ulnohumeral arthroplasty is an
open procedure where osteophytes are debrided
from the ulnar and humeral periarticular surfaces.
Through a posterior approach to the olecranon, a
trephine is used to remove osteophytes from the
olecranon fossa. Also through this approach, the
anterior aspect of the distal humerus can be
reached and osteophytes removed. Pain relief can

WeinCh13v2.qxd  1/3/04  12:57 AM  Page 407



408 CHAPTER 13 � The Forearm and Elbow

A

B

C

FIGURE 13-6. (A) Primary degenerative arthritis of
the elbow. (B) and (C) PA and lateral elbow films show-
ing total elbow arthroplasty for degenerative arthritis of
the elbow.
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be expected in 90% of patients. Modest improve-
ments in flexion and extension can also be expected.
Approximately 20% of patients experience recur-
rence of symptoms at 10 years postoperative.

Total elbow arthroplasty is rarely indicated for
patients with primary degenerative arthritis of the
elbow (Figure 13-6B and C). Patients with degenera-
tive arthritis of the elbow joint are often relatively
young and active. The combination of youth and
higher activity level often makes the patient with de-
generative arthritis of the elbow a poor total elbow
arthroplasty candidate. Limited information exists
on the treatment of primary degenerative arthritis of
the elbow. Only small series have been published on
the results of total elbow arthroplasty in these pa-
tients and a higher rate of complication has been re-
ported. The semiconstrained, nonhinged surface
replacement variety of total elbow arthroplasty may
theoretically be better suited for the degenerative
elbow because hinged components are at risk for
loosening due to stress imparted at the bone cement
interface. Ligament incompetence seen in the RA pa-
tient precludes the use of surface replacement com-
ponents in these patients. However, the degenerative
elbow would be expected to have ligamentous and
capsular integrity as well as intact subchondral
humeral and ulnar bone stock, thereby making sur-
face replacement an option. Long-term results of sur-
face replacement arthroplasty in the degenerative
elbow, however, are lacking.

OSTEOCHONDRITIS DISSECANS

Osteochondritis dissecans is a condition that most
frequently affects adolescent boys in which elbow
articular cartilage and underlying bone separates
from the articular surface. It is more common in
males than females, is more common in the domi-
nant arm, and appears in both elbows in 15% of pa-
tients. The most common presenting complaint is
pain and limited motion. Osteochondritis dissecans
(OCD) is a common cause of “Little League elbow.”
Physical examination finds loss of elbow extension
and tenderness over the lateral aspect of the elbow.
Irregular ossification of the capitellum, or a discrete
crater, can be seen on plain radiography that should
include PA, lateral, and oblique projections. Loose
bodies may also develop and may be best visual-
ized with CT scan. The actual cause of the condition
remains unknown although trauma is believed to
be an important factor as well as possibly ischemia
and genetics.

Treatment of OCD of the elbow is based on the
radiographic stability of the fragment. Intact lesions
generally respond to nonoperative management, in-
cluding rest, splinting, and NSAIDs. Partially de-
tached or unstable lesions can be reattached in situ,
but the ultimate outcome is unknown. Completely
detached lesions are best treated with simple re-
moval. The role of arthroscopic debridement of re-
maining craters following removal of unstable or
detached lesions remains unknown, but some suc-
cesses have been reported. An association between
OCDs and the development of degenerative arthri-
tis may exist. In the skeletally mature OCD patient
with advanced capitellar irregularities, radial head
resection may be an option for treatment.

PANNER’S DISEASE

Panner’s disease is osteochondrosis of the capitel-
lum. Osteochondrosis is a growth disturbance in-
volving a center of ossification. The condition
generally affects boys from the ages of 7 to 12 years,
during the years of ossification of the capitellar epi-
physis. Patients usually present with a painful
elbow, particularly aggravated by throwing sports.
Physical examination yields tenderness over the lat-
eral aspect of the elbow and limited motion of the
elbow. Radiographically, the capitellar epiphysis be-
comes fragmented in a fashion similar to Perthes
disease of the femoral head. In time as growth pro-
gresses, the capitellar epiphysis reconstitutes. Treat-
ment is usually symptomatic as the symptoms and
limitations of motion resolve.

RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is an inflammatory condi-
tion of uncertain origin, although genetics is thought
to play a role. The prevalence of the condition is ap-
proximately 2%, affecting females twice as commonly
as males. Synovial biopsies of recently diagnosed pa-
tients with RA show macrophages, T-cell and B-cell
lymphocytes, plasma cells, and polymorphonuclear
lymphocytes. The resulting inflammatory response
invades normal tissue causing periarticular bony ero-
sions, cartilage destruction, and eventually joint de-
struction. Patients generally experience pain and
stiffness in multiple joints; however, monoarticular
involvement is recognized. Elbow involvement af-
fects approximately 50% of patients with RA. The
hand and wrist are the most commonly affected
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joints. Patients with RA affecting the elbow may expe-
rience loss of both flexion and extension range of mo-
tion. Inspection of the posterior surface of the elbow
often finds loss of the normal bony contours due to
synovitis. This is perhaps most easily appreciated
along the medial border of the elbow, beneath the
ulnar groove of the humerus or along the lateral as-
pect of the elbow. Radiography will show periarticu-
lar erosions as well as concentric cartilage shadow
narrowing. The joint is often warm to the touch dur-
ing periods of active disease.

The medical management of RA is discussed
in Chapter 14 on the hand and wrist. Early nonop-
erative management can include a corticosteroid
injection, although relief of symptoms may be tem-
porary. It should also be remembered that the im-
munosuppressed status of these patients puts them
at a slightly increased risk of developing an infec-
tion from a needle injection when compared to
other patients. Initial surgical management for RA
affecting the elbow may include synovectomy. Syn-
ovectomy combined with radial head excision is in-
dicated in patients with pain and stiffness following
failure of medical management. Radiographically,
the ideal elbow synovectomy candidate shows little
if any alteration in subchondral architecture despite
cartilage shadow narrowing. Patients with gross de-
formity and marked loss of motion are contraindi-
cated for synovectomy. Elbow synovectomy can be
performed using an open technique or arthroscopi-
cally. The later technique is demanding. Gendi et al.
has reported an 81% success rate at one year in 113
patients but noted that this deteriorated over time
with only 54% having pain relief at a mean follow-
up of 6 years. 

The primary indication for total elbow arthro-
plasty is the patients with advanced, symptomatic
RA of the elbow and are beyond being considered
for a synovectomy (Figure 13-7A–D). These pa-
tients often seek medical attention due to constant
pain and profound functional limitations from
compromised elbow motion. Surgery is indicated
in the patient older than 60 years who is relatively
inactive. These patients have failed medical man-
agement for their elbow RA and understand that
vigorous activity is not permitted once they receive
an elbow replacement. Contraindications include
patients who are mentally unstable or unreliable,
patients with open elbow wounds, or patients with
prior or active elbow joint infection. Additionally
patients who are medically unstable or patients
having current active infections elsewhere are con-
sidered poor candidates for the procedure.

1
2

The hinged or constrained total elbow replace-
ment arthroplasty is the design most suitable for
the RA patient. This design does not rely on the
capsuloligamentous structures nor subchondral
bone for elbow stability. In fact, generous portions
of the medial or lateral humeral condyles can be re-
sected to facilitate component placement, without
compromising the overall result of the elbow re-
placement surgery. The prosthesis lends immediate
stability to an otherwise unstable joint. Most con-
strained total elbow prosthetic designs offer 5 to
10° of out-of-plane laxity of the ulnar component,
thereby unloading stress at the bone-cement inter-
face. Otherwise, stress at this location causes pre-
mature loosening and ultimate implant failure. In
one design, an anterior flange has been added to
provide rotational stability (Figure 13-8). The pro-
cedure is performed through a triceps-sparing pos-
terior approach that facilitates early rehabilitation.
Unlike other joint replacement procedures, a major
nerve must routinely be identified, mobilized, and
transferred to a new location. During the initial
surgical exposure, the ulnar nerve is identified, mo-
bilized, and transposed anteriorly. Immediately
postoperative, the patients are placed in a sling and
encouraged to begin activities of daily living. For-
mal physical therapy is not generally needed. The
patients are instructed to never lift more than 10 lbs
with the operative elbow and to henceforth con-
sider it a “helper arm.”

Gill and Morrey have reviewed a population of
78 total elbow arthroplasties (TEA) at 10 years find-
ing that 97% are not painful and calculated a 92%
survival with an 86% having good or excellent re-
sults. Traditionally thought to have infection rates
of 7% or greater, the infection rate in this series was
2.6%. Ulnar neuritis is one of the more common
postoperative problems. In selected RA patients,
TEA can be a life-altering procedure.

TENDONOPATHIES

Intersection Syndrome

The abductor pollicis longus (APL) muscle and the
extensor pollicis brevis muscle (EPB)—the outcrop-
per muscles of the thumb—cross the extensor carpi
radialis brevis (ECRB) and the extensor carpi radi-
alis longus (ECRL) in the distal forearm. At the
point of contact of these crossing structures, a bursa
is present that may become inflamed following
repetitive wrist activities. This condition is known
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FIGURE 13-7. (A) and (B) PA and lateral elbow
film of patient with rheumatoid arthritis of the
elbow. Notice concentric narrowing of the joint as
well as osteopenia. (C) and (D) PA and lateral
elbow film of total elbow arthroplasty for rheuma-
toid arthritis of the elbow. 
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FIGURE 13-8. Coonrad-Morrey Total Elbow arthroplasty
demonstrating the anterior flange of the humeral compo-
nent, offering rotational stability.

Rarely, operative intervention is performed fol-
lowing a failure of nonoperative treatment. The sur-
gical approach is through a longitudinal incision
over the radial aspect of the dorsal surface of the
distal forearm. The APL and EPB tendons are ele-
vated and the underlying ECRB and ECRL are re-
leased from within their investing fascia. Extensor
tenosynovium is also debrided if identified. Postop-
eratively, the wrist is splinted in extension and ag-
gravating activities are avoided for 4 weeks. After
4 weeks, patients resume normal activities.

Lateral Epicondylitis (Tennis Elbow)

Pain, which is activity related, along the lateral as-
pect of the elbow is often a result of the lateral epi-
condylitis. This relatively common overuse injury
may stem from a variety of sporting activities that re-
quire repetitive use of the wrist and forearm, or from
occupational activities requiring similar movements.
The common age of onset is 35 to 50 years of age
with an equal male to female ratio. The common ex-
tensor origin consists of the tendons of origin of the
ECRB, ECRL, ECU, EDC, and EDQM. The patho-
logic process begins with the microscopic disruption
of the tendon fibers, which is a degenerative process.
Next, the tendon is invaded by fibroblasts, vascular
granulation tissue, and myofibroblasts. This degen-
eration and repair process is termed angiofibroblastic
hyperplasia. The ordinary arrangement of the tendon
fibers is disrupted. Of interest is the absence of acute
or chronic inflammatory tissues. Because of this ab-
sence of inflammatory tissue, several authors have
referred to the condition as a “tendinosis” as op-
posed to “tendonitis.” The arcade of Frohse is located
just beneath the extensor carpi radialis brevis (ECRB)
tendon and radial tunnel syndrome may be associ-
ated with chronic lateral epicondylitis.

Patients with lateral epicondylitis present due
to functional limitations from lateral elbow pain.
Patients complain of a sharp pain localized to the
lateral aspect of the elbow, exacerbated by activities
such as lifting, heavy gripping, or forearm supina-
tion and pronation. Chronic conditions may find
associated tenderness over the arcade of Frohse, lo-
cated two fingerbreadths distal to the lateral epi-
condyle. This may indicate the presence of associated
radial tunnel syndrome, often confused with chronic
lateral epicondylitis. Physical examination may re-
veal one of several positive provocative maneuvers
for lateral epicondylitis. The resisted longer finger
extension test is the most commonly used test for

as intersection syndrome of the forearm. Patients
with intersection syndrome of the forearm will
complain of swelling and acute pain with gripping
and wrist extension. Also pain may be elicited with
isolated thumb movements. On physical examina-
tion, patients will have point tenderness directly
over the bursa and swelling will be identified. In
more advanced cases, warmth and erythema may
be present. Under certain circumstances, squeaking
can be heard with wrist movements.

Treatment of intersection is largely nonopera-
tive. Generally, a specific activity can be identified
that has incited the condition. Restriction from this
activity is the mainstay of initial treatment. Patients
also typically respond to static splinting of the wrist
in 15° for a period of 3 weeks combined with daily
active, gentle wrist range of motion exercises.
NSAIDs, if tolerated, are included in the nonopera-
tive treatment regimen. A corticosteroid injection
directly into the intersection of tendons (approxi-
mately 4 cm proximal to the radial styloid) can be
performed if the condition proves refractory to ini-
tial treatments.
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lateral epicondylitis. Other tests include resisted
wrist extension test and the resisted supination test
(also a test for associated radial tunnel syndrome).
Patients with long-standing symptoms may show a
decrease in grip strength.

Treatment of lateral epicondylitis is largely
nonoperative. Initial activity restriction is perhaps
the most effective, especially as it relates to rac-
quet sports. For tennis enthusiasts, careful evalua-
tion of the size and weight of the racquet should
be evaluated and, most importantly, the the rac-
quet’s string pressure. A weight of 55 to 60 lb of
pressure is preferred for most amateurs. Greater
string pressure may result in injury. Other issues
relate to proper tennis technique. For instance,
greater reliance on elbow and forearm motion to
increase racquet speed (as opposed to more proxi-
mal shoulder girdle muscles) may also result in
injury. The reliance on forearm and elbow motion
for racquet speed is often caused by decondi-
tioned scapular stabilizer muscles, resulting in
scapular dyskinesis. Open chain shoulder rehabil-
itation is an effective means of rehabilitating the
tennis player following lateral epicondylitis.
Other rehabilitation includes forearm stretching
exercises and gradual strengthening. In the early
phase, NSAIDs, wrist cock-up bracing, elbow con-
tour force bracing (Figure 13-9), and steroid
phonophoresis may prove beneficial for symptom
relief. In most instances, strict immobilization and
repeated corticosteroid injections are avoided. The
use of corticosteroid injections in the absence of

inflammation seems counterintuitive. Some have
suggested that the use of corticosteroid on lateral
epicondylitis may enhance the tendinosis aspect
of the condition.

Surgical treatment is reserved for those patients
with refractory symptoms following a year of non-
operative management. Many surgical options
exist. The most popular choice is accomplished
through a longitudinal incision over the lateral epi-
condyle, exposing the ECRB tendon of origin. Devi-
talized, degenerative tissue is excised from the
tendon. Incomplete tears of the ECRB tendon of ori-
gin occur in approximately 35% of patients accord-
ing to Nirschl. 

Controversy exists regarding direct repair or
advancement of the ECRB tendon versus release.
Some feel that repair or advancement of the ECRB
tendon may predispose to recurrence due to ap-
plied tension. Others have recommended release of
the entire extensor origin with drilling of the lateral
epicondyle to promote healing. More recently de-
scribed alternative techniques include percuta-
neous and arthroscopic extensor origin release.

Generally nonoperative therapy is sufficient
for lateral epicondylitis. However, when necessary,
debridement with or without repair of the ECRB
tendon provides a good alternative. In one study,
85.3% of patients obtained good or excellent results
with open surgery. Similar results have been re-
ported with arthroscopic and percutaneous tech-
niques. Surgical treatment should be reserved for a
select patients.

FIGURE 13-9. Counterforce bracing for
the treatment of lateral epicondylitis.
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Medial Epicondylitis (Golfer’s Elbow)

Medial epicondylitis is one of the more common
causes of medial elbow pain. Approximately one-
third of patients with medial epicondylitis develop
the condition subsequent to an injury. The medial
condyle of the humerus gives origin to the flexor-
pronator origin, including the pronator teres, the
flexor carpi radialis, the humeral head of the flexor
ulnaris, the palmaris longus, and the ulnar head of
the flexor digitorum superficialis. The pronator
teres and the flexor carpi radialis share a conjoined
tendon that is regarded as the primary site of origin
of this condition. With repetitive stress loading of
this conjoined tendon, degenerative changes occur
in the tendon leading to pain.

Patients with medial epicondylitis present due
to activity-related medial elbow pain. Patients are
more commonly males, presenting in the third
through the fifth decades. In over one-half of cases,
patients complain of associated ulnar neuropathy.
This most likely relates to localized inflammation
about the ulnar nerve or direct compression from
the bulk of the flexor-pronator tendinopathy. Ten-
derness over the medial humeral condyle can be
elicited on physical examination. Pain with resistive
forearm pronation is also variably present. Elbow
range of motion is usually preserved but grip
strength may wane.

Most patients with medial epicondylitis re-
spond to nonoperative management including ac-
tivity restrictions, NSAIDs, and active hand therapy.
A forearm splint with the wrist is slight extension
may also prove helpful. Counterforce proximal fore-
arm straps are variably effective. If immobilization is
chosen, daily active and passive range of motion ex-
ercises of the wrist and elbow are encouraged. Corti-
costeroid injections to the medial epicondyle may
provide temporary relief of symptoms. Injections
can, however, cause subcutaneous fat atrophy and
localized skin depigmentation. Medial epicondylar
injections are best preformed with the elbow ex-
tended in order to avoid injection into a potentially
subluxed or dislocated ulnar nerve.

Patients with greater than 6 months of persist-
ing medial epicondylitis can be considered for sur-
gery. Surgical options include debridement, repair,
and reattachment (if needed) of the flexor-pronator
tendon origin, or medial epicondylectomy. Flexor
origin debridement, and repair and reattachment, is
performed through a longitudinal incision over the
medial epicondyle. Branches of the medial an-
tibrachial cutaneous nerve are identified and must

be carefully protected. Some authors recommend
detachment of the flexor-pronator origin with de-
bridement of the devitalized portions of the tendon
followed by reattachment. Others recommend sim-
ple debridement. Less clear is the optimal treatment
for associated ulnar neuropathy. Patients with mild
associated ulnar neuropathy generally respond to
simple ulnar nerve decompression while more ad-
vanced cases of ulnar neuropathy are best treated
with anterior submuscular transposition. Results
from surgical treatment of medial epicondylitis are
highly favorable unless moderate or severe ulnar
nerve symptoms exist. In one study, patients with
more advanced ulnar nerve symptoms achieved
good results in only 40% of cases.

Annotated Bibliography

Congenital Conditions

Bell SN, Morrey BF, Bianco AJ Jr. Chronic posterior subluxation
and dislocation of the radial head. J Bone Joint Surg
1991;73A:392–396. 
Thirty-four chronic posterior elbow dislocations in 27 patients were
reviewed. Follow-up consisted of examining 18 of the patients, 10 of
whom received treatment and 8 of whom did not. The authors con-
clude that posterior displacement did not cause serious functional
impairment, although loss of forearm rotation was found. Defor-
mity was noted as a cosmetic problem.

Cleary JE, Omer GE Jr. Congenital proximal radioulnar synosto-
sis. Natural history and functional assessment. J Bone Joint
Surg 1985;67A:539–545.
Thirty-six proximal radioulnar synostoses were evaluated in 23
patients. The patients were reevaluated at a mean age of 23 years
and were found to be fixed in a mean position of 30° pronation. The
patients had few if any functional complaints and the position of
the forearm was not found to affect employment status. The au-
thors conclude that operative treatment is rarely indicated in the
treatment of congenital proximal radioulnar synostosis.

Mennen U. Early corrective surgery of the wrist and elbow in
arthrogryposis multiplex congenita. J Hand Surg 1993;18B:
304–307. 
Drawing on an experience of 47 patients, the authors evaluated
their results and recommend early corrective surgery for arthrogry-
posis multiplex congenita of the hand and wrist. Included in their
surgery are a proximal row carpectomy, wrist tendon transfers, and
triceps to radius transfer to improve elbow flexion. The authors con-
clude that the optimum age for surgery is 3 to 6 months of age.

Sachar K, Mih AD. Congenital radial head dislocations. Hand
Clin 1998;14:39–47.
This article reviews the topic of radial head dislocations. The au-
thors conclude that in their experience, early open reduction and
ligament reconstruction offers advantages over late radial head re-
section.

Nerve Entrapment Syndromes

Dellon AL, Chiu DTW. Cubital tunnel and radial tunnel syn-
dromes. In: Trumble TE, ed. Hand Surgery Update. 3rd Ed.
Chicago: American Society for Surgery of the Hand,
2003:313–323. 

WeinCh13v2.qxd  1/3/04  12:57 AM  Page 414



Annotated Bibliography 415

This is an update and review on the subjects of cubital tunnel syn-
drome and radial tunnel syndrome. Included in the book are data on
the results of treatment from the authors’ practice. Using a Kaplan-
Meier analysis, they report an 80% improvement rate in patients
treated nonoperatively for mild ulnar neuropathy.

Mowlavi A, Andrews K, Lille S et al. The management of cubital
tunnel syndrome: a meta-analysis of clinical studies. Plast Re-
constr Surg 2000;106:327–334.
This analysis of previous clinical series of cubital tunnel treatment
reports that the success of surgery is related to the initial degree of
ulnar nerve compression. The authors report that the best results for
more advanced cubital tunnel syndrome were found in patients who
had anterior submuscular transposition.

O’Driscoll SW, Horii E, Carmichael SW et al. The cubital tunnel
and ulnar neuropathy. J Bone Joint Surg 1991;73B:613–617.
In this study, the authors examine the anatomic relationships of the
cubital tunnel in 27 cadaver elbows. Variations in the anatomy of
the cubital tunnel at the elbow were classified into four types: type
0 = no cubital tunnel retinaculum; type 1a = cubital tunnel reti-
naculum taut in flexion; type 1b = cubital tunnel retinaculum was
taut in a position short of full elbow flexion; type 2 = the retinacu-
lum was replaced by an anomalous muscle, the anconeus
epitrochlearis. The authors conclude that the variations in cubital
tunnel retinacular anatomy may account for the development of
ulnar neuropathy in some patients.

Olehnik WK, Manske PR, Szerzinski J. Median nerve compres-
sion in the proximal forearm. J Hand Surg 1994;19A:121–126.
The authors review 39 limbs in 36 patients in which surgical de-
compression of the median nerve was performed in the proximal
forearm. Electrodiagnostic testing was abnormal in 12 of the 37 pa-
tients who received the studies. The nerve was found compressed at
the flexor digitorum superficialis in 22 arms and at the pronator
teres in 13 arms. Overall 30 patients had partial or complete relief of
their symptoms.

Ritts GD, Wood MB, Linscheid RL. Radial tunnel syndrome. a
ten-year surgical experience. Clin Orthop 1987;219:201–205. 
In a review of 42 patients surgically treated for radial tunnel syn-
drome, 37 were followed up at an average of 24 months. Seventy-
four percent had improvement following surgery but one-third still
had symptoms. Electrodiagnostic studies were not helpful in mak-
ing the diagnosis. Radial tunnel block was helpful in establishing
diagnosis.

Szabo R. Entrapment and compression neuropathies. In: Green
DP, Pedersen W, Hotchkiss RN, eds. Operative Hand Surgery,
4th Ed. St. Louis: Churchill Livingstone 1998;1417–1446.
This is a comprehensive review on the subject of compression neu-
ropathies of the forearm and elbow. Included are detailed discussions
on pronator syndrome, anterior interosseous nerve entrapment syn-
drome, ulnar neuropathy, posterior interosseous nerve syndrome,
and radial nerve syndrome.

Osteoarthritis

Morrey BF. Primary degenerative arthritis of the elbow. Treat-
ment by ulnohumeral arthroplasty. J Bone Joint Surg
1992;74B:409–413.
Fifteen patients were reviewed at an average of 33 months follow-
up after ulnohumeral arthroplasty. Fourteen of the 15 patients had
good relief of pain. Elbow extension and flexion had improved 11°
and 10° respectively. Overall, 87% of patients felt they had been
improved by the operation.

Osteochondritis Dissecans

Baumgarten TE, Andrews JR, Satterwhite YE. The arthroscopic
classification and treatment of osteochondritis dissecans of
the capitellum. Am J Sports Med 1998;26:520–523.

Seventeen elbows in 16 patients were evaluated with an average
follow-up of 48 months. Each patient underwent arthroscopic abra-
sion arthroplasty and removal of loose bodies. The average flexion
and extension contracture decreases following treatment. Six of the
9 patients active in sports returned to their preoperative level of ac-
tivity. The authors conclude that arthroscopic abrasion chon-
droplasty is an effective form of treatment for osteochondritis
dissecans.

Rheumatoid Arthritis

Gendi NS, Axon JM, Carr AJ et al. Synovectomy of the elbow and
radial head excision in rheumatoid arthritis. Predictive fac-
tors and long-term outcome. J Bone Joint Surg 1997;79B:
918–923.
Synovectomy with radial head resection was performed in 171 pa-
tients. Eighty-three percent of the patients were satisfied at one
year. These results deteriorated with time at a rate of 2.6 % per year.
Poor preoperative elbow range of motion was a predictor of failure.
The authors conclude that the long-term results of this procedure
are poor.

Gill DR, Morrey BF. The Coonrad-Morrey total elbow arthroplasty
in patients who have rheumatoid arthritis. A ten- to fifteen-
year follow-up study. J Bone Joint Surg 1998;80A:1327–1335.
Seventy-eight original total elbow replacements in 69 patients were
followed. At follow-up 46 total elbow replacements in 41 patients
were still alive and had at least 10 years of follow-up. At follow-up,
97% of the elbows were not painful. The mean arc of flexion and ex-
tension was 28 to 131°, an improvement in 13° over preoperative.
Complications included infections, ulnar fractures, and triceps
avulsion. Calculated survival rate of the implanted prostheses was
92%. At final follow-up, 86% of the patients had a good or excellent
result.

Tendonopathies

Gabel GT, Morrey BF. Operative treatment of medial epi-
condylitis. Influence of concomitant ulnar neuropathy at the
elbow. J Bone Joint Surg 1995;77A:1065–1069. 
The results of operative treatment of medial epicondylitis in 30 el-
bows were reviewed. At an average of 7 years follow-up, debride-
ment and ulnar nerve decompression/transposition resulted in good
or excellent results in 87% of patients. The patients that had moder-
ate or advanced preoperative ulnar neuropathy had a significantly
worse surgical result.

Grundberg AB, Reagan DS. Pathologic anatomy of the forearm:
intersection syndrome. J Hand Surg 1985;10A:299–302.
The basic anatomy and pathoanatomy of intersection syndrome is
discussed. Thirteen patients received operative treatment for the
condition. The authors conclude that the basic pathologic abnormal-
ity is stenosing tenosynovitis of the radial wrist extensor tendons.

Kraushaar BS, Nirschl RP. Tendinosis of the elbow (tennis
elbow). Clinical features and findings of histological, im-
munohistochemical, and electron microscopy studies. J Bone
Joint Surg 1999;81A:259–278.

Nirschl RP, Pettrone FA. Tennis elbow. The surgical treatment of
lateral epicondylitis. J Bone Joint Surg 1979;61A:832–839.
Of 1,213 elbows with lateral epicondylitis treated nonoperatively,
seven percent failed and underwent operative treatment. At the time
of surgery, 93% of the elbows (82 of the 88 operatively treated pa-
tients) were observed to have gross involvement of the ECRB tendon
of origin. Seventy-five of the 88 operatively treated patients obtained
good or excellent results with tendon debridement and ECRB repair. 

WeinCh13v2.qxd  1/3/04  12:57 AM  Page 415



WeinCh13v2.qxd  1/3/04  12:57 AM  Page 416



14

BOUTONNIÈRE DEFORMITY
CARPAL TUNNEL SYNDROME
COMPLEX REGIONAL PAIN

SYNDROME
CONGENITAL HAND

ANOMALIES
Radial Club Hand
Thumb Hypoplasia
Madelung’s Deformity
Syndactyly
Polydactyly
Cleft Hand

CRYSTALLINE ARTHROPATHY
OF THE HAND AND WRIST

DEGENERATIVE 
ARTHRITIS OF THE 
HAND AND WRIST

DEQUERVAIN’S SYNDROME
DUPUYTREN’S CONTRACTURE

INFECTIONS OF THE HAND
AND WRIST
Felons and Paronychia
Septic Flexor Tenosynovitis
Palmar Abscess
Human and Other Animal Bites
Osteomyelitis
Atypical Mycobacterium

Infections
Necrotizing Fasciitis and

Clostridial Myonecrosis
Septic Arthritis

KEINBOCK’S DISEASE
NERVE PALSY
RHEUMATOID ARTHRITIS 

OF THE HAND AND WRIST
STENOSING TENOSYNOVITIS

(TRIGGER FINGER)
Swan-Neck Deformity

TUMORS AND TUMOR-LIKE
CONDITIONS OF THE HAND
AND WRIST
Ganglion Cyst
Giant Cell Tumor of Bone
Giant Cell Tumor of Tendon

Sheath
Epidermal Inclusion Cyst
Enchondroma

MALIGNANT TUMORS OF THE
HAND AND WRIST

VASCULAR INSUFFICIENCY OF
THE HAND AND WRIST

Peter M.Murray

The Wrist and Hand

BOUTONNIÈRE DEFORMITY

The boutonnière deformity is a functionally compromising posturing of the
digit. The deformity may follow trauma to the central slip portion of the extensor
mechanism. It may occur from a laceration involving the proximal interpha-
langeal (PIP) joint or from a closed, axial force applied to the digit resulting in a
rupture of the central slip. More commonly, the boutonnière deformity is caused
by central slip attenuation due to PIP joint destruction from rheumatoid arthritis.
Much like a small bouquet of flowers protruding through a buttonhole in the
lapel of a suit, the proximal interphalangeal joint protrudes through the attenu-
ated extensor mechanism of the digit.
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418 CHAPTER 14 � The Wrist and Hand

The essential features of a boutonnière deformity
include hyperextension of the metacarpal phalangeal
(MCP) joint, flexion contracture of the proximal
interphalangeal (PIP) joint, hyperextension of the
distal interphalangeal (DIP) joint, and incompetence
or attenuation of the central portion of the extensor
mechanism (Figure 14-1). The deformity can be clas-
sified as either mild, moderate, or severe. The PIP
joint contracture in the mild or moderate varieties is
considered passively correctable, while the PIP joint
contracture in the severe boutonnière deformity is
rigid or fixed and is not passively correctable.

Treatment of boutonnière deformity is more or
less prophylactic in the case of open or closed trauma
of the extensor mechanism. Lacerations of the central
slip demand careful scrutiny and prompt attention to
prevent flexion posturing of the PIP joint and ulti-
mate failure of the extensor mechanism. In the event
of a closed rupture, the central slip is treated by
splinting. Alternatively, the boutonniere deformity
seen in rheumatoid arthritis may be treated with PIP
joint synovectomy or reconstruction of the extensor
mechanism when the deformity is mild or moderate.
In advanced cases, PIP joint arthrodesis (fusion) or
joint replacement arthroplasty is needed. In general,
soft tissue reconstruction of the boutonnière defor-
mity has been disappointing. The results from treat-
ment with arthrodesis have been more predictable.

CARPAL TUNNEL SYNDROME

Carpal tunnel syndrome is the most common clini-
cal entity seen by the hand surgeon, with some re-
porting that the condition affects up to 10% of the

general population—an estimated cost to the U.S.
medical system well beyond $1,000,000,000. When
considering time lost from work, the cost to society
as a whole is substantial. Risk factors for the condi-
tion include female, diabetes, hypothyroidism, obe-
sity, pregnancy, rheumatoid arthritis, gout, precious
trauma, acromegaly, smoking, old age, peripheral
neuropathy, occupational vibrational exposure, and
renal disease.

It has been established that venous blood flow
and axonal transport within the median nerve is
compromised with carpal tunnel pressures of 30 mm
Hg. This is a carpal canal pressure clinically achiev-
able in the carpal tunnel patient. Pressures in excess
of 30 m Hg have been shown in the patient who fre-
quently flexes and extends the wrist, pronates and
supinates the forearm, or repeatedly grasps objects.
The consequence of chronic compression is damage
to the epineural covering of the median nerve result-
ing in diminished conduction velocity.

The diagnosis of carpal tunnel syndrome is
based on information gathered from the history,
physical examination, and electrodiagnostic studies.
The classic complaint from the patient bothered by
carpal tunnel syndrome is paresthesias at night.
Paresthesias are typically tingling or numbness in
the median nerve distribution of the hand. However,
paresthesias can be characterized by some patients
as “pins and needles,” burning, or simply pain. Sec-
ondary symptoms include paresthesias encountered
while holding a book or newspaper (“reading pares-
thesias”) or paresthesias encountered while driving
(“driving paresthesias”). Other complaints vary from
“clumsiness” of the hands, such that objects are
often dropped and fine digital tasks are difficult, to

FIGURE 14-1. Posttraumatic Boutonnière
deformity.
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generalized hand weakness. In the elderly com-
plaints of “constant numbness” are often heard.

Provocative testing includes Phalen’s test, Tinel’s
test at the wrist, or the carpal tunnel compression
test (Durkan’s test). The carpal tunnel compression
test is generally regarded as the most sensitive. This
test is administered by holding pressure directly
over the median nerve at the wrist. A positive test is
acknowledged when the patient experiences pares-
thesias in the median nerve distribution within 30
seconds of the onset of the test. The most pre-
dictable sensory test to evaluate carpal tunnel syn-
drome is the Semmes-Weinstein monofilament test,
where threshold testing of sensation is performed
using various sizes of nylon filaments. Vibrometry
has also been shown to be a useful sensory test for
carpal tunnel syndrome.

Although recommended by most, efficacy of
the electrodiagnostic testing for diagnosing carpal
tunnel syndrome is debated by some. Finsen et al.
reported in one series that 22% of patients who
had normal nerve electrodiagnostic studies had a
good outcome following carpal tunnel release sur-
gery, indicating a substantial false-positive rate
for the testing. Electrodiagnostic tests include the
nerve conduction velocity (NCV) measurements
and the electromyogram (EMG). The NCV is con-
sidered positive for carpal tunnel syndrome when
the median motor distal latency is >4.5 ms or the
distal sensory latency is >3.5 ms. In more advanced
cases, diminished action potential may also be
seen. On the EMG portion of the study, the pres-
ence of positive sharp waves, increased inser-
tional activity, decreased muscle recruitment, or
polyphasic activity is indicative of substantial
nerve dysfunction.

The mainstay of nonoperative management is
nocturnal splinting, particularly for mild or moder-
ate carpal tunnel syndrome. When consistently
used for a period of 4 to 6 weeks, permanent relief
of symptoms can ensue. Other nonoperative meas-
ures include nonsteroidal anti-inflammatory agents
(NSAIDs), carpal tunnel injections, ultrasound, pho-
nophoresis, nerve gliding or stretching, and vitamin
B6. No data shows any clear advantage of adding
these measures with or instead of splinting. Corti-
costeroid injections have been shown to have long-
term efficacy in only 22% of patients with
symptoms longer than 1 year. Relief of symptoms
following injections has been shown to correlate as
a predictor of surgical success. Work modifications
to prevent sustained wrist movements or provoca-
tive wrist positioning may play a greater role than
any of the nonoperative measures except splinting.

Some studies have suggested the preventative effect
of wrist and hand exercises in certain occupational
environments.

Surgical treatment of carpal tunnel syndrome
is considered when two of the following criteria are
meet following at least a 3-month course of non-
operative care: persisting symptoms, positive
physical examination, and positive electrodiagnos-
tic testing. Absolute indications for surgery are
constant paresthesias, thenar atrophy, and
markedly delayed median motor nerve conduction
velocity or abnormal EMG testing. The surgical
procedure consists of increasing the volume of the
carpal canal by transecting the transverse carpal
ligament. An MRI study has shown that division of
the transverse carpal ligament expands the volume
of the carpal canal by as much as 25%. In some in-
stances, such as in rheumatoid arthritis, the addi-
tion of a flexor tenosynovectomy is needed. The
surgical procedure is most commonly performed
through a small longitudinal incision at the base of
the palm, in line with the ring finger. Care must be
taken to avoid injury to the thenar motor branch of
the median nerve, which has variable anatomy.
Misplaced or transverse incisions about the wrist
may jeopardize the palmar cutaneous branch of the
median nerve. Other reported complications with
open carpal tunnel decompression include ulnar
nerve and artery injury.

An alternative technique to the open carpal
tunnel decompression is the endoscopic carpal tun-
nel release. Various authors have reported success
rates equal to the open carpal tunnel release with
less scar tenderness and quicker return to work.
Concerns still, however, remain regarding the
safety and efficacy of the endoscopic technique.
Van Heest et al., Lee et al., and Schwartz et al., have
reported incomplete release of the transverse
carpal ligament using the endoscopic technique in
cadaver models. Devastating complications such as
median nerve transection and flexor tendon tran-
section have been reported causing some to care-
fully scrutinize the routine use of the endoscopic
technique.

Irrespective of the method of surgical decom-
pression chosen, it has been well established that
success from carpal tunnel surgery can approach
98% when only subjective complaints are consid-
ered. It has been generally held that these results di-
minish with age. It has been shown that workers
applying for worker’s compensation can be antici-
pated to have worse overall results and a slower re-
covery compared to a similar group of patients not
submitting worker’s compensation claims.
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COMPLEX REGIONAL PAIN
SYNDROME

In 1766, Hunter introduced the term algodystrophy in
describing pain of uncertain origin. In 1864 Mitchell
introduced the term causalgia to describe nerve pain
following an amputation. More recently Evans for-
warded the term reflex sympathetic dystrophy (RSD)
to identify a condition that included pain, swelling,
hyperhydrosis, skin color changes, skin tempera-
ture changes, stiffness, and underlying osteoporo-
sis, with all symptoms potentially reversible with
stellate ganglion blockade. Other terms often used
in place of RSD include Sudeck’s atrophy, shoulder-
hand syndrome, or “allodynia.” These complex and
often confusing terms for pain of uncertain origin
has lead to the classification system of complex re-
gional pain syndrome (CRPS) typed I and II. Simply
stated, CRPS type I is a condition whereby pain had
developed following an inciting painful circum-
stance. In this condition the pain, however, seems to
develop out of proportion to the clinical situation.
Associated findings include edema, skin blood flow
changes, and abnormal sudomotor activity such as
hyperhydrosis. CRPS type II has a similar clinical
presentation but is associated with a known nerve
injury. The predominant symptoms and findings of
the initial stage are constant pain, hyperhydrosis,
and a hypersensitivity to touch. The second stage of
the condition is characterized more by stiffness and
pain, while in stage III patients experience dimin-
ished pain but overall disuse of the extremity. The
pathophysiology of CRPS is still unknown.

To date the most reliable tool for the diagnosis
of CRPS is the physical examination. Other less reli-
able tests include the three-phase bone scan, ther-
mography, the quantitative sudomotor axon reflex
test (QSART), and plain radiography. Increased up-
take is anticipated in the later phases of the bone
scan while osteopenia is a later finding in the CRPS
patient. CRPS I has been reported to occur follow-
ing as many as 25% of all distal radius fractures. A
risk factor is displacement requiring reduction. It is
generally regarded that those patients experiencing
CRPS of an extremity are at greater risk of recurrent
symptoms following a surgical procedure.

The initial treatment of CRPS requires prompt
recognition and diagnosis. Most patients diagnosed
within the first 6 to 8 weeks respond favorably to
treatment. Initially, hand therapy plays an impor-
tant role in the treatment of CRPS. Such techniques
as massage, edema control, gentle passive motion
(to prevent contracture), contrast baths, and use of

the transelectrical stimulator unit (TENS) have
proven effective. The key concept to remember
when embarking on hand therapy is the patient
must be exercised within the limits of pain, other-
wise a flare-up of the condition may result. Initial
drug therapies have included the use of �-blocker
medication (propranolol), calcium channel block-
ers medication (nifedipine), guanethidine, neuron-
tin (anticonvulsant medication), nasal calcitonin,
and 6-day medrol dose packs—all with some lim-
ited success. The role of NSAIDs, although theoreti-
cally attractive, has shown limited benefit.

In patients with CRPS I or II, pain may be sym-
pathetically mediated or sympathetically independ-
ent. In those with sympathetically mediated pain,
stellate ganglion blocks may be diagnostic as well
as curative for the condition. Multiple such injec-
tions may be necessary to realize a benefit and are
indicated when other above-mentioned measures
are not effective. Surgical stellate ganglion ablation
is yet another treatment alternative.

CONGENITAL HAND ANOMALIES

Congentital anomalies of the upper limb account
for over 10% of all birth defects. The limb bud
forms adjacent to the fifth through seventh cervical
somites and can be visualized at day 25 following
fertilization. During the ensuing 25 days the limb
develops rapidly with individual digits and web
spaces well defined. It is during this period of em-
bryogenesis that anomalies occur due to either
malformation, deformation, disruption, or dyspla-
sia. Syndactyly (incompletely separated digits) and
polydactyly (extra digits) are generally considered
the most common forms of congenital hand anom-
alies. Certain anomalies may be associated with
midline congenital defects such as those affecting
the heart, lungs, or kidneys, while other congenital
hand anomalies may appear as isolated events.
Appropriate pediatric and medical genetic workup
is recommended in all patients with upper extrem-
ity congenital anomalies. Surgery is often necessary
in these children with a goal of completing all hand
reconstruction by the time hand preference is estab-
lished, which is approximately 2 years of age.

Radial Club Hand

Radial aplasia or radial club hand is a condition
where the radius is incompletely formed or even
completely absent (Figure 14-2). The condition

WeinCh14v2.qxd  1/3/04  2:39 AM  Page 420



Congenital Hand Anomalies 421

may be classified as type 1—short radius, type 2—
hypoplastic radius (radius growth substantially re-
tarded), type 3—partial absence of the radius
(miniature radius), or type 4—completely absent ra-
dius. Type 4 is the most common variant. The con-
dition is frequently associated with thumb
hypoplasia or complete thumb absence. In types
2–4 hypoplastic or absent radial-sided structures—
including the radial artery, flexor carpi radialis ten-
don, or the radial wrist extensors—may contribute
to the condition. Radial aplasia often associated
with other conditions such as Holt-Oram syn-
drome, TAR syndrome (thrombocytopenia absent
radius), VATER (vertebral defects, anal atresia,
tracheo-esophageal atresia, esophageal atresia, and
renal defects), and Fanconi’s anemia. The condition
occurs in 1/100,000 live births and is bilateral in
50% of children affected.

Type 1 and some type 2 deformities do not re-
quire surgery. More severe radial inclination of the
hand is seen in the type 3 and type 4 radial aplasia
patients, resulting in a hand that is poorly function-
ing and cosmetically objectionable. Contraindica-
tion to surgical correction includes poor general
health, severely compromised overall functional
ability, or ipsilateral elbow extension contracture. In
the situation of the elbow extension contracture, the
radial club hand allows the patient to reach the
mouth.

Treatment consists of two stages. The first is
correction of the soft tissue contractures by either
closed manipulation and serial casting, or by ring
external fixator application. The second stage con-
sists of centralization of the carpus on the ulna with
pin stabilization and sometimes ulnar osteotomy.

At the same time, radial extensor tendon releases
and transfers to the ulnar side of the wrist is fre-
quently needed. Thumb hypoplasia surgery is also
commonly needed in the patients requiring surgical
correction of the radial club hand. The failure of cor-
rection or recurrent deformity is the most common
problem following reconstruction of radial aplasia.

Thumb Hypoplasia

Thumb hypoplasia occurs most commonly in the
context of radial aplasia (Figure 14-3). The hypoplas-
tic thumb may have varying degrees of intrinsic
muscle deficiency, first web space narrowing, ulnar
collateral ligament instability, generalized short
bones, or instability of the thumb carpometacarpal
(CMC) joint. In general, those hypoplastic thumbs
with an unstable thumb CMC joint are not recon-
structable and require ablation. Reconstructive pro-
cedures for salvageable hypoplastic thumbs include
web space deepening, ulnar collateral ligament
reconstruction, and tendon transfers. For the un-
reconstructable thumb, the index finger may be
transposed to create a stable, opposable thumb. This
procedure is known as pollicization.

Madelung’s Deformity

Madelung’s deformity occurs due to a growth
disturbance of the ulnar and palmar portions of
the distal radial metaphysis resulting in relative
overgrowth and dorsal subluxation of the ulna
(Figure 14-4). Patients present some time during

FIGURE 14-2. Radial aplasia with absence
of entire radius.
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FIGURE 14-3. Unstable, hypoplastic
thumb in patient with radial aplasia.

adolescence due to wrist deformity and sometimes
due to pain. Radiographically, a steep ulnar slope
with a deficient ulnar margin of the radius charac-
terizes the condition. The carpus translates volar
and ulnar resulting in the lunate being relatively
“uncovered.” If the condition is identified early in

adolescence, a distal radius physiolysis can restore a
relatively normal growth pattern, correcting the de-
formity. Traditionally, the treatment for Madelung’s
deformity has commenced at the end of growth and
has included a distal radius joint leveling procedure
along with an ulnar shortening procedure.

Syndactyly

Syndactyly comes from the Greek words “syn”
(fused) and “dactylos” (digit). The condition may
occur as frequently as 1 in 2,000 live births. The
syndactyly may be simple (skin webbing only) or
complex (skin webbing plus bony fusion); and in-
complete (digits with partial separation) or com-
plete (digits with no areas of separation). The most
common digits involved are the long and ring fin-
gers (Figure 14-5). Surgery is indicated to separate
the syndactalized digits. This procedure involves a
complex incision with dorsal and volar limbs that
interdigitate. Skin is invariably deficient and full
thickness skin grafting from the ipsilateral groin is
typically needed. Surgery is performed at or around
18 months of age. The exception in syndactyly is the
patient with syndactyly of the thumb/index or the
ring/small. In these situations, surgery is indicated
by 6 months in order to prevent deformity due to
differential bone lengths of these digits.

Polydactyly

Polydactyly, or extra digits, may occur on the
thumb side of the hand, on the small finger side of
the hand or in the center portion of the hand. Thumb

FIGURE 14-4. Madelung’s deformity with growth arrest
of ulnar and volar aspect of the distal radial physis and rela-
tive overgrowth of the ulna.
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FIGURE 14-5. Complete, simple syndactyly of the long
and ring fingers.

polydactyly may occur as several different types with
the goal of treatment being the creation of one stable
and cosmetically normal appearing thumb. The more
ulnar of the two thumbs is the more robust digit and
elements from the radial-most thumb are harvested
to supplement it. Common post-reconstruction prob-
lems can include MCP joint instability. Small finger
polydactyly is more common in black newborns. In
these babies the duplicate digit may be well devel-
oped with a bony skeleton or a vestigial skin tag. The
well-formed digit requires a formal surgical ablation
at a later age. Vestigial polydactylous digits may sim-
ply be tied off in the nursery. Central polydactyly is
an extra digit that affects the index, long, or more
commonly, the ring finger. It is often associated with
syndactyly or the cleft hand.

Cleft Hand

The untreated cleft hand has been described by
Adrian Flatt as “a functional triumph and a social
disaster.” This congenital defect is characterized by

a V-shaped cleft in the central portion of the hand
associated with the absence of one or more digital
rays (Figure 14-6). The cause is not known but
most likely suppression of the growth of the cen-
tral rays occurring at or about the seventh week of
fetal development. Additional anomalies seen with
this condition include polydactyly, syndactyly, and
cleft palate. The principles of treatment include clo-
sure of the cleft, reconstruction of any syndactylous
digits, and deepening of the first web space.

CRYSTALLINE ARTHROPATHY 
OF THE HAND AND WRIST

Gout is most commonly a result of an underexcre-
tion of uric acid that leads to the deposition of
monosodium urate crystals and intermittent acute
articular swelling, which is termed acute gouty
arthritis. Occasionally the syndrome can also occur
due to the overproduction of uric acid. Gout is ap-
proximately 10 times more common in men than
women and has a predilection for middle-aged

FIGURE 14-6. Cleft hand.

WeinCh14v2.qxd  1/3/04  2:39 AM  Page 423



424 CHAPTER 14 � The Wrist and Hand

males. The attacks often occur suddenly and are
characterized by severe pain, warmth, and erythema.
The consumption of alcohol, trauma, or acute med-
ical illnesses can cause an attack. Attacks often also
occur following a surgical procedure. Monosodium
urate crystals have a lower solubility quotient at
colder temperatures; therefore some have speculated
that this is the cause for the gout commonly affecting
the distal aspects of the extremities. Gout can affect
the wrist, MCP, PIP, and DIP joints. In fact, its sudden
onset can lure the unsuspecting medical student
toward acute septic arthritis. The diagnosis of acute
gouty arthritis is made by joint aspiration of negative
birefringent, monosodium urate crystals. The treat-
ment of gout generally does not require surgery.
Colchicine, NSAIDS, or corticosteroid medication is
used in the treatment of acute gout. Chronic topha-
ceous gout is treated with allopurinol. Occasionally,
gouty tophi require surgical debridement, particu-
larly from the carpal tunnel following the develop-
ment of secondary carpal tunnel syndrome.

Calcium pyrophosphate dihydrate deposition
(CPPD), or pseudogout, occurs due to the deposi-
tion of birefringent CPPD crystals into the joint,
activating an inflammatory cascade. In these pa-
tients, sudden swelling, pain, and warmth occur.
The wrist and the MCP joints are the most com-
monly affected joints of the upper extremity. And
like gout, it can be misdiagnosed as infection. The
condition more frequently occurs in the older age
groups, particularly females. In these patients,
chondrocalcinosis is frequently seen on plain radi-
ographs, particularly in the triangular fibrocarti-
lage of the wrist (Figure 14-7). Trauma and acute

medical illnesses can trigger attacks. Similar to
gout, treatment is primarily nonsurgical. For the
wrist, joint aspiration with injection of 10 mg of Ke-
nalog is generally successful in minimizing an
acute attack. For other joints in the hand, NSAIDS
may be useful.

DEGENERATIVE ARTHRITIS 
OF THE HAND AND WRIST

Degenerative arthritis or osteoarthritis of the hand
and wrist is one of the more common afflictions
seen in society. Causes include posttraumatic,
post–repetitive stress, or idiopathic, and may be
symmetrical or bilateral. This condition distin-
guishes itself from the systemic and symmetrical in-
flammatory arthropathies. Patients often complain
of localized pain following certain provocative
activities. There may be swelling and pain with pas-
sive range of motion, which are hallmarks of arthri-
tis in general. A history of fracture may be related
but this is not always the case. Scapholunate ad-
vanced collapse (SLAC) wrist is a type of degenera-
tive arthritis of the wrist that primarily affects the
radio-scaphoid articulation and spares the radiolu-
nate articulation (Figure 14-8). Advanced cases have
midcarpal joint involvement with resulting loss of
carpal height and migration of the capitate proxi-
mally between the scaphoid and lunate articulation.
This is easily identifiable on plain wrist radi-
ographs. Patients may relate a history of wrist liga-
mentous injury, such as a scapholunate ligament
disruption, or radiographs may reveal an old
scaphoid nonunion. Most of these patients display
weak grip and diminished range of motion. In a
study of over 200 wrists with primary osteoarthritis
of the wrist, the SLAC wrist pattern was identified
as the most common pattern. Initial nonoperative
measures include activity restriction, splinting,
NSAIDs, and injections. Although many patients
may remain without symptoms for years, some pa-
tients require operative intervention for relief of
pain. Temporizing operative treatment includes
wrist debridement and de-innervation procedures
where the radiocarpal articular branches of the an-
terior and posterior interosseous are cut in an effort
to relieve pain. Salvage procedures for SLAC wrist
include removal of the scaphoid with midcarpal fu-
sion (scaphoidectomy with four-corner fusion); re-
moval of the scaphoid, lunate, and triquetrum thus
shortening the carpus and allowing the head of the
capitate to articulate in the lunate fossa (proximal

FIGURE 14-7. PA wrist radiograph showing chondrocalci-
nosis within the fibrocartilage of the triangular fibrocarti-
lage complex (TFCC) of the wrist.
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FIGURE 14-8. Scapholunate advanced collapse of the wrist
(SLAC), the most common pattern of primary degenerative
arthritis of the wrist.

row carpectomy); and complete wrist fusion. The
choice of operative treatment is individualized.

Scapho-trapezial-trapezoidal arthritis (STT ar-
thritis) is a form of thumb base arthritis. In these pa-
tients articulation involving the scaphoid, the
trapezium, and the trapezoid degenerates. These
patients may localize their discomfort at the base of
the thumb joint or in the wrist in general. This form
of degenerative arthritis is less common than SLAC
wrist but is also recognized as either posttraumatic
or idiopathic. Patients will experience difficulties
with pinch tasks in particular. Initial treatment is
also nonoperative similar to the treatment for SLAC
wrist. Operative treatment has classically been the

STT fusion. Problems with this operation have in-
cluded persistant pain and nonunion of the fusion
mass. This outcome has prompted some authors to
recommend the same treatment that will be dis-
cussed for degenerative arthritis of the thumb: re-
moval of the trapezium and tendon reconstruction
of the ligaments of the base of the thumb.

Thumb carpometacarpal joint osteoarthritis is
one of the most common forms of arthritis in the
body. Females in the sixth and seventh decade of
life are approximately eight times more likely to
develop the condition than males. Patients com-
plain of pain at the base of the thumb with most
activities of daily living, such as turning keys or
pinching objects between the thumb and index fin-
ger. The thumb axis itself may be misshapen with
the first web space narrowed and the thumb MCP
joint hyperextended to aid in grasping objects. Ra-
diographs show narrowing of the carpometacarpal
joint of the thumb (Figure 14-9). Initial nonopera-
tive treatment includes thumb-spica splinting,

FIGURE 14-9. Thumb carpometacarpal degenerative
arthritis of the wrist (white arrow). 
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NSAIDs, and injections. If patients fail to respond to
these nonoperative measures, surgery may prove
helpful. Surgery entails removal of the arthritic
CMC joint by complete trapezium removal and har-
vest of the flexor carpi radialis (FCR) tendon. The
FCR tendon is used to recontruct the primary liga-
mentous stabilizer of the basilar thumb joint—the
anterior oblique retinacular ligament. One long-term
study showed high patient satisfaction at 10 years
average follow-up. Although initial success was re-
ported, long-term failures with the Silastic trapezial
implant has been well recognized, due primarily to
wear debris from the implant and subsequent frac-
ture. The use of the Silastic trapezial implant is no
longer recommended.

Ulnar impaction syndrome occurs when a mis-
match in lengths occurs between the ulna and the
radius such that the ulna is longer than the radius.
The result is that the ulna impales the lunate or pos-
sibly the triquetrum during ulnar deviation of the
wrist. Coincident with ulnar impaction, the triangu-
lar fibrocartilage complex (TFCC) is generally torn
or frayed due to the impaction process. The patients
complain of ulnar-sided wrist pain with strong grip,
which results in ulnar deviation of the wrist. Causes
of ulnar impaction syndrome may be posttraumatic
or developmental. Initial treatment is nonoperative
and includes long arm splinting and NSAIDs. Fail-
ure of nonoperative treatment may indicate the pa-
tient for operative intervention. The principle of
surgical treatment is ulnar shortening. This joint-
leveling procedure requires an osteotomy of the
ulna at the metaphyseal or diaphyseal junction, ne-
cessitating internal fixation with plates and screws.
Another less desirable option is distal ulnar resec-
tion, also referred to as Darrach procedure. The
Darrach procedure is more appropriately per-
formed in the elderly, debilitated individual, as it is
not as well tolerated in the young active patient.

DEQUERVAIN’S SYNDROME

The extensor pollicis brevis (EPB) tendon and two
abductor pollicis longus (APL) tendons are gener-
ally contained within the most radial condensation
of the extensor retinaculum system, the first dorsal
compartment. DeQuervain’s syndrome generally
occurs following certain repetitive wrist move-
ments that cause friction within the first dorsal
compartment. Anatomic variations such as more
than two APL tendons or multiple septations within
the first dorsal compartment may predispose to

development of the syndrome. In cadaver studies,
first dorsal compartment septations have been
found in approximately one-third of individuals. In
one study, Jackson et al., reported 67% incidence in
patients undergoing surgical treatment for DeQuer-
vain’s syndrome. Space occupying lesions such as
ganglion cysts also contribute to narrowing of the
first dorsal compartment.

Repetitive friction then leads to swelling and
narrowing of the compartment resulting in radial-
sided wrist pain. Patients will complain of soreness
and tenderness at the base of the thumb exacer-
bated by ulnar deviation of the wrist, strong grasp,
or thumb pinch. Inspection will find swelling of the
radial side of the wrist in most cases. Physical ex-
amination will find tenderness and often warmth
directly over the first dorsal compartment. In cer-
tain advanced cases, audible squeaking occurs with
active thumb movements. The classic test confirm-
ing the diagnosis of DeQuervain’s syndrome is Fin-
klestein’s test. This test is performed with the
thumb slightly flexed and abducted into the palm
and the wrist ulnarly deviated. A positive test is one
where pain is reproduced compared to the con-
tralateral, unaffected side. Often the test is per-
formed incorrectly with the patient clasping the
thumb into the palm and the wrist ulnarly deviated.
This maneuver, if done vigorously, causes pain in
most anyone. If the reader doubts this, he is encour-
aged to try the maneuver on himself.

Initial treatment for DeQuervain’s syndrome is
nonoperative. The patient is fitted with a volar
forearm-based, thumb-spica splint for nighttime
use. A small, lower profile, hand-based splint may
be used for daily activities if suited to the patient’s
lifestyle. NSAIDS may also be of value and should
be considered if not contraindicated due to GI in-
tolerance. Additionally, a corticosteriod injection
into the first dorsal compartment may provide sus-
tained relief. In one study, Weiss et al. reported that
injection was just as effective in DeQuervain’s syn-
drome as splinting alone or splinting combined
with injection. In another study of 63 patients, 71%
of patients had sustained relief of their symptoms
with one first dorsal compartment injection. Skin
depigmentation and fat atrophy are known compli-
cations of corticosteroid injections of the wrist.

If a 6 to 8 month period of nonoperative treat-
ment fails, then operative intervention can be con-
sidered. Surgical treatment is release of the first
dorsal compartment under local anesthesia. This is
performed through a longitudinal incision directly
overlaying the first dorsal compartment. Branches
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FIGURE 14-10. Dupuytren’s disease involving the ring
finger.

of the superficial radial nerve are particularly vul-
nerable with this procedure. Care must be exercised
in protecting these branches as injury to them can
cause substantial disability. Other reported compli-
cations of this procedure include volar subluxation
of the first dorsal compartment contents and hyper-
trophic scar formation. It is for these reasons most
prefer a prolonged trial of nonoperative therapy.

DUPUYTREN’S CONTRACTURE

Dupuytren’s contracture is a thickening and subse-
quent contraction of the palmar aponeurotic fascia
(Figure 14-10). Due to factors that are poorly under-
stood, fibroblasts transform to myofibroblasts with
contractile elements (smooth muscle actin) and at-
tach to the cells of the palmar aponeurosis. Trauma
has also been mentioned as a possible cause. As the
disease progresses, the affected tissues shorten as a
unit, ultimately resulting in digital contractures.
Along with the digital contracture, skin dimpling

may occur. Dupuytren’s diathesis generally implies
a more advanced form of the disease, including
“knuckle pads” (thickening over the extensor sur-
faces of the PIP joints), plantar fibromas (lederhosen
disease), and fasciitis of the penis (Peyronie’s dis-
ease). The disease has a genetic predisposition, as
males of Northern European descent are more com-
monly affected. Incidence among affected families
has been reported to approach 70%. Although the
genetic predisposition in Dupuytren’s disease has
been well established, the condition is seen more
commonly in patients with seizures, patients who
use alcohol and tobacco, and patients with diabetes.
Also, the combination of carpal tunnel syndrome,
trigger finger, and Dupuytren’s contracture has
been appreciated in the diabetic population. The
most commonly affected digit is the ring finger, but
any finger can be affected. The prodrome of
Dupuytren’s contracture is inflammation with ten-
derness in the palm. Later, contracture ensues on an
unpredictable course. The bands of palmar fascia
are termed cords when affected by Dupuytren’s dis-
ease. The most common pattern of cord develop-
ment is the pretendinous cord in the palm, which
progresses to cause a MCP joint contracture. The
pretendinous cord develops directly over the flexor
tendon system in the palm. Secondarily, a PIP joint
contracture may develop due to the formation of a
spiral cord that is the condensation of several dis-
eased fascial bands in the finger. The most notable is
Grayson’s ligament that is a digital aponeurotic ele-
ment attaching to skin volar to the digital nerve and
artery. The spiral cord is so named because it often
entraps the digital nerve and the digital artery
along the radial or ulnar borders of the finger. Fol-
lowing the acute inflammatory prodrome stage of
the disease, pain is usually not encountered as the
contracture progresses. At some point, patients seek
medical attention due to the inability to straighten
their hands, making tasks such as shaking hands or
donning gloves difficult. In extreme cases, the con-
tracture can become so severe that palmar macera-
tion develops, posing a hygiene problem.

In 1831, Dupuytren outlined the first treatment
for the disease that came to bear his name, although
the nature of this disease had been described years
earlier by Felix Plater, Henry Cline, and Sir Ashley
Cooper. For many years a variety of nonoperative
treatments have been tried, all without success but,
as Dupuytren first described, surgery is the pre-
ferred treatment for this condition. Although simple
transection of the pretendinous cords is a viable op-
tion in the elderly or the debilitated patient, the
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surgery for symptomatic Dupuytren’s contracture
has evolved into a formal fasciectomy of the in-
volved palmar tissue. The indications for surgery
are debilitating contracture of the MCP joints or any
contracture of the PIP joint. Contractures of the
MCP joints are easily corrected under most circum-
stances. In contrast, contractures of the PIP joints
are often incompletely corrected and are fraught
with recurrence.

Dupuytren’s fasciectomy can be performed
through the standard zigzag Bruner incisions, un-
less the deformity is severe. With severe contrac-
ture, the fundamental problem becomes one of skin
coverage after the fascia is removed and the con-
tracture corrected. In severe cases of Dupuytren’s
contracture, a longitudinal incision with multiple
opposing Z-plasties can be utilized to expand the
coverage potential of the existing skin. Alterna-
tively, McCash described a technique whereby fa-
sciectomy skin incisions can be made in the
transverse skin creases of the palm and the digits,
without closure. The wounds then heal by second-
ary intention so motion is not inhibited following
complex wound coverage procedures. Another al-
ternative is performing the standard Bruner inci-
sion and leaving portions of that wound open
following fasciectomy, either in the palm or in the
digit. Yet another option is dermofasciectomy
where diseased fascial elements are excised along
with overlying skin and the resulting defect skin
grafted. Whatever the surgical technique em-
ployed, the dissection of the palmar fascial can be
tedious, particularly in advanced or recurrent
cases. Extreme care must be exercised in dissect-
ing the diseased fascial cords from the digital
nerves and arteries because nerve injury or even
nerve division can result.

One of the greatest challenges for the patient
and the hand surgeon is maintaining the improve-
ments in MCP and PIP motion following fasciec-
tomy. Maintaining motion improvements requires
close postoperative supervision by a hand thera-
pist. Within the first 3 to 5 days the dressing is
changed, and the patient is placed in an extension
splint. Care is taken to not cause ischemia of the
palmar skin flaps. It is important to also start active
flexion exercises of the MCP and PIP joints. The pa-
tient’s progress must be closely monitored and the
exercise protocol modified as necessary to achieve
the optimal balance between achieving digital ex-
tension and maintaining composite finger flexion.

Most patients are satisfied with the surgical
outcome of palmar fasciectomy, although complete

corrections of PIP joint contractures are rarely
achieved. Recurrence of Dupuytren’s contracture
following fasciectomy has been well recognized
with the incidence approaching 50% in some se-
ries. Complications of fasciectomy surgery for
Dupuytren’s contracture include digital nerve
neuropraxia and digital sensory compromise, digi-
tal nerve division, digital ischemia, wound healing
problems, and complex regional pain syndrome
type 1 or type 2. Surgery for recurrent disease can
be challenging even for the most experienced sur-
geons, with complications such as amputation
having been reported.

INFECTIONS OF THE HAND 
AND WRIST

Felons and Paronychia

Felons and paronychial infections are the most com-
mon infections of the hand. These infections are lo-
calized in the digit. The felon is an abscess of the
pulp on the pad of the fingertip. Due to the multiple
septa present within the pad of the finger, an infec-
tion in this region can gain substantial pressure and
become quite painful. The most commonly encoun-
tered organism is Staphylococcus aureus. The infec-
tion occurs secondary to direct inoculation, such as
might occur following the introduction of a foreign
body. Like the treatment of any other abscess, inci-
sion and drainage is the most effective treatment.
The surgical decompression is best done through
straight lateral incisions. Incisions directly over the
finger pad are often painful and should be avoided.
When the pulp is decompressed, care should be
taken to break up all the septae within the pulp of
the fingertip to assure that no loculation is missed.
The treatment is originally supplemented with
oral S. aureus coverage, and antibiotics should be
changed if cultures show a different infection or-
ganism. Generally antibiotics are continued for 7 to
10 days. In severe infections with ascending lym-
phangitis, IV antibiotics may be necessary.

Paronychial infections are digital infections that
occur about the nail fold (eponychium). Bacteria
colonize underneath the nail fold and adhere to the
nailplate. The most common organism is S. aureus.
Causes of the paronychial infection include direct
trauma, nail biting, artificial nails, and manicures.
Patients with diabetes mellitus are more susceptible
to developing these infections. Most paronychial in-
fections respond to warm soaks and oral S. aureus
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coverage. Surgical drainage about the eponychial
fold is indicated if an abscess is identified. Chronic
or recurrent infections typically require removal of
the nailplate because bacteria or fugal elements no-
toriously adhere to the nailplate beneath the nail
fold. Candida albicans is one of the more common
causes of recurrent of chronic paronychial infections.
In patients not responsive to incision and drainage,
nail removal, and culture-specific antibiotic therapy,
eponychial marsupialization (wide debridement)
leaving the wound open may be necessary.

Septic Flexor Tenosynovitis

If not treated early, septic flexor tenosynovitis is
often devastating, leaving scar within the flexor ten-
don sheath and leading to substantial digital dys-
function. Septic flexor tenosynovitis often occurs
secondary to a puncture wound or a deep digital
cut that never receives proper attention. The diag-
nosis is made on clinical grounds. Patients typically
present with one or more Kanaval signs: tenderness
along the flexor tendon sheath, flexed digital pos-
ture, fusiform swelling of the digit, and pain with
passive stretching of the digit. There is generally a
history of trauma, particularly a puncture wound.
Treatment must be initiated early if scarring of the
flexor tendon sheath and ultimate disability is to be
avoided. Infrequently, symptoms may be identified
within 24 hours of onset; these patients will occa-
sionally respond promptly to IV antibiotic therapy.
Patients, however, must be carefully observed for
recurrence. Those patients not promptly respond-
ing to IV antibiotics or those patients who have had
symptoms longer than 24 hours are indicated for
emergent surgical drainage. Surgical treatment con-
sists of closed flexor tendon sheath irrigation using
a small catheter inserted in the palm at the A1 pul-
ley and the sheath drained at the level of the A5 pul-
ley through an midaxial incision along the lateral
aspect of the finger. No clear advantage has been
shown with open tendon sheath irrigation or from
postoperative tendon sheath irrigation accom-
plished by leaving the catheter in place.

Palmar Abscess

The deep spaces of the hand may also be subject to
abscess formation. The deep spaces of the hand are
actually “potential spaces” and consist of the
thenar space (located deep to the flexor pollicis

longus tendon), hypothenar space (containing the
hypothenar muscles), the adductor space (located
posterior to the adductor pollicis muscle), and the
midpalmar space (located deep to the flexor ten-
dons). Palmar abscesses are the result of a deep
puncture wound. Patients often present 2 to 3 days
after the event, complaining of pain, warmth, ten-
derness, and redness. Surgical drainage is indicated
followed by culture-specific antibiotics. These infec-
tions can endanger the entire upper extremity and,
especially in the immunocompromised host, are
surgical emergencies.

Human and Other Animal Bites

Animal bites occur frequently. In general, the result-
ant bacterial infections and ultimate complications
are less severe than the bacterial infections from
human bites. From dog and cat bites, the most com-
mon organisms are streptococcus. Pasturella multo-
cida is also a common infecting organism. Due to
the sharp nature of the cat tooth, cat bites tend to be-
come infected more often than dog bites. The initial
treatment for any animal bite is prophylactic with
cleansing of the wound and broad spectrum oral
antibiotic coverage. Any bite developing a local ab-
scess with or without ascending lymphangitis is in-
dicated for emergent surgical debridement. Patients
with ascending lymphangitis following a cat or dog
bite should be admitted to the hospital for IV antibi-
otic therapy and close observation.

Typically, human bite wounds have a greater
potential for infection, are colonized by more viru-
lent organisms, and have a greater number of poten-
tial pathogens than animal bite wounds. The most
common bacteria are streptococcus and staphylo-
coccus. Eikenella is another common human oral
flora that is notorious for causing infection follow-
ing a clinched fist injury that strikes an opponent’s
tooth. Uncomplicated human bite wounds, which
do not involve a joint, tendon, or nerve, may be
treated with local wound care. Alternatively, a pen-
etrating bite wound, such as occurs following a
clinched fist injury, demands surgical exploration
and debridement to inspect for extensor tendon in-
jury, metacarpal phalangeal joint capsule penetra-
tion, and articular surface abrasions or defects. The
wound is left open. Obvious infections seen follow-
ing human bite injuries require surgical debride-
ment and culture-specific antibiotics. While
cultures are maturing following initial debride-
ment, broad empiric antibiotic coverage should
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FIGURE 14-11. Osteomyelitis of the ulna following a pin-
tract infection (lytic lesion depicted by white arrow).

begin, covering staph, strep, and anaerobic bacte-
ria. Eikenella infections are usually sensitive to
penicillin G.

Osteomyelitis

Fortunately, due to extensive blood supply, os-
teomyelitis of the hand is rare, representing less
than 5% of all cases of infection in the hand. Of the
bones of the hand and wrist, the distal phalanx is
the most commonly affected. The origin of os-
teomyelitis of the hand is often related to trauma
with open fractures of the hand the most common
situation. Penetrating wounds such as bites or
puncture wounds are other common vehicles. But
osteomyelitis can also be seen following elective
hand surgery. Patients with diabetes or who are im-
munocompromised are the most susceptible to de-
veloping osteomyelitis. The most common infecting
organism is S. aureus. Methicillin-resistant S. aureus
is seen with increasing frequency. Clinical signs in-
clude pain, swelling, and often an open draining
wound. Radiographic signs include a lucency with
a sclerotic rim (Figure 14-11). Extensive surgical de-
bridement and sustained use with culture-specific
antibiotic therapy under the direction of an infec-
tious disease specialist is the necessary treatment of
this condition.

Atypical Mycobacterium Infections

The mycobacterium species are aerobic Gram-
positive bacilli. Infections from the atypical my-
cobacterial organisms are often slow growing and
underappreciated. The most widely recognized
among these bacteria is the Mycobacterium marinum
species. These bacteria are most commonly har-
bored on fresh or particularly saltwater environ-
ments. Infection usually requires some penetrating
injury from aquatic equipment or marine organ-
isms. Clinically the patients present with or are
sent in referral due to painless cutaneous lesions.
Draining skin lesions may also be present. The
slow-growing nature of these bacteria makes their
culturing difficult. Therefore, the bacteria should be
cultured on Lowenstein-Jensen plates incubated
at a cooler temperature (31° C). A culture time of 6
weeks is sometimes necessary to demonstrate
growth. An exception to this is the Mycobacterium
fortuitum species that is a more rapid growing vari-
ety that typically can be isolated within 1 week of

culture. Surgical debridement is necessary for the
subdermal infections. Complete surgical debride-
ment is rarely accomplished as the infection can be
very infiltrating. Combination therapy is the pre-
ferred antibiotic treatment. Empiric drug therapy
must be started following biopsy and culture be-
cause the time needed to grow the organism is long.
Antibiotic therapy may include a combination of
minocycline, clarithromycin, rifampin, ethambutol,
or trimethoprim-sulfamethoxazole. Alternatively,
single drug therapy may be used. Duration of antibi-
otic therapy can last 1 year. Recurrence is common.

Necrotizing Fasciitis and Clostridial
Myonecrosis

Necrotizing fasciitis is a serious, potentially life-
threatening infection involving the fascia and sub-
cutaneous tissues. As the name implies, the affected
fascia and fat becomes necrotic. Consequently, the
nutrient blood supply to the skin is compromised,
and skin blistering and sloughing can also occur. The
most common causative organism is β-hemolytic
streptococcus. Patients may present with a localized
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area of erythema or an abscess that rapidly pro-
gresses as the infection dissects along superficial
and deep fascial planes (Figure 14-12). The situation
can occur following relatively innocuous wounds
or trauma in otherwise healthy individuals. How-
ever, the infection is more common among those pa-
tients with immunocompromising conditions such
as diabetes, IV drug abuse, and inflammatory
arthritic disorders. Severe pain and edema may
ensue and gas may be present on plain film radiog-
raphy. Patients may become critically ill, requiring
resuscitative measures due to septic shock, respira-
tory distress, and multisystem organ failure. Nearly
one-third of all patients who develop necrotizing
fasciitis die. The mortality rate may approach 75%
where the infection spreads to the chest wall.

Treatment requires emergent, aggressive surgi-
cal debridement and early multimodal antibiotic
therapy. Specifically, clindamycin may be consid-
ered for strep and staph species, penicillin for
anaerobic bacteria, and gentamycin to cover Gram-
negative bacteria. Multiple debridements are fre-
quently needed to remove all necrotic tissue. Above
elbow amputation, shoulder disarticulation, or
four-quarter amputation is often necessary to con-
trol the infection and prevent death.

Clostridial myonecrosis (or “gas gangrene”) is
an aerobic infection caused by Clostridium perfrin-
gens, a toxin-producing, Gram-positive bacteria. As
the name implies, toxins cause necrosis of muscle as
well as subcutaneous tissue and fat. The infection
then “snow balls” as local nutrient vessels are de-
stroyed and relative local tissue hypoxia occurs. Cul-
ture of the clostridia species is difficult and requires

sodium glycolate agar and an anaerobic environ-
ment. Predisposing factors for development of
clostridial myonecrosis include crush injuries with
open fractures and devitalized muscle, foreign con-
tamination, immunosuppression, and hypovolemic
shock. Patients develop massive edema and skin
discoloration. Plain radiographs show gas forma-
tion within the soft tissue shadow of the muscle.
Septic shock often ensues. In patients suspected of
clostridial myonecrosis, aggressive surgical debride-
ment is necessary with particular attention to the re-
moval of any devitalized muscle. If Gram’s stain
shows Gram-positive rods, high dose penicillin ther-
apy is started. Amputation is performed for life
threatening situations. Several authors have reported
success with the use of hyperbaric oxygen (HBO)
treatment in patients with clostridial myonecrosis.
Randomized, controlled studies, however, are lack-
ing. With aggressive surgical debridement, antibiotic
therapy, and HBO, mortality in the range of 20% can
be expected. Fortunately, the incidence of clostridial
myonecrosis is rare.

Septic Arthritis

Septic arthritis of the wrist and hand is unusual. The
most common inciting event is penetrating trauma,
however, hematogenous spread may also be the
cause, especially in the immunocompromised host.
Like most other infections of the hand and wrist, pre-
disposing factors include diabetes, alcoholism, IV
drug abuse, chronic renal failure, advanced age, en-
teral corticosteroid usage, and inflammatory arthritis.

FIGURE 14-12. The rapid progression of
necrotizing fasciitis of the arm (black ar-
rows) following the development of a septic
olecranon bursa in an immunocompromised
patient. 
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When the bacterial count within a synovial joint ex-
ceeds 100,000/cm3 a clinical infection will develop.
Once infection develops, bacterial toxins and prote-
olytic enzymes are released that destroy cartilage.
As the articular proteolytic enzymes are broken
down the host mounts an inflammatory response,
which consists of polymorphonuclear lymphocytes,
lymphocytes, and macrophages. The end result of
this process is the production of pus. As pus collects,
pressure increases causing further articular damage
due to inhibition of slowed articular blood flow and
ultimate articular oxygen exchange. Ultimately joint
ankylosis and contiguous osteomyelitis result if the
condition is left untreated. Staphylococcus aureus is
the most common cause of septic arthritis of the
joints of the hand and wrist. Physical examination
reveals warmth, swelling, and joint tenderness. The
patient may complain of pain and a recent febrile ill-
ness. Laboratory examination reveals an elevated
white blood cell (WBC) count in only half of the
cases. The sedimentation rate and the C-reactive
protein levels, however, are consistently elevated.
Diagnosis is confirmed by joint aspiration with a
WBC above 50,000/mm3. Additionally, cloudy syn-
ovial fluid aspirate also suggests the diagnosis of a
septic arthritis.

Treatment consists of prompt surgical drainage
and culture-specific antibiotics. Empiric therapy
for S. aureus should be initiated immediately after
cultures are obtained. The differential diagnosis of
the acutely swollen wrist should include CPPD.
CPPD of the wrist is often misdiagnosed as a septic
wrist. Patients with CPPD of the wrist will likewise
have a painful, swollen, and warm wrist joint.
These patients will often have notable calcifications
within the triangular fibrocartilage complex and a
normal WBC count. Joint aspiration will demon-
strate positive birefringent crystal and a WBC well
less than the 50,000/mm3 expected for a septic
wrist. Patients with an acute attack of CPPD of the
wrist will respond quite promptly to immobiliza-
tion and NSAIDs.

KEINBOCK’S DISEASE

Keinbock’s disease is osteonecrosis of the lunate.
By a mechanism that still is not entirely under-
stood, the blood flow to the lunate bone of the wrist
is compromised to such an extent that osteonecro-
sis ensues and collapse and fragmentation of the
bone occurs over time. The end result can be de-
generative arthritis of the radiocarpal joint and

pain. Various predisposing factors exist. Approxi-
mately 75% of wrists with Keinbock’s disease have
a shorter ulna compared to the radius, as measured
at the wrist (ulnar negative variance). Also, the
slope of the distal radius articular surface has been
shown to be more horizontal in patients with Kein-
bock’s disease. Approximately one-fourth of lunate
are thought to have a single vessel blood supply.
Some believe that osteonecrosis of the lunate oc-
curs subsequent to a single fracture although oth-
ers have suggested repetitive microfracture of the
bone. In reality, cause of Keinbock’s is most likely
multifactorial.

Keinbock’s is more common in males that fe-
males. Approximately 50% of patients relate a his-
tory of trauma. Most complain of dorsal wrist pain
and stiffness. Physical examination may reveal di-
minished range of motion, grip weakness, and ten-
derness over the radiocarpal joint. Some patients
present with symptoms of carpal tunnel syndrome.
Keinbock’s can be staged radiographically into one
of six categories. Stage 0: normal plain radiographs
of the wrist with abnormal MRI scan of the lunate.
Stage 1: fracture of the lunate without collapse of the
bone. Stage 2: sclerosis of the lunate without collapse
of the bone. Stage 3a: lunate collapse without loss of
height of the wrist (Figure 14-13). Stage 3b: Collapse
of the wrist. Stage 4: degenerative changes of the
wrist joint secondary to Keinbock’sdisease.

The natural history of Keinbock’s disease is not
entirely known. In patients with stage 0 and stage 1
disease, immobilization and nonoperative support
may suffice. Patients with stage 2 and stage 3a disease

FIGURE 14-13. Stage 3a, osteonecrosis of the lunate (Kein-
bock’s disease).
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who continue with symptoms are generally indicated
for surgery. The surgical procedures for patients with
stage 2 and stage 3a Keinbock’s disease can be di-
vided into two broad categories: joint-leveling proce-
dures and revascularization procedures. The most
commonly performed among these procedures is the
radial shortening osteotomy. This procedure is indi-
cated in patients who have a short ulna and the goal
of surgery is to shorten the radius to “level” it with
the ulna. The exact reason why this procedure is effec-
tive is still unknown. The most commonly performed
revascularization procedures for Keinbock’s disease
is a pedicled vascularized bone graft harvested from
the dorsal, distal radius. For patients with sympto-
matic stage 4 disease and some patients with stage 3b
disease, reconstructive salvage surgery of the wrist is
indicated. This salvage surgery may include a partial
(maintains some element of wrist range of motion), or
a complete wrist fusion or a proximal row carpec-
tomy (removal of the lunate bone along with the
scaphoid and triquetral bone). Proximal row carpec-
tomy allows the capitate to articulate in the lunate
fossa. A prerequisite for this operation is maintenance
of a good distal radius articular surface.

NERVE PALSY

Few injuries are as devastating functionally to the
hand and wrist as median, ulnar, or radial nerve
palsies. The vast majority of radial nerve palsy is
posttraumatic, but can also occur as a complication
of elective surgery of the upper extremity, a residual
of birth palsy, or the consequence of cervical spine
disc disease. Tendon transfers provide an option
to restore lost motor function. The ideal tendon
transfer is one in which the tendon’s muscle has
normal strength, has a straight line of pull, and
provides adequate excursion. Additionally, the ten-
don should originally have a function synergistic or
“opposite” to the tendon function for which it is
substituted. Naturally, the tendon to be transferred
must be expendable.

Loss of median nerve function at or above the
elbow results in a high median nerve palsy. The
consequences of a high median nerve palsy is loss
of palmar sensation along the volar aspect of the
thumb, index, long, and radial border of the ring
finger. Motor strength deficits include loss of
thumb opposition (loss of abductor pollicis brevis),
loss of thumb interphalangeal (IP) joint flexion
(loss of flexor pollicis longus muscle function), and
loss of index distal interphalangeal joint flexion

(flexor digitorum profundus function). Restoration
of thumb IP joint flexion can be restored using a
transferred brachioradialis muscle (radial nerve in-
nervated) to the FPL tendon. Restoration of FDP
function of the index finger can be accomplished
using the extensor carpi radialis longus (radial nerve
innervated) tendon rerouted to the index FDP ten-
don in the mid forearm. Lastly, thumb opposition
can be restored with transfer of the abductor digiti
minimi muscle (ulnar nerve innervated).

Radial nerve palsy is particularly compromis-
ing to the function of the hand because extension
posturing of the wrist (the prehensile position) is
lost. This positioning of the hand increases grip
power as well as the all-important hand function of
grasp and release. The radial nerve is particularly
vulnerable as it spirals around the humerus mid-
shaft, against which it is closely applied. The radial
nerve palsy is most often caused by injuries follow-
ing a spiral fracture of the humerus. The sharp bony
ends of the fracture can impale the radial nerve
along its course. Loss of radial nerve function at this
level results in loss of wrist and finger extension.
This is known as “wrist drop.” Tendon transfers for
radial nerve palsy include flexor carpi radialis
(FCR) transfer to extensor digitorum communus
(EDC) tendons, pronator teres to extensor carpi ra-
dialis brevis tendon, and palmaris longus to the
rerouted extensor pollicis longus (EPL) tendon.
These transfers are then subsequently fired by flex-
ion of the wrist causing tension on the transferred
tendons (tenodesis) of the wrist.

Without question, the most devastating injury
to the hand is the ulnar nerve palsy. The ulnar nerve
supplies sensation to the volar aspect of the small
finger as well as the small finger side of the ring fin-
ger. Motor function deficits following ulnar nerve
palsy include loss of hand muscle function (intrinsic
muscle function), which includes digital side-to-
side movements as well as “thumb pinch” function.
This results in substantial impairment in hand
strength and digital mobility. Ulnar nerve injuries
higher (more proximal) in the arm result in the loss
of DIP joint flexion. Profound hand wasting accom-
panies ulnar nerve dysfunction.

Various signs of ulnar nerve palsy have been
described. The classic “clawhand” of ulnar nerve
palsy is known as Duchenne’s sign. Wartenberg’s
sign is the inability to pull in (adduct) the small fin-
ger against the ring finger. Froment’s sign is the hy-
perflexion of the thumb IP joint to substitute for the
lack of thumb-pinch power against the index finger.
Weakness of DIP joint flexion due to loss of FDP
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function of the ring and small finger is known as
Pollock’s sign. The flattening of the natural meta-
carpal arch of the hand seen in association with
hand muscle wasting is known as Masse’s sign.

Tendon transfers for ulnar nerve palsy are lim-
ited in their ability to restore hand strength. The
ECRB tendon can be transferred to the thumb proxi-
mal phalanx to provide thumb pinch (adduction)
while the extensor pollicis brevis (EPB) tendon is
transferred to the index interosseous muscle. Addi-
tionally, the thumb MCP joint may be fused to pre-
vent thumb hyperextension and instability. The
combination of these surgeries has been reported to
restore approximately 50% of the lost pinch strength.

RHEUMATOID ARTHRITIS 
OF THE HAND AND WRIST

Rheumatoid arthritis affects approximately 1% of
the population with females affected twice as often
as males. It is a systemic condition that causes a
symmetrical polyarthritis. In the hand and the wrist
joint, the distal radioulnar joint and the metacar-
pophalangeal joints are commonly affected. Pa-
tients usually present between ages 40 and 60 with
joint pain and stiffness and occasionally fever. In
the hand, synovial swelling is first seen followed
by ligamentous failure, joint subluxation, and ulti-
mately joint erosions and destruction. Initial treat-
ment of rheumatoid arthritis in the hand includes
medical therapy and resting night splints. Early
on, medical therapy may consist of NSAIDs and
rest splints but potential remittive therapy is usu-
ally necessary. Aggressive medical management
often includes low dose oral corticosteroids and
immunosuppressive agents such as methotrexate,
Imuran (azathioprine), or Arava (leflunomide).
Newer biological agents include Enbrel (etaner-
cept), Humira (adalimumab), and Remicade (in-
fliximab), which act by inhibiting tumor necrosis
factor. These biologic response modifiers may be
combined with more traditional agents such as
methotrexate. Whether or not these treatments will
make surgery less necessary has been suggested
but not yet established.

If synovitis persists following at least 3 months
of medical management, then surgical synovec-
tomy is indicated to prevent extensor tendon rup-
ture. Similarly, synovitis of the wrist joint or the
metacarpophalangeal joints may not respond to
medical management and surgical synovectomy
may be indicated. The indications for MCP and

wrist joint synovectomy are less clear but in the ab-
sence of joint destruction, most agree that joint sur-
gery can be delayed. MCP joint synovectomy
should be considered in those patients with recal-
citrant synovitis who have no radiographic evi-
dence of joint destruction.

The distal radioulnar joint (DJUJ) may be the
first joint affected in patients with rheumatoid
arthritis. DRUJ subluxation is often observed and as
the distal ulna becomes eroded, rupture of the over-
lying extensor digiti quinti minimi (EDQM) tendon
can occur. The result is the Vaughan-Jackson sign,
which is a prominent distal ulna with the inability
to extend the small finger. In these patients, exten-
sor tenosynovectomy is indicated with EDQM re-
construction. A side-to-side tendon repair to the
adjacent EDC to ring finger can accomplish
EDQM reconstruction. In these patients it is also
incumbent to stabilize the distal radioulnar joint.
This is most commonly done with a distal radioul-
nar joint fusion with the creation of a more proxi-
mal pseudoarthrosis (Suave-Kapandji procedure).
As disease progresses, the remainder of the wrist
joint becomes involved, further destruction of the
wrist may occur, and wrist arthrodesis may be
necessary. Wrist arthrodesis is a reliable procedure
well suited for providing pain relief. Alterna-
tively, a total wrist replacement can be considered
in low demand individuals with bilateral disease.
Total wrist arthroplasty is contraindicated in pa-
tients with previous infection. The failure rate
with total wrist replacement approaches 25% at
intermediate-term follow-up in one recent series.
The most common mode of failure is distal com-
ponent loosening.

Progression of the rheumatoid hand deformity
includes MCP joint destruction with subluxation of
the joint and drift of the digits toward the small fin-
ger side of the hand (ulnar drift). Tightness of the
surrounding soft tissue structures ultimately pre-
vents correction of this deformity (intrinsic muscle
tightness). Wrist involvement may also occur with
sliding of the carpal bones toward the ulna (ulnar
translation of the carpus) as ligamentous destruc-
tion occurs (Figure 14-14). These patients also com-
monly have pain and have noticed a recent decline
in overall hand performance. These patients are rea-
sonable candidates for MCP joint arthroplasties.
The Swanson flexible silicone implant that has been
in service for well over 35 years functions as a
spacer following resection of the destroyed MCP
joint. It has been well recognized that these im-
plants typically fracture but remain in service for

WeinCh14v2.qxd  1/3/04  2:39 AM  Page 434



Stenosing Tenosynovitis (Trigger Finger) 435

years, continuing to function as a spacer. Hansraj
et al. has reported a 90% 10-year survival rate with
this spacer. The biomechanical shortfall of the
Swanson Silastic implant is the amount of bone and
soft tissue resection needed for implantation of the
device. Current alternatives to the Silastic implants
are surface replacement arthroplasties that attempt
to recreate the normal articular surface anatomy
while requiring less soft tissue resection for implan-
tation of the device. Further follow-up data on these
newer generation devices are needed.

STENOSING TENOSYNOVITIS
(TRIGGER FINGER)

Stenosing tenosynovitis condition is a mechanical
problem of a mismatch in size of the flexor ten-
dons within their flexor tendon sheath. The result
is a bunching or catching of the tendons as they
pass through the orifice of the A1 pulley. This

mismatch in size results in the mechanical problem
of triggering that is the clinical hallmark of the
condition. A fibrocartilagenous dysplasia devel-
ops at the A1 pulley, leading to a similar lesion on
the corresponding surface of the flexor tendon.
This results in degenerative tendinopathy over
time. The process can occur at any digit but more
commonly affects the ring finger. Patients usually
present with a complaint of a painful catching of
the finger with gripping. In more advanced cases,
the finger may be locked in flexion and very
painful to reduce. The patients may complain of
the occurrence more in the morning hours than
later in the day. Prior to experiencing the trigger-
ing or catching symptoms, patients may just have
a tender and sore flexor tendon sheath that is ag-
gravated by activities. On physical examination,
actual triggering may not be elicited but tender-
ness directly over the A1 pulley usually is. The
condition is more frequently seen in patients with
rheumatoid arthritis, gout, diabetes, and degener-
ative arthritis. Patients usually present in the fifth
to seventh decade of life.

Initial treatment is nonoperative. Simple splint-
ing with the use of NSAIDs has been shown to be
effective in some patients. Injection of corticos-
teroid into the flexor tendon sheath has been
shown to be effective in 70% of patients. Another
study has shown the percentage to increase to 84%
when a regimen of two injections is used. Alterna-
tively, reports of splint therapy alone have yielded
improvement in 66% of patients. The trigger finger
injection is performed using a 25-gauge needle and
1 cc of lidocaine and 10 mg of Kenalog solution or
an equivalent of another water insoluble steroid
preparation. Water insoluble steroid preparations
are longer acting. The lidocaine steroid prepara-
tion is injected into the flexor tendon sheath at the
level of the A2 pulley, and the examiner palpates
the filling of the sheath. Flexor tendon sheath re-
lease or trigger finger release is indicated when
nonoperative management fails. This is done at the
opening of the flexor tendon sheath, or at the level
of the A1 pulley. Results approaching 100% in ap-
propriately indicated patients were recently re-
ported by Turowski et al. An alternative to open
trigger finger release is percutaneous flexor ten-
don sheath release. This technique employs a 20-
gauge needle placed percutaneously at the level of
the A1 pulley. The needle is manipulated such that
the A1 pulley is cut by the bevel of the needle.
Complications of this technique include scoring of
the tendon.

FIGURE 14-14. Ulnar deviation deformity of the wrist and
digits in a patient with advanced rheumatoid arthritis.
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SWAN-NECK DEFORMITY

Similar to the boutonnière deformity of the digit,
the swan-neck deformity may cause substantial
functional limitation. It can arise following trauma
but more typically is seen in the context of the
rheumatoid hand. The essential features of the dig-
ital swan-neck deformity include hyperextension
of the PIP joint and flexion of the DIP joint subse-
quent to incompetence of the PIP joint volar plate
(Figure 14-15). The swan-neck deformity is often
accompanied by the presence of intrinsic tightness.
In this condition the interosseous muscles of the
hand become contracted, which causes tightness of
the lateral band portion of the extensor mecha-
nism. With the metacarpal phalangeal (MCP) joint
extended, the lateral band portion of the extensor
mechanism is placed on stretch, causing tightness
of the terminal tendon. This imbalance then causes
restriction in the passive or active flexion of the PIP
joint. A simple test for intrinsic tightness involves
hyperextending the PIP joint and then examining
the passive range of motion (ROM) of the PIP joint.
Patients with intrinsic tightness of a digit experi-
ence diminished passive range of motion at the PIP
joint when the test is performed. 

Digits with a swan-neck deformity may be clas-
sified into four stages. Stage 1 is a finger with a swan-
neck deformity and no limitation of PIP joint ROM.
Stage 2 is a swan-neck digit with limitation of ROM
with certain positions of the MCP joint. Stage 3 is a
digit with limitations of PIP ROM in any MCP posi-
tion. Stage 4 is fixed and rigid swan-neck deformity.
The stage 4 swan-neck deformity in the rheumatoid
is characterized by advance PIP joint destruction.

Treatment for the swan-neck deformity includes
splinting for the stage 1 deformity, and extensor
mechanism reconstruction or release of tight intrinsic
muscles for the stage 2 and 3 deformities. Arthrode-
sis or arthroplasty is required for the stage 4 condi-
tion. In general, results for soft tissue reconstruction
of the rheumatoid swan-neck deformity has been
disappointing while treatment with arthrodesis has
been more predictable.

TUMORS AND TUMOR-LIKE
CONDITIONS OF THE HAND 
AND WRIST

Ganglion Cyst

The most common soft tissue lesion of the hand and
wrist is the ganglion cyst. The most common loca-
tion is the dorsal aspect of the wrist (originating
from the scapholunate interosseous ligament. One
study found MRI-associated pathology in 30% of
wrist ganglia imaged, suggesting a traumatic ori-
gin for this lesion. The pathogenesis of ganglions
remains unclear. Recent series have documented
enhanced success rates using serial aspiration treat-
ments. However, recurrence rates with aspiration
exceed 40%. Definitive management is open surgical
excision. Recurrence rates with surgical removal are
as low as 5%. Arthroscopic ganglion removal is gain-
ing increasing popularity for dorsal wrist ganglions.
When treating ganglion cysts it is important to con-
sider the patients perspective. In one study, 28% of
patients sought medical attention for their ganglion
over concern of malignancy.

FIGURE 14-15. Swan-neck deformity of
the index finger following trauma.
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FIGURE 14-16. Giant cell tumor of bone.

Giant Cell Tumor of Bone

Giant cell tumor of bone can be locally aggressive
(Figure 14-16), and even metastasize causing death,
but are regarded as benign. Eighty-five percent of
giant cell tumors are diagnosed in patients older
than 20 years in age, occurring slightly more often
in females. Only 2% of giant cell tumors arise in the
hand bones while approximately 14% originate in
wrist. The patient with a giant cell tumor of the
hand or wrist presents with pain and localized
swelling. The tumor is lytic radiographically with
cortical expansion and indistinct borders. Mitotic
activity is quite common.

Giant cell tumors of the bones of the hand and
wrist should be treated with wide excision and re-
construction. A recurrence rate of 79% has been re-
ported with curettage within the margins of the
lesion (intralesional). Curettage beyond the limits
of the lesion is permissible when the giant cell
tumor has not violated the cortex of the bone and
extended into the soft tissue. No recurrences were
reported in 10 patients treated with wide excision

and arthrodesis of the wrist. Other than arthrodesis,
other reconstructive surgeries about the wrist that
can be considered are vascularized or nonvascular-
ized bone grafting and composite osteo-articular
allograft reconstruction of the distal radius joint
surface. Cementation and cryosurgery can also be
considered in place of bone grafting when curet-
tage is chosen as a primary treatment.

Giant Cell Tumor of Tendon Sheath

The giant cell tumor of tendon sheath is among the
more common soft tissue tumors of the hand. It is a
slowly progressive, painless, rubbery mass predom-
inating on the radial three digits of the hand and is
typically identified adherent to the digital flexor
tendon sheath of the hand. The histology is variable
but the tumors consistently contain multinucleated
giant cells and xanthoma cells. Some lesions possess
increased cellularity and mitotic activity. Recur-
rence rates as high as 44 to 50% have been reported
in series with extended follow-up. A recent study of
43 patients found that following surgical excision,
the only lesions that recurred were those that origi-
nally had multiple discrete tumors. Tumors com-
posed of single masses did not recur following
surgical excision. MRI may be helpful in determin-
ing the anatomic extent of the lesion.

Epidermal Inclusion Cyst

Epidermal inclusion cysts are also among the more
common soft tissue lesions of the hand. This tumor-
like condition results from the puncture of epithe-
lium beneath the skin. The resulting growth of
epithelial cells is typically painless and seldom func-
tionally limiting. The fingertip is the most common
location for epidermal inclusion cysts. Marginal sur-
gical excision is curative and indicated when the le-
sion is bothersome to the patient. Involvement of the
distal phalanx has been mistaken for malignancy.

Enchondroma

Enchondroma is the most common bone tumor in
the hand and wrist. It is seen in all age groups and
has an equal male and female distribution. These
benign tumors may present due to a pathologic
fracture or may be observed incidentally on rou-
tine hand radiographs. Analysis of over 5,500 bone
tumors from Bauer et al., found that nearly 90% of
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all primary hand tumors were enchondromas. The
most common location of the enchondroma is the
proximal phalanx, followed by the metacarpal and
the middle phalanx.

Radiographically, these lesions are often expan-
sile with distortion of the cortex and punctate calci-
fication. Multiple enchondromas in the same
extremity is known as the nonhereditary condition,
Ollier’s disease. In Ollier’s disease the enchondro-
mas are larger, causing notable cosmetic and func-
tional problems. Growth of enchondromas usually
stops after skeletal maturity. Enchondroma growth
after skeletal maturity, particularly when associated
with radiographic progression and pain, raises the
question of malignancy. Malignant transformation
of enchondromas to chondrosarcoma in Ollier’s dis-
ease is much more likely than solitary enchondroma
transformation and is considered to be approxi-
mately 30%. Maffucci’s syndrome is an extremely
rare nonhereditary condition composed of multiple
enchondromas and associated hemangiomatas.

Small, asymptomatic enchondromas require no
specific treatment. If lesions grow and become
painful, biopsy should be obtained. Pathologic frac-
tures (fractures through tumor) occurring through
enchondromas are treated as fractures first. Once
fracture healing has occurred, formal treatment of
the enchondroma is initiated. Enchondromas that
reach substantial size are excised to prevent patho-
logic fracture. Enchondroma removal involves thor-
ough curettage (intralesional scrapping of the
tumor) followed by packing of the defect with bone
graft. The recurrence rate with this method is ap-
proximately 4.5%.

MALIGNANT TUMORS OF THE
HAND AND WRIST

Fortunately, malignancy of the hand and wrist is
rare. The most common primary malignant bone
tumor of the hand and wrist is the chondrosarcoma.
The chondrosarcoma often develops in relation-
ship to a preexisting enchondroma, particularly
enchondromas associated with Ollier’s disease.
Osteosarcoma is seen less frequently in the hand
by comparison to the lower extremities and is typi-
cally seen in an older population than the classic
young adult presentation. Radiation exposure has
been suggested as a possible cause for osteosarcoma
development in the hand. Metastatic tumors to the
hand may present as the original presentation of a
previously undiagnosed cancer. The most common

metastatic tumor to the hand is lung and the most
common site is the distal phalanx. Other reported
primary sites include the esophagus, colon, breast,
ovary, prostate, bladder, uterus, and thyroid. In one
study, there was only a 6-month average life ex-
pectancy of patients with tumors metastatic to the
hand. The most common soft tissue sarcomas of the
hand and upper extremity is the epithelioid sar-
coma, the malignant fibrous histiocytoma (MFH),
and the synovial cell sarcoma. The epithelioid sar-
coma is often misdiagnosed at original presentation
leading to delays in treatment. Synovial cell sar-
coma presents associated with the synovial joints of
the wrist. They are slow growing and may go undi-
agnosed for years. MFH is becoming increasingly
more recognized in the hand, particularly in older
adults. It is often painless, also leading to original
misdiagnosis and treatment delays. Treatment for
bone and soft tissue sarcomas are wide tumor resec-
tion and limb salvage reconstruction. Adjuvant
chemotherapy and external beam radiation may
prolong survival, depending on the histologic diag-
nosis and grade of the tumor.

VASCULAR INSUFFICIENCY 
OF THE HAND AND WRIST

Vascular insufficiency of the hand and wrist may
arise as result of penetrating trauma, repetitive
trauma, primary vasospastic disease (Raynaud’s
disease), or vasospastic disease secondary to an-
other disorder (Raynaud’s phenomena). Whatever
the cause, patients complain of color changes of the
digits anywhere from pale white to bluish purple.
They often experience pain and particularly cold in-
tolerance. In some advanced conditions, fingertip
soft tissue necrosis may result. Important informa-
tion to be gained from the patient is any history of
smoking, penetrating or blunt trauma, repetitive
trauma, or excessive occupational vibration expo-
sure. Also, the examiner should query the patient
for a history of malignancy, blood dyscrasias, or any
other hypercoagulable condition. Physical examina-
tion should include an Allen’s test, which assesses
the patency of both the radial and ulnar arteries. In
this test, the examiner occludes both arteries at the
wrist and then has the patient repetitively make a
fist in an effort to remove blood from the palm. Se-
quentially, the examiner releases pressure from one
of the arteries while continuing to occlude the other.
The return of capillary refill to the palm of the hand
is then assessed. The test is then repeated for the
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other artery. The test can also be performed using a
Doppler probe. Symptomatic, chronic vascular in-
sufficiency of the hand warrants a workup that in-
cludes an upper extremity arteriogram and includes
images of the aortic arch and subclavian arteries.
The arteriogram is obtained to rule out the pres-
ence of vascular occlusion anywhere in the vascu-
lar system of the upper extremity. Additionally, an
echocardiogram is obtained to rule out mural
thombi in the ventricles of the heart. Other testing
includes the use of noninvasive vascular studies
such as color-duplex imaging, cold immersion test-
ing, and magnetic resonance angiography.

A primary vasospastic disorder of the digits in
which symmetric discoloration of the digits occur,
primarily in females under the age of 40 is known as
Raynaud’s disease. These patients seldom experi-
ence any trophic changes of the digits and have no
clinical evidence of occlusive arterial disease or con-
nective tissue disorder. The diagnosis is established
following 2 years of symptoms. Alternatively, sec-
ondary vasospastic conditions resulting from such
conditions as connective tissue disorders (including
scleroderma, rheumatoid arthritis, systemic lupus
erythematosus, vasculitis, and CREST syndrome),
occlusive arterial disease, hematologic disorders,
and occupational trauma is referred to as Raynaud’s
phenomena. Patients developing Raynaud’s phe-
nomena, are typically over age 40, have some under-
lying disease, and often experience progressive
trophic changes of the digits. Raynaud’s phenomena
is seen in approximately 80% of patients with sclero-
derma, 25% of patients with systemic lupus erythe-
matosus, and 10% of patients with rheumatoid
arthritis. Initial nonoperative treatment of Ray-
naud’s phenomena includes oral calcium channel
blockers and axillary sympathetic blocks. Anticoag-
ulation therapy may also have some merit. Patients
with continued symptoms but a favorable response
to axillary sympathetic blocks may be good candi-
dates for peripheral arterial sympathectomy.

Buerger’s disease (thromboangiitis obliterans)
is an inflammatory vascular occlusive disorder re-
lated to the use of nicotine. The condition is more
common in men. In these patients, narrowing of the
digital arteries generally occurs resulting in is-
chemic finger pain and Raynaud’s phenomena.
Smoking cessation arrests the progression of the
disease in most instances.

Hypothenar hammer syndrome is the result of
chronic repetitive trauma to the ulnar side of the
wrist, resulting in thrombosis of the ulnar artery and
Raynaud’s phenomena. These patients often have

engaged in activities such as drywall hanging, car-
pentry, or other construction activities. In some in-
stances, patients will give a dramatic history of how
they have used the ulnar border of the wrist as a
“hammer” to secure or stabilize objects. These pa-
tients often complain of coldness in the digits, color
changes, or frank pain while engaged in certain occu-
pational maneuvers. Arteriogram shows an ulnar ar-
tery devoid of flow and in many instances markedly
diminished or absent blood flow to the ring and small
digits (Figure 14-17). Treatment in symptomatic indi-
viduals requires resection of the thrombosed ulnar
artery segment and superficial palmar arch recon-
struction using a reverse flow vein graft, normally
harvested from a dorsal foot vein. Following ulnar ar-
tery reconstruction, symptoms of ring and small fin-
ger ischemia can be expected to improve.

Annotated Bibliography

Boutonnière Deformity and Swan-Neck
Deformity

Kiefhaber TR, Strickland JW. Soft tissue reconstruction for rheuma-
toid swan-neck and boutonnière deformities: long-term results.
J Hand Surg 1993;18A:984–989.
Ninety-two digits were treated with soft tissue reconstruction for
rheumatoid swan-neck deformity and 19 digits for boutonnière de-
formity. Overall the results were mediocre and unpredictable lead-
ing the authors to conclude that arthrodesis is the best treatment of
advanced rheumatoid digital deformities.

FIGURE 14-17. Posttraumatic ulnar artery occlusion (hy-
pothenar hammer syndrome).
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Smith RJ. Intrinsic Contracture. In: Green, DP, Hotchkiss, RN,
Pederson WC, eds. Green’s Operative Hand Surgery. 4th ed.
New York: Churchill Livingstone, 1999:604–618.
This chapter has been included in every edition of this textbook and
has been left unaltered from the author’s original version. Digital
contractures of the hand are outlines with an emphasis on patho-
logic anatomy and treatment.

Smith RJ. Intrinsic muscles of the fingers: Function, dysfunction
and surgical reconstruction. In: AAOS Instr Course Lect, vol.
24. St. Louis: CV Mosby, 1975:200–220.
This is a classic review defining the anatomy and pathologic
anatomy of the intrinsic muscle system of the hand. The specific
characteristic of boutonnière and swan neck deformities are dis-
cussed and illustrated.

Carpal Tunnel Syndrome

Brown RA, Gelberman RH, Seiler JG III et al. Carpal tunnel re-
lease: a prospective, randomized assessment of open and en-
doscopic methods. J Bone Joint Surg 1993;75A:1265–1275.
In a prospective, randomized fashion, this study examined the re-
sults in 169 hands having either open or endoscopic carpal tunnel
release surgery. Overall, 90 to 98% of patients experienced relief of
paresthesias. There was no significant difference in objective out-
come measures. The open method resulted in more scar tenderness
and a longer return to work than did the endoscopic method. A
greater complication rate was found with the endoscopic carpal tun-
nel release surgery.

Finsen V, Russwurm H. Neurophysiology not required before
surgery for typical carpal tunnel syndrome. J Hand Surg
2001;26B:61–64.
In this study, 14 of 63 patients who had successful carpal tunnel re-
lease surgery had preoperative electrodiagnostic testing that were
normal.

Gelberman RH, Aronson D, Weisman MH. Carpal tunnel syn-
drome: results of a prospective trial of steroid injection and
splinting. J Bone Joint Surg 1980;62A:1181–1184.
In patients with carpal tunnel syndrome, 80% of patients receiving
a carpal tunnel steroid injection experience relief of their symptoms
but only 22% will still be symptom free at 1 year. Patients who had
symptoms for less than 1 year were likely to have sustained relief.

Szabo PM, Gelberman RH, Dimick MP. Sensibility testing in pa-
tients with carpal tunnel syndrome. J Bone and Joint Surg
1984;66A:60–64.
Clinical threshold testing, such as Semmes-Weinstein monofila-
ment testing and vibrational testing, are more sensitive in detecting
abnormalities in hand sensory dysfunction. Overall, the Semmes-
Weinstein monofilament testing was found to provide the most reli-
able sensory test.

Szabo RM, Slater RR II, Farver TB et al. The value of diagnostic
testing in carpal tunnel syndrome. J Hand Surg 1999;24A:
704–714.
The authors evaluated a variety of diagnostic tests for carpal tunnel
syndrome. They concluded that there is an 86% chance of patients
having carpal tunnel syndrome when there is the combination of a
positive carpal tunnel compression test, abnormal monofilament test-
ing, subjective night pain, and a positive hand diagram. The results of
electrodiagnostic studies did not add to the diagnostic accuracy.

Complex Regional Pain Syndrome

Brown DL. Somatic or sympathetic block for reflex sympathetic
dystrophy. Which is indicated? Hand Clin 1997;13:485–497.
The rationale for the use of nerve blocks is discussed as well as the
nerve block options available for complex regional pain syndrome.
The techniques for various nerve blocks are discussed and illustra-
tion provided.

MacKinnon SE, Holder LE. The use of three-phase radionuclide
bone scanning in the diagnosis of reflex sympathetic dystro-
phy. J Hand Surg 1984;9A:556–563.
In 145 patients, the three-phase bone scan was used to diagnose
RSD. The authors found that increased radiotracer uptake in phase
III of the scan was diagnostic for RSD with a sensitivity of 96% and
specificity of 98%.

Stanton-Hicks M, Janig W, Hassenbusch S et al. Reflex sympa-
thetic dystrophy: changing concepts and taxonomy. Pain
1995;63:127–133.
This article discusses the various terms associated with pain of un-
certain origin and redefines pain as either complex regional pain
syndrome type I or type II. The term sympathetic mediated pain is
also explained.

Congenital Hand Anomalies

Buck-Gramcko D. Pollicization of the index finger: methods and
results in aplasia and hypoplasia of the thumb. J Bone Joint
Surg 1971;53A:1605–1617.
This article provides the original technical description of index fin-
ger pollicization for thumb hypoplasia along with early results.

Buck-Gramcko D. Radialization as a new treatment for radial
club hand. J Hand Surg 1985;10A:964–968.
Thirty hands in 23 patients that were treated with a radialization
technique are presented with the need for overcorrection stressed as
well as soft tissue balancing from releases and tendon transfers. The
indications for ulnar osteotomy are also discussed.

Damore E, Kozin SH, Thoder JJ, Porter S. The recurrence of
deformity after surgical centralization for radial club hand.
J Hand Surg 2000;25A:745–751.
The authors review the results of centralization of 19 radial club
hands in 14 patients treated over an 18-year period. The follow-up
averaged 6.5 years. Sixteen of the cases have radial aplasia. On av-
erage the patients lost a 38° of the correction obtained at surgery. A
correlation was found between the preoperative angle and the final
angle achieved. Better results were obtained when complete correc-
tion could be obtained at initial surgery.

Flatt AE. Cleft hand and central defects. In: Flatt AE, ed. The Care
of Congenital Hand Anomalies. 2nd Ed. St. Louis: Quality
Medical Publishing, 1994:337–365.
This chapter provides a comprehensive and detailed discussion of all
aspects of cleft hand and is considered a classic. The etiology, classi-
fication, and operative treatment are discussed. The primary surgi-
cal procedures are illustrated.

Kozin SH. Syndactyly. J Am Soc Surg Hand 2001;1:1–13.
This article reviews the genetics and etiology of the condition as well
as the classification and indications for surgical treatment. Surgical
decision making is also discussed with emphasis on the technique of
syndactyly release. Associated conditions such as Poland’s syndrome,
constriction band syndrome, central deficiency, and Apert’s syn-
drome are discussed. Complications of treatment are also discussed.

Manske PR, Rotman MB, Dailey LA. Long-term functional re-
sults after pollicization for the congenitally deficient thumb.
J Hand Surg 1992;17A:1064–1072.
This is a review of 28 index finger pollicizations following correction
of congenital hypoplastic thumb. The final total active range of mo-
tion was approximately 50% of the contralateral normal thumb and
the average grip 21%. The pollicized digit was used as a thumb in
84% of cases with a 22% prolonged time period to accomplish stan-
dard tasks. Patients having radial club hand had significantly poorer
results. Age at the time of surgery did not correlate with final results.

Crystalline Arthropathy of the Hand and Wrist

Ali Y. Crystalline arthritis and other arthritides. In: Berger RA,
Weiss APC, eds. Hand Surgery, vol. II, ch. 70. Philadelphia:
Lippincott Williams & Wilkins, 2004:1241–1252.
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This chapter provides a complete overview of the crystalline
arthropathy conditions of the wrist. The pathogenesis, epidemiol-
ogy, natural history, and treatment are outlined.

Degenerative Arthritis of the Hand and Wrist

Tomaino MM. Pellegrini VD, Burton RI. Arthroplasty of the basal
joint of the thumb: long-term follow-up after ligament recon-
struction with tendon interposition. J Bone Joint Surg
1995;77A:346–355.
Twenty-four thumbs in 22 patients were reviewed at an average
follow-up of 9 years. Over 95% of the patients had relief of their
pain. Grip strength and pinch strength both improved. Follow-up
radiographs showed loss of carpal height compared to preoperative
evaluation but this did not portend a poor outcome.

Watson HK, Ballet FL. The SLAC wrist: scapholunate advanced
collapse pattern of degenerative arthritis. J Hand Surg 1984;
9A:358–365.
This is a review of over 200 patients presenting to the authors’ clinic
with a primary degenerative arthritis of the wrist. One of the more
common patterns of degenerative arthritis observed was the
scapholunate advanced collapse pattern whereby the scaphoid-distal
radius articulation becomes primarily involved. In the more ad-
vance condition, the midcarpal joint becomes involved with proxi-
mal migration of the capitate and diastasis of the scaphoid and
lunate. This condition results in a loss of carpal height.

DeQuervain’s Syndrome

Harvey FJ, Harvey PM, Horsley MN. De Quervain’s disease: sur-
gical or nonsurgical treatment. J Hand Surg 1990;15A:83–87.
Sixty-three wrists treated for De Quervain’s disease were retrospec-
tively reviewed. Seventy-one percent of the wrists treated with one
wrist corticosteroid injection achieved sustained relief of symptoms.
An additional 11% of the wrists gained relief with a second injection.
Of the 11 wrists that ultimately underwent first dorsal compartment
release, 10 had septations within the first dorsal compartment.

Jackson WT, Viegas SF, Coon TM et al. Anatomical variations in
the first extensor compartment of the wrist. J Bone Joint Surg
1986;68A:923–926.
Three hundred cadaver wrists were examined for anatomic varia-
tions in the first dorsal compartment. In 40% of the wrists, a sep-
tum divided the first dorsal compartment. In a separate clinical
series, patients undergoing release of the first dorsal compartment
for DeQuervain’s syndrome, there was a 67% incidence of septa-
tions within the first dorsal compartment.

Weiss APC, Akelman E, Tabatabai M. Initial treatment of De-
Quervain’s disorder. J Hand Surg, 1994; 9A:595-598.
Eighty-seven patients with DeQuervain’s disease were treated with ei-
ther injection alone, injection plus splinting, or splinting alone. The
results from injection alone were superior to splinting alone and not
significantly different from the combination of splinting and injection.

Dupuytren’s Contracture

McFarlane RM. On the origin and spread of Dupuytren’s dis-
ease. J Hand Surg 2002;27A:385–390.
This review examines the history of Dupuytren’s disease and dating
its origin somewhere between 1200 BC–200 BC. The author con-
cludes that the disease is probably not due to a single gene but is
most likely multifactorial. 

Badalamente MA, Hurst LC, Grandia SK et al. Platelet-derived
growth factor in Dupuytren’s disease. J Hand Surg 1992;17A:
317–323.
Palmar facia obtained from surgical release of Dupuytren’s contrac-
ture release was analyzed in 28 patients. An association between
platelet-derived growth factor (PDGF) and myofibroblasts found in
the proliferative stages of Dupuytren’s disease. The results of the

study suggest that the PDGF is bound to a cell membrane. The au-
thors conclude that PGDF may play a role in the proliferative
events of myofibroblasts.

Roush TF, Stern PJ. Results following surgery for recurrent
Dupuytren’s disease. J Hand Surg 2000;25A:291–296.
Twenty-eight digits in 19 patients were treated surgically for recur-
rent Dupuytren’s contracture and followed up at a median of 4 years.
Dermatofasciectomy and full-thickness skin grafting did not prevent
recurrent contracture. Three of the digits were anesthetic at follow-
up. At follow-up, 18 of 19 patients were pleased with their results.
There were no vascular injuries, infections, flap, or graft losses.

Tomasek J, Rayan GM. Correlation of alpha-smooth muscle
actin expression and contraction in Dupuytren’s disease fi-
broblasts. J Hand Surg 1995;20A:450–455.
Eleven specimens from the palmar fascia from patients with
Dupuytren’s disease where analyzed for smooth muscle actin. The
results of the study show that fibroblasts in patients with
Dupuytren’s disease can acquire contractile characteristics and the
increased presence of smooth muscle actin in these fibroblasts corre-
lates with increased contractile activity.

Infections of the Hand and Wrist

Gonzalez MH, Kay T, Weinzweig N et al. Necrotizing fasciitis of
the upper extremity. J Hand Surg 1996;21A:689–692.
This retrospective study reviewed the results of 12 patients with
necrotizing fasciitis of the upper extremity. Eleven of the 12 infec-
tions were caused by β-hemolytic strep organisms. Ten of the pa-
tients had a history of IV drug abuse and 2 patients were diabetic.
An average of 3 surgical debridements were necessary to control the
infection. Two patients required shoulder disarticulation and all pa-
tients resolved their infection. The authors stress the importance of
early recognition of this condition as well as the need for aggressive
surgical debridement and appropriate antibiotic therapy.

Jebson PJ. Infections of the fingertip. Paronychias and felons.
Hand Clin 1998;14:547–555.
This review article discusses the anatomy of the nailbed and the dis-
tal fingertip as well as the various infection forms seen in this area
including the acute paronychial infection, the chronic paronychial
infection, and the felon.

Reilly KE, Linz JC, Stern PJ et al. Osteomyelitis of the tubular
bones of the hand. J Hand Surg 1997;22A:644–649.
The review of 700 patients with hand infections found 6% with os-
teomyelitis of the hand bones. Fifty-seven percent were caused by
trauma while 13% were hematogenous. Twenty-two percent were
immunocompromised or had peripheral vascular disease. Cultures
were positive in 74% with 35% having multiple organisms and 35%
Gram-positive organisms. The overall amputation rate was 39%.

Synder CC. Animal bite infections of the hand. Hand Clin,
1998;14:691–711.
This comprehensive review of the spectrum of animal bite injuries
covers such common bite wounds as dogs and cats as well as more
obscure bite wounds such as those from wolves, badgers, bears,
skunks, snakes, spiders, scorpions, and various marine species.

Keinbock’s Disease

Bonzar M, Firrell JC, Hainer M et al. Keinbock disease and nega-
tive ulnar variance. J Bone Joint Surg 1998;80(A):1154–1157.
Forty-four patients with Keinbock’s disease were examined to deter-
mine the relationship if any with the presence of ulnar negative
variance. The patients were compared to a group of 99 control pa-
tients and the authors determined that an association did exist be-
tween Keinbock’s and the presence of ulnar negative variance.

Salmon J, Stanley JK, Trail IA. Keinbock’s disease: conservative
management versus radial shortening. J Bone Joint Surg
2000;82(B):820–823.
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The results of 18 patients with stage 2 or 3 Keinbock’s treated con-
servatively were compared with 15 patients treated operatively. The
mean follow-up was 3.6 years. The patients treated with radial
shortening had better pain relief and a stronger grip than patients
treated conservatively. Some patients treated conservatively rapidly
progressed to carpal collapse. Patients treated with radial shorten-
ing osteotomy had a slower progression to carpal collapse.

Shin AY, Bishop AT. Pedicled vascularized bone grafts for disor-
ders of the carpus: scaphoid nonunion and Keinbock’s dis-
ease. J Am Acad Orthop Surg 2002;10:210–216.
This article reviews the anatomy and indications of the reverse flow,
pedicled vascularized bone graft options of the dorsal aspect of the
distal radius. These vascularized bone grafts can be adapted for
revascularization of the lunate in patients with Keinbock’s disease.

Nerve Palsy

Green DP. Radial nerve palsy. In: Green DP, Hotchkiss RN, Ped-
erson WC, eds. Green’s Operative Hand Surgery, 4th Ed., vol.
2. New York: Churchill Livingstone, 1999:1481–1496.
Extensive review of the subject with detailed discussion of the tech-
niques for transfer.

Omer G. Ulnar nerve palsy. In: Green DP, Hotchkiss RN, Peder-
son WC, eds., Green’s Operative Hand Surgery, 4th Ed., vol.
2. New York: Churchill Livingstone, 1999:1526–1541.
Comprehensive review of the ulnar nerve palsy condition, including
a detailed discussion of physical examination findings and tech-
niques for restoring function.

Rheumatoid Arthritis of the Hand and Wrist

Barbier O, Saels P, Rombouts JJ et al. Long-term functional re-
sults of wrist arthrodesis in rheumatoid arthritis. J Hand Surg
1999;24(B):27–31.
Eighteen patients were reviewed at an average of years following
wrist arthrodesis. All patients were pleased with the procedure and
had satisfactory pain relief.

Cobb SD, Beckenbaugh RD. Biaxial total-wrist arthroplasty. J Hand
Surg 1996;21A:1011–1021.
Forty-six patients followed-up at an average of 6.5 years with the
biaxial total wrist arthroplasty. Ninety-two percent of the patients
rated themselves as better. Eleven cases had failures, 8 of these at the
distal implant. Survival analysis determined an 83% probability of
survival at last follow-up.

Cook SD, Beckenbaugh RD, Redondo J et al. Long-term follow-
up of pyrolytic carbon metacarpophalangeal implants. J Bone
Joint Surg 1999;81(A):635–648.
Twenty-six patients were followed up at an average of 11.7 years
after placement of pyrolytic carbon MCP implants. Ninety-four of
the implants showed osteointegration. The 16-year survival rate
was 70.3%. Ulnar drift was unchanged from preoperative and digi-
tal range of motion was improved to a relatively extended position.

Hansraj KK, Ashworth CR, Ebramzadeh E et al. Swanson meta-
carpophalangeal joint arthroplasty in patients with rheuma-
toid arthritis. Clin Orthop 1997;342:11–15.
The results of 170 Swanson Silastic MCP implants were evaluated
at a mean of 5.2 years. No pain was reported in 54% of the joints.
Mean postoperative range of motion was 27° compared to 38° pre-
operatively. Prosthesis survivorship at 10 years was 90%.

Stenosing Tenosynovitis

Patel M, Bassini L. Trigger fingers and thumb: when to splint, in-
ject or operate. J Hand Surg 1992;17A:110–113.
Fifty patients with trigger finger were treated with MCP joint
splinting, and another 50 trigger fingers were treated with injection.
All patients were followed up at one year. Treatment was successful

in 66% of the splinted patients and 84% of the injected patients. Pa-
tients with multiple trigger fingers and symptoms greater than 6
months had worse results in both groups.

Turowski G, Zdankiewicz T, Thompson J. The results of the surgi-
cal treatment of trigger finger. J Hand Surg 1997;22A:145–149.
Fifty-nine patients were assessed after open release of A1 pulley for
trigger finger. One hundred percent of patients had either complete re-
lief or substantial relief of their symptoms. Only 3% had recurrence.

Tumors and Tumor-Like Conditions of the Hand
and Wrist

Amadio PC, Lombardi RM. Metastatic tumors of the hand. J Hand
Surg 1987;12:311–316.
Twenty-two metastatic lesions in 18 patients were reviewed. The
most common location was the distal phalanx while the most com-
mon primary tumors were in the lung and kidney. Over 50% of
the patients in this series died within 6 months of hand metastasis
diagnosis.

Murray P. Primary bone tumors. In: Berger RA, Weiss A-PC, eds.
Hand Surgery. Philadelphia: Lippincott Williams & Wilkins;
2004.
Comprehensive review of the most common benign and malignant
bone tumors of the hand and wrist. The chapter also reviews the im-
portant features of the tumor workup and staging. An algorithm is
provided for malignant bone tumor decision making.

Thornburg LE. Ganglions of the hand and wrist. J Am Acad Or-
thop Surg 1999;7:231–238.
Although observation is an acceptable form of treatment, aspiration
or surgical excision is indicated for lesions causing pain, skin ulcer-
ations, functional limitations, or nerve compression. Recurrence
rates of greater then 50% are common following aspiration and
puncture of most ganglions. Aspiration is most successful for gan-
glion of the flexor tendon sheath. When performed properly, the re-
currence rate following surgical excision is less than 5%.

Vander Griend RA, Funderburk CH. The treatment of giant-cell
tumors of the distal part of the radius. J Bone Joint Surg
1993;75A:899–908.
The results of treatment for giant cell tumor of the distal radius
were studied in 23 patients. Extended curettage and cementation
was performed in 5 patients who had limited or no extraosseous
tumor extension. Eighteen patients having extraosseous tumor ex-
tension were treated by distal radius resection and arthrodesis. At a
follow-up there were no recurrences.

Vascular Insufficiency of the Hand

Koman LA, Smith BP, Pollock FE et al. The microcirculatory ef-
fects of peripheral sympathectomy. J Hand Surg 1995;
20A:709–717.
Seven patients with Raynaud’s phenomena due to a systemic
process had refractory pain and digital tip ulcerations. Following
microvascular peripheral sympathectomy, all patients had improved
pain, and improvement in the digital ulcerations. Although total
blood flow was not appreciatively improved, the sympathectomy in-
creased overall nutritional flow to the digit.

Miller LM, Morgan RF. Vasospastic disorders. Hand Clin
1993;9:171–187.
This review article discusses Raynaud’s phenomenon and Raynaud’s
disease including the pathophysiology of each condition. Various va-
sospastic disorders causing secondary Raynaud’s phenomenon are
categorized and listed. Treatment options including digital sympa-
thectomy are discussed. A digital algorithm is provided.
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DISLOCATION
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EPIPHYSIS

Stuart L.Weinstein

The Pediatric Hip

DEVELOPMENTAL HIP DYSPLASIA AND DISLOCATION

The diagnosis of developmental hip dysplasia and dislocation is difficult to
make in a newborn. The diagnosis is based on the subtleties of the physical ex-
amination. The consequences of not making the diagnosis may be disastrous to
the patient. A confusing area in the literature is the terminology used to discuss
this condition. Various authors use the terms instability, dysplasia, subluxation,
and dislocation interchangeably. We prefer to use the term developmental hip dys-
plasia (or developmental dysplasia of the hip, DDH) to refer to any hip in which
the normal relation between the femoral head and the acetabulum is altered.

In normal embryonic development, the hip joint components—the femoral
head and acetabulum—develop from the same primitive mesenchymal cells. In
the seventh week of gestation, a cleft develops in these precartilaginous cells,
defining the femoral head and acetabulum. By 11 weeks of gestation, the hip
joint is fully formed. Although rare, this is theoretically the earliest point in de-
velopment that a hip dislocation could occur. At birth, the femoral head is deeply
seated in the acetabulum and held there by the surface tension of the synovial
fluid. A normal infant’s hip is extremely difficult to dislocate even after division
of the hip joint capsule. In hips with dysplasia, however, this tight fit between
the femoral head and the acetabulum is lost, and the head can be easily displaced
from the acetabulum. The femoral head displacement is usually in a posterosu-
perior direction. Pathologic specimens of this condition show varying degrees of
hip joint malformation from mild capsular laxity to severe acetabular, femoral
head, and neck malformations. Therefore, developmental hip dysplasia probably
appropriately refers to the many stages of this complex deformity.

443443
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We use the term DDH clinically for any hip that
may be provoked to subluxate (partial contact be-
tween the femoral head and the acetabulum) or
dislocate (no contact between the femoral head and
acetabulum) or for any hip in which the femoral
head is either subluxated or dislocated in relation
to the acetabulum but that can be reduced into the
acetabulum. We prefer to use the term developmen-
tal hip dislocation when there is no contact between
the femoral head and the acetabulum and the
femoral head is not reducible. True dislocations in
the newborn are rare and are usually associated
with generalized conditions or anomalies such as
arthrogryposis or myelodysplasia. These antenatal
teratologic dislocations are at the extreme end of
the DDH pathologic spectrum and account for only
2% of the cases seen in most series. The diagnosis
and prognosis of these two separate conditions
(dysplasia versus dislocation) are quite different.

The incidence of DDH varies considerably and
is influenced by geographic and ethnic factors as
well as the diagnostic criteria used, the acumen of
the examiner, and the age of the patient at diagno-
sis. The results of newborn screening programs esti-
mate that 1 in 100 newborns have some evidence of
hip instability but that the true incidence of disloca-
tion is between 1 and 1.5 per 1,000 live births.

The cause of DDH remains unknown. Ethnic
and genetic factors no doubt play a key role. The in-
cidence of DDH has been reported to be as high as
25 to 50 cases per 1,000 live births in Lapps and
North American Indians and to be almost nonexist-
ent among Chinese and blacks. Up to one-third of
patients may give a positive family history for
DDH. The genetic effects of the condition may be
manifest primarily by acetabular dysplasia, joint
laxity, or a combination of both. The role of exces-
sive femoral neck anteversion or acetabular an-
teversion in the development of DDH remains
controversial. Intrauterine mechanical and neuro-
muscular mechanisms can profoundly affect the in-
trauterine development of the hip.

In white infants, there is an increased incidence
of DDH in firstborn children. It has been postu-
lated that the prima gravida uterus and abdominal
muscles are unstretched and subject the fetus to
prolonged periods of abnormal positioning. This
positioning tends to force the fetus against the
mother’s spine, limiting motions of the hip, partic-
ularly hip abduction. This “crowding phenome-
non” may also be manifested by the association of
other abnormalities thought to be due to the in-
trauterine compression, such as torticollis (up to

20% of patients with torticollis may have associated
DDH) and metatarsus adductus. DDH is also man-
ifested in patients with oligohydramnios, another
condition that causes limited fetal mobility. The left
hip is more frequently involved; in the uterus, it is
the left side that is most often forced into the ad-
ducted position against the mother’s sacrum.

Breech presentation is another strong associa-
tive feature. About 60% of children with DDH are
firstborn children. Firstborn children have a high
association of breech presentation. About 30 to 50%
of patients with DDH are delivered in the breech
presentation. About 60% of breech presentations are
in firstborn children, and most breech-born infants
have leg-folding mechanism arrests. Children born
frank breech (knees in the extended position) are at
an even greater risk of developing hip instability.
This is evidenced by the higher incidence of DDH in
children born with congenital recurvatum or dislo-
cation of the knee. Eighty percent of the cases of
DDH occur in girls. A contributory factor is that
twice as many girls are born breech as boys. The ex-
trauterine environment may also have a profound
effect on the development of DDH. Societies in
which swaddling is used postnatally (hips kept ex-
tended and adducted), for example, in many native
North American tribes, the incidence of DDH is
considerably higher than expected.

Hip joint laxity, either genetically determined
or secondary to maternal estrogens and those hor-
mones necessary for pelvic relaxation at delivery,
may have an effect on the development of DDH.
These hormones have been thought to cause tempo-
rary laxity of the hip joint capsule in the newborn,
particularly the newborn girl. Hip joint laxity, how-
ever, is seen often in newborn infants. This may
allow for some instability in the absence of a posi-
tive Ortolani sign. DDH is extremely rare in condi-
tions characterized by excessive laxity such as Down,
Ehlers-Danlos, and Marfan syndromes.

Most DDH cases are detectable at birth; how-
ever, despite newborn screening programs, some
cases are missed. The diagnostic test for DDH is
caused by the femoral head gliding in and out of
the acetabulum over a ridge of abnormal acetabu-
lar cartilage. This test was originally described by
LeDamany. He referred to the sensation palpated
as signe de ressaut. The Italian pediatrician, Or-
tolani, in 1936 described the pathogenesis of this
diagnostic sign and referred to the sensation pal-
pated as the segno dello scotto. This palpable sensa-
tion has been likened to the femoral head gliding in
and out of the acetabulum over a ridge. This ridge

WeinCh15v2.qxd  1/3/04  7:22 AM  Page 444



Developmental Hip Dysplasia and Dislocation 445

FIGURE 15-1. In this full-term female infant with fairly severe dysplasia of the right hip, the ac-
etabulum and femoral head are smaller on the right than on the left. Extending along the posterosu-
perior margin of the articular surface of the right dysplastic acetabulum is a shallow trough (T). At the
anterior end of this trough is a bulge (B), and extending posteriorly along the inferior and anterior
margin of the trough down to the inferior margin of the acetabulum is a ridge (R) that separates the
primary acetabulum inferiorly and anteriorly from the trough and the rest of the secondary acetabu-
lum superiorly and posteriorly. (Ponseti IV. Morphology of the acetabulum in congenital dislocation
of the hip: gross, histological and roentgenographic studies. J Bone Joint Surg 1978;60A:586–599)

of hypertrophied acetabular cartilage (Figure 15-1)
was called the neolimbus by Ortolani. Unfortu-
nately, inadequate translation of both LeDamany’s
and Ortolani’s work into English has resulted into
the use of the term click to describe this diagnostic
sign. Experienced evaluators of hips in newborns
realize that many high-pitched soft tissue clicks are
often elicited in the hip examination of newborns
that have no diagnostic significance. Unfortunately,
this poor understanding of the pathology of the di-
agnostic sign in DDH has led to the misdiagnosis
and overtreatment of infants. This diagnostic ma-
neuver must be done gently. In the newborn pe-
riod, such findings as asymmetry of the gluteal,
thigh, or labial folds (asymmetric thigh and skin
folds occur in a significant percentage of normal in-
fants); limitation of abduction; or asymmetry of
range of motion may make the physician suspect
the presence of hip dysplasia, but the most reliable
diagnostic sign is the Ortolani sign. The Ortolani
test is performed with the infant in the supine posi-
tion and the hips and knees flexed at 90°. The middle
finger is placed over the greater trochanter, while the
thumb is placed on the lesser trochanter bilaterally.
The hips are then slowly abducted with pressure

over the greater trochanter. A palpable sensation in-
dicates reduction of a dislocated or subluxated hip.
Also with the legs in mid–abduction-adduction,
posterior pressure can be applied to the lesser
trochanters with the thumbs, and a similar sensation
can be palpated, indicating whether the hip is sub-
luxating or dislocating. (The provocation portion of
the diagnostic test is often referred to as the Barlow
maneuver.) It is essential that this test be performed
with the infant relaxed.

Some evidence suggests that a small number of
cases of DDH may occur late. It is therefore ex-
tremely important to continually look for this con-
dition after the newborn period when the disorder
is manifested by the secondary adaptive signs. It is
especially important to look for DDH in high-risk
infants. The high-risk group of infants includes
those who have a combination of any of the follow-
ing risk factors: breech position, female, positive
family history, lower limb deformity, torticollis,
metatarsus adductus, significant persistent asym-
metric thigh folds, excessive ligamentous laxity, any
other significant musculoskeletal abnormality, and
ethnic background associated with an increased in-
cidence of DDH.
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The longer after the newborn period, the
greater is the likelihood of the patient exhibiting
physical findings secondary to adaptive changes.
With persistent subluxation or dislocation, the pa-
tient develops secondary contractures of the adduc-
tor muscles on the involved side. This leads to
limited abduction (Figure 15-2), the key late diag-
nostic finding in DDH. In addition, after the new-
born period, the incidence of a positive Ortolani
sign decreases markedly, particularly after 1 to 2
months of age. The disturbed relation between the
proximal femur and the acetabulum may, in addi-
tion to limitation of abduction, lead to the presence
of asymmetry of the gluteal, thigh, buttock, or labial
folds. The patient may manifest apparent shorten-
ing of the femur (Allis sign) in comparison to the
opposite side (Figure 15-3) or “pistoning” or “tele-
scoping” of the involved extremity, depending on
the laxity of the hip joint capsule. In a child of walk-
ing age with unilateral DDH, the apparent limb
length inequality may result in a limp secondary to
the apparent shortening of the extremity. This also
may lead to a secondary equinus deformity of the
ankle. Clinically, bilateral dislocations are much
more difficult to detect because the physical find-
ings may be symmetric. Also in bilateral DDH, the
child may walk with a waddling gait and hyperlor-
dosis of the lumbar spine. Any gait abnormality in a
child should not be dismissed without a careful
clinical and radiographic evaluation of the hips.

The diagnosis of DDH in the newborn period is
a clinical one. The femoral ossific nucleus is not
present in the newborn, and a great portion of the
pelvis of an infant is cartilaginous. Thus, normal re-
lations are difficult to interpret radiographically,

and all treatment decisions in the newborn nursery
should be based on the clinical examination. Routine
radiographs are generally unnecessary. A normal-
appearing radiograph does not rule out the pres-
ence of DDH. Complete dislocations may be
missed, and mild degrees of dysplasia are not easily
detected. Ultrasonography, while routinely used as
a screening tool for DDH in Europe, has not been
shown to be cost effective in the United States as a
screening device. It is very operator and position
dependent and has resulted in the overdiagnosis
and overtreatment of infants. With increasing age
and lack of the normal relation between the proxi-
mal femur and the acetabulum, the anatomic
changes of this abnormal relation become increas-
ingly evident. The femoral ossific nucleus, which
normally appears between 4 and 7 months of age,
may be delayed in its appearance and its general
overall development stunted. The proximal femur
is seen to lie laterally with varying degrees of
proximal migration compared with the ilium. The
Shenton line is disrupted. The acetabulum fails to
develop, as manifested by an increase in the slope
of the acetabular roof (Figure 15-4). Most important
in assessing radiographic measurements is the ac-
curate positioning of the child for the radiograph.
The lower extremities must be aligned and in neutral
rotation. Unless radiographic positioning is stan-
dardized, measurement differences between patient
visits may not be reliable.

In the newborn, the primary pathoanatomy
consists of varying degrees of capsular laxity and
the thickening of the acetabular cartilage in the su-
perior, posterior, and inferior aspects of the acetab-
ulum. This thickening in the cartilage was called
neolimbus by Ortolani (see Figure 15-1). It is the

FIGURE 15-2. Eighteen-month-old girl with left congen-
ital hip dysplasia. Note the limited abduction of left hip
compared with the right.

FIGURE 15-3. The Allis or Galeazzi sign. The knee is
lower on the dislocated side.
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FIGURE 15-5. Untreated right congenital hip dysplasia in
an adult. Note the lack of development of acetabular shape
and depth. No secondary acetabulum exists. The left hip is
normal.

FIGURE 15-4. Eleven-month-old boy with left congen-
ital hip dysplasia. Note the delayed appearance of left
femoral ossific nucleus, disruption of the Shenton line
with proximal migration of the femur, and lack of develop-
ment of the acetabulum manifested by an increased slope
of the acetabular roof.

sensation of the femoral head gliding in and out of
the acetabulum over this thickened ridge that pro-
duces the Ortolani sign. Without treatment, this
ridge of hypertrophied acetabular cartilage may be-
come more prominent, and within a few weeks or
months after birth, the femoral head may remain
dislocated into a secondary acetabulum. The child
manifests the secondary adaptive physical findings
mentioned previously. Pathologically, the anatomic
obstacles to reduction change and become more dif-
ficult to overcome. The extra-articular and intra-
articular pathologic changes may prevent concentric
reduction. Extra-articular obstacles may include
contraction of the adductor longus and the iliopsoas
muscles as a consequence of the dislocation. The
most common secondary intra-articular change is
varying degrees of anteromedial capsular constric-
tion. The ligamentum teres may become thickened
and hypertrophied or elongated, and in some cases,
its sheer bulk precludes reduction. In the crawling
or walking child, the constant pull of ligamentum
teres on its attachment at the base of the acetabu-
lum may cause hypertrophy of the transverse ac-
etabular ligament, which secondarily decreases
the diameter of the acetabulum. A true inverted
labrum or limbus (hypertrophied labrum) may also
be an obstacle reduction in the late diagnosed DDH.
This, however, is a rare finding and is seen only in
teratologic dislocations (2%) and in previously failed
closed reductions, in which case it is an iatrogenic
condition.

To understand the natural history of untreated
DDH, it is important to appreciate that the normal

concave shape of the acetabulum develops in re-
sponse to the presence of a spherical femoral head.
Experimental studies in animals as well as observa-
tions in humans with unreduced congenital hip
dislocations show that the acetabulum does not de-
velop its normal concave shape. Instead, with a
complete dislocation, the triradiate cartilage grows
normally, and hence the innominate bone reaches
its normal length (Figure 15-5); but the acetabular
cartilage atrophies and degenerates, and the acetab-
ulum appears flattened. The depth of the acetabu-
lum increases normally as a result of continued
interstitial growth within the acetabular cartilage,
oppositional growth at the periphery of this carti-
lage, and periosteal new bone growth at the edge of
the acetabulum along the ilium. The depth of the ac-
etabulum is further increased at puberty by the de-
velopment of secondary centers of ossification in
the three pelvic bones. For this normal growth and
development to occur, a concentric relation must be
maintained between the femoral head and the ac-
etabulum throughout growth.

Most unstable hips at birth stabilize in a short
time. A certain percentage of untreated hips, how-
ever, go on to subluxation (partial contact with the
acetabulum) or dislocation (no contact between the
femoral head and acetabulum), and some hips may
remain located but retain dysplastic features. Un-
fortunately, the means to determine which of the
unstable hips will attain spontaneous stability are

WeinCh15v2.qxd  1/3/04  7:22 AM  Page 447



448 CHAPTER 15 � The Pediatric Hip

not available, and hence all unstable hips in the
newborn period must be treated to ensure the
proper environment for hip joint development.

It is important to make the diagnosis early and
institute treatment so that normal development may
occur. If the hip remains completely dislocated, its
natural history depends on two factors: the presence
or absence of a false acetabulum and bilateralness.

In the absence of a false acetabulum, most pa-
tients with complete dislocations do well, main-
taining a good range of motion and little functional
disability. Completely dislocated hips with well-
developed false acetabuli, however, are more
likely to develop degenerative joint disease in the
false acetabulum and have a poor clinical result
(Figure 15-6). Degenerative joint disease in the
false acetabulum usually occurs in the fourth and
fifth decades of life. In bilateral complete disloca-
tions, lower-back pain may occur. This may be sec-
ondary to the hyperlordosis of the lumbar spine
associated with the hip flexion adduction deformi-
ties caused by the dislocations.

In unilateral complete dislocations, the natural
history is affected by the secondary problems of
limb length inequality, ipsilateral knee deformity,
pain (usually on the lateral side of the knee), sec-
ondary scoliosis, and gait disturbances. In these pa-
tients, the same factors concerning the development
of secondary degenerative changes in any false ac-
etabulum that may occur are also applicable.

After the neonatal period, dysplasia refers to in-
adequate development of the acetabulum, femoral
head, or both. All subluxated hips are by definition
dysplastic. Radiographically, however, the major
difference between dysplasia and subluxation is the
intactness of the Shenton line (Figure 15-7). In sub-
luxation, the Shenton line is disrupted, and the
femoral head is superiorly or laterally displaced
from the medial wall of the acetabulum. In dyspla-
sia, the normal Shenton line relation is intact. Unfor-
tunately, in the DDH natural history literature,
these two radiographic and clinical entities are
often not separated. In addition, the development
of secondary degenerative arthritis in the dysplastic
hip may convert it to a subluxated hip. Because the
physical signs of hip dysplasia are usually lacking,
cases are often diagnosed only incidentally on radi-
ographs taken for other reasons or not until the pa-
tient develops symptoms.

The natural history of hip subluxation clearly
indicates that this condition leads to the develop-
ment of radiographic degenerative joint disease and
clinical disability. The more severe the subluxation,
the earlier is the symptom onset. Those patients
with the most severe subluxations usually develop
symptoms of degenerative joint disease during the
second decade of life. The symptoms of degenera-
tive joint disease and hip subluxation and dysplasia
often predate radiographic changes of degenerative
joint disease (decreased joint space, cyst formation,
double acetabular floor, inferomedial femoral head
osteophyte) by as much as 10 years. Often, the only

FIGURE 15-6. Radiograph of a 43-year-old woman
with complete dislocation of both hips. She has no symp-
toms on the right but has disabling symptoms from the
left hip. She has no false acetabulum on the right but has
a well-developed false acetabulum on the left with sec-
ondary degenerative changes present. (Weinstein SL.
Natural history of congenital hip dislocation [DDH] and
hip dysplasia. Clin Orthop 1987;225:62–76)

FIGURE 15-7. Radiographically, the major difference be-
tween dysplasia and subluxation is the intactness of the
Shenton line. The right hip is dysplastic (Shenton line in-
tact). The left hip is subluxated (Shenton line disrupted). All
subluxated hips are, by definition, dysplastic. (Weinstein SL.
Natural history of congenital hip dislocation [DDH] and hip
dysplasia. Clin Orthop 1987;225:62–76)
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radiographic feature present at symptom onset
may be increased sclerosis in the weight-bearing
area. In the absence of subluxation, the natural his-
tory of dysplasia cannot accurately be predicted,
but hip dysplasia is definitely associated with radi-
ographic degenerative joint disease, especially in
female patients.

Once the diagnosis of DDH is made, treatment
should be initiated immediately. The use of triple
diapers in the treatment of DDH in the newborn
should be condemned. It is ineffective and gives the
family a false sense of security. Pathologic changes
seen in the newborn with DDH are reversible in
95% of cases with simple, appropriately applied
treatment methods. The most widely used device in
North America is the Pavlik harness (Figure 15-8).
The Pavlik harness prevents adduction and exten-
sion while allowing further flexion, abduction, and
rotation. This position allows for gentle sponta-
neous reduction of dislocated hips. Stretching of
tight adductors is also achieved with the Pavlik har-
ness. The device is worn full time until hip stability
is achieved. The physician must provide extensive
parent education in addition to the use of the Pavlik
harness. Patient noncompliance is the main cause of
failure of this device. Appropriate application of the
device is essential. Careful follow-up at weekly in-
tervals is extremely important. Adjustments in the
flexion and abduction straps of the Pavlik harness
must be made to accommodate the hip stability as-
sessed by physical examination of the patient.
Clinical hip stability is usually obtained within 2
to 4 weeks of treatment by this method. Most physi-
cians use the harness for a period of 6 to 12 weeks
on a full-time basis. Initial radiographs or sono-

grams should be obtained in the harness to docu-
ment adequate flexion and redirection of the femoral
shaft toward the triradiate cartilage in the harness.
Once clinical stability is obtained, a radiograph is
not indicated until about 3 months of age to deter-
mine acetabular development. The Pavlik harness
may be used in dysplasia and subluxation up to 6
months of age. Once the child begins to crawl, use of
the Pavlik harness is extremely difficult, and the suc-
cess rate with the harness decreases to less than 50%.

If hip stability is not achieved in the previously
mentioned time frame, treatment with the Pavlik
harness should be discontinued and alternative
methods of treatment employed. The Pavlik har-
ness is contraindicated in the patient who has DDH
in association with conditions of muscle imbalance
(e.g., upper-level meningomyelocele), joint stiff-
ness (e.g., arthrogryposis), or excess ligamentous
laxity, (e.g., Ehlers-Danlos syndrome). Applied cor-
rectly and used for the appropriate indications, the
Pavlik harness may achieve 95% successful results in
treatment of DDH. Inappropriately applied and
poorly monitored use of the harness is associated
with problems such as inferior hip dislocations from
prolonged excess flexion of the hip in the harness.
This hyperflexion may also be associated with
femoral nerve palsies, which are usually transient.
Brachial plexus palsies from pressure of the shoulder
straps have also been reported. The parent must pay
attention to skin care in the groin folds and the
popliteal fossa area to prevent skin maceration and
breakdown. The most devastating complication of
the Pavlik harness is aseptic necrosis of the femoral
head. Reported incidence of this complication ranges
from 9 to 15%. This is generally produced by excess

FIGURE 15-8. Pavlik harness. The posterior
strap acts as a check rein against adduction to
prevent redislocation.
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of tightening of the abduction strap. It has been well
documented that the hyperabduction position of the
hip compromises the vascular supply to the proxi-
mal femur.

In a child with dysplasia or subluxation who is
older than 6 months of age, a fixed-abduction orthosis
may be used to achieve hip stability and allow for
growth and development of the hip joint. It can be
used only if the hip is well reduced on a radiograph
taken in the orthoses. The complications of fixed-
abduction orthoses include skin problems and aseptic
necrosis. It is important in positioning the fixed-
abduction orthoses that the hip not be placed in ex-
treme positions of abduction to avoid aseptic necrosis.

In the late diagnosed case (over 6 months of age)
or the case that fails treatment with a Pavlik harness
and is not amenable to a fixed-abduction orthosis,
the obstacles to reduction are different, treatment
has greater risks, and the results are less predictable.
The general goals of treatment in the late diagnosed
case are to obtain and maintain a reduction, to allow
for femoral head and acetabular development, and
to avoid a development of aseptic necrosis.

In these cases or in those that have failed Pavlik
harness treatment, closed reduction is indicated.
Closed reduction is generally preceded by a 1- to
2-week period of traction (Figure 15-9). Although
the use of prereduction traction is somewhat con-
troversial, the purpose of the traction is, in theory, to
allow gradual stretching of the soft tissue structures
impeding reduction as well as of the neurovascular

bundle. The primary purpose of traction is the
avoidance of aseptic necrosis, the most devastating
complication of the treatment of DDH. The trac-
tion can be applied in the hospital or at home. Gen-
erally, 1 to 2 weeks is sufficient. Skin traction is
usually adequate; skeletal traction is rarely neces-
sary. The skin tapes should be applied above the
knee to distribute the traction over a large area.
Complications of traction include skin loss and is-
chemia of the lower extremities due to inappropri-
ate application. Neurocirculatory checks must be
done frequently and traction applied in a carefully
supervised fashion. Home traction has become pop-
ular because of the decreased cost and convenience.
Home traction should follow a 24-hour hospitaliza-
tion to familiarize the parents with application of
the traction and how to look for problems. It can
only be used with cooperative, informed parents.

Closed reductions are usually performed in the
operating room setting. Under general anesthesia,
the hip is gently manipulated into the acetabulum.
Arthrography is extremely helpful in assessing the
adequacy of reduction (Figure 15-10). Because a
large portion of the acetabulum is cartilaginous,
the relations of the femoral head and acetabulum
are nicely visualized on arthrography. The use of
arthrography can help to assess any obstacles to re-
duction and also the quality of reduction. Reduc-
tion is then maintained by a well-molded cast
(Figure 15-11) for a variable amount of time (range,
6 weeks to 4 months), depending on the child’s age.

FIGURE 15-9. Preliminary tr-
action. Bryant traction was used
before attempted closed reduc-
tion to stretch soft tissue struc-
tures about the hip.
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FIGURE 15-10. Attempted closed reduction under
arthrographic control. Note pooling of dye medially. The
hip cannot be reduced.

The so-called human position of hyperflexion and
limited abduction should be used in closed reduc-
tions. Extreme positions of abduction, as well as ab-
duction and internal rotation, should be avoided
because of their association with the development
of aseptic necrosis. After removal of the cast, a
fixed-abduction orthosis is applied and worn at
night and during napping hours until acetabular
development has returned to normal. The postoper-
ative reduction can be confirmed by the use of com-
puted tomographic (CT) scanning or ultrasound.

Open reductions are indicated for failure to ob-
tain a closed reduction, failure to maintain a closed

reduction, or an unstable reduction. If an open re-
duction is necessary, it can be done through a variety
of surgical approaches. During the open reduction,
each obstacle to reduction must be addressed. The
most common obstacle is the tight anteromedial
joint capsule, which must be released. The trans-
verse acetabular ligament often requires sectioning,
and the ligamentum teres may need to be removed.
A true inverted labrum or limbus should never be
excised but only radially incised because excision of
this tissue may interfere with the normal growth
and development of the acetabulum.

After the age of 2 years, there is a high likelihood
of a patient’s requiring an open reduction to obtain
and maintain a reduction. By the age of 3 years, pre-
liminary traction should not be used, but open re-
duction should be accompanied by a femoral
shortening (removal of a section of the proximal
femur) to decrease the incidence of aseptic necrosis.
Between the ages of 2 and 4 years, the question of
whether to use femoral shortening versus traction
before open reduction remains unanswered. The
trend today however for pediatric orthopaedic sur-
geons treating the over 2-year-of-age group is to ac-
company open reduction by a femoral shortening
procedure.

The acetabulum has potential for growth for
many years once a closed or open reduction has
been obtained. If, however, the acetabulum does not
make adequate progress toward normal develop-
ment after a closed or open reduction, one of several
types of innominate osteotomy should be performed
to increase femoral head coverage (Figure 15-12).

All children with DDH have associated femoral
neck anteversion. In general, children reduced be-
fore they are 2 years of age rarely require derotation
osteotomies to correct the anteversion. Anteversion
usually corrects once the reduction is obtained.
Aseptic necrosis is the most devastating complica-
tion associated with the treatment of DDH. Aseptic
necrosis may be caused by many errors in treat-
ment, as mentioned previously. In the newborn, ex-
cessive use of abduction or the abduction internal
rotation position can cause aseptic necrosis. In the
older child, aseptic necrosis may be caused by in-
sufficient use of prereduction traction, failure to
perform an adductor tenotomy, injuries to the blood
vessels during surgery, failure to do femoral short-
ening, or persistence of closed techniques in the face
of obstacles to reduction.

In adolescent patients with residual dysplasia,
deformity may be present in the femoral head, ac-
etabulum, or both. In these cases, normal anatomy

FIGURE 15-11. Reduction of left congenital hip dysplasia
is maintained by a well-molded 1 hip spica cast.1

2
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FIGURE 15-12. Technique of Salter innominate osteotomy. Diagram of principle involved. (Salter
RB. Innominate osteotomy in the treatment of congenital dislocation and subluxation of the hip. J
Bone Joint Surg 1961;43B:518.

and relation must be restored. In many cases, os-
teotomies are necessary on both the femoral and
pelvic sides of the hip joint.

LEGG-CALVÉ-PERTHES DISEASE

Legg-Calvé-Perthes disease (LCPD) is a disorder of
the hip in young children. The disease is character-
ized by varying degrees of necrosis of the femoral os-
sific nucleus. It is most common in the age range of 4
to 8 years, but has been reported in children as young
as 2 years of age and also in the late teenage years. It
is more common in boys than girls by a ratio of 4:1,
and the incidence of bilateralness is about 10 to 12%.

Epidemiologic studies of patients with Legg-
Calvé-Perthes disease reveal an incidence of a posi-
tive family history of about 10%. There is a high
association of abnormal birth presentation, such as
breech or transverse lie, in affected patients. There
are also racial and ethnic factors, with LCPD being
more common in Japanese, Eskimos, and Central
Europeans and uncommon in native Australians,
Polynesians, American Indians, and blacks. 

Other epidemiologic factors include lower
birth weights and delay in skeletal maturation as

evidenced by retarded bone age. Affected children
are shorter than nonaffected children. Anthropo-
metric studies have confirmed this growth delay,
with affected children being smaller in all dimen-
sions except head circumference and with the distal
portion of the extremities affected more than the
proximal. The short stature of the patients affected
with the disorder at a young age tends to correct
during adolescence, while those affected at an older
age tend to be small throughout life. An abnormal-
ity of growth hormone-dependent somatomedin in
males with LCPD has recently been demonstrated.

An increased incidence of LCPD is seen in later
born children, particularly the third to the sixth
child, and in lower socioeconomic groups.

LCPD is more common in certain geographic
areas, particularly in urban rather than rural com-
munities. Parental age of affected patients is higher
than in the general population. Affected children
have an increased association of genital urinary
tract abnormalities, inguinal hernia, and minor con-
genital abnormalities.

The cause of LCPD remains unknown. LCPD
has been thought to be an inflammatory disease,
secondary to trauma or a developmental disorder.
Toxic synovitis is thought by some authors to be a
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FIGURE 15-13. Anatomic regions of the proximal femur
in a growing child. (Weinstein SL. Legg-Calvé-Perthes dis-
ease. In: Morrissy RT, Weinstein SL, eds. Lovell and Win-
ter’s Pediatric Orthopaedics, 5th Ed. Philadelphia: Lippincott
Williams & Wilkins, 2001:962)

precursor to LCPD; however, a literature review of
patients with toxic synovitis revealed that only
about 3% subsequently develop LCPD. The most
widely accepted etiologic theories are those in-
volving interruption of the vascular supply to the
femoral head. It has been well demonstrated in ani-
mal studies and confirmed by human pathologic
material that LCPD is caused by repetitive episodes
of infarction. Recent studies have postulated that
the cause of the vascular embarrassment may be
disturbed venous drainage, intraosseous venous
hypertension, or increased blood viscosity leading
to decreased blood flow.

Some evidence suggests that LCPD may be a
generalized disorder of epiphyseal hyaline cartilage
and thus should be called Legg-Calvé-Perthes syn-
drome. This may account for the delayed skeletal
maturation and for the disease’s manifestation in
the hip because of the unusual and precarious
blood supply of the proximal femur, which makes
the femoral head especially vulnerable.

Skeletal surveys in patients with LCPD demon-
strate irregularities of ossification in other epiphyses
and abnormalities in the contralateral, so-called un-
affected capital epiphysis compared with matched
controls.

Histologic changes of the epiphyseal and phy-
seal cartilage of patients with LCPD were described
as early as 1913 by Perthes. The superficial zone of
the cartilage covering the affected femoral head is
normal but thickened (Figure 15-13). In the middle

layer of the epiphyseal cartilage, however, two
types of abnormalities are seen: areas of extreme hy-
percellularity, with the cells varying in size and
shape and often arranged in clusters; and in other
areas, a loose, fibrocartilaginous-like matrix. These
abnormal areas in the epiphyseal cartilage have dif-
ferent histochemical and ultrastructural properties
than normal cartilage or fibrocartilage. Areas of
small secondary ossification centers are evident,
with bony trabeculae of uneven thickness forming
directly on the abnormal cartilage matrix.

The physeal plate in LCPD shows evidence of
cleft formation with amorphous debris and extrava-
sation of blood. In the metaphyseal region, enchon-
dral ossification is normal in some areas; but in
other areas, the proliferating cells are separated by a
fibrillated cartilaginous matrix that does not calcify.
The cells in these areas do not degenerate but con-
tinue to proliferate without enchondral ossification.
This is evidenced by “tongues” of cartilage extend-
ing into the metaphysis as bone growth proceeds in
adjoining areas (Figure 15-14).

Catterall demonstrated thickening, abnormal
staining, sporadic calcification, and diminished evi-
dence of ossification in the deep zone of the articular
cartilage of the unaffected hip. He also demon-
strated the physeal plate in these unaffected hips to
be thinner than normal, with irregular cell columns
and cartilage masses remaining unossified in the
primary spongiosa. Similar histologic changes have
been seen in the acetabular cartilage and other epi-
physes. Thus, the epidemiologic, anthropometric,
radiographic, and histologic data lend support to
the concept of the susceptible child. LCPD may thus
represent a localized manifestation of the general-
ized transient disorder of the epiphyseal hyaline car-
tilage, clinically manifested in the proximal femur
because of its unusual and precarious blood supply.
The persistence of the abnormally soft cartilage
through which blood vessels have to penetrate into
the femoral head could cause repeated episodes of
infarction and prolong the disease.

LCPD must not be thought of as simply aseptic
necrosis similar to that seen in the adult or child
after a femoral neck fracture or a traumatic disloca-
tion of the hip. After a fracture at the femoral neck
or a traumatic dislocation of the hip in a child, the
vascular insult usually heals rapidly without going
through the prolonged stages of fragmentation and
repair that are seen in LCPD.

Patients with LCPD most commonly present
with a history of the insidious onset of a limp. Most
patients do not complain of much discomfort unless
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FIGURE 15-14. Photomicrograph (�80) sho-
wing a large area of cartilage in between the
bone trabeculae of the femoral neck (case 1).
(Ponseti IV. Legg-Perthes disease: observations
on pathological changes in two cases. J Bone
Joint Surg 1956;38A:739) 

specifically questioned about this aspect. Pain
when present is usually activity related and re-
lieved by rest. Because of its mild nature, most pa-
tients do not present for medical attention until
weeks or months after the clinical onset of disease.
The pain that patients experience is generally lo-
calized to the groin or referred to the anteromedial
thigh or knee region. Failure to recognize that
thigh or knee pain in the child may be secondary
to hip pathology may cause further delay in the di-
agnosis. Some children present with more acute
symptom onset. As with most childhood muscu-
loskeletal disorders, patients with LCPD usually
present with limited hip motion, particularly ab-
duction and medial rotation. Early in the course of
the disease, the limited abduction is secondary to
muscle spasm of the adductor muscles; however,
with time, subsequent deformities may develop,
and limitation of abduction may become perma-
nent. Occasionally, long-standing adductor spasm
leads to adductor contracture. The Trendelenburg
test in patients with LCPD is often positive. These
children most commonly have evidence of thigh,
calf, and buttock atrophy from inactivity second-
ary to pain. This is further evidence of the long-
standing nature of the condition before detection.
Limb length should be measured; inequality is in-
dicative of significant head collapse and a poor
prognosis. Evaluation of the patient’s overall height,
weight, and bone age may be helpful in the differ-
ential diagnosis and may provide confirmatory ev-
idence of the disorder. Laboratory studies are

generally not helpful in LCPD, although they may
be necessary to rule out other conditions.

The diagnosis is made and the condition fol-
lowed by plain radiographs taken in the anteropos-
terior (AP) and frog-leg lateral positions. These
radiographs are generally sufficient for the assess-
ment of the patient and for subsequent follow-up
evaluations. From the plain radiographs, the physi-
cian can determine the stage of the disease and the
extent of epiphyseal involvement. Additional radi-
ographic or imaging studies may be helpful in the
initial assessment or follow-up of the condition.

Radionuclide bone scanning with technetium
and pin-hole collimation may be helpful in the early
stages of the disease when the diagnosis is in ques-
tion, but this is rarely necessary. Some investigators
consider scanning helpful in determining the extent
of the epiphyseal involvement and hence prognosis.

Magnetic resonance imaging (MRI) is sensitive
in detecting infarction, but as of yet cannot accu-
rately portray the stages of healing. Its role in the
management of LCPD is yet to be defined.

There are four radiographic stages of LCPD. In
the initial stage, the earliest radiographic signs of
LCPD are failure of the ossific nucleus to grow com-
pared with the unaffected hip and widening of the
medial joint space caused by hypertrophy of the ar-
ticular cartilage of the femoral head (Figure 15-15).
The physician may also see a relative increase in ra-
diodensity of the femoral ossific nucleus in relation
to the femoral neck. Radiolucencies may be present
in the metaphysis with thinning and irregularity of
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the physeal plate (Figures 15-16 and 15-17). A sub-
chondral radiolucent zone (crescent sign) may also
be present. This radiolucent zone generally corre-
sponds to the extent of the necrotic portion of the
ossific nucleus (Figure 15-18).

The second radiographic stage is the fragmen-
tation phase. In this phase, the physician sees re-
sorption of the necrotic portion of the ossific
nucleus (Figure 15-19). This is followed by a repara-
tive or reossification phase, in which the physician
sees return to normal radiodensities of the ossific
nucleus until the lesion is completely healed (see
Figure 15-19).

The femoral head and neck may become de-
formed as a result of the disease, the repair process,
or premature physeal plate closure. The actual de-
formity that develops is profoundly influenced by
the duration of the disease. This in turn is propor-
tional to the extent of the epiphyseal involvement,
the age of disease onset, the remodeling potential of
the patient, and the stage of disease when treatment
is initiated. An additional factor may be the type of
treatment.

Prognostic factors must be gleaned from se-
ries of long-term follow-ups. In the 20- to 40-year
postsymptom-onset follow-ups, most patients (70
to 90%) are active and free of pain. Most patients
maintain a good range of motion despite the fact
that few patients have normal-appearing radi-
ographs. Clinical deterioration, increasing pain,
decreasing range of motion, and loss of function
are observed in only those patients with flattened
irregular femoral heads at the time of primary
healing and in those with evidence of premature
physeal closure. The follow-up studies beyond 40
years, however, demonstrate marked reduction in
function, with most patients developing degener-
ative joint disease by the sixth or seventh decade.

Reviews of long-term series of patients with
LCPD identify certain clinical and radiographic
features that have prognostic value. These interre-
lated factors include deformity of the femoral head
and hip joint incongruence, age of disease onset,
extent of epiphyseal involvement, growth distur-
bance secondary to premature physeal closure,
protracted disease course, acetabular and femoral

FIGURE 15-15. AP radiographs of
the hip in a patient who developed
Legg-Calvé-Perthes disease. On the
initial film taken 6 months after onset
of symptoms, the right ossific nucleus
is smaller than the left, and the medial
joint space is widened. Note also the
retained density of the ossific nucleus
compared with that of the normal hip
and the relative osteopenia of the vi-
able bone of the proximal femur and
pelvis. Ten months after onset of
symptoms, the evolution of the radi-
ographic changes is seen. (Weinstein
SL. Legg-Calvé-Perthes disease.
Instr Course Lect 1983;32:272)
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FIGURE 15-16. (A) Catterall group 1 disease: anterior head involvement, with no evidence of se-
questrum or of a subchondral fracture line or metaphyseal abnormalities. (B) Catterall group 1 disease
1 week to 5 years after onset of symptoms. (Weinstein SL. Legg-Calvé-Perthes disease. In: Morrissy
RT and Weinstein SL, eds. Lovell and Winter’s Pediatric Orthopaedics, 5th Ed. Philadelphia: Lippin-
cott Williams & Wilkins, 2001:964)

head remodeling potential, type of treatment, and
stage during which treatment is initiated.

Partial or anterior head involvement leads to a
more favorable prognosis than whole femoral head
involvement. Catterall demonstrated the impor-
tance of the extent of epiphyseal involvement relat-
ing to prognosis and proposed four groups based on
the presence or absence of seven radiographic signs

in 97 untreated hips (Table 15-1; see Figures 15-16
and 15-19). He reported that 90% of the good results
in untreated patients were in groups 1 and 2, while
90% of the poor results were in groups 3 and 4.

Salter and Thompson proposed a simplified,
two-group classification based on prognosis: group
A had less than 50% femoral head involvement
(Catterall groups 1 and 2); and group B had more
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FIGURE 15-17. (A) Catterall group 2 disease: anterolateral involvement, sequestrum formation,
and a clear junction between the involved and uninvolved areas. There are anterolateral metaphyseal
lesions, and the subchondral fracture line is in the anterior half of the head. The lateral column is in-
tact. (B) Catterall group 2 disease 3 to 40 months after onset of symptoms. Note the intact lateral pil-
lar. (Weinstein SL. Legg-Calvé-Perthes disease. In: Morrissy RT, Weinstein SL, eds. Lovell and
Winter’s Pediatric Orthopaedics, 5th Ed. Philadelphia: Lippincott Williams and Wilkins, 2001:975)

than 50% femoral head involvement (Catterall
groups 3 and 4). The major determining factor be-
tween groups A and B is the presence or absence of
a viable lateral pillar of the epiphysis. This intact

lateral column (Catterall group 2, Salter-Thompson
group A) may thus shield the epiphysis from col-
lapse and subsequent deformity (see Figures 15-17
and 15-18).
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FIGURE 15-18. (A) Catterall group 3 disease: large sequestrum involving three-quarters of the
head. The junction between the involved and uninvolved portions is sclerotic. Metaphyseal lesions are
diffuse, particularly anterolaterally, and the subchondral fracture line extends to the posterior half of
the epiphysis. The lateral column is involved. (B) Catterall group 3 disease 4 months to 6 years after
onset of symptoms. Note involvement of the lateral pillar as well as the subchondral radiolucent zone
on the radiograph taken 8 months after onset of symptoms. (Weinstein SL. Legg-Calvé-Perthes dis-
ease. In: Morrissy RT, Weinstein SL, eds. Lovell and Winter’s Pediatric Orthopaedics, 5th Ed.
Philadelphia: Lippincott Williams & Wilkins, 2001:967–968)

Another classification scheme, the lateral pillar
classification, depends on the radiographic appear-
ance of the lateral pillar (lateral 15 to 30% of the
femoral head) on an AP radiograph (Figure 15-20
and Table 15-2). The more the lateral pillar height is

maintained in the maximal fragmentation phase of
the disease, the better the outcome.

Catterall identified other radiographic signs of
prognostic value (Figure 15-22). These at-risk signs
include the Gage sign (radiolucency in the lateral
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FIGURE 15-19. (A) Catterall group 4 disease: whole head involvement with either diffuse or central
metaphyseal lesions and posterior remodeling of the epiphysis. (B) Catterall group 4 disease 2 to 52
months after onset of symptoms. Note the stage: 14 months—fragmentation; 18 months—early re-
ossification; 25 months—late reossification; 52 months—healed. Note also the growth arrest line and
evidence of reactivation of the growth plate along the femoral neck. (Weinstein SL. Legg-Calvé-
Perthes disease. In: Morrissy RT, Weinstein SL, eds. Lovell and Winter’s Pediatric Orthopaedics, 5th
Ed. Philadelphia: Lippincott Williams & Wilkins, 2001:966–967)

epiphysis and metaphysis) and calcification lateral
to the epiphysis. These two signs indicate early ossi-
fication in the enlarged epiphysis and are therefore
present only when the head is deformed but at a
stage when the changes are reversible. Another at-
risk sign is metaphyseal lesions. These radiolucen-
cies may herald the potential for growth disturbance

of the physeal plate. The final two at-risk signs are
lateral subluxation and a horizontal growth plate.
Lateral subluxation indicates a widened femoral
head. The horizontal growth plate indicates a de-
veloping deformity that, if left untreated, leads to
a fixed deformity, hinge abduction, and further
deformity. These radiographic at-risk signs are
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TABLE 15-1.
Catterall Groups

Group Characteristics Prognosis

1 Anterior head involvement, no evidence of sequestrum or of a subchondral Patients uniformly do well.
fracture line or metaphyseal abnormalities.

2 Anterolateral involvement, sequestrum formation and a clear junction Clinical results are generally good.
between the involved and uninvolved areas. There are anterolateral 
metaphyseal lesions, and the subchondral fracture line is in the anterior 
half of the head.

3 Large sequestrum involving three-quarters of the head. The junction Healing is slower and less complete.
between the involved and uninvolved portions is sclerotic. Metaphyseal 
lesions are diffuse, particularly anterolaterally, and the subchondral 
fracture line extends to the posterior half of the epiphysis.

4 Whole head involvement with either diffuse or central metaphyseal lesions Patients have a poor long-term prognosis.
and posterior remodeling of the epiphysis.

FIGURE 15-20. Lateral pillar classification. See Table 15-2. (Weinstein SL. Legg-Calvé-Perthes
disease. In: Morrissy RT, Weinstein SL, eds. Lovell and Winter’s Pediatric Orthopaedics, 5th Ed.
Philadelphia: Lippincott Williams & Wilkins, 2001:976)

TABLE 15-2. 
Lateral Pillar Classification

Type A No involvement of the lateral pillar; lateral pillar is radiographically normal; possible lucency and collapse in the central 
and medial pillars, but full height of the lateral pillar is maintained.

Type B Greater than 50% of the lateral pillar height is maintained; lateral pillar has some radiolucency, with maintenance of bone 
density at a height between 50 and 100% of the original height of the lateral head.

Type C Less than 50% of lateral pillar height is maintained; lateral pillar becomes more radiolucent than in type B, and any 
preserved bone is at a height of <50% of the original height of the lateral pillar.
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manifested clinically by loss of motion and adduc-
tion contracture. Catterall reported no poor results
in patients not manifesting two or more at risk signs. 

The extent of epiphyseal involvement is related
to the duration of the disease. In general, the greater
the extent of epiphyseal involvement, the longer the
duration and course of the disease. End results are
worse with prolonged disease duration.

Age of disease onset is a significant factor in re-
lation to outcome. The younger the patient at dis-
ease onset, the better is the prognosis. Eight years of
age appears to be the watershed age in most long-
term series. Age at healing, however, is probably a
more important factor. Because of the overall skele-
tal maturation delay and the knowledge that this
is usually compensated for during the adolescent
growth spurt, patients affected at a younger age
have an enhanced potential for femoral head and
acetabular remodeling. Femoral head at-risk signs
are also less likely to occur in younger patients, par-
ticularly those younger than 5 years of age.

The development of the acetabulum depends on
the geometric pattern within it during growth, and
because the acetabulum continues to have signifi-
cant development potential up to age 8 or 9 years of
age, if a young patient does develop deformity, the

FIGURE 15-21. Shelf arthroplasty in Legg-Calvé-Perthes dis-
ease. A popular procedure currently that will have to await long-
term results to know if it improves prognosis. (Weinstein SL.
Legg-Calvé-Perthes disease. In: Morrissy RT, Weinstein SL, eds.
Lovell and Winter’s Pediatric Orthopaedics, 5th Ed. Philadel-
phia: Lippincott Williams & Wilkins, 2001—Fig. 24-27)

FIGURE 15-22. A 6-year, 5-month-old boy with Catterall
group 4 disease and all the at-risk signs. (Weinstein SL.
Legg-Calvé-Perthes disease. In: Morrissy RT, Weinstein
SL, eds. Lovell and Winter’s Pediatric Orthopaedics, 5th Ed.
Philadelphia: Lippincott Williams & Wilkins, 2001:978)
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head was reossified to the present day containment
methods. The essence of containment is that, to pre-
vent deformities of the diseased epiphysis, the
femoral head must be contained within the depths
of the acetabulum to equalize the pressure on the
head and subject it to the molding action of the ac-
etabulum. Containment is an attempt to reduce the
forces through the hip joint by establishing an ac-
tual or relative varus relation between the femoral
head and the acetabulum. Considering all methods
of containment, the physician must realize that the
femoral head represents over three-fourths of a
sphere and the acetabulum only half of a sphere.
Therefore, no method of containment can provide a
totally contained femoral head within the acetabu-
lum during all portions of the gait cycle.

The primary goals in the treatment of LCPD are
to prevent deformity, alter growth disturbance, and
prevent degenerative joint disease. To attain these
goals, the patient must be assessed clinically and ra-
diographically. Clinically, the patient is evaluated
for at-risk signs of pain and loss of motion. AP and
lateral radiographs are evaluated to determine the
radiographic stage of the disease, the extent of epi-
physeal involvement, and the presence of any at-
risk signs. The optimal time for treatment is during
the radiographic initial or fragmentation stage of
the disease. Once the head is in the reossification
stage, little further deformity occurs; thus, to influ-
ence deformity, treatment must be initiated earlier.
Some difficulties may be encountered in determin-
ing the extent of epiphyseal involvement, especially
early in the disease process, and radionuclide scan-
ning or MRI may be helpful.

Treatment is not indicated if the child demon-
strates none of the clinical or radiographic at-risk
signs, if the patients has Catterall group 1 disease, lat-
eral pillar A (Salter-Thompson group A), or if the dis-
ease is already in the reossification stage. A child who
demonstrates clinical or radiographic at-risk signs, re-
gardless of the extent of epiphyseal involvement,
should receive treatment. Even patients with Catterall
group 2 disease or lateral pillar B who are at risk may
end up with a poor result without treatment.

The first principle of treatment is restoration of
motion. Motion enhances synovial nutrition and
thus cartilage nutrition. Restoration of motion can be
accomplished by putting the patient at rest with skin
traction and progressive abduction to relieve the ad-
ductor spasm. Occasionally, surgical release of the
contracted adductors may be necessary. Restoration
of motion allows abduction of the hip, which reduces
the force on the hip joint and allows positioning of
the uncovered anterolateral aspect of the femoral

immature acetabulum conforms to the altered
femoral head shape. This leads to aspheric congru-
ency, which may be compatible with normal func-
tion for many years.

The patient history, physical examination, and
plain radiographs are usually sufficient to make a di-
agnosis of LCPD. Diagnosis early in the initial phase
of the disease, however, must be differentiated from
conditions such as transient synovitis (Table 15-3)
and septic arthritis (primary or secondary to proxi-
mal femoral osteomyelitis). A complete blood count,
including white blood cell differential, erythrocyte
sedimentation rate, C-reactive protein, and hip joint
aspiration, and analysis of the fluid may be necessary
to rule out infection. All laboratory studies of LCPD
are generally normal, although the erythrocyte sedi-
mentation rate and or the C-reactive protein may be
slightly elevated. In early cases, if all the laboratory
studies are normal, and doubt as to the diagnosis
persists, radionuclide scanning may be helpful.

In patients with bilateral hip involvement, gener-
alized disorders, such as multiple epiphyseal dyspla-
sia and hypothyroidism, must be considered. Patients
with bilateral involvement, particularly those with
atypical radiographic features, must have a careful
family history obtained as well as a bone survey to
rule out a metabolic or a genetic condition. In children
younger than 4 years of age, Meyer dysplasia, a be-
nign-resolving condition, must be considered.

Most patients with LCPD (60%) do not need
treatment. Treatment modalities have evolved from
the earliest treatments of weight relief until the

TABLE 15-3.
Differential Diagnosis of Legg-Calvé-Perthes 
Disease

Chondrolysis
Gaucher disease
Hemophilia
Hypothyroidism
Juvenile rheumatoid arthritis
Lymphoma
Mucopolysaccharidosis
Multiple epiphyseal dysplasia
Meyer dysplasia
Neoplasm
Old congenital hip dysplasia residuals
Osteomyelitis of proximal femur with secondary septic arthritis
Septic arthritis
Sickle cell disease
Spondyloepiphyseal dysplasia
Toxic synovitis
Traumatic aseptic necrosis
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head in the acetabulum (containment). Mobilization
of the hip joint may also be obtained by use of pro-
gressive abduction casts. Treatment appears to give
superior results in severely involved patients (Catter-
all groups 3 and 4, or Salter-Thompson group B, lat-
eral pillar B, C) compared with no treatment.

Arthrography is a useful adjunct in determining
whether the head actually can be contained and, if so,
in what position this is best accomplished. Arthrogra-
phy demonstrates any flattening of the femoral head
that may not be seen on plain film. More important, it
may demonstrate the hinge abduction phenomenon,
which is a contraindication to any type of contain-
ment treatment. Once the femoral head becomes de-
formed and is no longer containable within the
acetabulum, the only motion that is allowed is in the
flexion and extension plane, with abduction leading
to hinging on the lateral edge of the acetabulum. This
hinge abduction causes acetabular and secondary
femoral head deformity (Figure 15-23).

The two most commonly advocated methods of
containment treatment are femoral osteotomy and
innominate osteotomy. Abduction bracing, which
was the most commonly used method of treatment
for many years, is now rarely used. Most abduction
braces were modifications of the Atlanta Scottish
Rite orthosis (Figure 15-24). Several studies, how-
ever, questioned the efficacy of brace treatment in
LCPD, and in recent years braces are rarely used.

Surgical methods of providing and maintaining
containment offer the advantage of early mobiliza-
tion and avoidance of prolonged brace or cast treat-
ment. Varus osteotomy with or without rotation

offers the advantage of deep seating of the femoral
head and positioning of the vulnerable anterolateral
portion of the head away from the deforming influ-
ences of the acetabular margin (Figure 15-25). It has
been reported that this procedure improves dis-
turbed venous drainage and relieves interosseous
venous hypertension, thus accelerating the healing
process. This, however, has not been conclusively
confirmed. Prerequisites for the procedure include
full range of motion, congruency between the head
and the acetabulum, and the ability to seat the head
in abduction and internal rotation. As with all con-
tainment treatment modalities, to have any effect,
treatment must be instituted in the initial or frag-
mentation stage of the disease. The negative aspects
of this treatment include the associated risks and
costs of the surgical procedure in addition to a sec-
ond surgical procedure necessary for any hardware
removal. The affected limb is also shortened by the
procedure. The varus angulation normally decreases
with growth, but if there has been physeal plate
damage by the disease, this remodeling potential
may be lost, leaving the patient with a permanent
varus deformity and limb shortening.

Innominate osteotomy (see Figure 15-12) pro-
vides for containment by redirection of the acetabular
roof, providing better coverage for the anterolateral
portion of the head. It places the head in relative flex-
ion, abduction, and internal rotation with respect to
the acetabulum in the weight-bearing position. Any
shortening caused by the disease process is corrected.
Prerequisites for innominate osteotomy include a full
range of hip joint motion, joint congruency with the

FIGURE 15-23. A 4-year, 9-month-old boy with Catterall group 4 disease and at-risk status.
(A) Plain film. (B) Arthrogram in neutral abduction, adduction, and rotation. Note enlargement and
flattening of the cartilaginous femoral head and how the lateral margin of the acetabulum is de-
formed by the femoral head. (C) Arthrogram in abduction and slight external rotation. Note how the
femoral head hinges on the lateral edge of the acetabulum, further deforming the lateral acetabulum.
Also note the slight pooling of dye medially. (Weinstein SL. Legg-Calvé-Perthes disease. In: Mor-
rissy RT, Weinstein SL, eds. Lovell and Winter’s Pediatric Orthopaedics, 5th Ed. Philadelphia: Lip-
pincott Williams &Wilkins, 2001:966)
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ability to seat the head in flexion, abduction, and in-
ternal rotation. The procedure must be done in the
initial or fragmentation stage of the disease. The dis-
advantages of innominate osteotomy are the inherent
risks of the surgical procedure, the fact that the opera-
tion is being performed on the normal side of the
joint, and the suggestion that the procedure may in-
crease the forces on the femoral head by lateralizing
the acetabulum and increasing the lever arm of the
abductors. Satisfactory anatomic results have been re-
ported for all these containment methods in carefully
selected patients.

In recent years, the shelf arthroplasty (Figure
15-21) has been gaining in popularity in the patient
with a poor prognosis (Catterall 3, 4, lateral pillar B,
C, children > 8 years of age). This procedure is
aimed at providing coverage for a femoral head that
is certain to enlarge because of the disease process.
Long-term outcomes of this procedure will deter-
mine its role in LCPD treatment.

Regardless of the method of containment treat-
ment chosen, any episode indicative of loss of con-
tainment (i.e., recurrent pain and loss of range of
motion) must be treated aggressively by rest and
traction or casting to restore lost motion.

For noncontainable hips, particularly those that
demonstrate the hinge abduction phenomenon on
arthrography, the physician must consider other alter-
natives. These salvage procedures include Chiari

osteotomy, cheilectomy, abduction extension os-
teotomy, and acetabular shelf procedures alone or in
combination with femoral osteotomies. These proce-
dures in an already deformed head must be viewed as
salvage procedures with the limited aims of pain re-
lief, correction of limb length inequality, and improve-
ment of movement and abductor weakness.
Cheilectomy removes the anterolateral portion of the
head that is impinging on the acetabulum in abduc-
tion. This procedure must only be done after the ph-
ysis is closed; otherwise, a slipped capital femoral
epiphysis (SCFE) may ensue. This procedure does not
correct any residual shortening or abductor weakness.
The Chiari osteotomy improves the lateral coverage of
the deformed femoral head but does not reduce the
lateral impingement in abduction and may exacerbate
any existing abductor weakness. Its role in LCPD is
yet to be defined. Abduction extension osteotomy of
the femur is indicated when arthrography demon-
strates joint congruency improved by the extended,
adducted position. Preliminary results indicate im-
provement in limb length, decrease in limp, and im-
provement in function and range of motion. This
osteotomy is gaining many advocates because of its
early promising results. Long-term results will be nec-
essary to determine its role in the treatment of LCPD.

Long-term series of patients with uniform
treatment matched for age and degree of epiphy-
seal involvement are needed to determine the

FIGURE 15-24. An abduction or-
thosis. (Weinstein SL. Legg-Calvé-
Perthes disease. In: Morrissy RT,
Weinstein SL, eds. Lovell and Win-
ter’s Pediatric Orthopaedics, 5th Ed.
Philadelphia: Lippincott Williams
& Wilkins, 2001:986)
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FIGURE 15-25. Varus/derotation osteotomy of Axer. This
embodies the principle of containment of the diseased
femoral head in the treatment of Legg-Calvé-Perthes dis-
ease, which is achieved by surgical means. Postoperatively,
the child is permitted to walk with no restrictions, and the
range of motion is full, so that the molding effect of the ac-
etabulum on the femoral head is attained. (A) Severe in-
volvement of femoral epiphysis in a boy 5 years 8 months of
age, 9 months after onset of limp and pain in the left hip. (B)
and (C) Ten years after varus/derotation osteotomy, excel-
lent development of the femoral head is seen. (Courtesy of
Dr. A. Axer)

most effective treatment of LCPD. As our funda-
mental understanding of LCPD increases, so too
will our understanding of how various treat-
ment modalities influence this complex growth
disturbance.

TRANSIENT SYNOVITIS

Transient synovitis is the most common source of
hip pain in the young child. This condition is often
referred to in the literature by other terms, includ-
ing irritable hip, toxic synovitis, observation hip, coxitis
serosa, and coxalgia fugax, to name a few.

The cause of the condition is unknown. Be-
cause a high percentage of the children have a re-
cent history of an upper respiratory tract infection,
a viral origin has been suspected, as has an allergic
reaction to an infectious agent. A history of trauma
can sometimes be associated with symptom onset,
but no causal relation has been established. Biopsy
material from patients with transient synovitis
demonstrates nonspecific inflammatory changes
and synovial hypertrophy.

Transient synovitis is the most common cause of
hip pain and limp in children under 10 years of age.
Affected children range in age from 3 to 12 years,
with the average patient being between 5 and 6
years of age. Boys are affected two to three times as
often as girls. Right and left hips are affected equally.
Ninety-five percent of cases are unilateral.

Children with transient synovitis traditionally
present with a history of hip pain or limp. The pain
onset is acute in about half of cases, with symptoms
being present for 1 to 3 days before presentation. In
the other half of patients, the symptoms of limp or
pain are more chronic in nature, often being present
for weeks to months. The pain in most cases is mild,
but in some children, it may be severe enough to
awaken the child at night. In some cases, the patient
may not admit to pain. When present, pain is usu-
ally localized to the groin region but may be re-
ferred to the medial thigh or knee region. Take a
careful medical history, looking for any history of
antecedent infection, such as an upper respiratory
infection, otitis media, strep throat, trauma, or other
precipitating factors.

Physical examination is characterized by guar-
ded rotation of the hip joint. Pain can usually be
elicited at the extremes of motion, especially abduc-
tion and medial rotation. In some children, guarding
may be evident by gently trying to roll the leg into in-
ternal rotation while the hip is extended. Patients
may have evidence of thigh atrophy, depending on
the duration of symptoms. There may also be tender-
ness to palpation in the groin. The gait of an affected
child is usually antalgic. The child may walk with the
hip in slight flexion, external rotation, and abduction.

The child may have a low grade fever on pres-
entation. The sedimentation rate and C-reactive
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protein are usually normal but may be mildly ele-
vated. The white blood cell count is generally nor-
mal with a normal differential.

Radiographs may demonstrate slightly widened
joint space medially (Figure 15-26). Bone density is
normal in all cases; if alteration in normal densities
is present, another source of the hip pain should be
sought. Loss of the hip capsular shadow outline
has been reported in cases of toxic synovitis; this
sign, however, is a radiologic artifact related to
holding the hip in abduction and external rotation.
Bone scanning may reveal normal or increased up-
take in the proximal femoral epiphysis. Ultra-
sonography may demonstrate the presence of a
mild effusion.

The differential diagnosis of this condition is
important in that certain of these conditions can
have devastating consequences if not diagnosed.
Septic arthritis must be ruled out. Children with
septic arthritis generally present with pain, ele-
vated temperature, elevated white blood cell count,
and elevated sedimentation rate and C-reactive
protein. Septic arthritis of the hip may be accompa-
nied by osteomyelitis of the proximal femur (Chap-
ter 5). Aspiration of the joint must be done when
the diagnosis is uncertain. An arthrogram should
be done at the same time as the aspiration to make
sure that the hip joint has been entered. Rheumatic
fever must also be excluded. The hip may be the
first joint involved before the development of mi-
gratory polyarthralgia. These patients usually give
a history of a b-hemolytic streptococcal infection 1 to
3 weeks before the onset of hip pain. Other major
or minor manifestations of this disorder should be
sought.

LCPD often presents in a similar manner. It oc-
curs in the same age range as transient synovitis
but has a slightly greater male predominance. Most
LCPD patients have retardation of bone age. Bone

scans in the early stages of LCPD may show de-
creased uptake in the femoral head. MRI scans may
prove to be helpful to differentiate transient syn-
ovitis from LCPD. Many studies in the literature
suggest that transient synovitis is a precursor to
LCPD disease. The literature, however, suggests
that only 1 to 3% of cases of transient synovitis are
associated with the later development of LPCD.

Juvenile rheumatoid arthritis, SCFE, and tu-
mors, particularly osteoid osteoma of the proximal
femur, must be included in the differential diagnosis
of any child with hip pain. Osteoid osteoma usually
is accompanied by a history of night pain relieved
by aspirin. SCFE is usually seen in the obese adoles-
cent during a growth spurt and has typical radi-
ographic features.

Long-term follow-up studies of patients with
transient synovitis reveal that many of the patients
have secondary coxa magna and a widened
femoral neck as a residual of the condition. The
question of whether these patients will develop
degenerative arthritis over the long-term remains
to be answered.

Rest is the primary method of treatment for
this condition. When the diagnosis is in question
or the patient is particularly uncomfortable, hospi-
talization is often necessary. Light skin traction
may be applied for comfort. Anti-inflammatory
agents may be used for a short time to relieve pain.
As symptoms resolve, crutch-protected weight
bearing may begin, with gradual resumption of
full weight bearing as symptoms abate. Most pa-
tients have resolution of symptoms in 3 to 7 days,
but in many patients, symptoms may persist for
weeks to months. The condition is self-limiting;
most children have only a single episode of hip
pain, and recurrences are uncommon unless the
child is returned to full activity before symptoms
resolve.

FIGURE 15-26. AP radio-
graph of a child with transient
synovitis of the right hip. Note
the slightly widened medial joint
space in the right hip.
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DEVELOPMENTAL COXA VARA

The term coxa vara is a descriptive term referring to
the angular relation between the femoral head or
neck, or both, and the femoral shaft, which is less
than the normal value for the patient’s age. This ab-
normal relation may be congenital, developmental,
or acquired. It is most important to distinguish be-
tween these three etiologic groups because each has
its own natural history. This section deals only with
developmental coxa vara.

Developmental coxa vara refers to defects local-
ized to the cervical region of the proximal femur
that are accompanied by a widened and vertically
oriented physeal plate (Figure 15-27). The shaft of
the femur is normal. Clinical and radiographic fea-
tures are not present at birth. Developmental coxa
vara is an extremely rare condition equally affecting
boys and girls. About 30% of the cases are bilateral.
A familial tendency has been reported, but the exact
mode of inheritance is unknown. The cause of de-
velopmental coxa vara is unknown, but many theo-
ries have been postulated, including an embryonic
vascular disturbance and regional dysplasia of the
proximal femur.

Clinically, most patients present to the physi-
cian for a limb length inequality or abnormal gait.
Although the gait abnormality may be evident
when the child starts to walk, patients generally
do not seek medical attention until the child is 3 to
7 years of age. The limp or waddling gait (in bilateral

cases) is painless and usually progressive. Older
children may complain of easy fatigability. Limb
shortening is usually evident.

On physical examination, patients have short
stature. Examination of the involved extremity re-
veals limited abduction and internal rotation, a
positive Trendelenburg test, limb shortening, and
trochanteric elevation. In bilateral cases, hyperlor-
dosis of the lumbar spine is present, and the patient
may have genu valgum. Limb length inequalities in
developmental coxa vara rarely exceed 2 cm. In bi-
lateral cases, the amount of shortening may be
asymmetric.

The diagnosis can be made by an AP radiograph
of the femurs and hips. The diagnosis is made by the
presence of anatomic coxa vara, widened vertically
oriented physeal plate, shortened neck, normal
straight femoral shaft, and separate triangular ossi-
fication center on the inferior part of the femoral
neck. This triangular ossification center may appear
irregular and fragmented. A vertically oriented
physeal plate borders the triangular fragment medi-
ally, while lateral to it is a vertical defect in the
femoral neck. The femoral head is spherical and the
acetabulum generally normal, although mild dys-
plasia may be apparent in comparison to the oppo-
site, normal side.

Various measurements have been made to quan-
tify the relations in the proximal femur (see Figure
15-27). These measurements include the head-shaft
angle, the neck-shaft angle, and the Hilgenreiner epi-
physeal angle. The head-shaft angle has been found
best to follow progression of deformity in that the
neck-shaft angle remains fairly constant even in the
face of progressive deformity. The Hilgenreiner epi-
physeal angle has been found to be a method of
evaluation and prognostication for patients with
developmental coxa vara.

Developmental coxa vara must be differenti-
ated from congenital coxa vara and coxa vara ac-
quired secondary to other conditions. Congenital
coxa vara is detectable at birth and is accompanied
by shortening of the proximal femur. Congenital
coxa vara with a short femur is part of the spectrum
of proximal femoral focal deficiency. The varus in
this condition is generally in the subtrochanteric re-
gion or in the upper femur, and varying degrees of
femoral shortening are seen. The head is abnormal
in appearance, and acetabular dysplasia is generally
present. The varus relation in this condition gener-
ally does not worsen with time and in general need
not to be addressed. Anatomic coxa vara can also be
seen in patients with metabolic bone disease such as

FIGURE 15-27. Coxa vara development. Note head-shaft
angle (HS) and Hilgenreiner epiphyseal angle (HE).
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The general indications for surgical treatment in-
clude increasing coxa vara and a neck-shaft angle of
less than 100°. In mild, nonprogressive cases with a
neck-shaft angle of greater than 100° and a Hilgen-
reiner epiphyseal angle of less than 45°, resolution
of the defect may occur, and observation of the pa-
tient with serial follow-up radiographs is indicated.
In patients with a limp, progressive deformity, and
a Hilgenreiner epiphyseal angle of greater than 60°,
intertrochanteric or subtrochanteric abduction os-
teotomy is the treatment of choice (Figure 15-29). In
these patients, the neck-shaft angle should be re-
stored to decrease the shear stress across the vertical
defect. With surgery, the defect generally heals, but
growth plate arrest may be seen in a significant
number of patients, leading to limb length inequal-
ity. Generally, patients older than 5 years of age at
the time of surgery maintain their correction.

SLIPPED CAPITAL FEMORAL
EPIPHYSIS

Slipped capital femoral epiphysis (SCFE) is a disor-
der in which the capital femoral epiphysis is dis-
placed from the metaphysis through the physeal
plate (Figure 15-30). The term slipped capital femoral
epiphysis is actually a misnomer in that the head is
held in the acetabulum by the ligamentum teres,
and thus it is actually the neck that comes upward
and outward while the head remains posterior and
downward in the acetabulum (Figure 15-31). In
most cases, a varus relation exists between the head
and neck, but occasionally the slip is into valgus,
with the head displaced superiorly and posteriorly
in relation to the neck.

The overall incidence of SCFE in the general
population is about 2 cases per 100,000. The inci-
dence of SCFE is higher in all blacks, but especially
black girls. The disorder generally occurs in the age
range of 10 to 14 years in girls (mean, 11.5 years)
and 10 to 16 years in boys (mean, 13.5 years). Sev-
enty percent of affected patients have delayed
skeletal maturation. Skeletal age may lag behind
chronologic age by as much as 20 months. There is
a male predominance of 2.5:1. The left hip is twice
as often affected as the right hip. Other epidemio-
logic factors may include seasonal variations and
social class.

Affected patients have a tendency toward obe-
sity. Almost half of affected patients are above the
95th percentile in weight for their age. Three-
fourths of affected boys and half of affected girls are

rickets, fibrous dysplasia, osteogenesis imperfecta,
Ollier’s disease, SCFE, and sepsis. A radiographic
appearance similar to developmental coxa vara is
seen in patients with coxa vara secondary to meta-
physeal chondrodysplasia and in patients with coxa
vara and cleidocranial dysostosis. Coxa vara associ-
ated with cleidocranial dysostosis is usually present
at birth, and patients have clavicular abnormalities,
wormian bones, and abnormal dentition. In meta-
physeal chondrodysplasia, there is generalized
widening of the physeal plates. The hip radiographic
abnormalities are bilateral and symmetric, and
the femoral shafts are bowed. In bilateral cases of
developmental coxa vara, the deformity may not be
symmetric.

The goals of treatment in developmental coxa
vara are to promote ossification of the defect and to
correct the varus deformity, allowing restoration of
the mechanical advantage of the hip abductors to
improve gait and to equalize limb lengths. In
progressive coxa vara, the natural history sug-
gests increasing deformity (Figure 15-28), decreas-
ing function, and early degenerative joint disease.

FIGURE 15-28. Coxa vara development. Note triangular
fragment and worsening of condition over a 2-year period
(bottom).
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above the 90th percentile in weight for their height.
It has been disproved that tall thin people are pre-
disposed to this condition.

The incidence of bilateralness of SCFE is gener-
ally accepted as being 25%. This figure may be low
in that about half of bilateral slips are asympto-
matic. This factor becomes important when consid-
ering the natural history of the disease.

Pathologically, the synovium from patients
with SCFE generally exhibits changes characteristic
of synovitis, with hypertrophy and hyperplasia of
the synovial cells, villus formation, increased vascu-
larity, and round cell infiltration. Light microscopic
studies reveal that the physis is widened and irreg-
ular, sometimes reaching 12 mm in width (normal is
2.6 to 6 mm). Normally, the resting zone accounts
for 60 to 70% of the width of the physis, whereas the
hypertrophic zone accounts for only 15 to 30% of
the width. In SCFE, the hypertrophic zone may con-
stitute up to 80% of the physis width. Light micro-
scopic studies also document that the actual slip
takes place through the zone of hypertrophy, with
occasional extension into the calcifying cartilage
(Figure 15-32). On the basis of histologic studies, it
is apparent that the slip occurs through the weakest
structural area of the plate, the hypertrophic zone.

The origin of SCFE is unknown. All etiologic
agents probably act either by altering the strength
of the zone of hypertrophy or by affecting the shear
stress to which the plate is exposed. Although
trauma may be a contributing factor, it is certainly

A B

FIGURE 15-29. (A) Eight-year-old boy with coxa vara. (B) Eighteen months after abduction
osteotomy.

not the sole cause; the pathology of SCFE differs
from that seen in physeal fractures.

Hormonal and endocrine abnormalities have
long been implicated in the cause of SCFE. Al-
though there have been no specific endocrine ab-
normalities detected in patients with SCFE, there
are numerous reports of SCFE associated with
specific endocrine abnormalities, such as primary
hypothyroidism, hypothyroidism secondary to
panhypopituitarism, intracranial tumors, hypogo-
nadism, treatment with chorionic gonadotropin,
and treatment of hypothyroidism and growth hor-
mone deficiency with growth hormone. SCFE has
also been reported in patients undergoing radia-
tion to the pelvis, patients with rickets, and pa-
tients with renal osteodystrophy.

Experimentally, the administration of growth
hormone in castrated rats leads to increased thick-
ness of the zone of hypertrophy and decreased shear
strength. Estrogen, on the other hand, given to oth-
erwise normal rats, leads to thinning of the growth
plate and increased shear strength in similar experi-
ments (Figure 15-33).

Hormonal factors have been repudiated as con-
tributing to the slippage because 78% of slips occur
during the adolescent growth spurt, and in girls,
slips occur before menarche. Hormonal theories
have been used to account for many of the epidemi-
ologic factors. For example, the age range of occur-
rence corresponds to the adolescent growth spurt
for boys and girls. The gender prevalence of boys
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FIGURE 15-30. Ten-year-old girl with left hip pain for 3 months. (A) AP radiograph of pelvis. Note
the Klein line. It should normally intersect at least 20% of the femoral head. (B) Lauenstein view
demonstrates mild slip on left side. (C) True lateral view of left hip demonstrating mild slip. (D) The
slip was treated with multiple threaded pins. (E) One year later, the patient complained of pain in the
right groin and had a minimal slip. The right-sided slip was treated with a single screw (AP view).
(F) Lateral view of postoperative pinning. Note central position of screw in epiphysis. With the ad-
vent of cannulated screws, threaded pins are rarely used unless cannulated screws are unavailable.
Threaded pins often cause soft tissue irritation and later removal.

may be accounted for by boys having a longer and
more rapid growth spurt. The high percentage of
obesity (adiposogenital syndrome patients) has
been attributed to an abnormal relation between
growth hormone and sex hormone, giving a relative
predominance to the growth effect. Thus, hormonal

imbalance may lead to a structural weakening of the
growth plate, leaving it more susceptible to slipping.

Other etiologic theories include SCFE being a
localized manifestation of a generalized systemic
disorder, secondary to a biochemical abnormality
in cartilage collagen production or secondary to a
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FIGURE 15-31. Complete slipped upper femoral epiph-
ysis. Commonly termed acute slipped epiphysis, in reality, it is a
form of fracture displacement that can also occur at other
epiphyseal sites.

FIGURE 15-32. Physeal plate from a patient with slipped
capital femoral epiphysis. Note slip (cleft) in zone of hyper-
trophy. Also note the abnormal architecture of the physeal
plate. The zone of hypertrophy is increased in width, and
the cells are in clusters and clumps.

mechanical disturbance caused by shear forces
applied to a retroverted proximal femoral epiph-
ysis. Genetic factors may contribute but have thus
far not been identified. SCFE is probably a multi-
factorial disorder, with the slip representing the
final manifestation of one of several predisposing
factors.

FIGURE 15-33. Effect of growth and sex hormone on the epiphyseal plate. (A) Growth hor-
mone treated. The plate is thickened mainly by marked proliferation and accumulation of ma-
turing chondrocytes. The layer of hypertrophied chondrocytes is fragile because it is deficient in
matrix. (B) Untreated control. The layer of maturing chondrocytes is narrow and contributes
little to the thickness of the plate. (C) Treated with sex hormones. The entire plate is narrow,
the chondrocytes lack the orderly columnar arrangement, mature cartilage cells are rare, and
bony trabeculae are numerous and thick. Epiphyseal separation is unlikely. (Harris WR. The
endocrine basis for slipping of the upper femoral epiphysis. J Bone Joint Surg 1950;32B:5)
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On the basis of the patient’s history, physical ex-
amination, and radiographs, SCFE can be classified
into four categories—preslip, acute, acute on chronic,
and chronic. This traditional classification is being
superceded by a more clinically relevant two group
scheme (stable versus unstable), which is dependent
on stability of the hip and relates well to outcome.

In the preslip phase, patients complain initially
of weakness in the leg or limping on exertion; pain
may occur in the groin, adductor region, or knee
with prolonged standing or walking. On physical ex-
amination in this phase, the most consistent positive
finding is lack of medial rotation of the hip in exten-
sion. When the affected leg is fixed, the thigh goes
into abduction and external rotation, a sign pathop-
neumonic for SCFE. Radiographically, there is gener-
alized bone atrophy and disuse osteopenia of the
hemipelvis and upper femur only in those patients
who limped or limited their activity. There is widen-
ing, irregularity, and blurring to the physeal plate
(Figure 15-34). The preslip may in actuality be a min-
imal slip that is not seen on standard radiograph but
may possibly be seen on CT or MRI scans.

An acute slip is the abrupt displacement
through the proximal epiphyseal cartilage plate
in which there was a preexisting epiphysiolysis.
Acute slips account for about 10% of the slips in
most large reported series (see Figure 15-31). The
clinical criterion of having the acute onset of symp-
toms for less than 2 weeks is generally accepted as
the clinical definition of an acute slip. A review of
the literature, however, reveals that 76% of patients
with acute slips give a history of mild prodromal
symptoms for 1 to 3 months before their acute
episode, thus indicating that they probably had a

preslip or mild slip preceding their acute symptom
onset. These prodromal symptoms of mild weak-
ness, limp, and intermittent groin, medial thigh, or
knee pain are usually followed by some history of
minor trauma or of direct trauma, with immediate
increase in pain and inability to use the extremity.
The pain is usually severe enough to prevent
weight bearing. If the patient can walk, it is with
difficulty and with a limp. SCFE in the patient with
a history of mild prodromal symptoms may better
be classified as an acute-on-chronic slip.

If the patient with an acute SCFE can walk, it is
with an antalgic gait. These patients have an exter-
nal rotation deformity, shortening, and marked lim-
itation of motion. Any attempted motion is painful
because of the marked spasm of the hip muscles. In
general, the greater the amount of slip, the greater is
the restriction of motion. The physical examination
must be performed gently so as not to cause further
displacement. In the acute slip, because of pain, the
physician may not be able to elicit the classic sign of
SCFE (thigh abduction and external rotation as the
thigh is flexed). Generally thigh or calf atrophy is
present, except in those few patients without any
prior symptoms.

Patients with chronic SCFE generally have a
history of groin or medial thigh pain for months to
years. A high percentage have knee or lower medial
thigh pain as their initial symptom. They may give
a history of exacerbations and remissions of the
pain or limp. On physical examination, all these pa-
tients have limitation of motion (particularly medial
rotation) and shortening, and most have thigh or
calf atrophy.

The patient with an unstable slip presents
much like an acute trauma patient with the inabil-
ity to walk even with crutches. This slip encom-
passes many patients who would fall into the old
classification as acute or acute on chronic. This
unstable group has a significant risk of develop-
ing aseptic necrosis of the epiphysis, which gener-
ally leads to a poor long-term outcome. Stable slips
are all others that present with nonacute fracture-
like symptoms—that is, the patient is able to walk
on the hip even with crutches. Outcomes of treat-
ment of this group are related to the amount of
displacement and the avoidance of complications
of treatment. 

Radiographs must be taken in two planes: AP
and true lateral. Because of the unstable nature of
the hip, the frog-leg lateral view may accentuate
the deformity in the unstable, acute, or acute-on-
chronic slip.

FIGURE 15-34. Before slip. Note widened, irregular, and
blurry physeal plate on left hip. Left hemipelvis is relatively
osteopenic.

WeinCh15v2.qxd  1/3/04  7:22 AM  Page 472



Slipped Capital Femoral Epiphysis 473

The diagnosis of SCFE can be made on the AP
radiograph by drawing a line along the superior
basal margin of the neck. Normally, it should tran-
sect 20% or more of the epiphyses (see Figure 15-28).
Widening and irregularity of the physeal growth
plate and decreased height of the epiphyses in the
central acetabulum are also seen, and the medial
junction of the epiphyses and the metaphyses fall
outside the acetabulum. The lateral view is probably
the best to detect the slip because the head is poste-
rior in relation to the neck at first and thus may be
missed on the AP view. In minimal slips, the dis-
placement is initially posterior and may only be seen
on the lateral radiograph.

Radiographically, slips are classified by the
maximal anatomic displacement either on the AP or
lateral radiograph. This classification is important
as long-term outcome in the absence of surgical
complications is totally related to the amount of dis-
placement. One classification of displacement is as
follows:

Minimal slip: maximal displacement is less than
one-third the diameter of the neck

Moderate slip: greater than 1 cm of displacement
but less than half the diameter of the neck

Severe slip: displacement greater than half the
diameter of the neck

CT and MRI scans have been done to demon-
strate predisposing factors such as retroversion or
a widened physeal plate in the radiographically
normal hip to try and predict a propensity to slip.
The role of these modalities must await further
investigation.

Review of the literature on natural history is at
best controversial because there are very few stud-
ies. There are few long-term studies of patients with
SCFE, and included in these are few untreated pa-
tients. What is clear however is that SCFE should be
considered an orthopaedic emergency and patients
treated immediately. Any delay in management
runs the risk of further displacement and worse
long-term outcome.

In large series of patients with degenerative
joint disease, the percentage of patients with known
SCFE is small, averaging about 5%. The actual inci-
dence may be higher because controversy exists
about whether a higher percentage of patients with
so-called primary degenerative arthritis had unrec-
ognized slips or whether these radiographic fea-
tures are merely secondary to primary degenerative
joint disease.

The amount of deformity appears to be related
to long-term prognosis, with degenerative joint

disease and function being related to the severity of
deformity. Those with moderate slips retain good
function for many years, whereas those with severe
slips have early degenerative joint disease and
poor function. Poor results are occasionally seen
even in minimal slips, usually as a result of a com-
plication of treatment. The radiographic changes,
however, do not always correlate with clinical
symptoms over time.

Specific goals in the treatment of SCFE are to
prevent further displacement of the epiphysis and
to promote closure of the physeal plate. Treatment
of SCFE should be considered an emergency. Once
the diagnosis is made, the patient should not be al-
lowed to bear weight. Treatment should be initiated
immediately. Delay in treatment as mentioned
above may result in further displacement of the
femoral epiphysis with compromise of the remain-
ing intact blood supply to the epiphysis. Further
displacement also leads to increasing deformity and
secondary increased risk of degenerative joint dis-
ease over time. Long-term goals of treatment in-
clude restoration of a functional range of motion,
freedom from pain, and avoidance of aseptic necro-
sis and chondrolysis. Treatment considerations are
based on the clinical classification (preslip, acute,
acute on chronic, chronic; stable versus unstable)
and the radiographic classification (mild, moderate,
severe).

General principles of treatment of SCFE in-
clude reduction of the unstable acute slips and the
acute component of acute-on-chronic slips if dis-
placed more than mildly, followed by stabilization
of the epiphysis. Stable slips or chronic slips and
the chronic component of acute-on-chronic slips
should never be reduced but only stabilized. Any
attempt at reduction of chronic components (or of
a stable slip) runs the risk of aseptic necrosis (the
most common cause of a poor result) and long-
term disability.

In acute or unstable slips, aseptic necrosis may
occur with the sudden acute displacement of the
epiphysis by interruption of blood supply to the
capital femoral epiphysis. Reduction attempts of
the slip must be gentle. The use of skeletal traction
to reduce the acute or unstable slip remains contro-
versial. Most pediatric orthopaedic surgeons do not
use traction, but treat the unstable slip as an or-
thopaedic emergency; taking the patient to the op-
erating room as soon as is feasible. Skin traction
may be used while waiting for the patient to be
ready to go to the operating room. In the operat-
ing room, reduction is obtained of the moderate or
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severely displaced unstable slip by gentle traction
on the fracture table with a gentle internal rotation
moment—the goal being to reduce a moderate or
severe displacement to a mild one so as to improve
the long-term prognosis. If displacement is mild, no
attempt at reduction is done.

Stabilization of the acute, unstable slip is ac-
complished by epiphysis pinning. The most widely
used method of stabilization is pinning with large
cannulated bone screws or multiple large threaded
pins (see Figure 15-30). These techniques require
the use of image intensification in the operating
room. Radiographic control intraoperatively must
include the ability to obtain images at 90° to each
other to minimize the risk of pin penetration,
which is thought to be associated with chondroly-
sis. The fixation device must enter the epiphysis
perpendicular to the physeal plate of the femoral
head. The fixation device must cross the physis
into the head but must be well short of the sub-
chondral cortex. The pins or screws should be in
the center of the epiphysis on the AP and lateral
views of the hip (see Figure 15-30). Pins or screws
should also avoid the superior quadrant of the
femoral head to avoid the lateral epiphyseal ves-
sels. Pins in this quadrant are associated with a
higher incidence of aseptic necrosis. Although
many authors recommend two screws for unstable
slips, a single, large diameter centrally placed screw
is generally adequate.

Postoperatively, patients are kept to light
weight bearing until they are pain free and have a
comfortable range of motion (generally 4 to 6
weeks). Rapid advance to full weight bearing may
then begin.

All patients must be followed closely until the
physeal plate closes. Loss of range of motion after
treatment may be the first sign of chondrolysis. Pain
in the other hip (groin, medial thigh, or knee) war-
rants careful investigation. Most bilateral slips are
diagnosed within 1 year of the diagnosis of the ini-
tial slip. Pins are generally not removed, but if for
some reason removal is considered, it should be de-
layed until physeal closure.

Stable or chronic slips should not have attempts
at reduction but should be treated by stabilization
procedures primarily, regardless of their degree of
displacement. Stable slips pinned in situ may rap-
idly advance postoperatively to full weight bearing.
Long-term results of mild and moderate slips are
generally good concerning function and range of
motion. A certain amount of remodeling of the
proximal femur can be expected.

Severe slips can also be treated by stabilization
procedures primarily. Debate exists about whether
these slips should be treated by realignment proce-
dures in addition to stabilization to improve joint
kinematics and hence long-term outcome. Long-
term follow-up studies indicate that the greatest
risk to the long-term outcome of patients with
SCFE is the development of aseptic necrosis or
chondrolysis, not malalignment. The use of re-
alignment procedures (neck, intertrochanteric, or
subtrochanteric osteotomy or manipulative reduc-
tions in chronic slips) is associated with signifi-
cantly higher complication rates than pinning in
situ alone. Realignment procedures should there-
fore be reserved for those situations in which re-
stricted range of motion impairs function after
plate physeal closure.

Aseptic necrosis is the most devastating compli-
cation of SCFE. It is most commonly associated—in
acute slips and unstable slips—with the abrupt dis-
placement of the epiphysis disrupting retinacular
vessels. In chronic stable slips, aseptic necrosis can
occur as a result of treatment. As mentioned previ-
ously, attempts at reduction of stable or chronic slips,
over-reduction of unstable, acute slips, improper pin
placement, and femoral neck osteotomies are associ-
ated with this complication.

Chondrolysis or cartilage necrosis is often asso-
ciated with SCFE. Chondrolysis is manifest clini-
cally by loss of range of motion, pain, limp, and
joint contracture. Radiographically, the condition is
manifest by loss of joint space, irregularity of the
subchondral bone of the femoral head and the ac-
etabulum, and disuse osteopenia. It can occur in
untreated slips, but this is unusual (it can also
occur as an isolated disorder). The cause of this
condition remains unknown, but it is associated
with prolonged immobilization, unrecognized pin
penetration, severe slips, and a long duration of
symptoms before treatment. Whether the condition
represents an autoimmune phenomenon or other
source of interference with cartilage nutrition re-
mains to be proved. Treatment of chondrolysis is
difficult. Symptomatic treatment should begin im-
mediately and should include anti-inflammatory
agents and bed rest in skeletal traction to relieve
pain and contractures. The role of continuous pas-
sive motion with or without a surgical capsulec-
tomy is yet to be defined.

The key to the management of SCFE is prompt
diagnosis and management by accepted techniques
that have a high rate of success with minimal risk of
complications.
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Congenital Hip Dysplasia and Dislocation

Malvitz TA, Weinstein SL. Closed reduction for congenital dys-
plasia of the hip: functional and radiographic results after an
average of thirty years. J Bone Joint Surg 1994;76A:1777.
The functional and radiographic results of closed reduction in 152
congenitally dislocated hips of 119 patients who had been managed
between 1938 and 1969 were reviewed retrospectively. The average
age of the patients at the time of reduction was 21 months (range, 1 to
96 months. The average duration of follow up was 30 years (range, 15
to 53 years). At the latest follow-up evaluation, the Iowa hip rating
averaged 91 points. Sixty-five hips (43%) had radiographic evidence
of degenerative joint disease. Function tended to deteriorate with
time, even in the absence of disturbance of growth in the proximal end
of the femur. Despite generally good function at the latest follow-up
evaluation, the prognosis for those patients remained guarded.

Mubarak SJ, Garfin S, Vance R et al. Pitfalls in the use of the
Pavlik harness for treatment of congenital dysplasia, subluxa-
tion and dislocation of the hip. J Bone Joint Surg 1981;
63A:1239.
The authors review 18 cases of failure of management of DDH with
the Pavlik harness. They describe the pitfalls in the use of the most
common device employed in the management of DDH. The appro-
priate protocol for use of the Pavlik harness is described.

Ponseti IV. Growth and development of the acetabulum in the
normal child: anatomical, histological and roentgenographic
studies. J Bone Joint Surg 1978;60A:575.
This classic article deals with normal acetabular development based
on anatomic, histologic, and radiologic evaluation of the normal hip.
Information in this article is essential to the management of DDH.

Ponseti IV. Morphology of the acetabulum in congenital disloca-
tion of the hip: gross, histological and roentgenographic stud-
ies. J Bone Joint Surg 1978;60A:586.
The author describes acetabular development in DDH in contrast to
previous studies of normal development. Alteration in ossification
of acetabulum is described in late, reduced DDH by the develop-
ment of accessory ossification centers. The pathology of the “ne-
olimbus” is described.

Weinstein SL. Developmental hip dislocation and dysplasia.
Lovell and Winters’ Pediatric Orthopaedics, 5th Ed. Philadel-
phia: Lippincott Williams & Wilkins, 2001:905.
Textbook chapter reviewing in detail all aspects of DDH. 

Weinstein SL, Mubarak SJ, Wenger DR. Developmental hip
dysplasia and dislocation: Part I. J Bone Joint Surg 2003;85A:
1824–1832.
Part I of an instructional course lecture from American Academy of
Orthopaedic surgeons course on DDH. 

Weinstein SL, Mubarak SJ, Wenger DR. Developmental hip dys-
plasia and dislocation: Part II. J Bone Joint Surg 2003;85A:
2024.
Part II of an instructional course lecture from American Academy
of Orthopaedic surgeons course on DDH. 

Legg-Calvé-Perthes Disease

Catterall A. The natural history of Perthes disease. J Bone Joint
Surg 1971;53B:37.
This classic article describes the radiographic extent of epiphyseal
involvement and prognosis based on natural history in a large
group of untreated patients.

Catterall A. Legg-Calvé-Perthes disease: current problems in or-
thopaedics. New York, Churchill Livingstone, 1982.
This is a superb monograph on the subject by the leading authority.
The author addresses all aspects of the disease. The monograph is
beautifully illustrated and well referenced.

Herring JA, ed. Legg-Calvé-Perthes Disease. Rosemont, IL:
American Academy of Orthopaedic Surgeons, 1996.
This monograph provides an overview of the clinical knowledge base
and treatment options of LCPD.

Herring JA, Neustadt JB, Williams JJ et al. The lateral pillar clas-
sification of Legg-Calvé-Perthes disease. J Pediatr Orthop
1992;12:143.
Description of the Lateral Pillar classification which is widely used
in making treatment decisions. 

Martinez AG, Weinstein SL, Dietz FR. The weight-bearing ab-
duction brace for the treatment of Legg-Perthes disease. J
Bone Joint Surg 1992;74A:12.
This study reviewed 34 hips in 31 patients, who had severe LCPD
(5 hips with Catterall group 3 disease and 29 hips with Catterall
group 4 disease). These patients were treated with weight-bearing
abduction orthoses. The mean duration of follow-up was 7 years.
The authors concluded that, although containment is the most
widely accepted principle of treatment for patients who have LPCD,
and the Atlanta Scottish Rite orthosis is the most commonly used
orthosis for this condition, there are few clinical data supporting the
effectiveness of this device. On the basis of the results of their stud-
ies, the authors did not recommend the use of a weight-bearing ab-
duction brace for the treatment of severely involved hips. These
results were also confirmed by another study in the same issue of the
journal from the Atlanta Scottish Rite Hospital.

McAndrew MP, Weinstein SL. A long-term follow-up of Legg-
Calvé-Perthes disease. J Bone Joint Surg 1984;66A:860.
The authors describe a longitudinal 48-year average follow-up of a
group of patients with Perthes disease. Marked deterioration of
function was seen between 36 and 48 years of follow-up. By an av-
erage age of 56 years, 40% of patients had undergone arthroplasty,
and an additional 10% had disabling osteoarthritis.

Stulberg SD, Cooperman DR, Wallensten R. The natural history
of Legg-Calvé-Perthes disease. J Bone Joint Surg 1981;
63A:1095.
This article describes a long-term follow-up study of a large number
of patients from three hospitals. The authors describe five radi-
ographic classes of deformity at maturity and discuss the long-term
prognosis of each class.

Weinstein SL. Legg-Calvé-Perthes disease. In: Morrissy RT, We-
instein SL, eds. Lovell and Winter’s Pediatric Orthopaedics
5th Ed. Philadelphia: Lippincott Williams & Wilkins, 2001:957. 
This textbook chapter covers all aspects of Legg-Calvé-Perthes dis-
ease in detail and has an extensive bibliography.

Weinstein SL. Long-term follow up of pediatric orthopaedic con-
ditions: natural history and outcomes of treatment. J Bone
Joint Surg 2000;82A:980.
The author summarized long-term follow up to maturity of patients
with CPD who have had either no treatment or brace treatment.
Generally favorable results are found at 20 to 40 years follow-up,
unless the femoral head is flattened and irregular, the neck is de-
formed, or the trochanter is overgrown.

Transient Synovitis

De Valderrama JAF. The “observation hip” syndrome and its late
sequelae. J Bone Joint Surg 1963;45B:462.
This article describes a follow-up study of 23 patients with an aver-
age 21-year follow-up (range, 15 to 30 years). Twelve patients had
evidence of coxa magna, osteoarthritis, and widening of the femoral
neck. The author discusses possible mechanisms for causation of
coxa magna.

Haueisen DC, Weiner DS, Weiner SD. The characterization of
“transient synovitis of the hip” in children. J Pediatr Orthop
1986;6:11.
This is an excellent, well-referenced review of the topic and includes
a 30-year retrospective review of 497 cases. The authors report a de-
tailed radiographic and clinical follow-up of 147 cases.
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Nachemson A, Scheller S. A clinical and radiological follow-up
study of transient synovitis of the hip. Acta Orthop Scand
1969;40:479.
The study described is a 20- or 22-year follow-up of 73 cases of
transient synovitis. Of the original pool, 6% (102 patients) subse-
quently developed Perthes disease. There was a statistically signif-
icant difference in the incidence of coxa magna, cysts, and
radiodensity in the femoral heads of affected patients, but these
were of no clinical significance. The paper documents the benign
natural history of this condition.

Sharwood PF. The irritable hip syndrome in children: a long-term
follow-up. Acta Orthop Scand 1981;52:633.
The author reviews 101 children with irritable hip syndrome who
were followed an average of 8.2 years (range, 5 to 15 years). Most
patients had prompt resolution of symptoms (within 16 days). Only
one subsequent case of Perthes disease and one of coxa magna were
seen, both in patients who had prolonged symptoms and radiologic
abnormalities on presentation.

Wingstrand H, Egund N, Carlin NO et al. Intracapsular pressure
in transient synovitis of the hip. Acta Orthop Scand 1985;
56:204.
The authors evaluated 14 patients with sonography, scintigraphy,
and intracapsular pressure recording and aspiration. They found an
effusion in all cases and increased intracapsular pressure with the
hip in extension. The authors recommended treatment with rest
with the hip joint in about 45° flexion to reduce intracapsular pres-
sure and decrease the risk of ischemia to the femoral head from vas-
cular tamponade.

Developmental Coxa Vara

Amstutz HC. Developmental (infantile) coxa vara—a distinct
entity: report of 2 patients with previously normal roent-
genograms. Clin Orthop 1970;72:242.
The author distinguishes between developmental coxa vara and
proximal femoral focal deficiency. Two patients are reported who
had normal hip radiographs obtained incidentally during the first
year of life and later developed developmental coxa vara. The author
further refines a classification previously presented.

Amstutz HC, Wilson PD Jr. Dysgenesis of the proximal femur
(coxa vara) and its surgical management. J Bone Joint Surg
1962;44A:1.
This classic article includes classification of coxa vara into the cate-
gories of congenital and acquired. The authors discuss in detail the
general characteristics and treatment of patients with congenital
short femur with coxa vara, congenital bowed femur with coxa vara,
and congenital coxa vara.

Schmidt TL, Kalamchi A. The fate of the capital femoral physis
and acetabular development in developmental coxa vara. J
Pediatr Orthop 1982;2:534.
A retrospective review of 22 hips in 15 children with developmental
coxa vara. The authors found that acetabular depth did not improve
if the neck-shaft angle was not corrected to at least 140 degrees. Pre-
mature physeal plate closure was a frequent sequelae (89%) of val-
gus osteotomy, leading to relatively greater trochanteric overgrowth
and the development of limb length inequality.

Weinstein JN, Kuo KN, Millar EA. Congenital coxa vara: a retro-
spective review. J Pediatr Orthop 1984;4:70.
This article describes a retrospective long-term review of 22 cases of
congenital coxa vara. This study presents the Hilgenreiner epiphy-
seal angle and the natural history and surgical indications based on
this angle.

Slipped Capital Femoral Epiphysis

Aronsson DD, Loder RT. Treatment of the unstable (acute)
slipped capital femoral epiphysis. Clin Orthop 1996;322:99.

Good general discussion of newer classification of SCFE into stable
and unstable with treatment recommendations.

Carney BT, Weinstein SL, Noble J. Long-term follow-up of
slipped capital femoral epiphysis. J Bone Joint Surg 1991;
73A:667.
This article describes a long-term follow-up study of 155 hips in 124
patients, with a mean follow-up of 41 years after onset of symptoms.
The authors determined that the natural history of the malunited
slip is mild deterioration related to the severity of the slip and com-
plications. Techniques of realignment are associated with a risk of
appreciable complications and adversely affect the natural history of
the disease. Regardless of the severity of the slip, pinning in situ
provides the best long-term function and delay of degenerative
arthritis, with a low risk of complications.

Carney BT, Weinstein SL. Natural history of untreated chronic
slipped capital femoral epiphysis. CORR 1996;322:43.
From 1915 to 1952, 31 hips in 28 patients with slipped capital
femoral epiphysis were observed without interventional treatment.
The mean duration of patient follow-up from the onset of symptoms
was 41 years. Untreated slipped capital femoral epiphysis can
progress to a severe degree. The natural history of chronic slipped
capital femoral epiphysis is favorable provided that displacement is
minimal and remains so.

Jerre R, Billing L, Hansson G et al. Bilaterality in slipped capital
femoral epiphysis: importance of a reliable radiographic
method. J Pediatr Orthop 1996;5B:80.
This retrospective radiographic study of 100 patients with SCFE as-
sessed the incidence of bilaterality. Evidence of bilateral SCFE was
found in 59% of patients; 71% of these patients were asymptomatic.
There was no evidence of a second slip during adolescence in 18% of
patients. A standard radiographic view improved measurement.

Loder RT. The demographics of slipped capital femoral epiph-
ysis: an international multicenter study. Clin Orthop 1996;
322:8.
In this retrospective multicenter analysis of 1,630 children with
SCFE, the high prevalence of SCFE in Polynesian children and low
prevalence in Indo-Mediterranean children were identified. Age,
gender, and physical characteristics were similar throughout the
world. More than 60% of children with SCFE were above the 90th
percentile for weight.

Matava MJ, Patton CM, Luhmann S et al. Knee pain as the initial
symptom of slipped capital femoral epiphysis: an analysis of
initial presentation and treatment. J Pediatr Orthop 1999;19:
455.
This retrospective review analyzed the presenting complaint of 106
patients with SCFE. A primary report of knee pain, a longer delay
to diagnosis, and a more severe femoral deformity were seen in 15%
of children. The presence of knee pain alone may delay the diagnosis
because the knee might be investigated before the hip.

Schai PA, Exner GU, Hansch O. Prevention of secondary
coxarthrosis in slipped capital femoral epiphysis: a long-term
follow-up study after corrective intertrochanteric os-
teotomy. J Pediatr Orthop 1996;5B:135.
This is a retrospective study of 51 hips treated with early in-
tertrochanteric osteotomy for severe SCFE. Good results at an aver-
age follow up of 24 years were seen in 55% of patients; 45% of
patients had decreased motion and degenerative arthritis. The com-
plication rate was low. The average age at review was 37 years for
women and 39 years for men.

Stasikelis PJ, Sullivan CM, Phillips WA et al. Slipped capital
femoral epiphysis: prediction of contralateral involvement. J
Bone Joint Surg 1996;78A:1149.
In a retrospective review of 50 children with unilateral SCFE, the
characteristics of those in whom a contralateral slip developed were
evaluated. The authors found that, for boys, younger age at presen-
tation of the first slip was predictive of bilateral involvement.
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Stuart L.Weinstein

The Thoracolumbar Spine

SPINAL DEFORMITY

Deformities of the spine may occur either in the coronal or sagittal plane. All de-
formities of the spine are classified according to the magnitude and the direction
of the curvature, the location of its apex, and the origin. Curvature of the spine
may be associated with many conditions (Table 16-1). The language used to de-
scribe the various aspects of spinal deformity is often confusing (Table 16-2).

General Considerations

In any patient presenting with a spinal deformity, it is incumbent on the examin-
ing physician to try to ascertain the origin because this has bearing on the natu-
ral history of the condition and implications for treatment. The cause may be
determined on the basis of a careful history, complete physical examination, and
appropriate imaging studies. The patient and family should be asked how the
curve was detected (e.g., school screening, observation by a friend or health care
worker, apparent body asymmetry) and their impression about whether the
curve is static or progressive. Idiopathic scoliosis in children is not a painful con-
dition. If the patient gives a history of back pain associated with the deformity, 

477477
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478 CHAPTER 16 � The Thoracolumbar Spine

TABLE 16-1.
SRS Classification of Spine Deformity

SCOLIOSIS
Idiopathic

Infantile (0-3 years)
Resolving
Progressive

Juvenile (4 years to puberty onset)
Adolescent (puberty onset to 

epiphyseal closure)
Adult (epiphyses closed)

Neuromuscular
Neuropathic

Upper motor neuron lesion
Cerebral palsy
Spinocerebellar degeneration

Friedreich
Charcot-Marie-Tooth
Roussy-Levy

Syringomyelia
Spinal cord tumor
Spinal cord trauma
Other

Lower motor neuron lesion
Poliomyelitis
Traumatic

Spinal muscular atrophy
Myelomeningocele (paralytic)

Dysautonomia (Riley-Day)
Other

Myopathic
Arthrogryposis
Muscular dystrophy

Duchenne (pseudohypertrophic)
Limb-girdle
Facioscapulohumeral

Congenital hypotonia
Myotonia dystrophica
Other

Congenital
Failure of formation

Partial unilateral (wedge vertebra)
Complete unilateral

(hemivertebra)
Fully segmented
Semisegmented
Nonsegmented

Failure of segmentation
Unilateral (unilateral unsegmented

bar)
Bilateral (bloc vertebrae)

Mixed
Associated with neural tissue defect

Myelomeningocele
Meningocele
Spinal dysraphism

Diastematomyelia
Other

Neurofibromatosis
Mesenchymal

Marfan
Homocystinuria
Ehlers-Danlos
Other

Traumatic
Fracture or dislocation (nonparalytic)
Postradiation
Other

Soft tissue contractures
Postempyema
Burns
Other

Osteochondrodystrophies
Achondroplasia
Spondyloepiphyseal dysplasia
Diastrophic dwarfism
Mucopolysaccharidoses
Other

Tumor
Benign
Malignant

Rheumatoid disease
Metabolic

Rickets
Juvenile osteoporosis
Osteogenesis imperfecta

Related to lumbosacral area
Spondylolysis
Spondylolisthesis
Other

Thoracogenic
Postthoracoplasty
Postthoracotomy
Other

Hysterical
Functional

Postural
Secondary to short leg
Due to muscle spasm
Other

KYPHOSIS
Postural
Scheuermann disease
Congenital

Defect of segmentation
Defect of formation
Mixed

Paralytic
Poliomyelitis
Anterior horn cell
Upper motor neuron

Myelomeningocele
Posttraumatic

Acute

Chronic
Inflammatory

Tuberculosis
Other infections
Ankylosing spondylitis

Postsurgical
Postlaminectomy
Postexcision (eg, tumor)

Postradiation
Metabolic

Osteoporosis
Senile

Juvenile
Osteogenesis imperfecta
Other

Developmental
Achondroplasia
Mucopolysaccharidoses
Other

Tumor
Benign
Malignant

Primary
Metastatic

(continued)
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other sources should be considered; Scheuermann
kyphosis, spondylolysis, spondylolisthesis, and
spinal or spinal cord tumor must be ruled out.
Symptoms of shortness of breath, physical limita-
tions, and psychosocial effects possibly caused by

the curvature should be noted. The timing of reach-
ing developmental milestones should be recorded.
A careful family history must be obtained seeking
any history of neurologic or congenital conditions
that may be associated with the curvature.

Spinal Deformity 479

TABLE 16-1.
(Continued)

LORDOSIS
Postural
Congenital
Paralytic

Neuropathic
Myopathic

Contracture of hip flexors
Secondary to shunts

(Winter RB. Spinal problems in pediatric orthopaedics. In: Morrissy RT, ed. Lovell and Winter’s pediatric orthopaedics. Philadelphia, JB Lippincott, 1990:697–698)

TABLE 16-2. 
Glossary of Scoliosis-Related Terms

Adolescent scoliosis: spinal curvature developing after onset of
puberty and before maturity

Adult scoliosis: spinal curvature existing after skeletal maturity
(closure or epiphyses)

Apical vertebra: vertebra most deviated from the vertical axis of
the patient

Cervical curve: spinal curvature that has its apex between C2 
and C6

Cervicothoracic curve: spinal curvature that has its apex at C7 
and T1

Compensation: accurate alignment of the midline of the skull
over the midline of the sacrum

Compensatory curve: curve (which can be structural) above or below
a major curve that tends to maintain normal body alignment

Congenital scoliosis: scoliosis due to congenital anomalous
vertebral development

Double structural curve (scoliosis): two structural curves in the
same spine, one balancing the other

Double thoracic curve (scoliosis): two structural curves, both having
their apex within the thoracic spine

End vertebra: the most cephalad vertebra of a curve whose
superior surface or the most caudad vertebra whose inferior
surface tilts maximally toward the concavity of the curve

Fractional curve: curve that is incomplete because it returns to
the erect position; its only horizontal vertebra is its caudad or
cephalad one

Full curve: curve in which the only horizontal vertebra is at the
apex

Gibbus: sharply angular kyphos
Infantile scoliosis: spinal curvature developing during the first 3

years of life

Juvenile scoliosis: spinal curvature developing between the
skeletal ages of 4 years and the onset of puberty

Kyphos: abnormal kyphosis
Kyphoscoliosis: lateral curvature of the spine associated with

either increased posterior or decreased anterior angulation in
the sagittal plane in excess of the accepted normal for that
area

Lordoscoliosis: lateral curvature of the spine associated with an
increase in anterior curvature or a decrease in posterior
angulation in the sagittal plane in excess of normal for that
area

Lumbar curve: spinal curvature that has its apex from L2 to L4
Lumbosacral curve: spinal curvature that has its apex at L5 or

below
Major curve: most apparent curve and usually the most

structural curve
Nonstructural scoliosis: spinal curvature without structural

characteristics (see Structural curve)
Pelvic obliquity: deviation of the pelvis from the horizontal in the

frontal plane
Primary curve: the first or earliest of several curves to appear;

usually, but not necessarily, the most structural curve
Structural curve: segment of spine with a fixed lateral

curvature; not necessarily the major or primary curve;
identified radiographically in supine lateral side-bending 
or traction films by the failure to demonstrate normal
flexibility

Thoracic curve (scoliosis): curve with the apex between T2 and
T11

Thoracolumbar curve: spinal curvature that has its apex at T12
and L1 or at the interspace between these vertebrae

(Winter RB. Spinal problems in pediatric orthopaedics. In: Morrissy RT, ed. Lovell and Winter’s pediatric orthopaedics. Philadelphia, JB Lippincott, 1990:697)
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Treatment decisions and probabilities of curve
progression depend on the patient’s growth poten-
tial, so it is important to assess maturity histori-
cally. The age at onset of pubic hair, axillary hair,
breast budding, and menarche should be noted
(Figure 16-1). Finally, details of any previous treat-
ment for the condition should be noted.

Each patient should have a general physical ex-
amination, paying particular attention to the patient’s
body habitus and any evidence of congenital abnor-
malities in the face, palate, ears, upper extremities,
and heart. The skin should be inspected for neurofi-
bromas or café-au-lait spots indicative of neurofi-
bromatosis. The skin over the sacral area should be
examined for evidence of hair patches, dimpling,
pigmentation changes, nevi, and lipomas, which
may be associated with spinal dysraphism. Sec-
ondary sex characteristics, including breast devel-
opment and the presence of pubic and axillary hair
(graded according to the Tanner scale), must be
noted. Limb lengths should be measured to rule out
limb length inequality. Sitting and standing height
should also be measured. A complete neurologic ex-
amination including gag and abdominal reflexes
must also be performed. Any abnormality indica-
tive of an associated neurologic condition should be
further investigated by a neurologist, and possible
further diagnostic studies—such as a spinal cord
magnetic resonance imaging (MRI), electromyogra-
phy (EMG), and nerve conduction velocities—should
be considered. Abnormalities detected that suggest a
syndrome may require genetic consultation.

Spinal deformity is suspected by the presence of
body asymmetry (Figure 16-2). The patient should be
examined from both the front and the back, looking
for asymmetry in shoulder height, waistline, chest,
scapular height, and prominence. The relation of the
thorax to the pelvis should be noted. Spinal compen-
sation can be measured by dropping a plumb line
from the spinous process of C7 and measuring the
distance it falls from the midgluteal cleft.

Rotational asymmetry is best detected on the
Adams forward bend test. The test is performed by
having the patient stand with the feet together and
the knees straight. The patient bends forward at the
waist with the arms dependent and the hands held
with palms opposed (Figure 16-3). The rotational
asymmetry is best assessed by viewing the patient
from in front. Any leg length inequality should be
compensated for by placing an appropriate-sized
block underneath the short leg. The patient should
be assessed in three positions to observe the thoracic,
thoracolumbar, and lumbar spine (Figure 16-4). The
patient should also be viewed from the side to as-
sess any abnormal increases in thoracic or thora-
columbar kyphosis and any evidence of failure to
reverse the normal lumbar lordosis.

If on physical examination the patient has evi-
dence of a structural scoliosis, a standing posteroan-
terior (PA) unshielded upright radiograph of the
spine is ordered. The entire spine, as well as iliac
crests, must be included on the radiograph so that no
curves are missed and skeletal maturity can be as-
sessed. If the patient has complaints of pain or signs

FIGURE 16-1. (A) The relation of spinal growth velocity to maturity landmarks and the events of
puberty in girls. (B) The relation of spinal growth velocity to maturity landmarks and the events of
puberty in boys. (Modified from Trever S, Kleinman R, Bleck EE. Growth landmarks and the evolu-
tion of scoliosis: a review of pertinent studies on their usefulness. Dev Med Child Neurol 1980;22:
675–684)
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FIGURE 16-2. (A) A patient
with a typical right thoracic curve
as viewed from the back. The left
shoulder is lower, and the right
scapula is more prominent. The
thorax is shifted to the right with
a decreased distance between the
right arm and the thorax. Because
of the shift in the thorax to the
right, the waistline is altered with
the left iliac crest appearing
higher. This crest asymmetry is
apparent, not real. (B) A patient
with a typical right thoracic curve
as viewed from the front. The left
shoulder appears lower. The tho-
rax is shifted to the right with a
decreased distance between the
right arm and the thorax. The left
hip appears more prominent sec-
ondary to the rightward shift of
the thorax.

FIGURE 16-3. A patient with atypical right thoracic curve
as viewed from the front on the forward bend test. Note the
right thoracic prominence.

FIGURE 16-4. Forward bend test: three positions are re-
quired to observe the thoracic, thoracolumbar, and lumbar
levels of the spine.
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of a sagittal spinal deformity, a standing, full-length
lateral radiograph of the spine is also ordered.

The radiographs are assessed for any congenital
abnormalities in the vertebral bodies, ribs, and pelvis.
All curves are assessed for magnitude (Cobb meas-
urements), direction (direction of the curve convex-
ity), location (e.g., thoracic lumbar, thoracolumbar,
double major, double thoracic), and pedicle rotation
(Figure 16-5). Maturity is assessed by the Risser
sign (Figure 16-6). Additional diagnostic and radi-
ographic studies may be indicated if other than id-
iopathic scoliosis is suspected.

Assessment of patients with spinal curvature
depends on the probabilities of curve progression.
These probabilities are based on the natural history
of the specific curve, which depends on its origin,
pattern, magnitude, and associated sagittal plane
deformity. This natural history must be considered
in relation to the patient’s growth potential as deter-
mined by history, physical assessment of skeletal
maturity, plotting of a growth chart and radi-
ographic assessment of maturity (i.e., Risser sign, os-
sification of vertebral apophyses, wrist film for bone
age assessment, or a combination of these tests).

Scoliosis

Scoliosis is a descriptive term that refers to a lateral
curvature of the spine. The scoliosis may be structural
or nonstructural. A nonstructural scoliosis corrects or
overcorrects on supine side-bending radiographs or
traction films. A structural scoliosis is a fixed lateral
curvature with rotation. On a radiograph, the spinous
processes in a structural curve rotate to the curve con-
cavity. On a supine side-bending radiograph or a trac-
tion radiograph, a structural curve lacks normal
flexibility. Many conditions are associated with struc-
tural scoliosis (see Table 16-1). The most common
structural curvature has no known cause and is re-
ferred to as idiopathic scoliosis. Examples of nonstruc-
tural curvatures include scoliosis secondary to limb
length inequality or scoliosis secondary to a herniated
nucleus pulposus with nerve root irritation causing a
list. If the primary problem is corrected (e.g., the limb
length inequality), the scoliosis resolves.

The various causes of scoliosis are related to
different natural histories. These varying natural
histories profoundly influence the effect of the cur-
vature on the patient’s life and the indications for
treatment.

Idiopathic scoliosis is the most common type of
structural scoliosis. This type of scoliosis has a genetic

FIGURE 16-5. Curve measurements (Cobb method). (1)
Apparent perpendicular is erected from the endplate of the
most caudal vertebrae, whose inferior endplate tilts maxi-
mally to the concavity of the curve (inferior end vertebrae).
(2) A perpendicular is erected from the end-plate of the most
cephalad vertebrae, whose superior end-plate tilts maximally
to the concavity of the curve (superior end vertebrae). The
curve value is the number of degrees formed by the angle of
intersection of these perpendiculars, in this case 39°.

FIGURE 16-6. Ossification of the epiphysis usually starts at
the anterosuperior iliac spine and progresses posteriorly. The
iliac crest is divided into four quarters, and the excursion or
stage of maturity is designated as the amount of progression.
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predisposition, and although many etiologic theories
have been proposed, the cause remains unknown.

Idiopathic scoliosis is subclassified into three
groups by age at onset of the conditions: infantile
(0 to 3 years of age), juvenile (3 to 10 years of age),
and adolescent (older than 10 years of age but be-
fore maturity). Although these subtypes may rep-
resent a continuum of the same condition, their
natural histories differ. Therefore, these three sub-
types of idiopathic scoliosis are considered sepa-
rately. An alternative classification puts patients
into two main categories: early onset (under 10
years of age) and late onset (over 10 years of age).
This classification is more reflective of outcome;
with early onset cases having more severe effects
on outcome measurements (pulmonary function
compromise; deformity; mortality) than those with
the late onset variety.

Infantile Idiopathic Scoliosis

Infantile idiopathic scoliosis is a structural spinal
deformity detected during the first 3 years of life. It
accounts for less than 1% of all cases of idiopathic
scoliosis in the United States. It is more commonly
seen in Europe, especially Great Britain. Most of
these curves develop within the first 6 months of life,
with the left lumbar curve pattern being the most
common. Epidemiologic and associated problems in-
clude older maternal age, increased incidence of in-
guinal hernias among relatives, and association with
congenital heart disease (2.5%), congenital hip dys-
plasia (3.5%), and developmental problems, particu-
larly mental retardation (13%). Intrauterine molding
is thought to be a cause because 83% of patients have
plagiocephaly, and more than half have evidence of

rib-molding deformities. Natural history studies in-
dicate that 85% of the curves regress spontaneously,
particularly if the curve onset was before 12 months
of age. Fifteen percent of the curves may progress,
often leading to severe deformities. Compensatory
curves are generally not seen in patients with infan-
tile idiopathic scoliosis. Because of the early onset of
the spinal curvature and its effect on pulmonary
parenchyma development, patients with progressive
untreated infantile, early onset scoliosis may develop
severe restrictive pulmonary disease, cor pulmonale,
and early death.

The differential diagnosis in this age group (0 to
3 years) includes congenital scoliosis and scoliosis
of a neuromuscular origin or intraspinal pathology
(e.g., Chiari malformations; syringomyelia). Careful
neurological examination is imperative. Radi-
ographs rule out congenital spinal abnormalities. In
this age group, MRI of the brain and spinal cord is
warranted because of the increased association with
intraspinal pathology (Chiari malformation and sy-
rinx) with early onset scoliosis.

If the patient can sit or stand, upright PA and
lateral radiographs should be obtained. The Cobb
angle and the rib-vertebral angle difference should
be measured (Figure 16-7). If the rib-vertebral angle
difference is greater than 20°, the curvature is likely
progressive. With measurements of less than 20°,
the curve is likely to resolve. All patients must be
followed by serial radiographic examination, calcu-
lating the Cobb angle and the rib-vertebral angle
difference at each visit. In progressive curves, the
convex side rib head is overlapped by the shadow
of the vertebral body. This radiographic sign indi-
cates a progressive curve. Curves that maintain a
Cobb angle of less than 35° have a high likelihood of

FIGURE 16-7. (A) The rib-vertebral angle difference is calculated by subtracting the convex value
from the concave value at the thoracic curve apical vertebra. (B) Phase changes at apical vertebra.
Phase 2 appearance denotes probable progression.
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resolution. Compensatory curves are not common
in patients with infantile idiopathic scoliosis. The
development of a compensatory curve is a bad
prognostic sign that indicates a probable curve pro-
gression (Figure 16-8).

Observation is indicated for curves with less
than a 25° Cobb angle and less than a 20° rib-
vertebral angle difference. The patient should be
reevaluated in 4 to 6 months with a repeat standing
radiograph of the spine. With resolution of the cur-
vature, the patient can be followed at 1- to 2-year in-
tervals. In curves with a 25 to 35° Cobb angle and
with a rib-vertebral angle difference of 25°, repeat
clinical and radiographic evaluation at 4- to 6-month
intervals is warranted. If the Cobb angle increases
by 5 to 10° with or without changes in the rib-
vertebral angle difference, treatment is indicated.

Initial treatment for a progressive curve may
consist of serial casting to correct the deformity fol-
lowed by the use of a Milwaukee brace (cervical-
thoracic-lumbar-sacral orthosis) or another spinal or-
thotic to maintain correction. In the infantile patient,
the corrective cast usually needs to be applied with
sedation or under general anesthesia. The casts are
worn for 6 to 12 weeks and are serially changed until
maximal correction is obtained. An orthotic is then
fabricated and worn full time (22 to 23 hours per day)
for 2 to 3 years to maintain the correction obtained by
casting. If correction is maintained, the patient may
be gradually weaned from the brace. If progression
occurs, full-time orthotic use must be reinstituted.

If curve progression continues despite the use
of an orthotic, subcutaneous “growing rods”—
spinal instrumentation without fusion—followed
by bracing is indicated. The rod can then be length-
ened periodically to allow for growth with a formal
posterior spinal fusion and instrumentation at ma-
turity. Recent studies have questioned the success
of these “growing rod” techniques, and thus in cer-
tain cases, even at a very young age (over 5 years of
age), definitive surgical intervention may need to
be considered.

Juvenile Idiopathic Scoliosis

Juvenile idiopathic scoliosis is a lateral curva-
ture of the spine that presents after 3 years of age
but before the adolescent growth spurt. Patients clas-
sified as having juvenile idiopathic scoliosis may
actually have late-onset infantile idiopathic scoliosis
or early-onset adolescent idiopathic scoliosis. This
group of patients accounts for about 20% of all idio-
pathic scoliosis patients.

Juvenile idiopathic scoliosis occurs more com-
monly in girls, with right thoracic curves account-
ing for about two-thirds of all curve patterns.
Double major curves (right thoracic and left lum-
bar) and thoracolumbar curves follow in frequency.

Juvenile adolescent idiopathic curvatures may
progress and cause severe deformity. Some may
progress relentlessly from onset, but others may be
stable or progress slowly until the adolescent growth
spurt when rapid progression ensues. Unlike some
infantile curves, juvenile idiopathic scoliosis curva-
tures do not resolve spontaneously. This group of
patients should also have routine brain and spine
MRI studies to rule out intraspinal pathology.

The indication for treatment is a progressive
curve of 25° or more. The rib-vertebral angle differ-
ence has not been shown to be prognostic in these
patients. Curves rarely progress more than 1° per
month. Therefore, if the patient has a curve of less
than 20°, follow-up evaluation in 6 to 8 months is
appropriate. Treatment is indicated for progression
of at least 10°.

If the curve is between 20 and 25° at detection,
follow-up evaluation clinically and radiographi-
cally should be obtained in 5 to 6 months, with
treatment indicated for a greater than 5° increase
in curve. For curves greater than 25°, because of
the high probability of progression, treatment
should begin immediately.

If the curve is flexible, as determined by clinical
evaluation and in some cases by supine side-bending
radiographs, orthotic treatment is indicated in an
attempt to prevent further progression. If the curve
is rigid, serial cast correction, much like that recom-
mended for infantile idiopathic scoliosis, is war-
ranted before fitting the patient with a spinal
orthotic. The orthosis is worn on a full-time basis
(although protocols for brace wear may vary) for
several years until curve correction is achieved.
Then, weaning may begin and continue as long as
curve correction is maintained. The brace is then
worn at night only until the patient reaches skeletal
maturity (i.e., Risser grade 4 or 5, or no spinal growth
for the previous 18 months).

If curve progression continues despite casting
or bracing, distraction instrumentation without
fusion should be considered (Figure 16-9). After
surgery, the patient continues in an orthosis. The
distraction device is lengthened with skeletal growth
until the patient reaches puberty, when posterior
spinal fusion and instrumentation are performed.
In this age group, however, the worry about loss of
growth potential associated with definitive surgical
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FIGURE 16-8. (A) Progressive type of infantile idiopathic scoliosis, early radiograph. Curve meas-
ures 60°. (B) Late radiograph showing marked increase of primary curve and developing secondary
curves. (C) Resolving type, early radiograph. Curve measures 29°. No secondary curve. (D) Resolving
type, later radiograph. Curve reduced to zero. (Courtesy of Dr. J. I. P. James)
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fusion of the spine is less concerning than in the
very early onset group (infantile) and hence defini-
tive fusion and instrumentation may need to be
considered in this group if progression occurs de-
spite bracing (Figure 16-9).

Adolescent Idiopathic Scoliosis

Adolescent idiopathic scoliosis is structural
curvature of the spine presenting at or about the
onset of puberty and before maturity. Adolescent
idiopathic scoliosis accounts for about 80% of cases
of idiopathic scoliosis. Its origin is unknown. The
prevalence (i.e., occurrence in the at-risk popula-
tion, children 10 to 16 years of age) of adolescent id-
iopathic scoliosis is about 2 to 3%. Although there is
an overall female predominance for the condition
(3.6:1); the prevalence in males and females is equal
in small-magnitude curves (10°). With increasing

curve magnitude, there is an overwhelming female
predominance (curves greater than 30°; female pre-
dominance 10:1).

Four major curve patterns are seen in adolescent
idiopathic scoliosis (Figure 16-10). Because most tho-
racic curve patterns are convex to the right, a child
presenting with a left convex thoracic curve should
be examined carefully for a neurologic deficit. In this
situation, neurologic consultation and MRI scanning
should be considered because of the high association
of intraspinal pathology with this curve pattern.
Also, a history of rapid progression of an adolescent
curvature should alert the physician to consider sim-
ilar diagnostic evaluations.

Initial radiographic evaluation includes PA and
lateral radiographs of the entire spine taken in the
standing position. At follow-up visits, only PA radi-
ographs are usually necessary. It is important to
minimize the radiation that the patient receives

FIGURE 16-9. (A) Juvenile idiopathic scoliosis in a 7 -year-old boy with an 80° thoracic curve that
progressed despite bracing. (B) Same patient at age 8 years and 11 months. Curve is maintained at 41°
with distraction instrumentation and fusion at hook sites. Patient is wearing TLSO external support.
Definite surgery is planned at puberty. (C) A 7 -year-old girl with juvenile onset scoliosis; she was ini-
tially treated in a brace but her curve progressed (D), necessitating anterior and posterior fusion (E).

(continued)
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FIGURE 16-9. (Continued)
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FIGURE 16-10. (A) Thoracic curve. Ninety percent right convexity involving an average of six
vertebrae: apex—T8, T9; upper end vertebrae—T5, T6; lower end vertebrae—T11, T12. (B)
Lumbar curve. Seventy percent left convexity involving an average of five vertebrae: apex—L1, L2;
upper end vertebrae—T11, T12; lower end vertebrae—L3, L4. (C) Thoracolumbar curve. Eighty
percent right convexity involving an average of six to eight vertebrae: apex—T11, T12; upper end
vertebrae—T6, T7; lower end vertebrae—L1, L2. (D) Double curve. Ninety percent right thoracic
convexity and left lumbar convexity. Thoracic component, average five vertebrae: apex—T7; upper
end vertebrae—T5, T6; lower end vertebrae—T10. Lumbar component, average five vertebrae:
apex—T2; upper end vertebra—T11; lower end vertebra—L4.
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over time. Radiographs should be taken only when
necessary for treatment decisions. Appropriate tech-
nique should be used to avoid the need for repeat
films. Other radiation protection measures include
beam collimation, antiscatter grids, beam filtration,
high-speed film, intensifying screens, gonadal and
breast shields, and PA as opposed to anteroposte-
rior (AP) projections. The use of the PA projection
avoids radiation to the developing breast tissue,
which is radiosensitive. Special radiographic views,
such as side-bending radiographs, are rarely indi-
cated unless the patient is being considered for sur-
gical management. Each radiograph is measured
for the Cobb angle, rotation, and ossification of the
iliac apophysis (Risser sign).

Treatment of any condition is an attempt to
alter the natural history of that condition. It is im-
portant to understand the natural history of un-
treated adolescent idiopathic scoliosis with regard
to curve progression, effect on pulmonary function,
back pain, mortality, psychosocial problems, and ef-
fect of on pregnancy.

Most treatment decisions are based on curve
progression or the probability of curve progression.
Most information available on curve progression is
from studies of girls, particularly those with thoracic
curves. The factors that influence the probability of
curve progression in the immature patient include
growth potential factors, such as age, gender, and
maturity, and curve factors, such as type and magni-
tude. Double-curve patterns have a greater tendency
for progression than single-curve patterns. Curves
detected before menarche have a much greater
chance of progression than those detected after
menarche. With increasing age at detection, there is
a decreasing risk of curve progression. The larger
the curve magnitude at detection, the greater the
chance of progression; the lower the Risser grade at
curve detection, the greater the risk of progression.
The risk of progression for boys is about one-tenth
that of girls with comparable curves.

The risk of curve progression decreases with in-
creasing skeletal maturity. Large-magnitude curves,
however, may continue to progress after maturity
(Table 16-3). Many curves continue to progress
throughout the patient’s life. In general, curves less
than 30° at maturity tend not to progress regardless
of the curve pattern. Many curves greater than 30°,
and particularly thoracic curves greater than 50°,
continue to progress.

The generally accepted incidence of backache in
the general population is about 60 to 80%, although
the incidence varies considerably. The incidence of

back pain in patients with scoliosis is comparable to
that in the general population. Scoliosis patients,
however, often have an increased incidence of fre-
quent or daily backache compared with the general
population. Patients with lumbar and thoracolum-
bar curves, particularly those with lateral listhesis
or translatory shifts (Figure 16-11) at the lower end
of their curves, tend to have a slightly greater inci-
dence of backache than patients with other curve
patterns. Back pain in adult patients with scoliosis
is not always related to the curvature; it may em-
anate from the counter-curve below, or it may be
discogenic, neurogenic, or facet joint related.

With regard to pulmonary function, only in
thoracic curves is there a direct correlation between
decreasing vital capacity and FEV1 with increasing
curve severity. In all other curve patterns in idio-
pathic scoliosis, there is no direct correlation be-
tween curve magnitude and limitation in pulmonary
function. Most patients with adolescent idiopathic
scoliosis have loss of the normal thoracic kyphosis.
This loss of thoracic kyphosis (hypokyphosis) fur-
ther diminishes pulmonary function associated with
increasing curve severity.

Patients do not die from adolescent idiopathic
scoliosis. The only patients at risk are those with
high-angled (greater than 100°) thoracic curvatures.
In these patients, mortality rates are significantly in-
creased because of secondary cor pulmonale and
right ventricular failure.

The cosmetic deformity of scoliosis may be as-
sociated with psychosocial concerns. There is, how-
ever, no correlation between the location or degree
of the curvature and the extent of the psychosocial
effects. Some adults with moderate to severe defor-
mity may have severe psychosocial problems.

Scoliosis has no adverse effects on pregnancy.
The reproductive experiences of scoliotic women

TABLE 16-3. 
Probabilities of Progression Based on Curve
Magnitude and Age

Age
Curve Magnitude at 
Detection (Degrees) 10–12 y 13–15 y 16 y

<19 25% 10% 0%
20–29 60% 40% 10%
30–59 90% 70% 30%
>60 100% 90% 70%

(Nachemson A, Lonstein JE, Weinstein SL. Prevalence and natural history:
committee report. Scoliosis Reasearch Society, 1982)
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are the same as those of nonscoliotic women.
Whether pregnancy causes curve progression is un-
known, with evidence being present on both sides
of the issue.

Few patients with adolescent idiopathic scolio-
sis ever require active treatment (less than 10%). It is
important to individualize all treatment decisions,
taking into consideration the probabilities of pro-
gression based on the curve magnitude, skeletal and
sexual maturity of the patient, and age of the patient.
The general indications for treatment are a progres-
sive curve of 25° or more in a skeletally immature
patient. In a skeletally immature patient with a
curve of less than 19°, curve progression of 10°
should be documented before instituting treatment.
If the curve is between 20 and 29°, progression of
least 5° should be documented before instituting
treatment. If a curve on initial evaluation is over 30°,
because of the high probability (over 90%) of pro-
gression, no documentation of progression is neces-
sary, and treatment should be initiated immediately.
Because curves rarely progress at more than 1° per
month, follow-up appointments can be scheduled
accordingly (i.e., for a 15° curve in a skeletally im-
mature girl, follow-up reevaluation is in 10 months).

The gold standard of nonoperative treatment
for adolescent idiopathic scoliosis has been the Mil-
waukee brace. Despite widespread use, few long-
term studies have evaluated the results of treatment
with the Milwaukee brace (Figure 16-12). In most of
the studies performed, curve progression was not
documented; thus, it is uncertain whether those pa-
tients braced would have had continued progres-
sion had they not been braced.

No controlled, prospective, randomized trial of
bracing for scoliosis has been done to date. Reviews
of the few studies that are available demonstrate
conflicting results. The general feeling among physi-
cians treating scoliosis is that bracing appears to
alter the natural history of curve progression. It is
generally accepted that the curve progression can
be arrested in 85 to 90% of at-risk patients. The most
common response to bracing is a moderate amount
of correction while the brace is worn, with slow,
steady progression of the curve back to the original
magnitude after weaning from the brace. Occasion-
ally, maintenance of correction obtained in the brace
occurs in some patients who achieve at least a 50%
reduction in their curvature during the course of
treatment. The brace is worn 22 to 23 hours a day

FIGURE 16-11. (A) Sixteen-year-old girl with a 38° right lumbar curve from T11 to L3. Her
skeletal maturity is assessed as grade 5 on the Risser scale. (B) At 39 years of age, her right lumbar
curve has increased to 61°. Note the translatory shift of L3 on L4 (arrows). (Weinstein SL. The
natural history of scoliosis in the skeletally mature patient. In: Dickson JH, ed. Spinal deformities,
vol 1. Philadelphia: Hanley & Belfus, 1987:199)
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FIGURE 16-12. Milwaukee brace (CTLSO). The brace was developed in the late 1940s (A,
frontal view of bone). Despite its widespread use, few long-term studies are available that evaluate
the results of treatment (B, view from behind with patient wearing brace). In addition, most stud-
ies fail to document curve progression; thus, it is uncertain whether those patients braced would
have had continued progression had they not been braced. This type of brace was the “gold stan-
dard” for bracing but is rarely used today. It has been replaced by various models of underarm low
profile braces such as seen in Figure 16-13. There are no published prospective controlled studies
on bracing.

and is removed only for bathing or sporting activi-
ties. When the patient reaches skeletal maturity
(i.e., Risser grade 4, or no spinal growth over an
18-month period), the patient is gradually weaned
out of the brace. The brace is used on a part-time
basis followed by nighttime use only so long as no
increases in curvature are noted. Bracing is reported
to be ineffective in curves greater than 40°.

Although full-time bracing has been the stan-
dard, many physicians are choosing part-time
bracing programs and using underarm orthoses
(Figure 16-13) because of compliance problems.
An underarm brace (thoracic-lumbar-sacral or-
thoses, TLSO) is generally acceptable for use in
curves with an apex of T8 or below. Electrical
stimulation was used in the past but has been
shown to be ineffective. Although bracing for sco-
liosis remains in common usage, as mentioned
earlier, final determination as to the success of
bracing in adolescent (late onset) idiopathic scol-
iosis must await a randomized, prospective, con-
trolled clinical trial.

Surgical treatment is indicated if the patient has
evidence of curve progression despite bracing or has
a curve magnitude that would be unsuccessfully
treated by a brace (i.e., greater than 45 to 50° and
skeletally immature). In the adult patient with ado-
lescent idiopathic scoliosis, indications for surgical
treatment include pain unresponsive to nonsurgical
treatment and documented curve progression.

Surgical treatment of adolescent idiopathic scol-
iosis involves a posterior spinal fusion in combination
with one of the various forms of spinal instrumenta-
tion (Figure 16-14). The purpose of the procedure is to
obtain a spinal fusion. Instrumentation is used to cor-
rect the deformity and prevent bending of the fusion
mass (Figure 16-15). Over the past few years, many
implant devices have been introduced for the correc-
tion of spinal curvatures. These devices allow for cor-
rection of the sagittal in addition to the coronal plane
deformity (see Figure 16-14). Some of these devices
allow for decreasing the number of segments of the
spine that need to be fused by doing the procedure
from the front of the spine.
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FIGURE 16-13. Underarm brace (TLSO): frontal view of
one model.

CONGENITAL SPINAL DEFORMITY

Congenital spinal deformities are due to abnormali-
ties of vertebral development. These abnormalities
may result in scoliosis, kyphosis, lordosis, or combi-
nations of these. Deformities may be of three struc-
tural types: failure of formation (e.g., hemivertebrae);
failure of segmentation (e.g., unilateral unsegmented
bar); or combinations of defects of segmentation and
formation (Figures 16-16 and 16-17). The resultant
deformity is related to the location and type of the
congenital anomaly and to the growth potential of
the unaffected segments; for example, a lateral seg-
mentation defect causes a pure scoliosis, a posterolat-
eral segmentation defect causes a lordoscoliosis, and
an anterior failure of segmentation causes a kypho-
sis. With defects of formation, any portion of the ver-
tebrae may be hypoplastic or absent. Absence of a
vertebral body causes a pure kyphosis, and presence
of the posterolateral portion of the vertebrae causes a
kyphoscoliosis. Failure of formation of various por-
tions of the posterior elements results in spina bifida.

Isolated congenital vertebral abnormalities are
not thought to have genetic implications. Patients
with congenital scoliosis may, however, have other
associated congenital abnormalities. The most fre-
quently affected systems are the genitourinary, car-
diac, and spinal cord. Some syndromes (e.g., VATER

FIGURE 16-14. (A) Thirteen-
year, 1-month-old girl with a
curve that progressed from 23 to
45° despite bracing. (B) After
spinal fusion and Cotrel-
Dubousset instrumentation, the
same patient’s curve measures 3°.
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FIGURE 16-15. Spinal fusion for progressive idiopathic
scoliosis using a hybrid system of rods, hooks, and pedicle
screws. (A) preoperative PA view; (B) postoperative PA;
and (C) lateral view.
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FIGURE 16-16. Scoliosis ano-
malies. (A) Unilateral failure
of vertebral formation, partial
(wedged vertebra). (B) Unilat-
eral failure of vertebral forma-
tion, complete (hemivertebra).
(C) Double hemivertebrae, un-
balanced. (D) Double hemiver-
tebrae, balanced. (E) Symmetric
failure of segmentation (con-
genital fusion). (F) Asymmetric
failure of segmentation (unseg-
mented bar). (G) Asymmetric
failure of segmentation (unseg-
mented bar involving posterior
elements only, anteroposterior
view). (H) Asymmetric failure
of segmentation, oblique view
showing intact disc space and
lack of segmentation confined to
the posterior elements (surgi-
cally easy to divide). (I) Unseg-
mented bar involving both the
disc area and posterior elements
(a very difficult surgical prob-
lem to divide this). (J) Multiple
unsegmented bars, unbalanced.
(Winter RB, Moe JH, Eilers
VE. Congenital scoliosis: a
study of 234 patients treated and
untreated. J Bone Joint Surg
1968;50A:1)

FIGURE 16-17. Congenital scoliosis. The ribs on the con-
cave side are misshapen and fused. The seventh thoracic ver-
tebra is wedged.

syndrome) are also associated with congenital verte-
bral abnormalities. Many congenital spine deformi-
ties are discovered only incidentally on radiographs
taken for other reasons, and some are associated
with severe deformities noted at birth.

Progressive, untreated congenital spinal anom-
alies may produce severe functional and cosmetic
deformities. If the deformity is associated with
kyphosis, spinal cord compression and paralysis
may occur. Early detection and careful follow-up of
these patients is imperative.

All patients with congenital spinal deformity
must have a careful and detailed neurologic exami-
nation. Five to 20% of patients have associated
spinal dysraphism (e.g., tethered cord, diastemato-
myelia, dural lipoma). Subtle physical findings,
such as limb atrophy or mild foot abnormalities,
may be the only evidence of spinal dysraphism. The
skin should be inspected over the spine, looking for
hair patches, dimpling, cyst formation, and heman-
giomas, which are often associated with a spinal
dysrhaphic condition. The chest wall should be ex-
amined for any evidence of defects or asymmetry.
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About 15% of patients with congenital scolio-
sis have associated cardiac abnormalities. A cardi-
ologist should evaluate any cardiac abnormality
detected.

All patients with congenital spinal deformity
should have a urologic evaluation. Twenty to 40%
of patients with congenital spinal abnormalities
have an associated abnormality in the genitouri-
nary tract. Six percent of these genitourinary tract
abnormalities are potentially life threatening. Renal
ultrasound is generally sufficient to provide a
screening test for genitourinary tract abnormalities.
Evaluation of the lower tracts, however, may re-
quire excretory or retrograde urograms. The kid-
neys are also seen well on the MRI.

Spinal abnormalities are best demonstrated in
infancy on supine AP and lateral radiographs.
These films provide the best detail of the congenital
abnormalities (Figure 16-18). It is important to pay
attention to the sagittal plane deformity because
many patients with congenital scoliosis may have
accompanying kyphosis or lordosis. A baseline lat-
eral radiograph should be obtained to assess any
associated lordosis or kyphosis. Sagittal plane de-
formity may progress without progression of the
scoliosis as the patient matures. Follow-up radi-
ographs can be taken in the standing position
(when possible) and measured by the Cobb angle to
follow curve progression.

Each radiograph should be evaluated for gross
abnormalities, such as hemivertebrae or nonseg-
mented vertebrae. The ribs should be examined for
congenital abnormalities, and all pedicles should be
counted, disc spaces examined, and growth poten-
tial assessed. The prognosis for congenital deformi-
ties depends on the presence of asymmetric growth.
Pedicular widening may be a sign of diastemato-
myelia, especially in patients with cutaneous or
clinical manifestations of spinal dysraphism. CT
scanning may be helpful in defining some congeni-
tal lesions, particularly in older patients. MRI is in-
dicated if the patient has any evidence of spinal
dysraphism or prior to any corrective surgery.

The natural history of congenital spinal defor-
mities relates specifically to the location of the ab-
normality (e.g., thoracic, thoracolumbar, lumbar
spine), the type of abnormality (e.g., unilateral un-
segmented bar, hemivertebrae), and the patient’s
spinal growth potential. In general, about half of all
congenital spine anomalies have significant
enough progression to require treatment. By count-
ing the number of growth centers, as represented by
the pedicles on the concave and convex sides of the
curve, as well as examining the quality of the disc
spaces between vertebrae, the physician can esti-
mate the probability of curve progression. If there is
greater growth potential in the convexity of the
curve than the concavity, progression is certain. The

FIGURE 16-18. Eight-day-old boy with lumbosacral hemivertebrae. Radiographs of newborns gen-
erally provide the best detail of congenital spine abnormalities. (A) Spine film. (B) Coned-down view
of lumbosacral junction. (C) Standing film at 2 years of age; because of progression of curve and pelvic
obliquity, patient underwent excision of hemivertebra.
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worst prognosis for progression of congenital anom-
alies is the unilateral unsegmented bar opposite to a
convex hemivertebrae, followed by the unilateral
unsegmented bar and the double-convex hemiver-
tebrae (see Figure 16-16).

The prognosis for progression in patients with
hemivertebrae is difficult to predict in that there are
three types of hemivertebrae: fully segmented (worst
prognosis), semisegmented, and nonsegmented
(most benign). The younger the patient at the age of
detection, the more likely the patient is to have a
progressive deformity. If a congenital anomaly is
detected at an older age or only incidentally, it rarely
causes significant problems.

Stable, nonprogressive curves require only ob-
servation until skeletal maturity. Patients with con-
genital spinal deformity should be followed with
radiographs every 6 months during the first 3 years
of life. If the curve remains stable, follow-up can be
on a yearly basis until the adolescent growth spurt,
when repeat evaluations every 6 months may be
warranted.

Congenital spinal deformities tend to be rigid;
therefore, bracing is generally not a treatment op-
tion. Bracing, however, can be used in certain situa-
tions, particularly in long, flexible curves or
compensatory curves above or below congenital ab-
normalities.

Progression of the curve regardless of the pa-
tient’s age is an indication for surgical stabiliza-
tion. In certain instances in which the natural
history is well known (e.g., unilateral unseg-
mented bar opposite a convex hemivertebrae),
surgical stabilization is indicated without docu-
mentation of progression. The standard method of
surgical stabilization is posterior spinal fusion
without instrumentation. The deformity is then
corrected by a plaster cast. This type of treatment
is at times (particularly in the young patient) asso-
ciated with bending of the fusion mass and contin-
ued rotational curve progression (often referred to
as the “crankshaft phenomenon”). Promising re-
sults have been reported with combination anterior
hemiepiphysiodesis and posterior hemiarthrode-
sis, even demonstrating correction for some curves
by growth on the unfused concave side in very
young patients with significant growth potential
and with certain types of congenital deformities.

Distraction instrumentation may be used in cer-
tain cases. This mode of treatment, however, is asso-
ciated with an increased risk of neurologic deficit. If
correction of the congenital spinal deformity is con-
templated, thorough investigation for intraspinal

pathology (MRI) must be done before operation.
The presence of a diastematomyelia without neuro-
logic deficit does not require treatment. If correction
of the spinal deformity is contemplated, however,
then the diastematomyelia must be addressed sur-
gically. Hemivertebrae excision may be considered
in cases of a lumbosacral hemivertebrae with spinal
decompensation (see Figure 16-18).

Treatment of congenital kyphotic deformities is
surgical. Patients with failure of formation causing
either pure kyphosis or kyphoscoliosis are at high
risk for spinal cord compression. Posterior hemiver-
tebrae or failure of formation of a vertebral body
should be treated by immediate surgical stabiliza-
tion. These patients generally benefit from a com-
bined anterior and posterior surgical spinal fusion
(Figure 16-19).

With failures of segmentation, a progressive
kyphosis may ensue, although this rarely leads to
neurologic deficit. A short, posterior fusion arrests
spinal growth and halts progression of the deformity.

FIGURE 16-19. Six-week-old boy with hypoplasia of L1
with kyphosis. At 14 months of age, the patient underwent
AP spinal fusion to prevent progression.
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If the deformity exceeds 50°, anterior fusion must
be done in conjunction with the posterior spinal fu-
sion; otherwise progression may occur by bending
of the fusion mass. Any neurologic deficit associ-
ated with congenital kyphosis or congenital
kyphoscoliosis must be treated by spinal cord de-
compression and stabilization.

BACK PAIN IN CHILDREN

The child presenting with a chief complaint of back
pain warrants careful evaluation because, although
back pain is a common complaint in adults, back
pain in children is uncommon. The younger the
child is the more worrisome the complaint.

The normal child may have occasional com-
plaints of back pain after strenuous physical activ-
ity, prolonged sitting or standing, or repetitive
heavy lifting. Back pain may also accompany a viral
illness. Repetitive or chronic backache symptoms
should be carefully investigated. There are many
causes of backache in children (Table 16-4), and the
cause can be established in about 85% of cases.

The child and family should be questioned to
quantitate and characterize the pain. The pain
should be characterized as to nature, intensity, loca-
tion, and time of occurrence. Was the onset of the
pain acute or insidious? Is it associated with any
other illnesses? Is it activity related? Is it relieved by
rest? Does it occur in the morning, the afternoon, or
with repeated stress? Are there any associated
bowel or bladder symptoms? What makes the pain
better? What makes it worse? Is there associated
night pain? Does aspirin or NSAIDs relieve the pain?
Are there associated radicular symptoms, leg pains,
or paresthesia? Does the child have any complaints

of a systemic illness, such as fever, weight loss, or
general malaise? Is there a history of injury? Is the
pain associated with repetitive trauma, such as
gymnastic activities or other sports?

By taking a careful history, the physician should
be able to narrow down the possible sources of the
back pain. For example, if the patient is complain-
ing of back pain usually at night with symptoms
relieved by aspirin, an osteoid osteoma or os-
teoblastoma should be suspected. Pain during ath-
letic events, such as gymnastics or blocking in a
football lineman, is suggestive of spondylolysis or
spondylolisthesis. Leg pain with or without associ-
ated back pain may be radicular pain associated
with a herniated nucleus pulposus or may be sec-
ondary to hamstring tightness because of cauda
equina irritation from a spondylolysis or spondy-
lolisthesis. Back pain in children with or without
neurologic deficits may also be a manifestation of
intraspinal pathology.

Physical examination of the child presenting
with the chief complaint of back pain should con-
sist of a general overall evaluation, including ex-
amination of the head and neck, the upper and
lower extremities, gait, and spine. A careful, de-
tailed neurologic examination, including muscle,
reflex, and sensory testing, is mandatory. The pres-
ence of normal or abnormal contours of the spine
in either the coronal or sagittal plane should be
noted. Skin lesions, such as nevi, sinuses, hair
patches, or abnormal pigmentation over the lum-
bosacral area may indicate spinal dysraphism. The
Adams forward-bend test should be performed,
looking for evidence of scoliosis or an exaggerated
kyphosis. Spinal motion should be assessed to be
certain that the patient reverses the normal lumbar
lordosis. Any loss of normal spinal motion or fail-
ure to reverse lumbar lordosis on forward flexion
is suggestive of a pathologic condition and should
be investigated.

The back should be palpated for any areas of
tenderness over the spine or paraspinous region.
The flank should be percussed, looking for areas of
tenderness that may indicate a visceral abnormality.
The abdomen should be palpated for masses. Limb
lengths should be measured. Thighs and calves
should be measured for any evidence of atrophy.
Straight-leg raising tests are performed looking for
signs of nerve root irritation or excessive hamstring
tightness. The sacroiliac region, particularly the
sacroiliac joints, should be examined for any signs
of joint pathology. Signs of meningeal irritation
should be sought.

TABLE 16-4.
Causes of Back Pain in Children

Tumors
Spine
Spinal cord

Herniated nucleus pulposus
Spondylolysis
Spondylolisthesis
Scheuermann kyphosis
Postural kyphosis
Vertebral osteomyelitis
Diskitis
Overuse syndromes
Rheumatologic condition
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In the child presenting with the chief complaint
of back pain, a supine AP and lateral radiograph of
the involved area of the spine is taken to assess bony
detail. Standing PA and lateral radiographs can be
ordered if the patient is being assessed for scoliosis
or kyphosis associated with the pain. If spondylolis-
thesis or spondylolysis is suspected, a cone-down
lateral view of the L3 to S1 region should be ordered.
Oblique views may also be helpful.

If plain films are negative, special studies may
be warranted. Bone scanning is useful in the face of
a negative radiograph in diagnosing stress frac-
tures, bone tumors, or infections of the spine. CT
scanning may be helpful in documenting the
anatomic details of lesions seen on plain films. For
soft tissue lesions around the spine or for evaluating
the spinal cord, MRI is the diagnostic procedure of
choice.

Depending on the patient’s clinical history,
physical examination, and radiographic findings,
certain laboratory studies may be helpful. A com-
plete blood count and an erythrocyte sedimentation
rate or C-reactive protein, although nonspecific,
may be abnormal in infections, tumors, or rheuma-
tologic conditions. If a collagen disease is suspected,
HLA-B27 and rheumatoid factors may help in the
diagnosis.

Some of the common causes of back pain in
children are covered in the remainder of this sec-
tion. Other causes, such as vertebral osteomyelitis,
diskitis, and neoplastic lesions, are discussed else-
where in the book.

Scheuermann Kyphosis

Scheuermann kyphosis is a structural sagittal plane
deformity in the thoracic or the thoracolumbar
spine. Patients have an increased kyphosis in the
thoracic or thoracolumbar spine with associated di-
agnostic radiographic changes. Normal thoracic
kyphosis is generally accepted to be between 20 and
45°. The degree of kyphosis in the thoracic spine in-
creases with age. Kyphosis should never be present
at the thoracolumbar junction. Any kyphotic defor-
mity present at this level is considered abnormal.

The incidence of Scheuermann kyphosis is
thought to be between 0.4 and 8%, with a slight
male predominance. The diagnosis is usually made
during the adolescent growth spurt and is rarely
made in patients younger than 10 years of age. An
increased incidence of spondylolysis and spondy-
lolisthesis is reported in patients with Scheuermann

kyphosis (this fact has been refuted by a more re-
cent study) as well as a 20 to 30% incidence of an as-
sociated scoliosis in the region of the kyphosis.

The origin of Scheuermann disease is unknown.
Many theories have been advanced, including me-
chanical, metabolic, and endocrinologic. There is a
definite hereditary component, but no mode of in-
heritance is known. Patients with Scheuermann
kyphosis are generally taller than comparably aged
patients, and their skeletal age is advanced over
their chronologic age.

Histologic changes demonstrate that vertebral
growth endplate cartilage is abnormal, with a de-
creased collagen–proteoglycan ratio on electron
microscopic examination. Enchondral ossification is
profoundly altered in affected segments, and pro-
teoglycan levels are increased. The matrix of the
endplates is abnormal, thus interfering with normal
vertebral growth.

The two types of thoracic Scheuermann kypho-
sis are kyphosis with the apex at the T7-T9 level and
kyphosis with the apex in the lower thoracic spine
at the thoracolumbar junction (T11-T12). There is
generally an associated secondary increased lumbar
lordosis. The so-called lumbar Scheuermann kypho-
sis has the apex at L1-L2. This condition is generally
more common in boys and in young athletes. It is
thought to have a traumatic origin.

Clinically, most patients with thoracic Scheuer-
mann kyphosis present with a history of deformity.
The child is often brought in by the parent because
of poor posture or is referred from a school screen-
ing program. The incidence of pain in the adoles-
cent is low, although about 20% of patients present
with a history of discomfort in the region of the
kyphosis. In patients with lumbar Scheuermann
kyphosis, the chief complaint is generally that of
pain (80%). The pain is usually intermittent in na-
ture. It is characterized as dull and aching and is
generally activity related and relieved by rest.

On physical examination, patients with upper
thoracic Scheuermann disease present with a
kyphotic deformity. This is best demonstrated in the
forward flexed position (Figure 16-20). The flexibil-
ity of the kyphosis can be demonstrated by having
the patient either hyperextend from a prone posi-
tion or sit on a chair with the hands held behind the
head and hyperextend. Lack of flexibility indicates
the structural nature of the kyphotic deformity in
contrast to patients with flexible postural kyphosis.
These patients also have a hyperlordosis in the lum-
bar spine. In lower thoracic Scheuermann disease,
the kyphosis is at the thoracolumbar junction. There
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may also be hypokyphosis above the thoracolum-
bar junction and hypolordosis in the lumbar spine.

Hamstring tightness may be present in these
patients. Because of the high association of scoliosis
with Scheuermann kyphosis, scoliosis too must be
assessed. The thoracic Scheuermann patient may
have tenderness to palpation above or below the
apex of the kyphosis. In the lumbar variety, tender-
ness to palpation is generally in the region of the
curve apex.

Each patient should have a careful neurologic
examination. Although rare, with extreme degrees
of kyphosis, neurologic deficit can ensue. In addi-
tion, there is an association of epidural cyst, causing
spastic paraparesis in patients with Scheuermann
kyphosis.

A paucity of natural history data are available
on Scheuermann kyphosis. Many authors think
that, in the thoracic variety, if pain is present, it sub-
sides with growth and that there are few adverse
long-term sequelae of the condition. Others postu-
late that the incidence of pain with Scheuermann
kyphosis increases throughout life, as may the de-
formity. The pain in adults with Scheuermann dis-
ease is generally described as the feeling of
tiredness in the back. These patients may have pain

in the hyperlordotic lumbar spine or at the apex of
the kyphosis because of ankylosis.

The diagnosis of Scheuermann kyphosis is con-
firmed on a standing lateral radiograph of the
spine. Standard radiographic technique is impor-
tant. The radiograph should be taken with the arms
parallel to the floor and resting on a support (Figure
16-21). An alternative method is to curl the fingers
and to put the pip finger joints in the supraclavicu-
lar notch on each side. It is important to see the en-
tire spine to measure the thoracic kyphosis, lumbar
lordosis, and any secondary cervicothoracic curves
that may accompany the kyphosis. The kyphosis is
measured by determining the angle between the
maximally tilted end vertebrae (similar to the Cobb
method for measuring scoliosis). A PA scoliosis film
should be obtained to detect the presence and mag-
nitude of any associated scoliosis.

The radiographic diagnosis of Scheuermann
kyphosis is made by the presence of irregularities of
the vertebral endplates, anterior vertebral body
wedging, Schmorl nodes, and decreased interverte-
bral disc space height. In older patients, degenerative
changes may be evident. The endplate irregularity,
Schmorl nodes, and disc space narrowing are often
but not always seen. There is some discrepancy in the

FIGURE 16-20. (A) Thirteen-year-old patient with normal sagittal plane spine contours on for-
ward flexion. (B) Thirteen-year-old patient with Scheuermann kyphosis. Note the sharp angular
thoracic spine kyphosis on forward flexion.
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literature regarding the number of consecutive verte-
brae that need to be wedged to make the diagnosis of
Scheuermann kyphosis. By one criterion (Sorenson
criterion), there should be wedging in three or more
adjacent vertebrae of more than 5°. In other studies,
the diagnosis is made by the presence of only one
wedged vertebrae of more than 5°. Discrepancies
compound the problem of determining the natural
history. 

On the PA radiograph, any evidence of inter-
pedicular widening should be noted because of the
association of epidural cysts with Scheuermann
kyphosis. Any scoliosis present should be assessed;
curves rarely exceed 20 to 25°. The flexibility of the
kyphosis is best demonstrated in a supine hyperex-
tension lateral view with a “bump” under the apex
of the kyphosis.

In lumbar Scheuermann disease, irregularities of
the vertebral endplates are usually present, as are Sch-
morl nodes. The intervertebral disc spaces are normal,
and there is no evidence of vertebral wedging.

In a patient with an apparent exaggerated
kyphosis, the differential diagnosis includes pos-
tural round back. In postural round back, there is a
slight increase in the thoracic kyphosis. The kypho-
sis, however, is flexible, as demonstrated on the
prone or sitting hyperextension tests. On the stand-
ing lateral radiograph, there are no structural changes
as noted for Scheuermann kyphosis. The kyphosis in
postural kyphosis patients is usually in the range of
45 to 60°. On the supine hyperextension lateral view,
the deformity is totally flexible. The question re-
mains whether a postural kyphosis left untreated
may progress and get secondary bony changes re-
sembling Scheuermann disease. Postural kyphosis,
if flexible, should be treated by exercising.

Thoracic hyperkyphosis is also seen in patients
with various types of skeletal dysplasia, such as
spondyloepiphyseal dysplasia congenita and
Morquio disease. These conditions can usually be
diagnosed by the clinical examination and other ra-
diographic features. Ankylosing spondylitis may
present a similar picture, but 97% of these patients
are HLA-B27-positive. Kyphosis may also be pres-
ent in patients who had a laminectomy before skele-
tal maturity and in patients who had radiation to the
spine for a regional tumor, such as Wilms, tumor or
neuroblastoma. Kyphosis may also been seen with
eosinophilic granuloma. Type II congenital kypho-
sis (failure of segmentation) may be confused with
Scheuermann disease. It may be necessary to use
CT scanning to identify the anterior failure of seg-
mentation seen in this condition to differentiate it
from Scheuermann kyphosis.

The treatment of Scheuermann kyphosis is con-
troversial. Lumbar Scheuermann disease generally
responds well to nonoperative measures, such as
nonsteroidal anti-inflammatory agents and tempo-
rary activity restriction. There are no adverse long-
term sequelae from lumbar Scheuermann disease.

Some authors think that the natural history of
thoracic Scheuermann kyphosis is benign and there-
fore needs no treatment. Others report increasing
pain with progression of the deformity. It is uncertain
whether treatment prevents any of the consequences
that may occur without treatment. Treatment of
Scheuermann kyphosis in the skeletally immature
patient is recommended in the hope of preventing
excessive deformity that may cause pain and cos-
metic concerns. Exercises alone are not beneficial.
Hyperextension body casts changed at monthly in-
tervals to correct the curvature may be used in the
skeletally immature patient with a rigid Scheuer-
mann kyphosis (i.e., less than 10 or 15° of correction
on hyperextension lateral radiograph) followed by
bracing; this technique is rarely used today. In those
patients with a somewhat flexible Scheuermann
kyphosis, the Milwaukee brace is prescribed, al-
though some orthopaedists prefer to use a hyperex-
tension underarm orthosis to hopefully improve
brace wear compliance. In some centers, particularly
in Europe, casting alone is used as a treatment for
this condition. Treatment is generally continued until
the patient reaches skeletal maturity. In immature pa-
tients, some of the anterior wedging associated with
Scheuermann kyphosis may be corrected by treat-
ment. Follow-up studies of patients treated for
Scheuermann kyphosis demonstrate increase of the
kyphosis over time even after brace treatment.

Surgery is rarely indicated in patients with
Scheuermann kyphosis. In patients with curves
greater than 75° and with pain unresponsive to non-
operative measures, spinal fusion can be consid-
ered. Treatment of kyphosis of this magnitude
requires anterior and posterior spinal fusion through-
out the length of the kyphosis. Cord decompression
is indicated for the rare patient who has neurologic
deficits secondary to epidural cysts or increased
kyphotic angulation.

Spondylolysis and Spondylolisthesis

Spondylolysis is a descriptive term referring to a de-
fect in the pars interarticularis. The defect may be
unilateral or bilateral and may be associated with
spondylolisthesis. Spondylolisthesis refers to the an-
terior displacement (translation) of a vertebra with
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FIGURE 16-21. (A) Standing lateral radiograph of patient with Scheuermann disease (94°).
Note the marked vertebral wedging at the curve apex. (B) Coned-down views of spine in another
patient with Scheuermann disease. Note the vertebral wedging, endplate irregularity, and disc
space narrowing.

respect to the vertebra caudal to it. This translation
may also be accompanied by an angular deformity
(kyphosis). These two topics are considered to-
gether in that the most common cause of spondy-
lolisthesis in children is spondylolysis.

Spondylolysis occurs most commonly at the L5
to S1 level and less frequently at the L4-L5 region.
Spondylolytic lesions may occur at other lumbar
levels or at multiple levels. Spondylolytic lesions are
found in about 5% of the general population.

Spondylolysis is an acquired condition. It has not
been reported in infants and is rarely present before
5 years of age. There is an increased incidence of
spondylolysis and spondylolisthesis up to the age of
20 years, after which the incidence remains stable.

Spondylolisthesis is classified into five types
(Table 16-5). It is further classified by the degree of
angular and translational displacement. The diag-
nosis and treatment of the condition depends on
the type.

TABLE 16-5.
Classification of Spondylolisthesis

Type Description
I Dysplastic
IIA Fracture in pars interarticularis (stress fracture)

B Elongated intact pars interarticularis
C Acute fracture

III Degenerative
IV Traumatic (fracture in other than pars interarticularis)
V Pathologic

(Adapted from Wiltse LL, Newman PH, MacNab I. Classification of spondylolysis and
spondylolisthesis. Clin Orthop 1976;117:23–29.
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Spondylolysis is thought to be an acquired con-
dition secondary to a stress fracture at the pars in-
terarticularis. Experimental studies showed that
extension movements of the spine, particularly in
combination with lateral flexion, increase the shear
stress at the pars interarticularis. Clinical evidence
for this theory includes the high association (four
times more than normal) in female gymnasts, foot-
ball linemen, and soldiers carrying backpacks. This
etiologic theory is also supported by a reported
higher association in patients with Scheuermann
kyphosis with secondary excessive lumbar lordosis.
In contrast, spondylolysis has never been seen in
patients who have never walked.

Evidence supports the concept the spondyloly-
sis and spondylolisthesis may be inherited condi-
tions. There is a high association of the condition in
family members of affected patients. There are
racial and gender differences, with the lowest inci-
dence in black females and the highest incidence in
white males. Most patients with type I spondylolis-
thesis have abnormalities at the lumbosacral junc-
tion with poor development of the superior aspect
of the sacrum and superior sacral facets and with
associated sacral spina bifida. Similar congenital
changes have also been reported in about one-third
of patients with type II spondylolisthesis. Thus,
these conditions may be genetic, acquired, or both.

The presenting complaints of patients with
spondylolysis and spondylolisthesis are determined
primarily by the age of the patient and, in spondy-
lolisthesis, by the type. Although pain is the most
common presenting complaint in the adult, it is rel-
atively uncommon in children or the symptomatol-
ogy is usually mild. Children most commonly
present with gait abnormalities, postural deformity,
and hamstring tightness. Back pain is usually local-
ized to the lower-back region, with occasional radi-
ation to the buttocks and the thighs. Occasional L5
radiculopathies are present, although this is not
common in children.

The adult patient with type III degenerative
spondylolisthesis generally is older than 40 years of
age, and women are more commonly affected than
men. Pain in degenerative spondylolisthesis is often
similar to the pain patterns in patients with a herni-
ated nucleus pulposus (i.e., the patient has pain ra-
diating down the leg and complaints of sciatica).
Patients may complain of pain similar to spinal
stenosis and have claudication-type symptoms (i.e.,
pain and cramping in the calves and back brought
on by walking and relieved by sitting in a flexed
spinal posture). In most cases of spondylolysis and

spondylolisthesis, pain is precipitated by activity,
especially flexion and extension on a repetitive
basis, and relieved by rest or lowered activity levels.

Each patient must have a complete physical ex-
amination, including detailed neurologic examina-
tion. About 80% of children with spondylolysis and
accompanying spondylolisthesis have evidence of
hamstring tightness. The cause for this is unknown
but is thought to be instability in the area of the
spondylolysis and spondylolisthesis resulting in
cauda equina irritation. Hamstring tightness is re-
sponsible for the postural abnormalities often seen
as the presenting complaint of the patients with
spondylolisthesis. Restrictive flexion secondary to
the hamstring tightness and the pelvic tilt gives the
patient a stiff-legged gait with a short stride length.
The pelvis rotates as the child takes a step, and often
the child walks on tiptoes with the knees slightly
flexed. The hamstring tightness may be so severe in
some children that, in performing a straight-leg
raising test in a supine position, the leg can only be
lifted several inches off the table.

The physical findings referable to the back de-
pend on the type and degree of the slip. Patients
may present with mild tenderness to palpation in
the area of the spondylolysis or spondylolisthesis.
In severe grades of slip, a “step-off” may be pal-
pated. There may be an apparent increase in lum-
bar lordosis with a backward tilting of the pelvis
(Figure 16-22). The patient may present with pro-
trusion of the lower abdomen, and in severe cases
of spondylolisthesis, a deep transverse abdominal
crease may be noted. A detailed neurologic exami-
nation, including deep tendon reflexes, sensory ex-
amination, and motor strength, should be performed
on each patient with particular attention to any
dysesthesia near the sacrum and rectum. A history
of bowel or bladder dysfunction may be indicative
of cauda equina syndrome.

About one-third of patients with symptomatic
spondylolisthesis have evidence of scoliosis. The
scoliosis most commonly seen in association with
symptomatic spondylolisthesis is generally not struc-
tural. It is more commonly seen in patients with
high-degree slips. The curve is usually in the lumbar
region and resolves with the resolution of the symp-
toms of the spondylolisthesis. Some patients have a
characteristic idiopathic scoliosis that is unaffected
by the spondylolisthesis or its treatment.

Spondylolisthesis in patients with isthmic
spondylolysis may occur any time after the pars
fractures. Most slippage occurs during the adoles-
cent growth spurt. Rarely are significant increases
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in the degree of spondylolisthesis seen after skeletal
maturity.

If spondylolysis or spondylolisthesis is clini-
cally suspected, standing PA and standing lateral
radiographs of the spine with a cone-down lateral
view of L3 to the sacrum are indicated. In most
cases, the pars interarticular defect can be seen on
the spot lateral views. The defect is usually at the L5
to S1 level. Defects at the L4 level are more common
in patients who have complete or partial sacraliza-

tion of the L5 vertebra. If the defect is not visualized
on the lateral film and the condition is suspected, an
oblique view may be helpful. On this view, one can
see what has been described as a Scotty dog with a
broken neck or wearing a collar (Figure 16-23). In
about 20% of patients, the lytic defect is unilateral
and may be accompanied by reactive sclerosis in the
opposite pedicle, lamina, or both. This situation
often presents a difficult diagnostic dilemma in that
the sclerotic region can be confused with lesions

FIGURE 16-22. High grade spondylolisthesis, physical
findings. (A) Note the flattening of the buttock, anterior
protrusion of the pelvis, visible lumbar slip-off, and apparent
shortening of the trunk. (B) Displaying characteristic ham-
string tightness, limiting his ability to touch his toes without
flexing the knees. (Turner RH, Bianco AJ. Spondylolysis and
spondylolisthesis in children and teenagers. J Bone Joint
Surg 1971;53A:1298)

FIGURE 16-23. (A) Diagram of oblique radiograph of
lumbosacral junction, showing cleft in isthmus of the fifth
lumbar vertebra. The articular process of the sacrum proj-
ects upward and penetrates the cleft, meeting the inferior ar-
ticular process of the fourth lumbar vertebra. (B) Pathology
of spondylolisthesis showing the relation of the nerve root as
it courses through the intervertebral foramen. The continu-
ity of the pars interarticularis is bridged at the defect by a fi-
brous or fibrocartilaginous mass that rarely may encroach on
the nerve root of L5.
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such as osteoid osteoma and osteoblastoma. If the
lesion is not visualized on plain radiograph, tech-
netium bone scanning, Spect scan, or CT scan may
be helpful in identifying the lesion. In an acute in-
jury, a “hot” bone scan may allow for early detec-
tion. Bone scanning is also used to assess whether
an established lesion has the potential to heal. If the
lesion is “cold,” there is an established nonunion,
and hence immobilization would probably not re-
sult in healing of the stress fracture.

In type I spondylolisthesis, the entire posterior
arch slips forward (Figure 16-24). There is dysplasia
of the superior articular facets of the sacrum and in-
ferior articular facets of L5. Type I slips are gener-
ally limited to 25 to 30% slippage unless the pars
becomes attenuated or fractures, allowing for se-
vere degrees of slippage to occur.

In type II spondylolisthesis, the spinous process
and posterior elements remain behind (Figure 16-25).
Other changes should be noted, including the shape
of the sacrum (i.e., whether it is flattened or dome-
shaped; Figure 16-26) and the amount of wedging
of L5 (Figure 16-27). In the adult disc space, narrow-
ing and degenerative changes at the intervertebral
disc and posterior elements should be noted. Pa-
tients with a more rounded S1 and a more wedged-
shaped L5 have a greater risk of progression.

Spondylolisthesis is graded on a scale of 1 to 4
depending on the percentage of anterior translation
of L5 on S1, with grade 1 being a 25% slip; grade 2, a
50% slip; grade 3, a 75% slip; and grade 4, a complete

slip (Figures 16-28 and 16-29). The term spondylopto-
sis is used to describe complete displacement of L5
in front of S1. It is important in assessing spondy-
lolisthetic patients to have standing lateral radi-
ographs of the lumbosacral junction because
instability is not uncommon, particularly in child-
hood (Figure 16-28). Several standard methods of
measurements are used to quantitate spondylolis-
thesis; these include the percentage of translation,
sagittal roll, and slip angle (Figures 16-30 and 16-31).
These measurements of angulation or lumbosacral
kyphosis are important prognostic indicators.

Additional radiographic studies may be in
order, especially in the adult patient with degener-
ative spondylolisthesis. These studies include flex-
ion-extension lateral views to detect instability and
CT scanning with or without myelographic en-
hancement to assess the integrity of the disc and to
look for other potential sources of the discomfort.
They are also useful to ascertain the specific pathol-
ogy in spondylolisthesis associated with or causing
spinal stenosis and to rule out intraspinal pathol-
ogy in patients who do not have resolution of
symptoms by nonoperative measures. Myelogra-
phy is rarely indicated in the child or adolescent
with spondylolisthesis; MRI may be used if the pa-
tient has signs or symptoms of nerve root compres-
sion or cauda equina syndrome. In the adult
patient, other diagnostic tests, such as EMG, motor
nerve condition studies, and psychological testing,
may be considered.

FIGURE 16-24. (A) Nine-
year-old girl with type I spondy-
lolisthesis. Note how pars
interarticularis has become at-
tenuated, allowing for severe
slippage (translation and angula-
tion). The entire posterior arch
has slipped forward. (B) Poly-
tome demonstrating the elonga-
tion of pars interarticularis.
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FIGURE 16-25. (A) Six-year-old female gymnast who complained of mild backache. Narrowing of
pars interarticularis noted in radiograph. (B) At age 11, she had increasing pain. Radiograph demon-
strates a lytic defect (type IIA) of the pars interarticularis and significant translation; surgery was
recommended but refused. (C) Because of increasing pain, surgery was performed at age 12. The pre-
operative radiograph demonstrates increasing anterior translation and lumbosacral angulation
(kyphosis).

FIGURE 16-26. Spondylolisthesis. Note the attempt at
formation of a supporting ledge at the anterior edge of the
sacrum.

FIGURE 16-27. The lumbar index represents the degree
of trapezoidal deformation of the fifth lumbar vertebral
body. Although a decreased lumbar index is secondary to
increased slipping, when considered in conjunction with
other factors, such as the adolescent growth spurt, a dome-
shaped first sacral vertebra, and female gender, it indicates
that the patient is at risk for progression of slipping. (Boxall D,
Bradford DS, Winter RB et al. Management of severe
spondylolisthesis in children and adolescents. J Bone Joint
Surg 1979;61A:479)
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FIGURE 16-28. Spondylolisthesis,
demonstrating the accuracy of the
standing radiograph. The displace-
ment is measured as a percentage of
the width of the adjacent vertebral
body. The standing and recumbent
views are compared. (Lowe RW,
Hayes TD, Kaye J, et al. Standing
roentgenograms in spondylolisthesis.
Clin Orthop 1976;117:80) 

FIGURE 16-29. Meyerding grading system for spondy-
lolisthesis, demonstrating the degrees of slipping of the
fifth lumbar vertebra on the sacrum. (Meyerding HW.
Spondylolisthesis. Surg Gynecol Obstet 1932;54:374)
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Most children with spondylolysis can be treated
successfully without surgery. If the diagnosis is
made as an incidental finding, no activity restric-
tions are necessary. The patient should, however, be
followed through skeletal maturity with standing
spot lateral radiographs of the lumbosacral spine
every 6 to 8 months to watch for the development of
spondylolisthesis.

In a patient with spondylolysis with acute onset
of symptoms, bone scanning is helpful to assess the
lesion and to follow healing. In such patients, par-
ticularly athletes, some evidence suggests that im-
mobilization in a cast or brace allows for healing of
the lesion. There are some differences of opinion
about whether the cast should extend from the nip-
ple line to include one or both legs or if the same re-
sults may be achieved in a TLSO. If this treatment is
attempted, the patient can be followed by serial ra-
diographs and bone scans to assess healing.

Most patients with nonacute lesions can be suc-
cessfully treated by activity restriction and exercises,
including hamstring stretching. If symptoms are
more severe, a short period of bed rest may be tried

before immobilization in a TLSO. Exercises should
be prescribed. Nonsteroidal anti-inflammatory med-
ications are a useful adjuvant to treatment.

If the patient does not respond to conservative
management, other conditions, including neuro-
logic conditions and tumors of the spine and spinal
cord, must be ruled out before instituting surgical
treatment. In patients whose symptoms do not re-
spond to nonoperative treatment, lumbosacral in-
tertransverse process fusion of L5 to S1 has a 90%
chance of obtaining a solid fusion with relief of
symptomatology, including resolution of hamstring
tightness. In patients with isolated or multiple de-
fects in the L1 to L4 region, surgical repair of the de-
fect by one of many available techniques is often
recommended to allow for sparing of lumbar mo-
tion segments.

In asymptomatic patients who have spondylolis-
thesis with less than a 25% slip, no treatment is indi-
cated. Natural history indicates that the likelihood
of having future problems is essentially the same as

FIGURE 16-30. Percentage of slipping. A line is extended
upward from the posterior surface of the first sacral vertebral
body, and a second line is drawn downward from the poste-
rior surface of the fifth lumbar vertebral body. The extent of
slip is the distance between these two lines. This measure-
ment is expressed as a percentage of the AP dimension of the
fifth lumbar vertebral body. (Boxall D, Bradford DS, Winter
RB et al. Management of severe spondylolisthesis in children
and adolescents. J Bone Joint Surg 1979;61A:479)

FIGURE 16-31. The slip angle measures the degree of
forward tilting of the fifth lumbar vertebral body over the
first sacral vertebral body, or the kyphosis at the level of slip-
ping. The angle is formed by a line drawn perpendicular to
the posterior aspect of the first sacral body and one drawn
parallel to the inferior aspect of the fifth lumbar vertebral
body. It represents the degree of instability and potential for
progression, particularly when the slip angle is high and a
significant increase is noted in the standing roentgenogram
as compared with the supine roentgenogram. (Boxall D,
Bradford DS, Winter RB et al. Management of severe
spondylolisthesis in children and adolescents. J Bone Joint
Surg 1979;61A:479)
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that of the general population. With slips greater
than 25%, there is an increased likelihood of the pa-
tient having lower-back symptoms compared with
the general population. Certain clinical and radi-
ographic risk factors have been determined to be as-
sociated with future pain, progressive deformity and
increasing degree of spondylolisthesis (Table 16-6).

In the skeletally immature patient with less
than a 50% slip, nonoperative measures should be
tried in attempt to control symptomatology. These
measures are similar to those described previously
for the treatment of spondylolysis. About two-
thirds of these patients have resolution of sympto-
matology with nonoperative treatment.

Indications for surgery in the skeletally imma-
ture patient are failure of relief of symptoms by
nonoperative measures or a slip of greater than
50%. L4-sacrum intertransverse process fusion is
recommended in those patients with a greater than
50% slip, and L5-sacrum fusion is recommended for
those patients with a less than 50% slip. By this
method, 90% of children can expect to have a solid
fusion within 1 year of surgery and gain resolution
of any mild neurologic symptoms, including ham-
string tightness, over the ensuing 12 to 18 months.
Nonunions and curve progression despite a solid
fusion, however, have been reported in children un-
dergoing in situ fusion. Because of these problems,
particularly with high grade slips, many authors
advocate fusion and closed reduction, followed by
pantaloon casting for about 3 months to decrease
the sagittal rotation and improve the cosmetic de-
formity. Although sagittal role or slip angle can be
changed by closed methods, vertebral translation is
generally unaltered or is changed little by these
techniques. The use of instrumentation accompany-
ing fusion with or without reduction is being done

more commonly to increase the rates of union and
decrease the prolonged immobilization necessary
with other techniques. Decompression is rarely nec-
essary in childhood spondylolisthesis and must be
accompanied by a fusion to prevent further pro-
gression.

In the adult being treated for type I or type II
spondylolisthesis, careful assessment must be done
to rule out other associated conditions (e.g., herni-
ated nucleus pulposus) and to evaluate disc degen-
eration and nerve compression. In the adult, the
symptomatology is generally confined to back pain.
In situ fusion may be all that is necessary. If the pa-
tient has leg pain, however, decompression and fu-
sion may be warranted. In the adult patient with
spondylolisthesis with or without radiculopathy,
it is incumbent on the surgeon to obtain a solid fu-
sion. Many surgeons advocate internal fixation
along with a spinal fusion. Internal fixation is most
commonly attained by means of pedicle screws,
plates, or rods. In the adult, because the risk of fur-
ther displacement is minimal, pantaloon cast im-
mobilization as advocated by some in children as
unnecessary.

In the adult with degenerative spondylolisthe-
sis (type III), the source of the pain must be sought
before recommending surgical treatment. These pa-
tients rarely develop spondylolisthesis greater than
25%. Radiographs show evidence of degenerative
disc disease as well as degeneration of the facet
joints. Some patients develop retrolisthesis, and
others may develop intraspinal synovial cysts. A
complete diagnostic evaluation must be done in
these patients, including diskography to ascertain
the source of the pain. Adult patients require a
much more extensive workup, including the possi-
bility of EMG, motor nerve conduction studies,

TABLE 16-6.
Risk Factors in Spondylolisthesis for Pain, Progression, and Deformity

CLINICAL RISK FACTORS
Younger age
Female patient
Recurrent symptoms
Hamstring tightness, if associated with gait abnormalities or postural deformity

RADIOGRAPHIC RISK FACTORS
Type I greater risk than type II
Greater than 50% slip
Increased risk with increased slip angle
L5-S1 instability with rounded sacral dome and vertical sacrum

(Adapted from Heinsinger RN. Spondylolysis and spondylolisthesis in children and adolescents. J Bone Joint Surg
1989; 71A:1098–1107)
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psychological testing, diskography, epidural steroid
injections, or nerve root blocks, to ascertain the
cause of pain and prognosticate the effectiveness of
treatment. Most patients with degenerative spondy-
lolisthesis can also be treated nonoperatively. In
those who fail conservative treatment, exhaustive
diagnostic measures must be undertaken to deter-
mine the source of pain.

Herniated Nucleus Pulposus

Of all cases of herniated nucleus pulposus reported,
less than 3% occur in children. An estimated 30 to
60% of cases reported have an associated history of
trauma. There is a male predominance. Herniated
nucleus pulposus in children is associated with ad-
ditional vertebral disease, including sacralized L5,
lumbarized S1 (either complete or incomplete),
asymmetric articular facets, and spina bifida.

Symptoms of a herniated nucleus pulposus in
the child may be minimal or they may be character-
istic of the adult condition. In children, however,
there is occasionally an associated scoliosis second-
ary to muscle spasm. The neurologic symptoms in
children are less common and less severe. Herniated
nucleus pulposus may also occur in association with
a slipped vertebral apophysis or fracture of the ver-
tebral apophysis. The most common levels involved
in children are L4 to L5 and L5 to S1. Treatment rec-
ommendations are the same as those in the adult.

BACK PAIN IN ADULTS

Back pain in the adult is one of the most common
and costly medical problems. About 80 to 90% of
the adult population suffers from back pain during
their life. Most cases of back pain resolve sponta-
neously. Half of patients who complain of back pain
are generally asymptomatic within 2 weeks, and
90% are asymptomatic after 3 months. It is esti-
mated that 1 year after symptom onset, only 2% of
all adults with back pain have persistent pain.

Back pain is the most common cause of disabil-
ity for patients under 45 years of age. Although
back pain is a common complaint, in 80 to 90% of
cases, a pathologic cause cannot be determined.
Epidemiologic studies determined that risk factors
related to the development of back pain include job
dissatisfaction, repetitive lifting, low-frequency vi-
bration, low educational level, smoking, and social
problems.

In the adult patient who presents with back-
ache, the history, careful physical examination of
the musculoskeletal system, and complete neuro-
logic examination generally allow the physician to
make the diagnosis. Diagnostic tests are only used
to confirm the suspected diagnosis. Most causes of
back pain are self-limiting. Over half of patients
with back pain recover within 7 days. Patients who
have back pain-associated sciatica (pain down the
distribution of the nerve roots contributing to the
sciatic nerve) generally recover within 4 weeks.

Historically, the onset of the patient’s pain
should be assessed in terms of whether it is acute or
chronic and whether it had an insidious onset or
whether it can be related to a traumatic event. Risk
factors should be sought. Pain should be character-
ized regarding location and whether it is confined
to the back or the leg. It is important to determine
the pattern of the pain. In patients with sciatica, the
pain (and sometimes numbness or tingling) charac-
teristically radiates down the distribution of one of
the nerve roots that contributes to the sciatic nerve,
characteristically L4, L5, or S1. If the pain does not
radiate below the knee but is localized primarily to
the back, buttock, hip, and distal thigh, it is likely to
be referred pain rather than pain caused by com-
pressive irritation of one of the nerve roots of the
sciatic nerve.

The patient should be asked about the effect of
position and activity on the pain. The patient
should also be queried about muscle weakness or
numbness and its location. Medications taken by
the patient and their effect on pain should be noted.
The effect of previous treatments should also be
assessed. A necessary line of questions includes
whether or not there is workman’s compensation or
litigation involved. Job description and satisfaction
should also be assessed. The patient must also be
questioned about the symptoms impact activities of
daily living. Swelling, erythema, and pain in other
joints should be noted because they may be indica-
tive of a generalized condition, such as metabolic
bone disease or rheumatoid spondylitis.

The patient should specifically be asked about
urinary incontinence or retention or change in pat-
tern of stream, which may indicate bowel or blad-
der dysfunction. Complaints of nonanatomic sensory
loss (e.g., stocking-glove anesthesia or nonspecific
motor loss throughout the entire lower extremities)
should alert the physician to the possibility of a
neuropathy or a nonorganic cause of the symptoms.
Psychosocial factors can contribute to back pain or
response to treatment in patients with chronic back
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pain. It is important to use additional studies, in-
cluding psychological inventories such as the Min-
nesota Multiphasic Personality Inventory, to assess
these patients.

In most cases, the pathologic condition causing
the patient’s symptoms can be ruled in or out by the
history alone. Careful physical examination, how-
ever, must be done. The patient should be evaluated
in a standing position to assess the presence or ab-
sence of the normal sagittal and coronal plane con-
tours. The spine should be assessed in flexion,
extension, and lateral bending. Restriction of motion
or abnormality in any of these motions should be
noted. The effect of various motions on the patient’s
back or leg pain should be noted. The spine should
be examined in the prone position. The entire spine
should be palpated, assessing both the soft tissues
and bone elements for tenderness. The effect of pal-
pation on the patient’s symptomatology should also
be noted. The sacroiliac joint should be examined,
as should the hips. Pathology in these areas may be
confused with pain of spinal origin. Each der-
matomic region must be assessed for all sensory
modalities (Figure 16-32). Motor function in each
muscle group must be graded. Reflexes should be
tested and any asymmetry noted (Table 16-7). A
positive Babinski sign may indicate an upper motor
neuron lesion. Assessment of rectal tone and peri-
anal sensation is imperative in any patient com-
plaining of back pain. The straight-leg raising test
should be performed both in the supine and prone
(femoral stretch) positions. In the supine position,
the test is performed by passively elevating the
patient’s leg with the knee extended and pelvis

stable. The test is positive if this maneuver repro-
duces sciatic pain (radiating below the knee). If the
patient only complains of back pain or tightness of
the hamstring muscles behind the thigh, the test is
considered negative.

The straight-leg raising test is one of the so-
called tension signs indicative of neural irritability.
This specific test should be done on both legs. If the
patient’s asymptomatic straight-leg raising test elic-
its sciatic pain down the contralateral leg, this is
called a positive contralateral straight-leg raising
test and indicates nerve root irritation.

Another tension sign is the bow-string test; this
is a straight-leg raise performed with the knee
flexed. With the leg held in this position, the popliteal
fossa is palpated. A positive bow-string test occurs

TABLE 16-7.
Reflexes

DEEP TENDON REFLEXES
Biceps: C5
Brachioradialis: C5, C6
Triceps: C7, C8
Patella: L3, L4
Achilles: L5-S1

SUPERFICIAL REFLEXES
Upper abdominal: T5–T10
Lower abdominal: T10–T12
Cremasteric: L1, L2

SPHINCTERIC REFLEXES
Bladder: S3–S4
Anus: S3–S4

FIGURE 16-32. (A) The usual relation of the protruded disc at the fourth lumbar interspace. The
fifth lumbar nerve root is compressed. (B) An uncommon relation of the protruded disc at the fourth
lumbar interspace. The fourth lumbar nerve root is compressed.
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if, during the compression of the tibial nerve in the
popliteal fossa, the patient complains of radiating
pain both proximally and distally or of paraesthesia
in the distribution of any particular branch of the
sciatic nerve.

The reverse straight-leg raising test (femoral
stretch test) is performed with the patient in the
prone position. The leg is extended from the hip,
stretching the femoral nerve. Any pain along the
distribution of the femoral nerve is considered a
positive stretch test.

Pulses should be evaluated in the lower extrem-
ity. Patients with spinal stenosis have symptoms of
claudication. The presence of palpable pulses in the
extremities is helpful in ruling out a vascular cause
of the claudication symptoms.

It is important during the physical examina-
tion to look for inconsistencies. The Wadell tests
for nonorganic causes of lower-back pain are use-
ful in evaluating patients with chronic backache
(Table 16-8).

The urgency with which the physician must
proceed with further diagnostic workup depends
on whether the patient has a history or physical ex-
amination compatible with lumbar radiculopathy,
keeping in mind the natural history. The remain-
der of the diagnostic tests and treatment alterna-
tives depend on whether the patient has acute or

chronic back pain and whether there is an associ-
ated radiculopathy.

Acute Back Pain With Lumbar
Radiculopathy

The most common cause of lumbar radiculopathy in
patients younger than 40 years of age is a herniated
nucleus pulposus. The nucleus pulposus may bulge
into the canal. Tears of the fibers of the annulus fi-
brosis may allow the disc to extrude through the
annulus, or the disc may sequester through the an-
nulus and lie free in the spinal canal or neural
foramina. Nerve root compression may cause sec-
ondary inflammation of the nerve root, giving the
patient subjective symptoms of pain, numbness, or
tingling along the distribution of the particular
nerve root. The most commonly affected nerve roots
are L5 and S1. In the lumbar spine, the exiting nerve
root is named for the vertebra about which it exits.
Therefore, the L5 nerve root exits before the L5 to S1
disc space below the L5 pedicle. Thus, L5 to S1 disc
herniation usually causes irritation of the S1 nerve
root (Figure 16-33). Herniations occur less frequently
at higher levels. Pain associated with a herniated nu-
cleus pulposus varies from mild pain along the dis-
tribution of the nerve to severe incapacitating pain.

TABLE 16-8. 
Nonorganic Physical Signs in Lower-Back Pain

Category Test Comment
Tenderness Superficial palpation Inordinate, widespread sensitivity to light touch of the superficial 

soft tissues over the lumbar spine is nonanatomic and suggests 
amplified symptoms.

Nonanatomic testing Tenderness is poorly localized.
Simulation (to assess Axial loading Light pressure to the skull of standing patient should not significantly 

patient cooperation and increase symptoms.
reliability)

Rotation Physician should rotate the standing patient’s pelvis and shoulders in 
the same plane; this does not move the lumbar spine and should not 
increase pain.

Distraction Straight-leg raising Physician asks the seated patient to straighten the knee. Patients with 
true sciatic tension arch backward and complain. These results 
should closely match those of the traditional, recumbent straight-leg 
raising test.

Regional Diffuse motor weakness or bizarre sensory deficits suggest functional 
regional disturbance if they involve multiple muscle groups and 
cannot be explained by neuroanatomy principles.

Overreaction Excessive and inappropriate grimacing, groaning, or collapse during a 
simple request is disproportionate.

(Adapted from Waddell G, McCulloch JA, Kummel E, Venner RM. Nonorganic physical signs in low back pain. Spine 1980;5:117–125)
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Physical examination of the patient with a her-
niated nucleus pulposus generally reveals restricted
range of motion with forward flexion increasing the
pain. The patient may list to one side. Sensory and
motor examination may show evidence of nerve
root compression with decrease in sensation, mus-
cle weakness, or both and diminished reflexes in the
region of the affected nerve (see Table 16-7 and Fig-
ure 16-32). Circumference of extremities should be
measured to detect any evidence of atrophy. Acute
nerve root irritation is evidenced by positive ten-
sion signs and straight-leg raising, contralateral
straight-leg raising, and bow-string stretch tests. A
contralateral straight-leg raising test is the most
specific sign of herniated nucleus pulposus.

The natural history of acute lumbar radiculopa-
thy shows about half resolve within 4 weeks. Diag-
nostic studies thus are not indicated initially. The
patient should be treated with a short period of bed

rest (1 to 2 days), limitation or modification of activ-
ities, and in some cases, anti-inflammatory drugs
(aspirin or nonsteroidal anti-inflammatory agents).
Epidural steroid injections may provide short-term
relief for patients with a herniated nucleus pulpo-
sus. Treatment modalities advocated in the past
(traction, spinal manipulation, corsets or braces,
and physical therapy) have little scientific validity.
As the adult symptoms resolve, it is important to
get the patient on a rehabilitation program to pre-
vent recurrent episodes of back pain and disability.
Patients should be encouraged to increase their ac-
tivity level and begin a conditioning and physical
fitness program.

Because it is unusual for an acute herniated nu-
cleus pulposus to cause bilateral sciatica, the pres-
ence of bilateral lower-extremity neurologic signs
and symptoms should alert the physician to the
possibility of a central disc herniation or, rarely,

FIGURE 16-33. Distribution of spinal dermatomes. Considerable overlap occurs; conse-
quently, involvement of a single spinal segment may not be evident.

WeinCh16v2.qxd  1/3/04  3:29 AM  Page 512



Back Pain in Adults 513

intraspinal pathology other than disc herniation.
The presence of back pain, sciatica, and bowel or
bladder dysfunction associated with motor weak-
ness is referred to as cauda equina syndrome and is
generally caused by extrinsic compression of the
thecal sac in the area of the cauda equina. Cauda
equina syndrome often requires immediate surgi-
cal intervention. Only patients with acute cauda
equina syndrome should undergo immediate diag-
nostic evaluation. These patients should have im-
mediate MRI, myelography, or both to determine
the cause of the cauda equina syndrome before sur-
gical intervention.

In patients with persistent symptomatology de-
spite nonoperative treatment or progressive neuro-
logic deficit, further diagnostic evaluation is often
necessary. Plain lumbosacral radiographs rarely
provide diagnostic information. With aging, normal
degenerative changes occur in the lumbar spine
that often confuse the diagnostic picture. Changes
of spine degeneration are seen in as many of 70% of
radiographs. These radiographic changes have little
effect on management outcomes. Plain radiographs,
however, may be taken to rule out other pathologic
conditions, such as infection or tumor.

The ideal diagnostic confirmatory test for herni-
ated nucleus pulposus is MRI. MRI is both sensitive
and specific. CT scanning can act as an alternative if
MRI is not available. Patients who have CT scans
should have a myelogram to assess the thecal sac
both proximal and distal to the suspected level so
that abnormalities simulating radiculopathies are
not missed. If radiographic studies correlate with
the patient history and physical findings, treatment
outcomes are generally favorable. If the patient’s
symptomatology persists despite nonoperative meas-
ures, then operative intervention can be considered.
Discrepancies between the radiographic findings
and the patient’s clinical picture require further
investigation.

In the face of a static neurologic deficit, there is
no evidence to suggest that surgical intervention of-
fers any improvement in weakness or sensory
deficit over continued nonoperative treatment. In
the short term, however, most surgically treated pa-
tients with acute lumbar radiculopathy are pain free
in a relatively shorter time. Limited surgical disc ex-
cision has a success rate of 90% in patients who
have good correlation between history, physical ex-
amination, and diagnostic studies. Laminectomy is
often the procedure of choice when surgery is indi-
cated. If half or more of both or all of one facet joint
is injured causing secondary instability, fusion across

the segment may be necessary. In the absence of
facet joint injury, fusion in conjunction with diskec-
tomy is unnecessary.

Procedures such as chemonucleolysis, percuta-
neous diskectomy, and microsurgical diskectomy
have been advocated to decrease hospitalization,
minimize perineural scarring associated with
laminectomy, and speed rehabilitation. Chemonu-
cleolysis has the potential complications of anaphy-
lactic shock and neurologic deficit secondary to
acute transverse myelitis. It is contraindicated in
patients who previously underwent operative treat-
ment or have evidence of spinal stenosis. Trans-
verse myelitis has been reported in patients
undergoing chemonucleolysis using chymopapain
and having concomitant diskography. Percuta-
neous diskectomy may not be used in patients with
sequestered fragments or in the presence of spinal
stenosis. With microdiskectomy, sequestered frag-
ments can be missed, and the lateral recess may not
be adequately decompressed.

Chronic Back Pain

Assessment of the patient with chronic lower-back
pain with or without radicular pain is much more
difficult than that of the patient with acute pain.
Chronic back pain is usually defined as back pain
present for at least 6 months and not responsive to
nonoperative interventions. This is the most difficult
group of patients facing the clinician. As with the
patient with acute onset of back pain, the chronic
pain must be characterized regarding onset location,
radiation, pattern, effect of positions, associated
weakness, bowel or bladder symptomatology, and
effect of medications. Most important, however, a
psychosocial history needs to be taken. How the
pain affects the patient’s lifestyle is important; any
litigation or workman’s compensation involved
must be noted. Previous treatment modalities and
their effects must be carefully documented because
many patients with chronic lower-back pain previ-
ously had either surgical or nonoperative treatment.
Each patient must have a complete and thorough
physical examination, including neurologic exami-
nation. It is important to test the patient for nonor-
ganic physical signs. Many patients have been seen
by multiple physicians. Psychosocial evaluation of
these patients is often necessary.

The establishment of special centers devoted
to the assessment and treatment of patients with
chronic back disorders use the multidisciplinary
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approach. These clinics employ physicians, sur-
geons, psychologists, social workers, occupational
therapists, vocational rehabilitation counselors, and
others to evaluate these difficult and often complex
patients.

In the evaluation of a patient with chronic back
pain, plain films are not often helpful. Degenerative
changes may be seen on plain radiographs in a high
percentage of normal patients. This is secondary to
the normal aging process. Spina bifida occulta,
Schmorl nodes, vacuum discs, mild scoliosis, transi-
tional vertebrae (sacralization of L5 or lumbariza-
tion of S1, partially or completely) occur as frequently
in asymptomatic patients as in patients with lower-
back pain.

Plain radiographs may be helpful when the di-
agnosis of metabolic bone disease, tumor, fracture,
or traumatic injury of the spine is suspected. As
mentioned in the section on spondylolisthesis, de-
generative spondylolisthesis may be evident on
plain radiographs secondary to facet joint degener-
ation with subsequent subluxation. Subluxation
may occur in a posterior direction (retrolisthesis).
These conditions in some cases cause nerve root
compression and radicular symptoms. Inflamma-
tory disease may also be detected on plain radi-
ographs. If the patient has any other joint complaints
in association with spinal pain, radiographs of the
sacroiliac joint may help to make the diagnosis of
ankylosing spondylitis.

In the patient with chronic back pain, MRI is
useful in determining the presence of recurrent disc
herniation. MRI is especially helpful in patients
who have had previous lumbar spine surgery and
continue to have chronic back pain to differentiate
recurrent disc herniation from dural scarring.
Gadolinium-enhanced MRI increases diagnostic ac-
curacy for identifying recurrent disc herniation.
MRI has the ability to reveal early degenerative
changes in the disc. The MRI is, however, overly
sensitive in that about 40% of asymptomatic people
older than 50 years of age have an abnormal signal
on MRI. It is also difficult to visualize the lateral re-
cesses with MRI.

Myelography, once the most common diagnos-
tic tests in the evaluation of a patient with back
pain, has limited use because of the increased diag-
nostic sensitivity and specificity of MRI and CT
scanning. Myelography complications include
seizures, arachnoiditis, and induction of nausea and
vomiting. It is also inadequate for evaluating pathol-
ogy in the lateral recesses. Myelography with water-
soluble dye is most commonly used in conjunction

with CT scanning to evaluate the thecal sac proxi-
mally and distally to the suspected level.

CT scanning is useful in revealing the anatomic
parameters of spinal stenosis and lateral recess
stenosis as well as foraminal stenosis. CT scanning
is also useful in patients suspected of having verte-
bral osteomyelitis, tumors of the spine, and unrec-
ognized trauma. In patients with chronic back pain
and radiculopathy, electromyography may be use-
ful in documenting a radiculopathy and in differen-
tiating a neuropathy from a myelopathy. Motor
nerve conduction velocity and sensory nerve con-
duction velocity testing may also help in differenti-
ating neuropathies. Electrodiagnostic studies help
differentiate patients with peripheral neuropathy or
generalized or demyelinating disorders from pa-
tients with compressive neuropathy.

The various diagnostic evaluations must be
used in conjunction with the patient’s history and
physical findings to help the physician arrive at a
diagnosis and appropriate plan of management.
Few patients with chronic back pain require surgi-
cal intervention. The most common conditions re-
quiring back surgery in the adult are recurrent disc
herniation, spinal stenosis, and segmental lumbar
instability. Patients with chronic back pain without
evidence of any of the above conditions should be
treated nonoperatively. Patients who do not im-
prove with symptomatic treatment (i.e. limited pe-
riods of rest, anti-inflammatory agents, exercise and
muscle strengthening programs) should be evalu-
ated in a comprehensive back pain clinic. These
patients generally need the multidisciplinary ap-
proach to provide for lifestyle modification and re-
habilitation. Otherwise, this limited group of
patients continues to be a financial, social, and eco-
nomic burden on society.

Spinal Stenosis

Spinal stenosis is a generic term that refers to any
narrowing of the spinal canal or intervertebral fora-
men. Stenosis of the spinal canal occurs primarily,
as in congenital spinal stenosis, or it can be a devel-
opmental condition, such as in achondroplasia.
Most often, it occurs secondary to degenerative
changes in the lumbar disc and facet joints, leading
to compression of the dural sac by the ligamentum
flavum disc or bony hypertrophy of the facet joints.
Spinal stenosis can also occur after an infectious
process or a traumatic injury to the spine. Men and
women in the seventh and eighth decades of life are
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the group primarily affected by degenerative spinal
stenosis.

The clinical presentation of spinal stenosis is
variable. The most common symptom scenario is
that of either unilateral or bilateral leg pain precipi-
tated by walking and relieved by rest. Other pa-
tients complain of pain or paresthesia in the
buttocks, thighs, or groin or in various distributions
near the lower extremity.

Physical findings are variable. Tension signs are
often absent. Neurologic deficits may or may not be
present. Most patients, however, have aggravations
of symptomatology by extension of the lumbar
spine with relief of symptoms by forward flexion.
Because of the claudication-type symptoms, the
main differential diagnostic disorder is vascular
claudication. All peripheral pulses should be
checked; vascular consultation may be needed.
Plain radiographs generally reveal degenerative
changes of the spine consistent with aging changes.
Patients may show evidence of degenerative
spondylolisthesis or retrolisthesis. The diagnosis of
spinal stenosis can best be made by myelography
followed by CT scanning.

Nonoperative management may be tried, in-
cluding anti-inflammatory agents and epidural
steroid injections, but these methods are generally
unsuccessful. The treatment of choice for spinal
stenosis is often surgical decompression of the
stenosed area. All bone and soft tissues compress-
ing the thecal sac or roots should be removed, with
care taken when possible to preserve the facet joints
to avoid creating segmental instability and the need
for a fusion. About 70 to 85% of patients have good
results from this procedure.
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cal treatment of spinal disorders.

Weinstein SL, Dolan LA, Spratt KF et al. Health and function of
patients with untreated idiopathic scoliosis: a 50-year natural
history study. JAMA 2003;289:559.
Fifty-one year long-term follow up of 117 patients with untreated
adolescent idiopathic scoliosis evaluating outcomes related to health
and function. They were compared with 62 age- and sex-matched vol-
unteers. The main outcome measures were mortality, back pain, pul-
monary symptoms, general function, depression, and body image.
The article concluded that untreated adults with adolescent idiopathic
scoliosis are productive and functional at a high level at 50-year fol-
low-up. Untreated adolescent idiopathic scoliosis causes little physi-
cal impairment other than back pain and cosmetic concerns.

Weinstein SL, Ponseti IV. Curve progression in idiopathic scolio-
sis. J Bone Joint Surg 1983;65A:447.
The authors discuss the factors in curve progression after skeletal
maturity in a group of 102 untreated patients followed for an aver-
age of 40 years.

Weinstein SL, Zavala DC, Ponseti IV. Idiopathic scoliosis: long-
term follow-up and prognosis in untreated patients. J Bone
Joint Surg 1981;63A:702.
The authors followed 194 patients with untreated adolescent idio-
pathic scoliosis for an average of 39.3 years. The authors studied the
effects on pulmonary function, psychological effects, mortality,
morbidity, and backache in this large, untreated population.
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Congenital Spinal Deformity

McMaster MJ, David CV. Hemivertebra as a cause of scoliosis: a
study of 104 patients. J Bone Joint Surg 1986;68B:588.
The authors reviewed the natural history of 154 hemivertebrae in
104 patients. The authors determined the various risk factors, in-
cluding the type of hemivertebrae, location, age of the patient, and
number of hemivertebrae as well as their relation to each other.

McMaster MJ. Congenital scoliosis caused by unilateral failure of
vertebral segmentation with contralateral hemivertebrae.
Spine 1998;23:998.
This article examines the behavior of congenital scoliosis caused by
this particular anomaly. The combination of growth on one side of
the spine and complete absence of longitudinal growth on the oppo-
site side inevitably results in severe deformity. The author also re-
ports the presence of intraspinal and neurologic anomalies, as well
as anomalies in other organ systems.

McMaster MJ, Ohtsuka K. The natural history of congenital scol-
iosis: a study of 251 patients. J Bone Joint Surg 1982;64A:1128.
The authors reviewed the natural history of 251 patient with con-
genital scoliosis. Abnormalities are classified in regard to prognosis
for each pattern and curve location.

McMaster MJ, Singh H. Natural history of congenital kyphosis
and kyphoscoliosis: a study of one hundred and twelve pa-
tients. J Bone Joint Surg 1999;81A:1367.
This study examines congenital vertebral anomalies that result in
deformity in the sagittal plane. The authors expand the existing
classification system and emphasize that this pattern of congenital
vertebral malformation has the highest risk of neurologic defect, in-
cluding paraplegia.

Winter RB, Moe JH, Lonstein JE. The surgical treatment of con-
genital kyphosis: a review of 94 patients 5 years or older, with
2 years or more follow-up of 77 patients. Spine 1985;10:224. 
The authors reported on a 7-year average follow-up of 94 patients
with congenital kyphosis. The results of posterior fusion alone ver-
sus combined anterior and posterior fusion are presented.

Winter RB, Moe JH, Lonstein JE. Posterior spinal arthrodesis for
congenital scoliosis: an analysis of the cases of 290 patients, 5
to 19 years old. J Bone Joint Surg 1984;66A:1188.
This article reports on a 6-year average follow-up of 290 patients be-
tween 5 and 19 years of age who were treated by posterior spinal
arthrodesis with or without Harrington instrumentation. The au-
thors report that the most common problem was bending of the fu-
sion mass.

Back Pain in Children

Burton AK, Clarke RD, McClune TD et al. The natural history of
low back pain in adolescents. Spine 1996;21:2323.
Back pain occurs in more than half of children by age of 15 years,
but an orthopaedic evaluation is rarely sought.

Fredrickson BE, Baker D, McHolick WJ et al. The natural history
of spondylolysis and spondylolisthesis. J Bone Joint Surg
1984;66A:699.
This article describes a prospective study of 500 unselected first-
grade children and their families, discussing the incidence, relation
of listhesis to lysis, and cause of disease.

Freeman BL III, Donati NL. Spinal arthrodesis for severe spondy-
lolisthesis in children and adolescents. J Bone Joint Surg
1989;71A:594.
The authors report on a 12-year follow-up of 12 patients with grade
III or IV (over 50%) spondylolisthesis. The article demonstrated
that posterior in situ arthrodesis is effective, reliable, and safe for
treatment of severe spondylolisthesis.

Ginsburg GM, Bassett GS. Back pain in children and adolescents:
evaluation and differential diagnosis. JAAOS 1997;5:67.

Back pain in children and adolescents usually has a recognizable or-
ganic origin. The most common entities seen are spondylolysis,
spondylolisthesis, Scheuermann’s kyphosis, disc herniations, infec-
tions, and tumors. Early recognition and treatment can provide pa-
tients the best chance at relief of symptoms and eradication of the
underlying disease process.

Harris IE, Weinstein SL. Long-term follow-up of patients with
grade-III and IV spondylolisthesis: treatment with and with-
out posterior fusion. J Bone Joint Surg 1987;69A:960.
This article compares an 18-year follow-up of 11 patients with
grade-III and IV spondylolisthesis treated nonoperatively with a
24-year follow-up of 21 surgically treated patients. The surgical
group was less symptomatic and less restricted in their activities
than the nonsurgical group. In situ fusion gave good functional
long-term results in grade-III and IV spondylolisthesis.

Hensinger RN. Current concepts review: spondylolysis and
spondylolisthesis in children and adolescents. J Bone Joint
Surg 1989;71A:1098.
This superb review article covers all aspects of the topic and has an
extensive bibliography.

King HA. Evaluating the child with back pain. Pediatr Clin
North Am 1986;33:1489.
This review article covers the history, physical examination, radi-
ographic examination, and differential diagnosis of the child pre-
senting with the chief complaint of back pain.

Lowe TG. Scheuermann’s disease and postural round back. J
Bone Joint Surg 1990;72A:940.
This is an excellent review article on the topic of Scheuermann’s
disease with a complete bibliography.

Morita T, Ikata T, Katoh S et al. Lumbar spondylolysis in children
and adolescents. J Bone Joint Surg 1995;77B:620.
These authors investigated 185 adolescents younger than age 19
years with spondylolysis. The authors suggest that spondylolysis
is caused by repetitive microtrauma during growth and can be
successfully treated nonsurgically if treatment is started in the
early stage.

Muschik M, Hahnel H, Robinson PN et al. Competitive sports
and the progression of spondylolisthesis. J Pediatr Orthop
1996;16:364.
The authors investigated the effects of several yeas of competitive
sports training on children and adolescents with spondylolisthesis.
The authors conclude that there is no justification for generally ad-
vising children and adolescents with limited spondylolytic spondy-
lolisthesis not to take part in competitive sports.

Murray PM, Weinstein SL, Spratt KF. Natural history and long
term follow-up of Scheuermann kyphosis. J Bone Joint Surg
1993;75A:236.
The authors report on a 31-year follow-up of 81 patients with
Scheuermann’s kyphosis. Pulmonary function, pain, work atten-
dance, and disability are evaluated.

Peek RD, Wiltse L, Reynolds JB et al. In situ arthrodesis without
decompression for grade-III or IV isthmic spondylolisthesis
in adults who have severe sciatica. J Bone Joint Surg 1989;
71A:62.
The authors report on in situ fusions in 8 patients who had back
pain and sciatica caused by grade-III or IV isthmic spondylolisthe-
sis of the lumbar vertebrae and the sacrum. All patients achieved a
solid fusion with excellent relief of back pain and sciatica at 5.5 year
average follow-up.

Pizzutillo PD, Hummer CD III. Nonoperative treatment for
painful adolescent spondylolysis or spondylolisthesis. J Pedi-
atr Orthop 1989;9:538.
The authors demonstrate symptomatic relief of pain in two-thirds of
patients with spondylolysis and grade-I and II spondylolisthesis
treated nonoperatively. Adolescents with symptomatic grade-III
and IV spondylolisthesis are appropriately treated surgically.
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Ramirez N, Johnston CE, Browne RH. The prevalence of back
pain in children who have idiopathic scoliosis. J Bone Joint
Surg 1997;79A:364.
Although back pain was noted in 32% of 2,442 patients with pre-
sumed idiopathic scoliosis, only 9% of the patients with pain had an
underlying pathologic condition. If the neurologic examination was
normal and plain radiographs did not reveal lesions, MRI and bone
scans were not helpful.

Sachs B, Bradford D, Winter R et al. Scheuermann kyphosis: fol-
low-up of Milwaukee brace treatment. J Bone Joint Surg
1987;69A:50.
This article describes the long-term follow-up of 120 patients
treated for Scheuermann kyphosis with a Milwaukee brace, with a
minimum follow-up of 5 years after treatment. The authors demon-
strate that the Milwaukee brace is an effective method of treating
patients with Scheuermann kyphosis.

Saraste H. Long-term clinical and radiological follow-up of
spondylolysis and spondylolisthesis. J Pediatr Orthop 1987;7:
631.
The author reports on a long-term (mean, 29 years) clinical and ra-
diographic follow-up of 255 patients with spondylolisthesis and
spondylolysis. Half of these patients were treated for lower-back
symptoms.

Back Pain in Adults

Allan D, Wadell G. An historical perspective on low back pain
and disability. Acta Orthop Scand Suppl 1989;234:1.
This is a superb monograph that reviews the history of lower-back
pain and sciatica for the past 3,500 years. The authors also discuss
the problem of chronic disability screening.

Booth KC, Bridwell KH, Eisenberg BA et al. Minimum 5-year re-
sults of degenerative spondylolisthesis treated with decom-
pression and instrumented posterior fusion. Spine 1999;24:
1721.
This study evaluated outcome and complication rate in 49 patients
who had undergone no prior surgery for degenerative spondylolis-
thesis. Eight-three percent reported satisfaction with the procedure.
Radiographic transition syndromes were common (12 patients)
with 5 of 12 patients being symptomatic. Major complications
(2%), implant failures (2%), and symptomatic pseudoarthrosis (0)
were low.

Deyo RA, Phillips WR. Low back pain: a primary care challenge.
Spine 1996;21:2826.
Most patients come to the physician with uncomplicated low back
pain. Identifying the rare patient with significant pathology is chal-
lenging. Assessment must be rapid with limited extensive investi-
gation, a rational pragmatic approach is outlined.

Eismont FJ, Currier B. Current concepts review: surgical man-
agement of lumbar intervertebral-disc disease. J Bone Joint
Surg 1989;71A:1266.
This is an excellent review article on management of the lumbar
spine intervertebral-disc disease. The authors discuss treatment by
various modalities and the status of imaging techniques.

Frymoyer JW, Newberg A, Pope MH et al. Spine radiographs in
patients with low-back pain: an epidemiologic study in men.
J Bone Joint Surg 1984;66A:1048.
The authors demonstrate that degenerative changes of the lumbar
spine increase with age. They report that congenital and develop-
mental changes and aging changes of the spine occur in frequencies
that do not support the use of radiographs in back pain as a predic-
tive tool for individual cases.

Gordon SL, Weinstein JN. A review of basic science issues in low
back pain. Phys Med Rehabil Clin North Am 1998;9:323.
A comprehensive, well-referenced review of the current state of
knowledge of the science of back pain and future directions of re-
search is presented.

Katz JN, Stucki G, Lipson SJ et al. Predictors of surgical outcome
in degenerative lumbar spinal stenosis. Spine 1999;24:2229.
This prospective study evaluated predictors of outcome, including
sociodemographic factors, physical examination, radiographic, psy-
chological, social, and clinical history variables. The patients’ as-
sessments of their own health and co-morbidity are the most
important outcome predictors of surgery for spinal stenosis.

Kelsey JL, White AA III. Epidemiology and impact of low back
pain. Spine 1980;5:133.
This article reports that back pain is the most common cause of dis-
ability for people under 45 years of age. A herniated disc is the most
common problem in the age group of 30 to 39 years and is associated
more with sedentary occupations than active occupations. Degener-
ative changes seen on spinal radiographs are more closely linked to
the natural aging process.

Loupasis GA, Stamos K, Katonis PG et al. Seven- to 20-year out-
come of lumbar discectomy. Spine 1999;24:2313.
The long-term result of standard lumbar diskectomy is not very sat-
isfying. More than one-third of the patients had unsatisfactory re-
sults and more than one-fourth complained of significant residual
pain. Heavy manual work, particularly agricultural work, and low
educational level were negative predictors of a good outcome.

Weber H. Lumbar disc herniation: a controlled, prospective study
with 10 years of observations. Spine 1983;8:131.
In this study, between 85 and 90% of surgically treated and non-
surgically treated patients with disc hernias were asymptomatic
after 4 years. Only 2% of subjects in both groups were symptomatic
after 10 years. After 1 year, the surgical group had less pain, but
after 4 years there was no statistically significant difference in relief
of symptoms between the two groups.

Weinstein JN, Wiesel SW. The Lumbar Spine. Philadelphia: WB
Saunders, 1990.
This textbook, from the International Society for the Study of the
Lumbar Spine, covers all aspects of adult lumbar spine disease in
great detail and has a superb bibliography.
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FIGURE 17-1. Surface anatomy of the hip and thigh as patient lies on operating table. Important
landmarks include anteroposterior spine, crest of ilium, greater trochanter, and iliotibial track. There
is a prominent tensor fascia lata, and a depression between gluteus medius and the tensor fascia lata
muscle. These surface landmarks assist in proper placement of skin incisions at the time of surgery.
(Eftekhar NS. Total Hip Arthroplasty, vol 1. St. Louis: Mosby-Year Book, 1993)

Assessment and treatment of adult patients with
hip problems, whether pain, deformity, gait distur-
bance, or radiological abnormality in the absence of
clinical symptoms and signs, has altered signifi-
cantly in the last 50 years. Before that time, treat-
ment of most hip conditions arose as a sequel of
infection leading to stiffness, or posttraumatic de-
formity. Options for treating arthritic conditions
were limited. The advent of total hip joint arthro-
plasty has dramatically increased treatment options
and represents the greatest orthopaedic advance of
this century. Indications for total hip arthroplasty
(THA) are continually widening to include a multi-
tude of other conditions in progressively younger
patients. This chapter gives a clinically oriented
view of the assessment and treatment of adult hip
conditions. Emphasis has been placed not only on
the practicalities of a particular surgical procedure
but its indications. It commences with a review of
relevant anatomy and embryology.

APPLIED SURGICAL ANATOMY

Surface Anatomy

Accurate location of landmarks around the hip joint
aids greatly in the proper placement of skin inci-
sions during hip surgery. Identifiable landmarks

include the anterosuperior spine, crest of ilium,
greater trochanter, and shaft of femur. The tip of the
greater trochanter is a reliable marker to the center
of the femoral head and acetabulum (Figure 17-1).
Soft tissue identifiable beneath the skin includes the
tensor fascia lata muscle, which originates from the
external lip of the iliac crest below the anterior iliac
spine and inserts into the iliotibial tract, and the
gluteus maximus, which originates from the poste-
rior half of the ilium behind the posterior gluteal
line and inserts three-quarters of its fibers into the
iliotibial tract and one-quarter into the posterior
shaft of the femur below the greater trochanter.
These two muscles are often termed the deltoid of
the hip joint, and most surgical approaches to the
hip joint split them in some way. 

Gluteal Muscles

Gluteus medius and gluteus minimus originate in
different planes from the side of the pelvis, with
medius lying superficial to minimus. What is not
well illustrated in anatomy drawings is that their
tendons converge into a single layer that is inserted
into the greater trochanter. The original Hardinge
approach for total hip arthroplasty split these two
muscles in one layer, but separate identification of
each and suturing of the split in gluteus minimus
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as a separate repair will reduce potential dead
space, which may decrease the subsequent risk of
postoperative dislocation. Care should be taken dur-
ing the lateral approach to protect the superior gluteal
nerve that lies between gluteus medius and minimus.
Dissection should not be taken beyond 5 cm from the
tip of the greater trochanter to avoid damage to this
structure. A small bursa often lies under the most
anterior fibers of gluteus medius tendon. This bursa
can often be confused with hip capsule during the
direct lateral surgical approach. During this expo-
sure, a reliable indicator of the outer surface of hip
capsule is the insertion of the anterior fibers of vas-
tus intermedius. The undersurface of the gluteus
minimus may be adherent to the hip capsule in os-
teoarthritis and must be dissected free from it prior
to a capsulectomy being performed.

Femoral Anatomy

The greater trochanter may have an altered shape
due to underlying disease or previous surgery, and
care should be taken to avoid its fracture. The
femoral neck may not be easily identified from the
femoral head if there is extensive osteophyte forma-
tion. During THA, orientation of the femoral neck
osteotomy in the correct anteversion should always
be assessed after hip dislocation by reference to the
shaft of the femur with the knee flexed at 90°, be-
cause there is a wide variation in anteversion of the
femoral neck. If the femoral neck osteotomy is made
with reference to femoral neck anteversion, an inac-
curate cut may result, and subsequent malposition-
ing of the prosthesis may occur.

Acetabular Anatomy

The acetabulum is made up of three walls and a
floor to form a spherical receptacle for the femoral
head. The ischium, which makes up the posterior
column, is the most substantial wall. The ilium con-
tributes to the superior wall or dome, and a thin
contribution from the pubis completes the anterior
column. Medially, the floor of the acetabulum re-
ceives contributions from all three bones. Screws
placed through cementless acetabular cups to aid fix-
ation should be placed between the 10 and 2 o’clock
positions when the acetabulum is viewed from the
side, to avoid damage to the internal iliac vessels
anteriorly, and the sciatic nerve posteriorly. Revi-
sion surgery of the acetabulum often involves bony

defects in one or more of the columns, putting neu-
rovascular structures even more at risk.

A medial defect will often be covered by a
pseudomembrane, which overlies the iliacus mus-
cle. Directly medial to this lies the obturator nerve
and artery, the ureter, and the bladder. Great care
should be taken when preparing the acetabulum to
avoid damage to any of these structures, which may
have catastrophic consequences (Figure 17-2).

EMBRYOLOGY

The skeleton develops from condensed mesen-
chyme (embryonic connective tissue), which under-
goes chondrification to form hyaline cartilage
models of the bones. The limb buds appear toward
the end of the fourth week as slight elevations of the
venterolateral body wall. The apical ectodermal
ridge, a thickening of ectoderm at the distal end of
the limb bud, exerts an inductive influence on the
mesenchyme in the limb buds that promotes growth
and development of the limbs. Nerves grow into
the limb buds during the fifth week (Figure 17-3).
The upper and lower limbs rotate in opposite direc-
tions and to different degrees.

Between 24 and 36 weeks after fertilization—a
critical period of limb development, formation of
synovial mesenchyme occurs as the synovium dif-
ferentiates and is responsible for the development
of the synovial lining, the joint capsule, and the in-
tracapsular ligaments of the future hip joint. Cavita-
tion begins in the central part of these areas, with
small multiple spaces that eventually coalesce to
form the joint cavity. At about the same time, a syn-
ovial membrane develops that undergoes vascular
invasion with accompanying macrophages and
other cell types. This sequence of differentiation
suggests that development of congenital hip dislo-
cation must occur after the hip joint has formed.

At birth, the acetabulum has formed from the
ilium, ischium, and pubis as they join at the triradi-
ate cartilage. The proximal femur consists of the
femoral head and neck and the greater and lesser
trochanters. Secondary ossification centers form in
the femoral head and greater trochanter. The trira-
diate cartilage fuses in boys on average at 15 years
of age and in girls on average at 13 years of age.
The femoral head growth plate fuses on average at
17 years of age in boys and at 14 years of age in
girls. The greater trochanteric physis fuses on aver-
age at 16 years of age in boys and at 14 years of age
in girls.
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FIGURE 17-2. Site of origin of gluteal muscles on the ilium is indicated. Relationship of the sci-
atic nerve to the acetabulum, acetabular branch of the obturator artery, femoral artery and vein,
femoral nerve, and iliopsoas in relation to the acetabulum should be noted. The acetabular floor is
marked by a horseshoe articulating zone and acetabular fossa. The ligamentum teres and its syn-
ovial folds are supplied by the acetabular branch of the obturator artery. (Eftekhar NS. Total Hip
Arthroplasty, vol 1. St. Louis: Mosby-Year Book, 1993)

SURGICAL APPROACHES TO THE HIP

The surgical approach to the hip depends on the con-
dition being treated, the surgeon’s experience, and
underlying pathology. Surgeons should have a sound
working knowledge of the appropriate anatomy and
be aware of the pitfalls of each approach when ap-
plied to specific patients. There are four commonly
used approaches to the hip: the anterior or Smith-
Peterson; the anterolateral or Watson-Jones; the direct
lateral or Hardinge; and the posterior or Southern ap-

proach. There are many descriptions of these ap-
proaches, most with a variation to meet a certain
need. The principles, however, are the same.

Anterior (Smith-Peterson) Approach

This approach is commonly used to access the hip
in cases of suspected septic arthritis. The patient is
placed supine on the operating table. The skin
incision runs along the anterior aspect of the iliac
crest, and as the anterior-superior iliac spine is
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FIGURE 17-3. Longitudinal section of the lower limb of an embryo at about 48 days. Chondrofica-
tion has begun in the bone and occurs in a proximodistal sequence. (Moore KL, Persaud TV, Shiota
K. Color Atlas of Clinical Embryology, 2nd Ed. Philadelphia:W. B. Saunders, 2000)

reached, extends distally for approximately 10 to
15 cm. The incision extends through the skin and
subcutaneous tissue to the tensor fascia lata muscle.
Care is taken to identify and protect the lateral cuta-
neous nerve of the thigh as it penetrates the fascia
just below and medial to the anterior superior iliac
spine. The medial edge of tensor fascia lata is easily
seen laterally and the fascia is incised just medial to
this edge. The interval between tensor fascia lata
and sartorious is developed directly down to the
tendinous portion of the rectus femoris muscle.

The reflected head of rectus femoris may need
to be elevated off the edge of the pelvis to allow vi-
sualization of the hip joint capsule. The hip capsule
can then be incised over the front of the femoral
neck. This approach allows drainage of the hip in
cases of suspected infection. If a wider exposure is
required, then the tensor fascia lata muscle, and a
varying amount of gluteus medius muscle, can be
reflected off the outer aspect of the ilium, and the
interval between tensor fascia lata and sartorious

developed further distally. This distal extension
often results in disruption of the lateral cutaneous
nerve of the thigh and extensive dissection proxi-
mally may be followed by the development of het-
erotopic ossification in the gluteus medius.

Anterolateral (Watson-Jones) Approach

This approach is used for hemiarthroplasty and total
hip arthroplasty. The approach’s major disadvan-
tage is the potential for damage to the anterior edge
of gluteus medius while exposing the femoral shaft.
It should be used with caution in obese patients, as
access to the femur is very restricted. Also, as the ap-
proach places considerable torsional stress on the
femur, it should be used with caution in patients
with osteoporosis or other diseases likely to weaken
the femur. This approach does have the advantage
of minimal muscle disruption if performed well and
maximum stability of the joint postoperatively.
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The patient may be positioned supine on the
operating table, with the buttock elevated on a
bolster, or they may be placed in the lateral posi-
tion. The skin incision begins at the iliac crest 5 cm
posterior to the anterior superior iliac spine, runs
obliquely down to the tip of the greater trochanter,
and extends posteriorly from the tip for 3 cm. It
then curves anteriorly and distally for a further 10
to 15 cm. The incision is deepened to the fascia
lata, and the anterior edge of gluteus medius is
identified beneath the fascia. The fascia is incised
longitudinally just distal to the anterior edge of
gluteus medius, and over the greater trochanter
follows the skin incision. This incision allows the
interval between tensor fascia lata muscle and
gluteus medius to be developed. Be aware that the
terminal branch of the superior gluteal nerve
crosses this interval in its proximal third and is
susceptible to injury in this area. Clear the fibro-
fatty tissue off the front of the hip joint capsule
and identify the reflected head of rectus femoris
crossing the capsule proximally. Place a Holman
retractor around the medial side of the capsule,
one around the lateral side, and one under the re-
flected head of rectus femoris.

The whole of the anterior capsule should now
be clearly visible. The capsule can be opened and the
medial and lateral Holman retractors placed around
the neck of the femur within the joint. The femoral
neck can be transected and the head removed. Ac-
cess to the acetabulum is excellent, with the femur
retracted posteriorly by a Holman retractor placed
immediately behind the acetabulum. Access to the
femoral canal is obtained by adduction and external
rotation of the leg, and a Holman retractor placed
deep to the tip of the greater trochanter. If the lower
end of gluteus medius is attached more distally on
the anterior aspect of the greater trochanter, it may
need to be detached to improve access to the proxi-
mal femur.

Direct Lateral (Hardinge) Approach

The direct lateral approach allows excellent access
to the acetabulum and proximal femur. It has the
potential disadvantage that it may weaken the ab-
ductors with a subsequent limp, and it may not be
extensile enough to allow surgeons complete visu-
alization of the anterior and posterior acetabular
columns during revision hip surgery. Its major ad-
vantage is that dislocation following total hip re-
placement is uncommon.

The approach can be performed with the pa-
tient supine or in the lateral decubitus position. If
the lateral decubitus position is used, care should be
taken that the pelvis is correctly aligned to ensure
that component positioning is not compromised.
The skin incision begins in the midlateral line ap-
proximately 6 cm proximal to the tip of the greater
trochanter and runs distally for 10 cm. The incision
is deepened to the fascia lata, which is incised along
the line of the skin incision. A large self-retaining re-
tractor is placed under the fascia lata anteriorly and
posteriorly, exposing the gluteus medius proxi-
mally and vastus lateralis distally.

The anterior edge of gluteus medius forms a
consistent landmark where it inserts into the most
distal aspect of the greater trochanter. The tip of the
greater trochanter is palpated, and beginning proxi-
mally the gluteus medius is split along the line of its
fibers for approximately 3 to 4 cm, toward the ante-
rior superior iliac spine. This incision is then curved
distally over the anterior third of the greater
trochanter, and beyond the trochanter into the vas-
tus lateralis muscle (Figure 17-4). Avoid splitting
the gluteus medius more than 5 cm proximal to the
tip of the greater trochanter to avoid damage to the
superior gluteal nerve. A small amount of sharp dis-
section (cutting diathermy) proximal to the greater
trochanter allows the gluteus muscle to be split along
the line of its fibers. Blunt dissection can be used to
sweep the fat deep to gluteus medius superiorly,
thus protecting the superior gluteal neurovascular
bundle. The exposed gluteus minimus muscle can
then be split along the same line, giving access to
hip capsule. Dissection superiorly up this line al-
lows placement of a Holman retractor deep to the
reflected head of rectus femoris, thus exposing the
capsule up to the anterior acetabular edge. Hip cap-
sule is most easily identified at the inferior extent of
the greater trochanter, where sharp dissection com-
bined with external rotation of the leg will eventu-
ally expose muscle fibers that are the capsular
insertion of vastus intermedius. The bursa under
gluteus medius is often mistaken for hip capsule
and is a much less reliable indicator.

A complete capsular exposure, extending medi-
ally onto the acetabular margin, proximally under the
free edge of the previously split gluteus minimus ten-
don (which is often adherent to, and requires dissec-
tion off, the superior hip capsule), and distally under
the vastus intermedius muscle (often a vascular area),
allows good visualization of the femoral neck and
head. The remainder of the exposure is similar to the
anterolateral approach. The lateral approach may be
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FIGURE 17-4. Modification of the Hardinge direct lateral approach to the right hip. The fascia lata
has been split along the line of the skin incision, allowing good exposure of the lateral deeper structures.
(A) Tip of greater trochanter forms the initial landmark. (B) Incision is curved over anterior third of
greater trochanter approximately 1 mm posterior to musculotendinous junction of gluteus minimus
muscle. (C) Incision is extended for 2 to 4 cm into vastus lateralis muscle. Note the well-defined anterior
edge of gluteus medius muscle inserting into the most distal extent of the greater trochanter.

combined with trochanteric osteotomy, which allows
wide exposure of the acetabulum and improves ac-
cess to the proximal femur. Many techniques of os-
teotomy have been described, and when using this
technique surgeons should be aware that nonunion of
the greater trochanter can be a particular problem in
total hip replacement.

Posterior Approach

The posterior approach gives excellent exposure of
the proximal femur and acetabulum, is extensile for
revision surgery and involves minimal muscle dis-
ruption. However, when used for hemiarthroplasty
or total hip replacement, dislocation is more com-
mon. Careful attention to closure of the deep layers
of the incision is essential to minimize this risk.

The patient is placed in the lateral decubitus
position, with the pelvis appropriately positioned
for correct orientation of the components. The inci-
sion begins 3 cm distal to the tip of the greater
trochanter and is centered over it. The incision
passes posteriorly and proximally at 45° to the long
axis of the femur for 8 to 10 cm. The incision is
deepened to the fascia lata, and beginning distally
the fascia is incised over the trochanter and then
proximally over gluteus maximus along the line of
the skin incision. The gluteus maximus muscle is

split along the line of its fibers. A large self-retaining
retractor retracts the gluteus maximus. The leg
should then be internally rotated 20° so as to better
expose the fatty layer over the external rotators.
This fat is swept posteriorly off the short rotators
by blunt dissection, allowing visualization of the
muscles and the sciatic nerve. The tendon of piri-
formis is identified and an incision is made along
the proximal edge of piriformis distally, to the pos-
terior margin of the greater trochanter. It then turns
distally along the posterior margin of the greater
trochanter as far as the proximal margin of quadra-
tus femoris. This incision extends through the cap-
sule and thus forms an L-shaped flap that is
retracted to protect the sciatic nerve (Figure 17-5).
The hip can then be dislocated. Proximal and distal
extension of the exposure is possible to improve ac-
cess to the acetabulum and femur as necessary. The
relatively high rate of postoperative dislocation
(when compared to other recognized surgical ap-
proaches for THA) has been dramatically improved
by repair of the external rotators (Figure 17-6).

EXAMINATION OF THE HIP

Patients presenting with hip pain may have a dis-
ease affecting other parts of the body, and doctors
taking a history and examining patients whose main
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FIGURE 17-5. (A) Posterior approach to the hip joint for THA. Gluteus maximus has been split
along the line of its fibers, exposing piriformis and the external rotators. (B) An L-shaped incision in
the external rotators allows good exposure of the hip joint while the soft tissue flap is reflected poste-
riorly to protect the sciatic nerve.

complaint is “hip” pain must not forget to examine
other regions to exclude pathology in those areas.
Disorders of the spine and abdomen often present
with pain in the hip or proximal thigh and a thor-
ough assessment of these areas is essential if diag-
nostic errors are to be avoided.

Examination begins with an assessment of gait.
Gait abnormalities such as a short leg, Trendelenburg,

or antalgic should be easily identified. More com-
plex patterns such as those seen in patients with
ankylosed hips or hips that have had multiple sur-
gical procedures can be difficult to analyze, but each
abnormality identified should be documented. An
assessment of leg length is performed by assessing
the level of the iliac crests with the patient standing
evenly on both feet with the knees straight. During

FIGURE 17-6. (A) At the end of a THA procedure, a drill hole is passed through the greater
trochanter. (B) Strong suture material (5 Ticron) is used to repair the defect in the external rotator
(which in the past has led to posterior dislocation).

A

A

B

B
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this maneuver, a Trendelenburg sign is sought. The
range of spinal movement should be recorded, with
particular attention to lateral flexion, as this can be
adversely influenced by long-standing hip disease
or leg length inequality. Patients with long-standing
hip disease may also have a marked increase in
lumbar lordosis.

With the patient supine, the real and apparent
leg length should be assessed. Particular care is nec-
essary in patients who have had surgery that might
influence pelvic geometry, and in these cases leg
length assessment using computerized tomography
scanning may be appropriate. If the patient has
long-standing hip disease such as dysplasia or frank
dislocation, there may be secondary changes in the
lumbar spine. If this is suspected leg lengths should
be equalized using blocks and then the range of
lumbar spine movement, particularly lateral flexion,
noted. The hip and pelvis are checked for surgical
scars and if any are present these should be noted as
they may influence future surgery and also may be
an indicator of underlying muscle damage that will
influence the outcome of further surgery. Muscle
wasting around the hip is assessed. This is often
seen in the quadriceps and less commonly the but-
tock. Palpation of the hip area for local tenderness
can be helpful in identifying disorders such as glu-
teus medius tendinosis, but as the hip itself is a deep
joint, palpation is of limited value.

Assessment of range of movement of the hip is
best carried out passively rather than actively. The
presence of a fixed flexion deformity is tested with
the Thomas test. The maximum flexion, abduction,
and adduction should be measured taking care to
immobilize the pelvis to prevent pelvic motion giv-
ing a false sense of motion at the hip. Rotation of the
hip should be assessed with the patient prone and
supine. Assessment with the patient prone allows
more accurate measurement of rotation in the posi-
tion of function. In young patients an impingement
test, done by flexing the hip to 90° and then adduct-
ing and internally rotating the leg, may illicit pain if
there is labral pathology.

A brief neurological examination of the lower
extremity is performed to exclude disorders such as
meralgia paresthetica that may masquerade as hip
disease. The remaining joints of the affected extrem-
ity should be assessed, checking for any fixed or
paralytic deformity that may influence the outcome
of any proposed hip surgery. Where appropriate,
the contralateral leg and the upper extremities
should be assessed. This is particularly important in
patients with multijoint disease such as rheumatoid

arthritis. The vascular supply of the affected leg
should also be assessed. Functional assessment of
the hip joint and the patient as a whole may be ap-
propriate in patients who have had multiple surgi-
cal procedures or who have polyarthritis.

CLINICAL PRESENTATION 
OF HIP PATHOLOGY

Disorders of the hip most often present with pain
and or stiffness. However, the pattern of symptoms
varies with the pathology and the pathology varies
with age. Thus, an elderly patient most often presents
with primary or secondary osteoarthritis whereas a
young patient may have acetabular dysplasia or
labral pathology. Thus, it is logical to divide pa-
tients presenting with hip symptoms into three age
bands although, of course, there may be consider-
able overlap.

The Young Adult

Hip dysplasia, labral pathology, pigmented villon-
odular synovitis, and loose bodies may present in
the young adult. Dysplastic hips are associated with
intermittent postexercise pain, which becomes more
frequent with time. The pain is usually felt in the
groin or proximal thigh, but as with all patients with
hip pain it may be felt in the knee and occasionally
even further down the leg. Stiffness is rarely an early
complaint, but as the condition progresses, reduc-
tion in abduction and rotation is common.

The patient may have noted a limp. Labral
pathology causes pain and this may be positional,
such that there is pain associated with extreme flex-
ion and adduction but not with other positions. The
patient may have a feeling of a “catch” in the hip
with certain movements. There is often a history of
minor trauma preceding the onset of pain. Loose
bodies cause pain and occasional “catching” in the
hip, although frank locking of the hip is unusual.

Middle Age

At this age, dysplasia of the hip may have devel-
oped into early osteoarthritis. Pain, which may have
been a relatively mild problem in early adulthood, is
now a much greater problem. Stiffness and the de-
velopment of a leg length discrepancy are not un-
common, particularly if the acetabular dysplasia is
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severe. Other causes of secondary osteoarthritis, such
as gout and pseudogout may also present at this age.
Ankylosing spondylitis and avascular necrosis of the
femoral head commonly present with hip pain in
middle age. In the case of the former there may be a
history of back stiffness but this is not always the case.
Patients with avascular necrosis may have some iden-
tifiable risk factors such as alcohol abuse or corticos-
teroid ingestion but in many cases no risk factors are
evident. Transient osteoporosis of the femoral head is
a recently recognized condition whose onset is sud-
den, with rapidly developing pain and apparently
normal radiographs. The diagnosis can only be con-
firmed on MRI.

The Elderly

Primary and secondary osteoarthritis are common in
the aging population. Hip, thigh, and knee pain are
common and stiffness influences simple activities
such as cutting toenails and putting on underwear.
The history and physical findings are usually diag-
nostic, but other diseases such as spinal stenosis and
metastatic neoplasm should always be considered.

THE DYSPLASTIC HIP

Hip dysplasia is a consequence of failure of normal
development of the acetabulum, proximal femur, or
both. Symptoms of dysplasia vary in both site and
severity, but commonly appear in patients of 20 to
30 years.

Clinical Assessment

Aspects of the history are important and include any
prior treatment of the hip, especially surgery, for this
may alter the already abnormal anatomy. Special as-
pects of examination include the Trendelenburg sign,
the presence or absence of a fixed flexion deformity,
and the range of internal and external rotation meas-
ured with the patient prone. Signs of labral pathol-
ogy should be sought with the impingement test.

Radiographic Assessment

Radiographs should include a standard anterior-
posterior (AP) pelvic radiograph, a lateral of the
hip, a false profile view to assess anterior acetabular

coverage, and AP views with the hip in abduction
and adduction, and internal and external rotation.
From the radiographs, a number of measurements
to determine the type and severity of the dysplasia
can be made. The center-edge angle, the acetabular
index, the teardrop to head distance, and the anterior
head coverage as determined from the false profile
view allow accurate assessment of the pelvic contri-
bution to hip dysplasia. The abduction-adduction
and internal-external rotation views, together with
measurement of the neck shaft angle allow the sur-
geon to assess the contribution by the femur to hip
dysplasia. The position of the greater trochanter rel-
ative to the center of the femoral head should be as-
sessed. Occasionally CT scanning of the hip is
advisable if there has been prior surgery as the
anatomy of the acetabulum, in particular, may be
hard to define with standard radiographs.

The Role of Osteotomies

If the patient has pain that cannot be reduced by a
3- to 6-month program of nonoperative treatment
including analgesia, anti-inflammatory medication,
and physiotherapy, then surgery should be consid-
ered. Surgery can take several forms from acetabu-
lar redirection to acetabular supplementation and
femoral osteotomy.

There is considerable variation in the approach
to surgery for hip dysplasia. The shape of the
femoral head and acetabulum need to be consid-
ered. If the femoral head is nonspherical, a reposi-
tioning osteotomy of the femur or pelvis is generally
contraindicated. If the patient has a fixed deformity
of the hip, however, a repositioning osteotomy of
femur may improve hip function and reduce pain.
If the hip joint is congruous, then the site of the
“maximum” dysplasia needs to be identified. In
many cases dysplasia is most marked on one side of
the hip and correction of that abnormality is suffi-
cient to alleviate symptoms.

If there is radiographic evidence on the false
profile view of reduced anterior femoral head cov-
erage, the acetabular index is at least 15°, and there
are no or minimal degenerative changes, then an ac-
etabular redirecting osteotomy is indicated. Many
redirection osteotomies have been described but
ones in contemporary use include the Ganz, Tonnis,
and Ninomiya. The type chosen depends on the
experience and philosophy of the surgeon. The
Ganz osteotomy is performed through a single
Smith-Peterson type incision and is a periacetabular
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osteotomy, which preserves the posterior column of
the pelvis allows correction of deficient anterior
coverage, and may allow alteration in the position
of the center of rotation of the hip (Figure 17-7). The
Tonnis osteotomy uses two incisions and divides
the pelvis into two, achieving a similar degree of
correction to that of the Ganz. Both osteotomies
have a number of potentially serious complications,
including nerve palsies, nonunion, heterotopic ossi-
fication, and fractures extending into the joint. If
these are avoided, however, the short- to medium-
term results are excellent. If there are advanced

degenerative changes then the results tend to be
less satisfactory. The long-term results of periac-
etabular osteotomies of the Ganz and Tonnis types
have yet to be determined. The long-term (10–23
years) results of a different type of periacetabular
osteotomy, described by Ninomiya, have been re-
ported as very good, providing that there was little
evidence of osteoarthritis at the time of surgery. If
the radiographs show evidence of advanced de-
generative change, then a Chiari supra-acetabular
osteotomy may be considered as a pain relieving
procedure.

A

B

FIGURE 17-7. (A) Radiograph of a
27-year-old female with severe acetabu-
lar dysplasia of the right hip. (B) Post-
operative radiograph after undergoing a
right periacetabular osteotomy of the
Ganz type.
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Proximal femoral varus–varus plus rotation os-
teotomy is a more straightforward procedure, which
is indicated if the radiographs show that proximal
femoral dysplasia is the predominant dysplasia. An-
other requirement for proximal femoral osteotomy
to be considered is whether the femoral head can be
better covered, if the head can be better centered in
the acetabulum, and if the hip is either abducted, or
rotated or both. Careful preoperative planning is
necessary to provide the optimal femoral head
coverage. The degree of varus angulation seldom
exceeds 15°. If greater than 15° is planned, then
advancement of the greater trochanter is neces-
sary to avoid a Trendelenburg gait. Varus femoral

osteotomy has the advantage that the recovery is
reasonably short and the risk of serious complica-
tions is low. All varus femoral osteotomies, however,
have the potential to shorten the leg, and this should
be explained to the patient preoperatively. The re-
sults in appropriately selected patients are excellent,
although pain over the internal fixation device often
necessitates its removal (Figure 17-8).

The results of osteotomy for the treatment of
early osteoarthritis in other joints strongly suggests
that even in ideal circumstances, osteotomies for the
treatment of hip dysplasia can only be expected to
give satisfactory results for 10 to 12 years before
pain becomes a significant problem again.

A

B

FIGURE 17-8. (A) Adduction and abduction radiographs of a 
29-year-old female with moderate left hip dysplasia. Her pain was se-
vere enough that surgery was considered necessary. The adduction
view shows that there is good coverage of the femoral head when the
femur is placed in that position. (B) A varus intertrochanteric os-
teotomy gave her good pain relief without subjecting her to the risks
of THA at a young age.
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Total Hip Replacement in Hip Dysplasia

When preoperatively planning a THR in a patient
with a dysplastic hip, the two components of the
hip, the acetabulum and the femur, should be con-
sidered individually and then together. Dealing first
with the acetabulum, it may be present in its normal
position, in a more proximal position, or absent
(with or without a false acetabulum). When it is
present in its normal position, it may be relatively
small—in which case the surgeon requires small di-
ameter acetabular components. Depending on the
degree of femoral dysplasia, the anterior, or less
commonly posterior, wall of the acetabulum may be
dysplastic or absent, compromising acetabular fixa-
tion. If the surgeon has any doubts about the geom-
etry of the acetabulum, then preoperative Judet
views or a CT scan should be obtained. If the

acetabulum is present but has migrated proximally,
the shape of the ilium causes it to become progres-
sively more shallow. Also, as previously indicated,
the anterior or posterior walls may be deficient, and
the roof may slope. In these circumstances, a CT
scan of the pelvis with appropriate reconstructions
allows the surgeon to plan the surgery.

In cases where a high false acetabulum is pres-
ent, there is little or no anterior or posterior columns
to aid with cup fixation. Restoration of the center of
the rotation to the anatomical position in this situa-
tion not only improves the biomechanics of the THA
but also improves the amount of host bone available
into which an acetabular cup can be placed (Figure
17-9). Location of the true acetabular position may be
difficult in a high-riding DDH, but can be achieved
in one of three ways: (1) an intact ligamentum
teres that runs from the femoral head down into the

B

A

FIGURE 17-9. (A) Radiograph of a 57-year-old
woman with high-riding congenital dislocation of
the left hip. Her major symptom was back pain and
fatigue with exercise, not hip pain. (B) Careful pre-
operative planning was required to restore her cen-
ter of rotation to the anatomic position. Use of a
small diameter (46 mm) acetabular shell prevented a
structural graft being required. A subtrochanteric
femoral shortening was required to prevent length-
ening the leg more than 5 cm.
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FIGURE 17-10. (A) This 38-
year-old woman with severe ac-
etabular dysplasia of the left hip,
developed severe pain from sec-
ondary osteoarthritis of the
femoral head articulating against
a false acetabulum. (B) The pa-
tient’s own femoral head was re-
quired as a structural bone graft
to support the acetabular cup.
Note that screws used to hold
the graft should be directed su-
periorly into the pelvis to pre-
vent collapse of the graft before
bone ingrowth of the acetabular
cup has occurred.

acetabular fossa; (2) identification of the greater sci-
atic notch posteriorly and the anterior column, which
runs down and converges at the teardrop; (3) if nei-
ther of these anatomic landmarks is easily identified,
an intraoperative AP radiograph may be performed.
Most surgeons prefer cementless fixation of the ac-
etabular implant with supplemental screw fixation.

Factors such as leg length, bone deficiency, pre-
vious surgery, and the femoral anatomy need to be
taken into consideration. When the roof is sloping,
the femoral head may be used as a graft to support

the acetabular component (Figure 17-10). When
there is a high dislocation, there is at best a false ac-
etabulum, which generally plays no part in the re-
construction. Many of these hips do not cause pain
until later life, and THR is not indicated. If surgery
is considered desirable, then a CT scan of the true
acetabulum usually reveals a small acetabulum
with relatively osteoporotic bone. This situation re-
quires small diameter acetabular components, and
because of the osteoporosis, great care should be
taken to prevent reaming through the floor. 
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With regard to the femur, the size and shape of
the femoral canal should be considered, as it is
often small or distorted. It will be necessary to have
available a number of small implants, including
micro implants for some patients. Choice of
femoral fixation is still controversial, but surgeons
should be aware that cemented femoral compo-
nents in the small femora may give an inadequate
cement mantle. In cases of femoral dysplasia there
is frequently a marked increase in the femoral an-
teversion. This possibility should be assessed pre-
operatively with CT scanning. If the anteversion is
greater than 15°, then there are several different
strategies available. A small femoral component
may be used in association with a low neck cut to
correct the anteversion. If using uncemented com-
ponents of a tapered design, then cutting out a
piece of the back of the femoral neck allows the
component to be inserted in the correct degree of
anteversion. The anterior neck may have to be
trimmed to prevent impingement. If the antever-
sion is severe, then a modular prosthesis that al-
lows the femoral component to be rotated within a
proximal metaphyseal sleeve may be used. If a
femoral shortening needs to be performed, then the
proximal fragment can be rotated back to its correct
position.

Finally, the issue of leg length needs to be ad-
dressed. If the leg is short, do not consider length-
ening of over 5 cm. However, to work within this
limit and to achieve the appropriate acetabular and
femoral component positioning, it may be neces-
sary to shorten the femur through a subtrochanteric
osteotomy. This requires special prostheses, and
should not be undertaken without appropriate
training. If there is bilateral high riding DDH, but
only one side is symptomatic and requires THA,
consideration has to be given to resulting leg length
inequality and the functional disturbance to gait
this might cause. In this situation, the contralateral
hip occasionally requires THA to maintain function
(Figure 17-11).

Often dysplastic hips have had previous sur-
gery and this always makes hip replacement more
difficult. The old incisions may make access difficult.
There may be extensive scarring on the lateral side
of the pelvis and femur, making dissection, access,
and restoring leg length more difficult. The bony
anatomy may be quite abnormal, and preoperative
CT scanning is very useful to delineate the features
of the pelvis and proximal femur. The surgical ap-
proach adopted for THR in dysplasia depends on

the experience of the surgeon, but as a general rule
the posterior approach is more extensile and allows
better visualization of the acetabulum than the di-
rect lateral. Also dealing with severe femoral abnor-
malities may be facilitated through the posterior
approach.

AVASCULAR NECROSIS OF THE HIP

Avascular necrosis (AVN) of the femoral head is a
disorder whose incidence shows great interna-
tional variation, and thus its origin varies from re-
gion to region. Generally trauma is the major
cause of AVN. Avascular necrosis has also been as-
sociated with steroid use, alcohol abuse, Gaucher’s
disease, hemoglobinopathies, and in patients sub-
ject to severe changes in barometric pressure,
such as deep sea divers. The common pathway in
the latter conditions is likely to be alteration in the
fat content or composition of the bone marrow, with
a consequent increase in the intraosseous pressure
and a reduction in blood flow to bone trabeculae.
The exception to this pathway is in trauma, where
the blood supply to the femoral head is disrupted
when the retinacular vessels crossing the surface
of the femoral neck are torn as a result of dis-
placement of the femoral head following a frac-
ture, or stretched when the femoral head
dislocates from the acetabulum. Thus, AVN is
common following femoral neck fractures in the
elderly, and its incidence is related to the degree
of head displacement.

Clinical Assessment

The clinical presentation of AVN depends on the
age of the patient. In the elderly who have sus-
tained a subcapital fracture, AVN is often heralded
by increasing pain and a radiograph that shows fix-
ation failure, collapse of the femoral head, or both.
In younger patients with idiopathic AVN, pain is
the most common presenting feature. An associ-
ated feature is synovitis of the hip, which manifests
clinically with a decrease in the range of movement,
and the hip is irritable (there is pain throughout the
range of motion). If the patient presents late in the
evolution of the disease, then the symptoms and
signs will be indistinguishable from advanced os-
teoarthritis.

WeinCh17v2.qxd  1/2/04  6:09 AM  Page 533



534 CHAPTER 17 � The Adult Hip

B

A

FIGURE 17-11. (A) Twenty-nine-year-old female who
used a motor scooter outside the house for mobility, and
was unable to get up or down stairs. She developed pain
in her right hip that threatened her independence. (B) A
right THA was performed. Despite no complications
and good relief of her pain, her functional status and mo-
bility were not improved. Seven months later a left THA
with femoral shortening was performed. She now lives
independently, does not require walking aids, and can
manage three flights of stairs. Her leg lengths are equal.

Radiographic Assessment

Radiographic investigation begins with plain an-
teroposterior and lateral radiographs of the hip.
Early in the disease, radiographs may be normal,
but as the disease progresses it goes through sev-
eral stages. A number of authors have classified the
stages, the most commonly used classification
being that described by Ficat. Ficat’s classes divide
the disease into four stages. Stage 1 refers to a hip
that on plain radiographs appears normal. The di-
agnosis is made by measuring a raised intraosseous

pressure, histologic examination of biopsy speci-
mens, or an abnormal magnetic resonance imaging
(MRI) examination. Stage 2 avascular necrosis may
show patchy osteoporosis but an otherwise normal
radiographic examination. Clinically, however, the
hip is painful, and there may be a reduced range of
motion. Stage 3 shows some change in the contour
of the femoral head, and there may be a subchon-
dral fracture. Stage 4 shows a loss of joint space and
collapse of the femoral head. Radiographs may be
indistinguishable from advanced osteoarthritis of
the hip joint.
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MRI is the best radiological modality to diag-
nose AVN early in the evolution of the disease.
Care must be taken, however, not to misdiagnose
transient osteoporosis of the hip as AVN. The for-
mer condition involves the whole of the femoral
head and lacks the focal changes seen in AVN.
Transient osteoporosis is a self-limiting condition
with symptoms and MRI findings clearing in 6 to
8 months.

Treatment of AVN

Management of AVN depends on the age of the pa-
tient, size of the lesion, and stage of the disease. In
the elderly who develop AVN following a hip frac-
ture, total hip arthroplasty is the treatment of
choice. In younger patients with idiopathic AVN,
determining the size of the lesion is important as
this has a direct influence on the prognosis. The size
is best determined by MRI. Small lesions (less than
15% of the femoral head) may resolve without treat-
ment. Large lesions (greater than 50% of the femoral
head) tend to progress to collapse of the head and
secondary osteoarthritis, despite treatment. For in-
termediate-sized lesions, a number of treatment op-
tions have been proposed. A classification based on
the location of the lesion also has prognostic signifi-
cance. If the lesion is medial in the head, then pro-
gression is rare; if it is lateral in the head the
prognosis is worst.

There is a paucity of well-conducted trials that
show conclusively that any one treatment is supe-
rior. Treatments range from simple decompression
of the femoral head to lower the intraosseous pres-
sure, to bone grafting of the involved area either di-
rectly after dislocating the hip and elevating the
involved segment, or by using a vascularized fibular
graft placed up the center of the femoral neck. There
have been a number of osteotomies described whose
purpose is to remove the affected area of the femoral
head from the weight-bearing axis of the hip. These
include varus and valgus osteotomies and more
complex rotational osteotomies. The choice of os-
teotomy depends on the location of the lesion and
the ability of the proposed procedure to remove the
affected segment from the weight-bearing axis of the
hip. Osteotomies are generally contraindicated for
those patients who remain on corticosteroids or
have untreated metabolic bone disease. They are
generally only effective when a small area of the
femoral head is involved.

When considering surgery designed to save
the femoral head and prevent progression of the
disease to degenerative arthritis, surgeons should
be aware that, ultimately, conversion to THA is
common following these procedures and the risks
and potential benefits of such surgery should be
very carefully weighed in each case. Hemiarthro-
plasty or bipolar prostheses should be avoided in
AVN of the femoral head, as histologic assessment
of the acetabular cartilage shows abnormalities in
the majority of cases, which may adversely influ-
ence the outcome of such surgery. Idiopathic AVN
is frequently bilateral with a reported incidence of
50 to 80%, and thus MRI should be performed in
all cases.

RHEUMATOID ARTHRITIS

Rheumatoid arthritis is a chronic, systemic, inflam-
matory disorder with a predilection for articular
cartilage. The hip joint is less frequently afflicted in
the adult form of rheumatoid arthritis than other
joints; however, its involvement may result in dis-
abling symptoms and significant diminishment of
function. Likewise, juvenile rheumatoid arthritis
also more frequently involves larger, more rapidly
growing joints, including the knees, wrists, elbows,
and ankles and less commonly affects the hip joints.
It has been estimated that about 1% of the U.S. adult
population has rheumatoid arthritis. Therefore, it is
reasonable to estimate that between 4 and 6 million
cases of rheumatoid arthritis are found in the
United States.

The disease affects women more frequently,
with a female–male ratio of between 2:1 and 4:1.
The disease affects all ages but generally increases
in incidence with advancing age. In women, the
peak incidence is between the fourth and sixth
decades.

Origins and Pathology

Extensive research continues to be done, but the
exact cause of rheumatoid arthritis remains obscure.
Regardless of its cause, it may be described as an in-
flammatory process that somehow is triggered and
centers in the joints with articular cartilage. The in-
flammation manifests as a stimulus for synovium to
hypertrophy and becomes increasingly hyperplastic
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FIGURE 17-12. Severe protrusio of both
hips in a 35-year-old female with juvenile
rheumatoid arthritis. At the time of THA,
an in situ femoral neck osteotomy prior to
dislocation of the femoral head.

and hypervascular with increasing cellularity. This
hypertrophic synovial tissue invades and degrades
articular cartilage. The actual destruction of articular
cartilage is done in large part by rheumatoid pan-
nus, a fibrovascular granulation tissue that pro-
trudes from the inflamed synovium into articular
cartilage. It contains fibroblasts, small vessels, and
multiple inflammatory cells that are responsible for
the destruction of articular cartilage and its underly-
ing bone.

Pathology within the hip joint generally involves
varying degrees of articular cartilage loss secondary
to the inflammatory process. This loss usually in-
volves the entire femoral head, resulting in concen-
tric loss of cartilage and subsequent concentric joint
space narrowing. There may also be varying
amounts of bone loss and even femoral head col-
lapse. Varying degrees of cyst formation occur, and
in about 5% of patients, significant protrusio acetab-
uli develops.

Clinical Assessment

A full history and physical examination should be
performed in someone presenting for considera-
tion of surgical treatment of a rheumatoid hip. Spe-
cial attention should be taken of what medications
the patient is taking. Prior to any joint replacement,
a review with a rheumatologist to minimize or stop

steroids or antimetabolic drugs should occur, be-
cause these medications compromise fixation of
the implant and predispose the patient to an in-
creased risk of infection. Careful attention to the
state of the cervical spine and jaw for ease of anes-
thesia, and the state of the upper limbs and con-
tralateral leg for ease of postoperative mobilization,
should be made.

Radiography of the hip joint shows varying de-
grees of osteopenia and loss of joint space. The loss
of joint space, in contrast to that seen in osteoarthri-
tis, is generally concentric, and varying degrees of
protrusio acetabuli may be present (Figure 17-12).
Osteophyte formation is rare, and subchondral scle-
rosis is not a prominent feature. Cysts may develop
within both the femoral head and the acetabulum.
These changes may culminate in varying degrees of
femoral head collapse, and in severely advanced
cases, spontaneous bony fusion may occur with no
range of motion.

Treatment

Conservative measures are usually the domain of
the rheumatologist and include analgesics, nons-
teroidal anti-inflammatories, steroids, and an-
timetabolite drugs such as methotrexate.

Total hip arthroplasty remains the mainstay in
the treatment of end-stage rheumatoid arthritis of the
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hip. In mature adults with rheumatoid arthritis, care
should be taken during dislocation to prevent frac-
ture in osteoporotic bone, and reaming of soft acetab-
ular bone. Large cysts should be bone grafted with
reamings from the femoral head or acetabulum.

THA in juvenile rheumatoid arthritis may pres-
ent an array of technical complexity because of the
small size of the patient and deficiencies in the
femoral and acetabular bone stock. These problems
may require customized or miniature components.
Additionally, although the early result of cemented
total hip arthroplasty may be good, these patients
are young, and the total hip replacement must with-
stand many years of function.

HEMOPHILIA

Hemophilic arthropathy of the hip occurs four
times less commonly than that of the knee in pa-
tients with severe hemophilia A (less than 1% of
factor VIII levels). Management of the hemophilic
patient uses a dedicated multidisciplinary clinic,
involving hematologists, physiotherapists, occupa-
tional therapists, and orthopaedic surgeons.

THA in Hemophilia

The indication for THA in young patients who have
hemophiliac arthropathy of the hip should be se-
vere, disabling pain with activity and at rest that is
unresponsive to nonoperative treatment. Careful
preoperative planning to overcome deformities of
the proximal femur, resulting from growth arrests
from multiple childhood bleeds, is often needed.
Osteoporosis is common and care should be taken
to avoid fracture of the femur. Full factor VIII re-
placement is required not only during the surgery
but until the stitches have been removed. A serious
problem affecting the complication rate is a high
prevalence of seropositivity for HIV and the even-
tual development of AIDS.

In one multicenter study of 34 THAs performed
in 27 patients, at a mean follow-up of 8 years, 3
patients (11%) had developed a deep infection ne-
cessitating prosthesis removal, 7 hips (21%) had
required revision for aseptic loosening, and 9 pa-
tients (33%) had died. Almost all the deaths were
related to AIDS.

This relatively high complication rate illustrates
the problems surgeons face when performing THA
in young immunocompromised patients.

MANAGEMENT OF THE YOUNG
PATIENT WITH A PAINFUL HIP

Pain and restricted joint movement are the most
common complaints in young patients presenting
with hip problems, but other clinical complaints can
include locking, crepitus, loss of muscle strength,
instability, and feeling of a mass lesion. Recent ad-
vancements in both hip arthroscopy and MRI have
elucidated several sources of intra-articular abnor-
malities that result in chronic and disabling hip
symptoms. Many of these conditions were previ-
ously unrecognized and, thus, left untreated.

Diagnosis

The diagnosis of hip pain in young patients has
evolved significantly in the past few years. Referred
pain and common hip pathologies, such as stress
fractures of the femoral neck of pelvis avascular
necrosis and early osteoarthritis, can usually be di-
agnosed by a combination of careful history and
physical examination, followed up by AP and lat-
eral radiographs and possibly a Technetium-99 iso-
tope bone scan. If a diagnosis has still not been
obtained, an MRI can be requested.

The MRI diagnosis may include symptomatic ac-
etabular labral tears, hip capsule laxity and instability,
chondral lesions, osteochondritis dissecans, ligamen-
tum teres injuries, snapping hip syndrome, iliopsoas
bursitis, loose bodies (for example, synovial chondro-
matosis), bony impingement, synovial abnormalities,
crystalline hip arthropathy (gout and pseudogout),
infection, and posttraumatic intra-articular debris.
Occasionally, MRI arthrography can be a particularly
useful technique for dedicated assessment of hip joint
internal derangements.

Once a diagnosis has been obtained, the correct
treatment can be instituted.

Hip Arthroscopy

Current indications for hip arthroscopy include the
presence of symptomatic acetabular labral tears, hip
capsule laxity and instability, chondral lesions, os-
teochondritis dissecans, ligamentum teres injuries,
snapping hip syndrome, iliopsoas bursitis, and loose
bodies (for example, synovial chondromatosis). Less
common indications include management of os-
teonecrosis of the femoral head, bony impingement,
synovial abnormalities, crystalline hip arthropathy
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(gout and pseudogout), infection, and posttrau-
matic intra-articular debris. In rare cases, hip
arthroscopy can be used to temporize the symp-
toms of mild-to-moderate hip osteoarthritis with as-
sociated mechanical symptoms.

Technique for hip arthroscopy usually involves
distraction of the joint, usually with a dedicated

fracture table, and image intensification to ensure
the portal placement is accurate. The patient may be
positioned supine or in the lateral decubitus posi-
tion. Anterior and peritrochanteric portals are most
commonly used, giving good access and working
space, to the lateral and superior part of the hip
joint (Figure 17-13).

FIGURE 17-13. Intraoperative photographs made during arthroscopy of the hip. Distraction of the
femoral head out of the acetabulum is important to prevent inadvertent damage to the articular carti-
lage by intra-articular surgical instruments.
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Surgical Dislocation

Recently, Ganz from Bern, Switzerland, has devel-
oped a new technique for surgical dislocation of the
hip, based on detailed anatomical studies of the
blood supply. It combines aspects of approaches that
have been reported previously and consists of an an-
terior dislocation through a posterior approach with
a “trochanteric flip” osteotomy. The external rotator
muscles are not divided and the medial femoral cir-
cumflex artery is protected by the intact obturator
externus. He reported his experience using this ap-
proach in 213 hips over a period of 7 years. Perfusion
of the femoral head was verified intraoperatively
and none subsequently developed avascular necro-
sis. It allows the treatment of a variety of conditions,
which may not respond well to other methods, in-
cluding arthroscopy. The most common conditions
treated with this technique include impingement of
the femoral neck on the bony acetabulum, and de-
bridement of osteophytes and osteochondral lesions
in patients with early osteoarthritis of the hip who
are not suitable candidates for THA.

PRIMARY TOTAL HIP
ARTHROPLASTY

History of Total Hip Arthroplasty

In order to understand how some modern concepts
surrounding total hip arthroplasty have evolved
to their current form, it is important to review the

history of hip arthroplasty. This history can be bro-
ken down into three distinct eras based around the
innovations of the man considered to be the father
of total hip arthroplasty, Sir John Charnley.

Charnley’s contributions to THA between 1954
and 1974 represent this century’s most significant
developments in orthopaedic surgery.

Pre-Charnley Hip Arthroplasty

The prevalence of tuberculosis causing ankylo-
sis of the hip joint generated many innovative solu-
tions to restore movement in the 1700 and 1800s. The
first osteotomy of the femur below a stiff hip was
credited to John Rhea Barton in 1826, who then ma-
nipulated the osteotomy site for 20 days following
surgery to maintain motion. The patient was said to
have enjoyed a pain-free functional “joint,” until his
death 10 years later of pulmonary tuberculosis.

From the 1840s, interest turned to the position-
ing of a material between the two bone ends form-
ing a joint, so-called interposition arthroplasty. As
well as tissue from the patient, such as the tensor
fascia lata muscle and skin, a variety of foreign ma-
terial was used, including gold foil, pigs’ bladder,
silver plates, wooden blocks, and rubber sheets. In
1923, Smith-Peterson placed a glass mould in a pa-
tient’s hip. It turned out to be too fragile, but in 1938,
at the suggestion of his dentist, Smith-Peterson
used Vitallium, a cobalt-chrome alloy, as an interpo-
sitioning material (Figure 17-14). This method was
probably the first clinically successful precursor to
the modern THA and proved that the acetabulum

FIGURE 17-14. Smith-Peterson
Vitallium mold arthroplasty.
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FIGURE 17-15. Judet glass mold of a
patient’s hip. This was secured to the
patient by a pin inserted down the
stump of the femoral neck. It never
gained widespread acceptance due to
premature failure of the base material.

could tolerate a foreign body performing a weight-
bearing function.

In 1831, James Syme, an Edinburgh surgeon, is
credited with the first publication of resection of
the femoral head for ankylosis. This procedure
was made popular in 1928 by an Oxford surgeon,
Girdlestone, and the procedure still bears his name
today. In 1940, Bohlman and Moore removed a
tumor from the upper end of a femur and inserted
the first metallic prosthesis. They performed this
case in South Carolina through a posterior surgical
approach, and because they came from the south-
ern United States, their approach became known
as the Southern approach, a name it still bears
today. In 1948, the Judet brothers in France replaced
the femoral head with a plastic (methyl methacry-
late) prosthesis, but breakage and loosening caused
early failure and the procedure fell into disrepute
(Figure 17-15).

Throughout the 1950s, more than 50 types of
prosthesis were introduced. The short-stem type
was replaced by the intramedullary long-stem type,
which gave more stability, and the nonmetallic type
was replaced by the metallic type, which provided
greater durability. Most shared similar design fea-
tures to those prostheses developed by F. R. Thomp-
son in 1950 and Moore in 1952. These procedures
never became popular for osteoarthritis because of
ongoing pain from movement of the prosthesis
within the femur, as well as ongoing disease in the
acetabulum.

Charnley’s Contributions

In 1954, John Charnley began to investigate the
phenomenon of lubrication that produces low fric-
tion in normal joints. He had previously observed
that squeaking, which occurs in artificial joints,
does not occur in normal joints. A previous investi-
gator had suggested this was due to hydrodynamic
lubrication (fluid enters the zone of contact and lu-
bricates it) by synovial fluid. Charnley speculated
this could not occur because of the unique situation
in the hip joint of weight bearing, which would pre-
vent synovial fluid from performing this function.

After observing that articular cartilage remained
smooth, even after having been being wiped clean
(boundary lubrication), he concluded that bound-
ary lubrication was responsible for the low fric-
tional resistance of the hip joint. He then assumed
that a material such as polytetrafluoroethylene
(Teflon), which was self-lubricating, would be an
appropriate substitute for the damaged cartilage,
and pursued its use with spectacular (early) results.

Initially, both sliding surfaces were made of
Teflon, which replaced the damaged articular carti-
lage. After 12 months, however, there was evidence
of mechanical loosening and failure when the stump
of the femoral neck lost its blood supply and became
necrotic, and the two Teflon surfaces lost their fric-
tional properties and became bound together, thereby
causing movement and wear between the plastic
socket and the native bone of the acetabulum.
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In order that low frictional resistance be main-
tained within an artificial joint, torque transmitted
from a metal femoral head to a plastic socket can
be minimized by reduction of femoral head size.
Likewise, for a plastic socket to be stable within an
acetabulum, torque should be maximized, achiev-
able by maximizing the outer diameter of the ac-
etabular cup. These principles led Charnley to
begin work with a smaller diameter metal femoral
head and method of bonding implants to bone. He
began by rejecting the premise of using small
amounts of acrylic cement as an adjuvant to a
tight mechanical fit, instead using cement as a
grout (rather than an adhesive) with the compo-
nents achieving a loose mechanical fit. Results
with Teflon had been disappointing, and an alter-
native was required. Although initially rejected in
favor of Teflon’s self-lubricating properties, high-
density polyethylene had been tested in Charn-
ley’s laboratory, and proved to be remarkably
wear resistant. The first high-density acetabular
prosthesis was inserted into a human hip joint in
November 1962.

A 90% success rate in his early series prompted
Charnley to continue the procedure, but he contin-
ued to search for the cause of the 10% failure.
Chemical rejection of the cement was initially sus-
pected, but this was reduced to 5% by introduction
of the clean air enclosure, suggesting infection was
the major culprit (Figure 17-16).

The “Modern” Era of THA

Although Charnley’s new operation, based on
sound principles, was an astonishing success for suf-
ferers of hip arthritis, its use was limited to surgeons
who had been trained directly by Charnley himself.
Other surgeons throughout the world also devel-
oped total hip arthroplasty prostheses. Maurice
Muller from Switzerland developed a plastic acetabu-
lar cup with a 32 mm diameter chromium-cobalt-
molybdenum femoral head, which he used
extensively between 1966 and the early 1980s (Figure
17-17). Peter Ring began using metal-to-metal compo-
nents without cement in 1964, but its use never be-
came popular because poor tolerances between the
components led to binding of the articular surfaces
and eventual failure.

Charnley’s original prosthesis tended to domi-
nate into the early 1970s, but with rigorous follow-up
of patients, a problem with radiological loosening of
the component at the bone cement interface was iden-
tified. Continuing follow-up showed this was a pro-
gressive problem, with massive resorption of bone
around the prosthesis, limiting options for treatment.
This loss of bone was initially attributed to the acrylic
cement and became known as cement disease.

Search for an alternate method of fixation led
researchers to the concept of cementless fixation of
the prosthesis to bone. Prostheses were designed
allowing solid initial fixation to bone during the

FIGURE 17-16. Radiograph of a
left Charnley THA. This patient had
his original operation in 1978. The
hip was still functioning well 22 years
postoperatively. Many of the original
surgical principles, as promoted by
Charnley, are evident: all-polyethylene
acetabular cup with wire marker
(showing evidence of loosening and
wear), well-fixed monoblock femoral
stem with 22.225 mm diameter fe-
moral head, and absence of distal plug.
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FIGURE 17-18. Porous-coated anatomic
(PCA) THA. The first major cementless
femoral and acetabular components. Many are
still functioning well today, nearly 20 years after
their introduction. They did, however, intro-
duce new problems of thigh pain and osteolysis
not commonly seen with cemented THA.

operation. A porous-coated surface finish of the
prosthesis then allowed bone to grow onto the
prosthesis, and in some cases, into it. Initially, two
types of porous coating became popular, a titanium
fiber-metal composite wire mesh developed by

Harris, Galante, and coworkers, and cobalt-chrome
beads developed by Engh, Bobyn, Hungerford, and
coworkers (Figure 17-18). Later, plasma-sprayed ti-
tanium was used.

During the 1970s, a concept of prosthesis mod-
ularity developed. The femoral component now
came as two distinct parts, assembled by the sur-
geon during the operation. A femoral stem could be
individually sized to a patients femoral canal, to
which was attached a separate femoral head using
a morse taper. This gave the surgeon flexibility to
alter femoral head diameter to match the chosen
acetabular cup, and femoral neck length to restore
correct offset and length of the patient’s leg. The ac-
etabular component also came as two parts—a
metal shell, which was fixed to the patient’s acetab-
ular bone (often supplemented with spikes, lugs, or
screws), and a high-density polyethylene liner,
which was fixed to the shell using some form of
locking mechanism. Even the original Charnley
prosthesis adopted this trend with the develop-
ment of the Charnley Elite prosthesis, which had a
modular femoral head.

Concurrently, there was a movement toward
increasing the size of the femoral head from the
22.225 mm of Charnley’s original work, to 32 mm,
in order to increase the range of hip movement
and decrease the rate of dislocation. This increase
in head size coupled with modularity of the ac-
etabular cup was to have a dramatic effect that was
not foreseen.

FIGURE 17-17. The SLS femoral stem and the Morscher
cup. This combination of design features is very commonly
used in Europe.
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The three most popular cementless prostheses,
at least in the United States, were the porous-coated
anatomic prosthesis from Howmedica (associated
with Hungerford and Headley), the AML prosthesis
from DePuy (associated with Engh), and the Har-
ris–Galante prosthesis from Zimmer. These were the
so-called first generation cementless THA. By the
mid 1980s, it became apparent using these compo-
nents to eliminate cement did not eliminate cement
disease. Indeed, the massive resorption of bone
around these components continued to occur at an
even more alarming incidence and volume than had
occurred with the original Charnley components.

Longer-term (over 15 years) failure of cemented
acetabular cups during that period led to the concept
of the so-called hybrid hip, which incorporated ce-
mentless acetabular fixation and a cemented femoral
stem. Some cementless femoral stems had introduced
a new problem, thigh pain, which did not seem to
occur with cemented prostheses. This pain was attrib-
uted to the tip of a stiff femoral stem rubbing on the
femoral cortex and generated some dissatisfaction
among surgeons with cementless femoral stems.

Enormous research was directed toward analy-
sis of this bone loss from both physiologic and his-
tologic perspectives. It rapidly became apparent
that this so called cement disease was actually parti-
cle disease. Any foreign material, if broken into small
enough particles, when introduced into the prosthe-
sis bone interface, caused resorption of bone by the
body, leading to the radiological findings of bone
loss and clinical signs of pain caused by loosening.
This particulate material could be generated from
cement or prosthesis substrate, but the most com-
mon source was high-density polyethylene.

By the late 1980s, polyethylene wear from the
bearing surface was identified as the major cause of
loosening and late failure of total hip replacement.
Decrease of polyethylene thickness below a critical
level was found to increase polyethylene wear de-
bris, and many first generation prostheses had inad-
vertently contributed to this by increasing femoral
head size, and decreasing liner thickness to accom-
modate for the metal shell and locking mechanism.

With identification of high-density polyethyl-
ene as the major contributor to prosthetic loosen-
ing and clinical failure, researchers in the 1990s
turned to identification of alternate bearing sur-
faces to reduce or eliminate generation of particu-
late debris. Improved machining-processes and
prosthesis-manufacturing techniques have seen a
reemergence of metal-on-metal articulations. Al-
though there have been concerns raised about metal
ion levels in blood and tissues, to date there has

been no recorded incidence of problems in patients
from these metals.

Ceramics may reduce particulate debris, as they
have the property of self-polishing, which dimin-
ishes surface disparities caused by third body wear
(damage to the bearing surface caused by a material
getting “caught” between the two articulations).
Ceramics can articulate with either themselves or
with high-density polyethylene. The major concern
with ceramic use is the risk of fracture. This was il-
lustrated in a 2001 worldwide recall of all zirconia
ceramic femoral heads, after a defect was found in
the manufacturing process.

Although changes in the mechanical properties
appear with laboratory testing to be promising,
clinical results were disappointing. Poly-Two was
an attempt to strengthen high-density polyethylene
with carbon fiber but was a spectacular clinical fail-
ure. Hylamer was an attempt to stiffen polyethyl-
ene, but clinical results suggest a 15% increase in
wear, not a 15% decrease as first believed. Methods
of sterilization and the shelf life after manufacture
are also known to have an effect on wear, but to date
have not been used to successfully improve wear.

The most promising avenue currently for alter-
ation of polyethylene to improve its wear is cross-
linking the polyethylene by subjecting it to ionizing
radiation during the manufacturing process. This
process produces cross-linked polyethylene, which
is currently in extensive use worldwide since its ap-
proval in 2000. Laboratory simulator testing shows
a 90 to 99% reduction in wear, but clinical results in
patients are not yet available.

Cost of Primary THA

The aging population with a higher incidence of hip
osteoarthritis, combined with a decreasing patient ac-
ceptance of disability, is leading to increasing strain
on a the health care budget, accounting for up to 1 to
2.5% of a county’s gross national product. In the last
15 years, surgeons have been asked to evaluate the
success of a THA not only for prosthesis longevity,
but also cost effectiveness. Health economists can
now create models for comparing the cost effective-
ness of a THA with coronary bypass and renal
transplantation. These models measure cost-benefit
analysis using a Health Related Quality of Life Index,
and for patients in their fifth and sixth decade of life,
THA comes out significantly ahead of these other
more complex procedures. Governments use these
economic indicators and other outcome measures to
allocate health budgets more appropriately.

WeinCh17v2.qxd  1/2/04  6:10 AM  Page 543



544 CHAPTER 17 � The Adult Hip

One of the most important variables in cost-
benefit analysis (CBA) of THA is the age of the pa-
tient. Despite an increase of cost over benefit with
increasing age, THA has been shown to be beneficial
in the octogenarian population. The benefit of THA
can now be accurately measured, and none would
argue that it is a huge success, leading politicians and
health providers to look more closely at cost contain-
ment. With the advent of new design, materials and
surface finishes over the last 20 years, nowhere is this
more applicable than implant costs. The original
Charnley cemented stem and cemented cup costs
approximately 30% of a cementless porous-coated
femoral and acetabular component. In young active
total hip recipients, a new prosthetic design, which
offered a 90% improvement in survivorship over 15
years and a 15% reduction in the cost of revision sur-
gery, could be sold at a price of 2 to 2 times that of
conventional cemented components such as the
Charnley prosthesis and still remain cost effective.
Using more likely estimates of the improved per-
formance of new technology, however, the upper
limit of cost effectiveness is an increase of 1 to 1.
Only a very small increase in the cost of a prosthesis
could ever be justified for older patients of either sex.

In many institutions cost concerns have led to
the concept of implant matching, where cementless
porous-coated prostheses are reserved for younger
more active patients, and cemented THA reserved
for elderly more sedentary patients. Another area
that is being evaluated for cost savings is length of
hospitalization. The time a patient spends in hospi-
tal contributes the largest proportion to the overall
cost of THA. Day of surgery admission, and im-
proved surgical technique, rehabilitation, and home
services all allow patient discharge on day 3 or 4.

Perhaps the most extreme expression of im-
proved length of stay is the newly emerging mini-
incision surgery (MIS) techniques. Although
promising from a surgical perspective, length of
hospitalization is probably more influenced by
age, patient co-morbidities, patient expectations,
and home circumstances. The potential benefits of
MIS have yet to be proven and careful analysis of
the long-term results will be needed.

Measurement of Outcomes 
in Primary THA

Specific scoring systems have been widely used to
assess the clinical results following primary THA.
Most studies attempt to measure the outcomes of

1
2

1
2

technique and procedure, and do not assess the ef-
fect on general function and the satisfaction of the
patient. Measurement of outcome in THA is usually
achieved using two different systems, one that
measures health-related quality of life (HRQOL),
and the second group that contain joint-specific
tools. Only validated outcome measures should be
used for assessment.

Health Related Quality of Life

The Medical Outcomes Study Short Form 36
(SF-36) Health Status Survey is widely used for
measuring the HRQOL. The patient responds to 36
questions regarding their physical and social func-
tioning and mental health, with no physician input
to bias the results. It has the sensitivity to document
improvement in HRQOL following surgery and to
reveal differences in THA.

The Western Ontario and McMaster Universi-
ties (WOMAC) Osteoarthritis Index is a tested ques-
tionnaire to assess symptoms and physical functional
disability in patients with osteoarthritis of the hip
and knee. The three domains assessed include pain,
stiffness, and function.

Joint-Specific Instruments

A 12-item Oxford Hip Score is hip specific and
is more able to distinguish between symptoms and
functional impairment produced by the index joint,
as compared with other joints and conditions. The
Merle d’Aubigne and Harris hip scores are widely
used to grade improvement after THA.

Numerous studies measure patient satisfac-
tion with THA and evaluate the relationships of
expectations and outcome to patient satisfaction.
Patients’ different expectations can be grouped
into five categories reflecting improvement in
pain, walking, psychological state, essential activ-
ities, and nonessential activities. Approximately
90% of patients will be satisfied with the results of
surgery. Lower rates of satisfaction can be ex-
pected in patients who have a better preoperative
condition.

CEMENTED ACETABULAR
COMPONENTS

Cemented acetabular components currently com-
prise a very small percentage of acetabular compo-
nents implanted in the United States, but continue
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to be popular in many parts of Europe. Long-term
data on cemented THA continues to show that ac-
etabular component loosening is generally more
of a problem than femoral stem loosening beyond
10 years. For a group of patients whose prosthesis
remains in place at 25 years postoperatively, the
prevalence of acetabular revision is approximately
15%, compared with a prevalence of 7% for revision
of the femoral stem. These figures are magnified
when patients receive a THA under the age of 50
years. In a group of patients under the age of 50 with
an average 18-year follow-up, 50% of the acetabular
components were radiologically or clinically loose,
compared with only 8% of the femoral stems. Mod-
ern consensus is that failure of a cemented femoral
component is nontime dependent, reaching a fail-
ure rate of approximately 8% by 15 years, and main-
taining this rate beyond that time. Conversely, rate
of failure of a cemented acetabular component is
time dependent and may increase in a nonlinear
manner after 10 years.

This situation caused many surgeons to convert
their practice to the use of porous-coated cement-
less acetabular components during the early 1980s.
The concept of the hybrid hip—a cemented femoral
stem articulating with a press-fit porous-coated
modular acetabular component—became increas-
ingly popular during this period.

In an effort to improve performance of all-
polyethylene acetabular cups, metal-backing was
introduced during the mid 1980s. This backing was
thought to distribute stress more evenly through
the cement mantle, leading to improved longevity.
Follow-up of these implants has revealed the con-
verse situation, with a higher incidence of radiolog-
ical lucent lines at the cement bone interface, and a
higher incidence of clinical failure than was docu-
mented for all-polyethylene acetabular cups. These
poorer results were attributed to reduced polyeth-
ylene thickness and the introduction of another in-
terface for ingress of wear debris.

The greatest development with cemented all-
polyethylene cup implantation has occurred not
with cup design but with cementing technique.
Since 1962, cement has been hand-mixed and then
finger packed into the femur. This is now termed
first generation cement technique, and has been su-
perceded by mixing of cement in a gun that is used
to deliver cement, under pressure, into the femoral
canal in a retrograde fashion. A distal plug below
the tip of the prosthesis prevents cement from being
pushed too far down the canal. These alterations in
cement delivery are now called second generation

cement technique. Although developed mainly for
the femoral component, similar principles are ap-
plied to cementing of the acetabular component.

When a cemented all-polyethylene acetabular
cup is implanted, surgical technique is very impor-
tant in achieving a good postoperative radiograph
appearance. Preparation of the acetabular bone,
clearance of soft tissue from the acetabular margins,
and careful drying of the acetabular bone bed are all
essential to eliminating the appearance of lucent
lines at the cement bone interface. When the early
postoperative radiograph shows radiolucency in the
lateral margin of acetabulum, the incidence of subse-
quent acetabular loosening increases dramatically.
In a recent long-term follow-up study, additional
drilling of peripheral holes around the acetabular
margin for anchorage of the cement was shown to
increase longevity of the acetabular component.

The evolution from first to second generation
cement technique has been largely developed for the
femoral component, making its impact on the ce-
mented all-polyethylene acetabular component dif-
ficult to assess. Femoral components implanted with
the use of second-generation cementing techniques
appear to have fared much better than acetabular
components inserted with second generation ce-
ment techniques in most series. Recent matched-pair
studies comparing cemented acetabular components
to cementless porous-coated components, have
shown a lower revision rate and lower incidence of
radiographic loosening for porous-coated compo-
nents compared with cemented components.

The place of cemented all-polyethylene cups
currently continues to be defined. They seem to
function best over the long term in older, less ac-
tive patients. A recent study of 132 THA in 112 pa-
tients over 75 years of age showed that, at a mean
14.6 year follow-up, no acetabular component in
those patients still living had required revision for
aseptic loosening.

Cementless Acetabular Components

The clinical results of the so-called first-generation
porous-coated cementless acetabular components
with a minimum 10-year follow-up have now been
reported by a number of centers, independent of
their developers. From a clinical and radiologic per-
spective, reliable fixation to the acetabular socket is
reported in the range 95 to 99% of cases. During the
development of titanium fiber mesh, plasma spray,
or sintered cobalt-chrome beads as a surface finish
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applied to the outer diameter of metal shells, animal
models suggested that only 20 to 40% of the rough-
ened surface achieved histologic bony ingrowth
(Figure 17-19). Time has proven that this figure
seems to give satisfactory stability for prolonged
loading, and the results do not appear to deteriorate
over time.

The noningrown areas of the acetabular cup
have, however, produced a new problem. Access of
particulate debris, especially polyethylene from the
bearing surface to these noningrown areas, gives
rise to large areas of bone resorption that we now
term osteolysis. Although this phenomena of bone
resorption was seen with cemented acetabular cups
and femoral stems, it was present at a much lower
rate, size of the lesions were much less, and perhaps
most importantly, their increase in size over time
was much less than is seen with cementless metal-
backed acetabular components.

This increase in osteolysis rate is thought to be
due to design alterations in the porous-coated

acetabular components. Increased thickness of the
metal shell to increase its stiffness, and increase in
femoral head size to 32 mm to improve range of hip
movement and joint stability led to a large decrease
in thickness in the polyethylene insert. In many
cases, thickness of the insert fell below the critical
level of 6 mm, which is now known to cause a dra-
matic increase in polyethylene wear at the bearing
surface. Two other factors played a part in this early
problem: introduction of a secondary bearing sur-
face between the polyethylene liner and the inner
surface of the metal shell, and poorly designed lock-
ing mechanisms.

In many early designs, little attention was given
to congruity between the inner surface of the metal
shell and the outer surface of the polyethylene liner,
and in some cases, there was up to 2 mm of gap
between the two surfaces. Subsequent loading of
the liner by the femoral head transmitted the force
through the polyethylene in a nonuniform manner,
leading to stress concentration, liner deformation,
and high wear not only at the primary bearing
surface but also on the outer surface of the liner,
so-called back-side wear. An additional problem
with this lack of conformity also occurred. Any
fluid in the gap between the shell and liner is hy-
draulically forced out by the bottoming out of the
liner during weight bearing. This fluid, laden with
polyethylene particles, follows the path of least re-
sistance through screw holes in the shell, and so
gains access to the prosthesis–bone interface and
leads to osteolysis (Figure 17-20). Fluid can also be
forced, under this hydraulic pressure, into other
areas of the prosthesis bone interface of both the
femoral and acetabular component where bone in-
growth has not occurred, again causing osteolysis.
This process has led to the concept of the “effective
joint space,” where surfaces of the prosthesis that are
not bony ingrown can potentially be bathed in joint
fluid rich in debris particles that cause osteolysis.

Locking mechanisms between the metal shell
and polyethylene liner involve the use of peripheral
mechanisms around the opening of the shell that
capture the polyethylene liner. Incorporation of this
locking mechanism often involved additional sacri-
fice of polyethylene thickness in an area that often
was subjected to the high stress and subsequent
polyethylene wear. With time, these locking mecha-
nisms often lost their rigid grip on the liner, allow-
ing movement that further aggravated back-side
polyethylene wear.

Despite these shortcomings, a prospective report
was conducted of 100 hips with a porous-coated

FIGURE 17-19. This PCA femoral component was re-
moved for intractable thigh pain in a 49-year-old male. It had
been implanted 2 years previously. Radiological appearances
suggested no evidence of loosening, and at the time of revi-
sion it was found to be quite stable. Despite this, after explan-
tation, only 25% of the proximally coated porous surface was
found to be bony ingrown.

1
2
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anatomic (PCA) THA (Howmedica, Rutherford, NJ)
with a mean age of 58 years. At 15-year follow-up,
17% (17 hips) of the entire cohort and 23% (15 hips)
of the living cohort (64 hips in 55 patients) had un-
dergone revision due to loosening of the acetabular
component or osteolysis. These results compare fa-
vorably with a study of cemented acetabular com-
ponents with a 25-year follow-up reported by the
same author. Patients still alive 25 years after sur-
gery had a mean age of 56 years at the time of oper-
ation. These patients received a cemented Charnley
THA with first generation cementing techniques.
There was a 15% revision rate for acetabular loosen-
ing, and a further 36% that demonstrated definite or
probable radiographic loosening.

The component that has been studied most ex-
tensively is the Harris-Galante I (Zimmer, Inc, War-
saw, IN). This component comprises a titanium
fiber mesh coating that was usually implanted with
line-to-line reaming (last acetabular reamer used is
exactly the same diameter as prosthesis to be im-
planted) and screw fixation. A 9- to 14-year follow-
up study of 71 hips in 56 patients less than 50 years
old at the time of surgery, revealed no revision or

radiological loosening of the components, but a
23% incidence of pelvic osteolysis.

Contemporary acetabular cup design trends
now minimize the number of screw holes through
the acetabular metal shell to prevent fluid gaining
access to the prosthesis bone interface. The central
hole, present to allow the surgeon to ensure the cup
is fully seated in the acetabular bed after cup inser-
tion, can now be blocked with a plug. The locking
mechanism has been redesigned to ensure the poly-
ethylene shell is solidly fixed to the metal shell, con-
gruity between the inner surface of the metal shell
and outer surface of the polyethylene liner has im-
proved, and that the inner surface of the shell is
smooth to reduce abrasive wear against the liner. The
minimum thickness of the polyethylene (even with
incorporation of the locking mechanism) is 8 mm.
This has necessitated a return to smaller femoral
head size when smaller cups are used. The use of 32
mm metal femoral heads articulating against con-
ventional polyethylene has disappeared.

There are two principles of cementless acetabu-
lar fixation. The first involves implantation of the
component using a technique that ensures initial

FIGURE 17-20. The Harris-Galante I titanium fiber mesh acetabular component has proved to
be the most durable first generation acetabular component. Thin polyethylene and a suboptimal
locking mechanism, however, led to the concept of the “effective joint space.” Particle-laden joint
fluid is forced through the screw holes into the areas of nonbone ingrowth, leading to screw oste-
olysis, as seen in this radiograph. The component has been implanted for 4 years, but required
revision because of this appearance.
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stability of the metal shell against the acetabular
bone. Supplemental fixation, such as screws
through the cup, spikes, lugs, or fins in the periph-
ery, may be used to achieve stability. Another
method is to under-ream the acetabular bone bed
by 1 to 2 mm, and then use the roughness of the
outer surface of the metal shell to achieve a “scratch
fit.” Other initial fixation modes include an expan-
sion cup, where the cup diameter is reduced with a
special instrument, the cup is implanted, and then
allowed to return to its initial diameter; and screw
in designs, where the cup has a thread incorporated
into its outer surface, and is screwed into the acetab-
ular bone.

Achieving initial stability allows the second
principle to occur, that of bony ingrowth onto and
into the metal shell. Different surface finishes of the
cup, including titanium fiber mesh, cobalt-chromium
beads, titanium plasma spray, tantalinium fiber
metal, and grit-blasting of the surface, are currently
used by manufacturers to obtain bony ingrowth.
Hydroxyapatite may be used as supplemental fixa-
tion and to improve initial stability, but unless used
in conjunction with a porous ingrowth surface, it
does not appear to maintain long-term fixation on
its own.

Although acetabular cup modularity (sepa-
rate acetabular shell and polyethylene liner as-
sembled at the time of surgery) was introduced to
reduce surgical inventory, increase surgical op-
tions, and allow future liner exchanges, a disad-
vantage is that it introduces a further interface
from which wear debris can be generated. This
has lead surgeons back toward using a single
piece acetabular cup, where the bony ingrowth
surface and polyethylene come as one piece. Dis-
advantages of this design, however, are that visu-
alization of the medial acetabular margin during
implantation is not possible (ensuring the cup is
fully seated), and also that few options exist for
additional fixation with screws through the metal
shell if initial stability is not achieved with a
scratch fit.

Reports of increased rates of polyethylene wear
with use of cementless acetabular components is a
major concern. Surgeon selection of a porous in-
growth acetabular cup should balance wear issues
with concerns of initial stability (i.e., unusual ac-
etabular anatomy requiring additional fixation) and
bony ingrowth (previously damaged bone from ir-
radiation or fracture seems to reduce the amount of
bony ingrowth) for each patient.

ALTERNATE BEARING SURFACES

The clinical performance of cementless porous-
coated acetabular components over 10 years sug-
gests that problems with component fixation are
rare. Periprosthetic pelvic and acetabular osteolysis
caused by polyethylene wear at a linear rate greater
than 0.2 mm/year, has led to a search for alternative
bearing surfaces to articulate on both the femoral
and acetabular side. A metal femoral head articulat-
ing with conventional polyethylene has been inten-
sively studied and has by far the longest follow-up,
but the accelerated wear seen in a small number of
patients with porous-coated cementless acetabular
components means that there will always be a lim-
ited longevity of the prosthesis with this bearing
surface.

Increasing patient expectations of a return to
normal activities, including sport and heavy man-
ual labor after THA, means an alternative must be
found. Articulations can be broken into two broad
groups: conventional bearing surfaces, where the
acetabular side of the joint consists of conventional
or cross-linked polyethylene; and hard-on-hard
bearing surfaces, where both sides of the joint are
made up of either alumina oxide ceramic or metal.

Ceramic on Polyethylene

Three types of ceramic, alumina, zirconia, and more
recently oxinium, have been used as femoral head
bearing surfaces against conventional polyethylene.
Alumina oxide has also been used in a ceramic-on-
ceramic (hard-on-hard) bearing surface. Early hip
simulator studies have suggested a five- to tenfold
reduction in polyethylene wear rate compared to
metal femoral heads, but more recent simulator
studies are variable with some showing a similar
rate to metal on polyethylene, depending on vari-
ables such as temperature of the polyethylene, type
of lubrication, and introduction of third body de-
bris. In clinical studies of polyethylene wear rates
made from clinical radiographs, there are conflict-
ing results, with some showing that ceramic
femoral heads confer an advantage and an equal
number showing no difference.

The claimed material advantage of ceramic
femoral heads over their metal counterparts is their
self-polishing ability, making them resistant to
scratches. Generation of particulate debris is a time-
dependent process, meaning that the advantage of
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ceramics only becomes evident after a given time
period (claimed to be 5 to 7 years). This phenomena
might explain the variability of the clinical studies,
where only those with a follow-up greater than 5 to
7 years show a difference, but this has yet to be
proven.

Two major issues with ceramic femoral heads
include the potential for fracture and the cost. With
improved manufacturing techniques, the risk of ce-
ramic femoral head fracture was lowered to approx-
imately 1 in 50,000 implants. In 1999, a defect in the
manufacturing process of the supplier of 80% of the
world’s zirconia femoral heads led to a significant
number of zirconia femoral head fractures, which
prompted a worldwide recall of all zirconia femoral
heads. Use of zirconia femoral heads, because of
this defect and recall has been limited.

When ceramic femoral heads were first released,
they were approximately three times as costly as
metal femoral heads, and although these costs have
declined, the clinical studies to date make it difficult
for surgeons to justify their use on the basis of im-
proved prosthesis longevity.

Ceramic on Ceramic

Alumina oxide ceramic has been used in Europe
for many years as a hard-on-hard bearing surface.
Wear rates with this articulation have been re-
ported as 10 times less than the lowest conventional
polyethylene wear rates. An identified drawback of
ceramic-on-ceramic is the limited head and neck
sizes available. There is also concern about the state
of the bearing surface and the rim of the acetabular
component if a dislocation occurs. The elimination
of polyethylene does not eliminate the problem of
wear debris and osteolysis, as at least one alumina-
on-alumina hip of early design had a high inci-
dence of wear and osteolysis.

Metal on Metal

This bearing couple has been around as long as
metal-on-polyethylene THA, but results from early
designs were poor because of poor manufacturing
tolerances between the acetabular cup and femoral
head, leading to binding of the surface and eventual
loosening of the prosthesis. This result was com-
pounded by the early prostheses not being fixed to
the bone, but even the introduction of acrylic cement

could not improve the results sufficiently to com-
pete with the results of metal-on-polyethylene
THA. Improved manufacturing techniques and re-
search into lubrication methods at the interface have
led to a resurgence of interest in metal-on-metal
THA. There is no doubt that there is a dramatic re-
duction in wear rate to negligible levels, using both
radiographic wear measurement techniques and
retrieval specimens, but there remains major con-
cern regarding the production of cobalt and
chromium metallic debris, and its elimination from
the body.

A recent randomized clinical trial comparing one
type of metal-on-metal with metal-on-polyethylene
had to be abandoned when very high levels of ery-
throcyte and urine cobalt-chromium were detected.
Metallic wear particles have also been isolated in
lymph nodes, livers and spleens of patients with
THA, raising concerns about the long-term effects
these materials might produce.

Metal on Cross-Linked Polyethylene

There have been many attempts to modify the wear
characteristics of polyethylene by altering its mate-
rial properties. Highly crystalline polyethylene (Hy-
lamer) and Poly-Two (carbon fiber-reinforced
polyethylene) were developed to improve the wear
performance of conventional polyethylene, but clini-
cal results have been disappointing and their use has
been discontinued. The most promising current area
for improving the wear performance of polyethylene
is by increasing the amount of cross-linking that oc-
curs between the individual polyethylene molecules.

Several studies have demonstrated the favorable
long-term results of this cross-linked polyethylene
using cemented nonmetal backed all-polyethylene
cups. A report on 62 ultra high molecular compo-
nents gamma irradiated in air with 100 megarads
of ionizing radiation and a control group of 10
nonirradiated polyethylene cups implanted be-
tween 1971 and 1978. Twenty-eight hips (45%)
were available for follow-up at a mean 17.3 years
after operation. At 2 years, the cross-linked group
had a linear wear rate of 0.15 mm/year and the
control group a linear wear rate of 0.39 mm/year.
This high initial wear rate was attributed to a
highly oxidized surface layer. After 2 years, the
rates decreased to a steady state of 0.06 mm/year
for the cross-liked group and 0.29 mm/year for the
nonirradiated cups. These figures suggest a 79%
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reduction in linear wear when using cross-linked
polyethylene.

In 1999, a report on 14 chemically cross-linked
all-polyethylene acetabular cups articulating with a
22 mm diameter zirconia femoral head. There were
four non–cross-linked all-polyethylene cemented ac-
etabular cups with a 22 mm diameter zirconia
femoral head used as a control group. Follow-up
ranged between 10 and 11.3 years. Rate of linear
wear in the cross-linked polyethylene group was
0.04 mm/year, while rate of wear in the control
group was 0.16 mm/year—a 75% reduction in
wear rate using cross-linked polyethylene. Histori-
cal studies of THJR polyethylene wear using the
same implants, similar follow-up, and same wear
measurement technique gave a wear rate of 0.07
mm/year, demonstrating a 45% reduction in wear
when cross-linked polyethylene is used.

Results of these two important studies should
be interpreted with caution, however, because the
method of cross-linking was radically different
from that currently used by manufacturers, result-
ing in a material so brittle that a locking mechanism
for use in modular acetabular components could
not be machined. Careful attention to heating and
cooling temperatures as well as cooling times by
manufacturers, has reduced this problem, and the
material stiffness is now much closer to traditional
polyethylene.

The cross-linking process involves the bonding
together of carbon atoms in adjacent molecular chains,
achieved by replacing carbon-hydrogen bonds with
carbon-carbon bonds. An unwanted side effect of
this process is the generation of free hydrogen
atoms, charged particles known as free radicals.
Free radicals are known to cause surface oxidation,
which in turn increases polyethylene wear, and so
their reduction is critical during the manufacturing
process.

Each of the THJR implant manufacturing compa-
nies uses its own proprietary process for cross-linked
polyethylene manufacture. This process involves four
steps, and each surgeon who uses a particular brand
of cross-linked polyethylene should be aware of the
steps used in its manufacture. There are choices avail-
able at each step in the manufacture of cross-linked
polyethylene.

1. Consolidation—either compression molding
or ram extrusion

2. Cross-linking—either electron beam or
gamma irradiation

3. Free radical reduction—either heat anneal or
remelt in oven

4. Sterilization—either ethylene oxide or gas
plasma or gamma in nitrogen

Each choice has advantages and disadvantages,
and may result in differences in the wear perform-
ance and material properties of cross-linked polyeth-
ylene from the different manufacturers. To date, all
wear testing of cross-linked polyethylene has been
performed using multidirectional wear simulators.
Crossing path wear tracts are used in an attempt to
reproduce in vivo THJR conditions. Depending on
the degree of cross-linking (determined mainly by
the dosage of radiation of strength of chemical cross-
linking), a 70 to 90% reduction in polyethylene wear
using a hip simulator can be achieved.

Since 1999, the Food and Drug Administration
has approved a number of highly cross-linked poly-
ethylene components for clinical use. The 2-year
results of many clinical studies comparing conven-
tional and highly cross-linked polyethylene are ex-
pected in the near future, but it will be some years
before the true benefits of cross-linked polyethylene
(if any!) are known.

Cemented Femoral Stems

Charnley Type Cemented Femoral Stems

The Charnley cemented femoral stem has the
most extensively documented results in the litera-
ture, including several published studies with 25-
year follow-up. The femoral stem, as developed by
Charnley, was designed to overcome mechanical fail-
ures resulting from the use of earlier prostheses. The
original flat-back design derived from the Austin
Moore and Thompson prosthesis was modified to a
round-back design, and then further altered with an
additional flange design (Cobra) to enhance load
transfer to the cement.

By the early 1980s, most total hip prosthesis de-
signs had adopted a straight tapered configuration
for the stem. Larger caliber prostheses were intro-
duced to reduce the incidence of stem fracture, but
this problem was virtually eliminated by improved
metallurgical processes and a better choice of met-
als accompanied by improvements in design. The
various types of Charnley prosthesis have been de-
veloped over a period of 30 years and have been
based on clinical experience demonstrating the
need for modifications. Whether design modifica-
tions will be an improvement over the original has
not been proven, because so many other variables
such as improved surgical technique and cement
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technique also play a role. All of the modifications
have retained the original monoblock Charnley
principle of even stress distribution to the cement
mantle, but have included increases in prosthesis
diameter and length, modularity of the femoral
head using a morse taper, and increases in offset
that may be selected by the surgeon. The current
system is called the Charnley Elite Plus.

Twenty-five year follow-up results are available
from several dedicated hip centers. The most
widely quoted is that from the Iowa group and
were from Charnley THAs implanted during the
early 1970s. Of 330 Charnley THAs performed be-
tween 1970 and 1972, 62 hips (51 patients) were
available for follow-up. Mean age at surgery of
these 51 patients was 56 years. Fourteen of these
hips (23%) had been revised at a minimum 25-year
follow-up, and the prevalence of revision due to
aseptic loosening of the femoral component was
only 7% (4 hips). This demonstrates the durability
of the Charnley femoral component when im-
planted by a single dedicated surgeon.

In a recent study, results of the Charnley ce-
mented stem were evaluated across an entire health
region rather than from a single dedicated total joint
center. Results were dramatically different from
those of a dedicated hip center, with a known rate of
aseptic loosening of 2.3% at 5 years, infection rate of
1.4%, dislocation rate of 5%, revision rate of 3.2%,
and a radiographic impending failure rate of 5.2%.
These results suggest an overall failure rate of 10%
within 5 years and may be more representative of
the true situation.

The Swedish National Hip Arthroplasty Regis-
ter, initiated in 1979 by Dr. Peter Herberts et al.,
has given invaluable information on the compari-
son of different prostheses and surgical techniques
across an entire population. Although the Charn-
ley cemented stem is frequently referred to as the
gold standard, the Swedish Hip Register has re-
ported higher stem survival rates with other ce-
mented stems. Across the entire country during a
similar time period (which assumes the use of sim-
ilar cementing technique), the Charnley cemented
hip had a 92% 10-year survival rate compared to a
Stanmore at 91.9%, Exeter at 94.9%, and Spectron
at 98.4%.

Surface Finish of Cemented Femoral Stems

Perhaps the greatest design change as an alterna-
tive to the original Charnley stem has come with the
manufacturing of prostheses with different surface
finishes. These surface finishes are described in terms

of “roughness,” as measured by a profilometer. The
average roughness (Ra) is the average distance be-
tween peaks and valleys across the surface of the
prosthesis, and can vary by a factor of 40 from the pol-
ished Exeter femoral stem (Ra < 2 µ inch) to the Pre-
coat femoral stem (Ra = 80 µ inch). The smoother
implants used initially, including the Charnley stem
(Ra = 2 µ inch), had lower cement-metal interface fixa-
tion strength, whereas rougher surfaces have greater
fixation strength. This greater fixation strength has a
lower probability of interface motion, but at the same
time, due to its greater abrasiveness, a higher debris
generation consequence if motion does occur.

The highly polished Exeter femoral stem, de-
signed by Dr. Robin Ling, actively discourages fixa-
tion between the metal surface and the cement. The
consequence of this is distal migration under load-
ing conditions, but the double wedge taper design of
the prosthesis transfers only compression stress to
the cement mantle when this occurs. Cement is
strongest under compression and the Exeter femoral
stem ues this principle to obtain outstanding long-
term results.

There has been a move toward smoother ce-
mented femoral stems due to high rates of wear and
osteolysis from the debris products generated by
abrasive wear of some femoral stem designs em-
ploying a rough surface finish. Rough surfaces, in
themselves, are not necessarily associated with a
high incidence of osteolysis or loosening. The Spec-
tron (Smith & Nephew, Memphis, TN) femoral stem
has a grit-blast surface in its proximal third, yet en-
joys the highest 10-year survivorship of any pros-
thesis (98.4%) reported by the Swedish National
Arthroplasty Register. Excellent results with the
Spectron are attributed mainly to stem geometry
being a rectangular cross-section to enhance rota-
tional stability and smoothing of the rectangular
edges to decrease stress concentration within the ce-
ment mantle.

Roughening the surface finish of a smooth pros-
thesis, such as occurred with the Exeter, Iowa and T-
28 stems, has a higher incidence of loosening and
osteolysis. Other considerations such as length, sub-
strate material, cross-sectional shape, and incorpo-
ration of a collar, all contribute to the successful
long-term results of a cemented femoral stem.

Cementing Technique

Arguably the greatest improvement in the long-
term results of cemented femoral stems has oc-
curred through improvement in surgical technique,
specifically at the time of cement and prosthesis
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insertion into the femur. Cementing technique has
been broken into three distinct generations by many
authors, but the evolution of cementing technique
essentially represents a continuum over time, with
various components of each generation being intro-
duced at different times.

First generation cementing technique, dating
back to 1962, involved limited sizes of femoral stem,
finger packing of the cement in an antegrade fash-
ion, no femoral canal preparation, no intramedullary
cement restrictor, and no pressurization of the ce-
ment with a gun. Second generation cementing
technique, first used as a term in 1975 (although ce-
ment guns had been available since 1971!), involved
a greater number of femoral stem sizes, broaching
the canal to obtain a uniform thickness of cement
around the femoral stem, insertion of an in-
tramedullary cement restrictor, pulsatile lavage fol-
lowed by brushing and drying of the canal, use of a
venting tube to remove fluid, and retrograde filling
of the femoral canal using cement pressurized into
the canal with a cement gun.

Third generation cement technique, a term used
from 1985, involved porosity reduction of the ce-
ment using vacuum mixing and a centralizer on the
tip of the femoral component to ensure it remained
in the center of the cement during insertion. Each of
the generations have been described using specific
femoral component designs (e.g., third generation is
usually associated with roughened femoral stems),
but strictly speaking, each of the three techniques
has been applied to all femoral stem designs during
the time of their use.

Strongest evidence suggesting that second gen-
eration cementing technique improves implant sur-
vival when compared to first generation cementing
technique comes from the Swedish National Arthro-
plasty Register. Cemented implants used during the
period 1979–1989 (first generation cementing tech-
nique) have a 91.5% 10-year survival with index di-
agnosis osteoarthritis and endpoint revision due to
aseptic loosening. The same implants used during
the period 1990–2000 (second generation cementing
technique) had a 94.8% 10-year survival. Evidence
of third generation cementing technique further im-
proving prosthesis survival is not (yet!) available.

Cementless Femoral Stems

The use of cementless fixation for the femoral com-
ponent is a popular approach. Most early failures of
cementless components occurred on the acetabular

side associated with accelerated polyethylene wear
and osteolysis. Porous-coated femoral stems have
been relatively successful in achieving constant fix-
ation with a minimum of unwanted problems. As-
suming good initial fixation and a porous-surface
that encouraged bony ingrowth, the major prob-
lems have been with thigh pain and stress shield-
ing. Clinical results with the first generation
cementless stems are now out to 15 years, and as-
suming a good initial femoral stem design is used
with a good acetabular component, porous-coated
stems do not appear to show the deteriorating re-
sults with time that have been reported with ce-
mented components.

Circumferential Porous Coating

A major flaw with one of the first generation ce-
mentless femoral stems, the Harris-Galante I, was
that titanium fiber-metal pads were attached to the
proximal sides of the implant in a noncircumfer-
ential fashion. This design left areas of smooth tita-
nium proximally with no bony ingrowth, allowing
a channel through which polyethylene wear debris
could gain access from the articulating surface to
the prosthesis-bone interface distally, leading to os-
teolysis around the femoral stem. The problem has
since been addressed and all current cementless
femoral stems have circumferential porous coating,
but there is still considerable controversy regarding
the length of proximal porous coating required to
give durable long-term clinical results.

Extensively Coated Stems

Most cylindrical prostheses, designed for
achieving initial stability through a tight fit in the
isthmus of the femoral canal, use porous coating at
least of the proximal length down the prosthesis.
These components are fabricated from cobalt-
chrome because notch sensitivity of titanium
(weakening of material in areas of high stress con-
centration, such as where porous coating is applied)
does not allow extensively coated femoral stems at
diameters used in primary THJR. Results of the
anatomic medullary locking stem (AML, DePuy,
Warsaw, IN) have reported a 97% stem survival at
12 years. Approximately 9% of patients with this
stem, however, have pain that limits activity, but
only 3% localized this to the thigh. A recent study
reported that a proximally coated stem had twice
the incidence of thigh pain compared to a fully
porous-coated stem. The incidence of thigh pain
with a fully coated stem is similar to that reported
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using a cemented femoral stem. In another study of
174 hips followed for more than 2 years, 26% showed
radiological evidence of stress shielding. This same
group, however, when followed to 5 years, showed
no progression of stress shielding. The long-term
consequences of stress shielding are not known.

The major disadvantage to extensively coated
femoral stems is their difficulty of removal at revi-
sion surgery for reasons other than aseptic loosen-
ing, such as infection or dislocation. Techniques for
removing an extensively porous-coated femoral
component that is solidly fixed include an extended
femoral osteotomy, use of a Gigli saw to free the
prosthesis from calcar bone, cutting the prosthesis
transversely with a diamond saw, and trephining
the remaining stem with a dedicated mill slightly
larger than the diameter of the prosthesis.

Removal concerns with solidly fixed, exten-
sively coated femoral stems have led many sur-
geons to only use these components in a revision
situation when there is poor quality proximal bone.

Proximally Coated Stems

A recent study on the porous-coated anatomic
hip (PCA, Howmedica, Rutherford, NJ), which has a
cobalt-chrome, proximally circumferentially porous-
coated femoral stem, reported that of 64 hips in 55
patients still alive at 15 years, only 4 femoral stems
(4.0%) had been revised for isolated loosening (with-
out osteolysis, which is attributed to accelerated
polyethylene wear from factors unrelated to the
stem). In another proximally coated implant system,
the Omnifit cementless total hip (Osteonics Corpo-
ration, Allendale, NJ), with an average 10-year fol-
low-up, there was a 2.6% incidence of femoral stem
revision. The incidence of thigh pain in this series
was 4.5%.

Concerns with thigh pain in all of the proxi-
mally coated first generation porous-coated femoral
prostheses have led to modifications of design. The
PCA E stem is modified by widening of the proxi-
mal flare as well as modification of the curve of the
tip to reduce the incidence of stem tip abutment on
the anterior cortex of the femur, which was thought
to be responsible for thigh pain with the original
PCA prosthesis. A study comparing the PCA E se-
ries with a matched group of patients who received
the original PCA component, showed significant
improvement in all areas, with 98% versus 81%
good or excellent clinical results, 2% versus 19% re-
vision rate, and 19% versus 50% incidence of
femoral radiolucencies.

Tapered Femoral Stems

Another approach to cementless stem fixation
has involved use of a stem with a tapered geometry
to achieve mechanical stability in the proximal por-
tion of the femur, achieved by wedging the compo-
nent into place rather than using a cylindrical reamer.
This design, with a porous coating or a roughened ti-
tanium surface, has been popular in Europe for
many years. In one series of 100 hips, using a plasma
spray proximally coated tapered titanium stem (Ta-
perloc, Biomet, Warsaw, IN), with a 10-year follow-
up, there were no instances of femoral loosening and
only seven cases of femoral osteolysis. Similar results
have been obtained with a cobalt-chrome hip
(Trilock, DePuy, Warsaw, IN) where only 1 in 66
femoral components were revised at 10 years, and no
cases of distal osteolysis were reported.

One study compared the results of a cobalt-
chrome versus a titanium tapered stem, using the
same type of acetabular component and polyethyl-
ene. Although clinical results were equivalent in both
groups, the linear wear rate was significantly higher
for the titanium stems with a plasma spray surface
(0.22 mm/year) compared with the cobalt-chrome
stems with a sintered bead surface (0.07 mm/year).
Prevalence of osteolysis was 16% in the titanium
group and 0% in the cobalt-chrome group. One po-
tential cause for the higher wear rate and higher inci-
dence of osteolysis is accelerated polyethylene wear
secondary to third body particulates from either the
modular head-neck junction or the titanium plasma
spray surface.

Hydroxyapatite Coatings in Primary THA

Hydroxyapatite is the most popular osteoinductive
calcium phosphate coating used in total hip arthro-
plasty. It was originally used as the sole coating on the
surface of a prosthesis to obtain initial stability. Al-
though early clinical results were good, over time it
appears to resorb leading to loosening and failure ne-
cessitating revision. In one study comparing the same
cup design with either hydroxyapatite coating or
porous coating, at a minimum follow-up of 5 years,
the aseptic loosening rate was 11% (21 in 188) for the
hydroxyapatite component versus 2% (2 in 109) for
the porous-coated component.

There is also concern that hydroxyapatite could
increase polyethylene wear and increase the inci-
dence of osteolysis. This is not shown, however,
in one study of 314 hips (274 patients) in which a
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tapered hydroxyapatite-coated titanium femoral
stem (ABG, Howmedica, Rutherford, NJ) was as-
sessed at a minimum 10-year follow-up. No stems
showed aseptic loosening and there were no cases
of distal endosteal femoral osteolysis. In another
study of the same prosthesis, a mean 6-year follow-
up (4–10 years) of 97 patients showed that although
there were very good clinical results and 100% sur-
vivorship of the femoral stem, there was an alarm-
ingly high rate of polyethylene wear, 0.24 mm/year
(range, 0.05–0.76 mm/year).

The place of hydroxyapatite as a femoral stem
coating has not been established in the literature at
this time.

Surface Hip Replacement

Surface hip replacement consists of resurfacing the
acetabulum with a thin layer of bearing surface, and
replacement of only the femoral head (not neck)
with a metal ball. Historical failure of surface re-
placement has been due to the production of wear
debris with subsequent bone resorption, loosening,
and failure. Recently, to avoid these problems a sur-
face replacement using a metal-on-metal bearing,
allowing thin components and femoral design and
instrumentation to avoid varus alignment, has been
designed. McMinn, the designer of this prosthesis,
reported on his experience with 235 joints over a
5-year period. There were no femoral neck fractures
and no dislocations. Over that time, problems with
premature failure of component fixation necessi-
tated changes in fixation technique from press-fit, to
cemented, to the current system that uses a periph-
erally expanded hydroxyapatite coated acetabular
cup and a cemented metal head. Potential advan-
tages of this system over conventional THA include
conservation of bone for later revision surgery if
necessary, improvement in range of motion, and re-
duction in dislocation rate. The major concern is
early femoral neck fracture, which seems to occur
more commonly in females where osteoporosis
might be a factor.

Minimally Invasive THA

Although there has been a recent resurgence of in-
terest in performing THA through very small inci-
sions by both the public and implant companies,
there are several reports in the literature of using
small incisions 15 years or more ago. Interest in this

as a technique for performing THA has probably
followed from a resurgence of interest in perform-
ing unicompartment total knee replacement ap-
proximately 5 to 7 years ago.

There are two types of minimally invasive
THA: the single-incision technique and the two-
incision technique. Almost all THA done in this
manner are press-fit using porous-coated femoral
and acetabular components because of difficulty
cementing through a small incision. The single-
incision technique can be performed as a limited
anterior approach as described by Hardinge,
where a very limited splitting of gluteus medius
occurs through a 5 cm incision, or a posterior ap-
proach through a 5 cm incision based over the
femoral neck posteriorly.

The two-incision technique employs an incision
1 cm greater than the femoral head diameter, based
over the femoral neck anteriorly. Through this, the
hip is dislocated anteriorly and a femoral neck os-
teotomy performed. Acetabular preparation is per-
formed with the aid of an image intensifier, which is
also used to ensure correct positioning of a press-fit
acetabular cup. A separate 4 cm incision is made
over the tip of the greater trochanter, and femoral
canal preparation and stem insertion are again
aided by an image intensifier.

Potential advantages of performing less tissue
dissection include quicker postoperative mobi-
lization and a shorter hospital stay. Studies that
have attempted to demonstrate an improvement
in these outcome measures have found that pa-
tient comorbidities and domestic circumstances
have a greater impact on these than the length of the
surgical incision. Long-term results of prosthesis
survival using current minimally invasive surgical
techniques are not available.

COMPLICATIONS OF TOTAL 
HIP ARTHROPLASTY

Death

Death associated with THA may be broken into
several categories: intraoperative, in-hospital but
postoperative, 30-day rates, and 90-day rates. Intra-
operative rates in one study from the Mayo Clinic
database on 38,488 THAs in 29,431 patients be-
tween 1969 and 1997 showed 23 deaths during sur-
gery. Predisposing factors included elderly patients
with preexisting cardiovascular conditions with
acute hip fractures or pathological fractures (17 of
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23). The strongest predictor of sudden death was
use of cement for fixation in all 23 cases. The au-
thors recommend avoidance of cement if possible
in predisposed patients with acute fracture or ma-
lignancy.

The postoperative in-hospital mortality after
primary THA is in the range 0.1 to 0.8%, 30-day
mortality between 0.15 to 1.42%, and 90-day mortal-
ity between 0.2 to 0.74%. Ninety-day mortality after
revision surgery is approximately the same as for
primary THA (0.6 to 0.9%).

Nerve Palsy

Nerve palsy following a THA is an uncommon
(prevalence 1%) but concerning outcome for both
the surgeon and the patient. Informed consent
should include this complication as a possible out-
come. Predisposing factors include female gender,
revision surgery, lengthening of the limb, and
bleeding tendencies. The most common nerve in-
jured is the sciatic (78%), followed by the femoral
(13.2%) and the obturator (1.6%).

The sciatic nerve is composed of independent
tibial (medial) and common peroneal (lateral) divi-
sions that usually (90%) are united as a single nerve
down to the lower border of the thigh. Although
grossly united, the funicular bundles of the two are
separate and there is no exchange of bundles be-
tween them. In 10% of cases the two divisions exit
the pelvis as distinct nerves. In these situations the
tibial nerve always passes below the piriformis
muscle while the common peroneal component can
pass above or through piriformis. The common per-
oneal nerve is more prone to mechanical injury than
the tibial nerve because it has larger and more
tightly packed funiculi with less protective connec-
tive tissue, and because of its more lateral position
and tethering in the sciatic notch and head of fibula.

Nerve palsy can occur after THA from one of
three reasons: direct physical damage from dissec-
tion, poor retractor placement, or entrapment dur-
ing cerclage femoral wiring from excessive traction
or from compression usually by postoperative
hematoma associated with anticoagulation. During
surgery attention should always be given to sharp
retractor placement over the anterior of posterior
columns. Formal dissection of the sciatic nerve is
not usually considered necessary, but its position
should always be kept in mind during surgery. If
cerclage wiring of the femur is required, care should
be taken to split the posterior linea apsera as close to

the femoral shaft as possible. The wire should always
be passed from posterior and lateral to anterior and
medial, and the leg should be placed in the anatomic,
not dislocated position during passing of the wire.

If a nerve palsy is noted in the recovery room,
an attempt should be made to identify its origin.
After checking that it is not anesthesia related
(patient received a partial spinal or epidural anes-
thetic), the operative procedure should be reex-
amined. If there is any chance of the nerve being
trapped by a cerclage wire, or the limb has been
lengthened more than 3 cm, the patient should be
returned immediately to the operating room for
either removal of the wire or shortening of the leg
(femoral head exchange if possible). Hematoma
compressing the nerve may give clinical signs of
ongoing bleeding and buttock pain. Discontinua-
tion of anticoagulation may be considered, but
there is no absolute indication for reoperation to
evacuate a hematoma. Good outcomes have been
reported with conservative management.

During preoperative planning for THA, if there
is the possibility of the leg being lengthened more
than 2 to 3 cm (such as commonly occurs with re-
construction of a congenital hip dislocation), a
wake-up test can be discussed with the patient. This
involves telling the patient he or she will be asked
to “wriggle their toes” on both feet before extuba-
tion. The anesthetist must ensure no motor block or
muscle relaxant, and the ability to increase the pa-
tient’s level of consciousness to allow understand-
ing of commands. If the patient is able to dorsiflex
his or her toes on the contralateral foot but not the
toes on the operated leg, the patient is assumed to
have a sciatic nerve palsy, and consideration should
be given to reoperation.

If the nerve palsy is treated nonoperatively,
there is a 41% chance of complete recovery, a 44%
chance of partial recovery, and 15% of patients will
have a poor outcome. Prognosis is good if limited
motor function is present immediately after surgery
or if some motor function returns in the first 2
weeks postoperatively. Femoral nerve injury gener-
ally has a better outcome than sciatic nerve injury.

Leg Length Inequality

One of the commonest findings noted by the patient
after primary THA is a leg-length inequality (ap-
proximately 25%). Most studies of large groups of
people show that approximately 30% of the popula-
tion have a discrepancy between 1 and 2 centimeters,
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however, and often the patients’ complaint of a
longer leg after operation is not borne out with clin-
ical or radiologic measurement. This functional leg-
length difference is caused by contractures around
the hip that create a pelvic obliquity. Commonly,
this is caused by tightness of the gluteus medius
muscle in a hip that has been short and has had a
decreased offset and then is corrected to the normal
hip length and offset. Over time, the feeling of a
“long leg” will become less obvious, but it is impor-
tant to warn the patient of this preoperatively so
they are not worried that something was done in-
correctly at the time of surgery.

A true lengthening of the leg at the time of sur-
gery can be avoided by accurate preoperative
planning, anatomic component geometry, and
intra-operative assessment (including use of outrig-
ger jigs, center of head to lesser trochanter distance,
and relationship of knees and heels before and after
reconstruction as well as intraoperative radiographs
if there is still uncertainty. Correct restoration of off-
set and leg length in a diseased hip is always bal-
anced against risk of dislocation by making the soft
tissues too loose, but both goals can always be
achieved with careful surgical technique.

Dislocation

A recent large study of 58,521 elective primary THA
(excluding acute fractures) in the United States re-
ported a 3.9% dislocation rate during the first 6
months after surgery, and for 12,956 revision THAs,
a 14.4% dislocation rate. These figures are much
higher than are generally quoted for single surgeon
series of THA, which are approximately 0.5 to 2%.
Factors that influence rate of dislocation include pa-
tient factors (including cerebral dysfunction and al-
coholism), surgical approach (traditional posterior
approach has a fourfold greater risk of dislocation
compared to Hardinge approach), surgical factors
(correct positioning of acetabular and femoral com-
ponent, trimming of marginal osteophytes from
the acetabulum), and implant factors (head size,
head–neck ratio, elevated rim acetabular liner, choice
of neck length, choice of offset).

Recent techniques designed to repair the poste-
rior capsule and external rotators to the hip have re-
duced dislocations with the posterior approach to
0.5%. A large study from the Mayo Clinic demon-
strated no benefit in dislocation rates with a larger
head, but a definite benefit with use of an elevated
rim liner (2.2% incidence if elevated rim used,

3.85% if no rim). Laboratory data suggests de-
creased impingement between the femoral neck
and acetabular rim with a 28mm femoral head com-
pared to a 22 mm femoral head, but no additional
benefit is gained by using a 32 mm femoral head for
this purpose.

An important recent study has shown a large in-
crease in dislocation rate when the acetabular cup
diameter was 32 mm or greater than the femoral
head diameter. The authors postulated that site of at-
tachment of pseudocapsule is moved further from
the femoral head, potentially allowing greater laxity,
and they recommended use of a 22 mm diameter
femoral head for acetabular cups less than 50 mm di-
ameter, and a 32 mm femoral head for acetabular
cups greater than 62 mm outer diameter.

Treatment of a dislocation depends on the sus-
pected cause and the number of previous disloca-
tions. Most first-time dislocations where there is no
obvious cause such as osteophyte impingement or
component malposition are treated by closed reduc-
tion and gradual mobilization (Figure 17-21). There
is no evidence that prolonged immobilization or
physiotherapy after closed reduction decreases the
likelihood of recurrence. If an obvious cause is iden-
tified, then operative treatment is indicated. The
late dislocation (occurring at least 2 to 5 years after
surgery) raises the possibility of wear of the acetab-
ular component, which may require revision.

Multiple dislocations are of great concern to the
patient because they cannot be sure of the circum-
stances when they will occur. Often these patients
request surgery. If the anteroposterior and lateral
radiograph fail to show acetabular malposition that
can be corrected by revision surgery, a decision
must be made as to the best form of treatment. Most
recurrent dislocations are posterior, and in the ma-
jority of these cases the original THA was per-
formed through a posterior approach. There is little
guidance in the literature as to which surgical ap-
proach should be performed in this situation, but
the authors prefer a Hardinge type approach
through nonscarred tissue.

The least complicated option is to increase tis-
sue tension by increasing the length (and offset) of
the femoral neck and performing a careful soft tis-
sue repair. A further option is augmentation of the
cup with a custom-made wedge of polyethylene
(often a liner cut into thirds), held to the existing
cup with screws, placed in the position where the
dislocation was occurring. Trochanteric advance-
ments have not been reported as useful in the litera-
ture. Complete revision of both components is a
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FIGURE 17-21. (A) This 47-year-old male underwent bilateral simultaneous cemented THA
through a direct lateral approach for severe idiopathic osteoarthritis. His postoperative radiographs
appeared satisfactory and he was discharged from hospital 6 days after surgery. (B) He was readmit-
ted with an anterior dislocation of the left hip 3 weeks after surgery. He claimed that he fell forward
out of a chair, causing the dislocation. The hip was reduced with sedation, and he was discharged the
following day. No splint was used. He made an uneventful recovery, and at latest follow-up (9 years)
has not had any further instances of dislocation.
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drastic option if both are well-fixed and there is no
obvious component malposition.

A study on the operative treatment of 116 recur-
rently dislocating hips using one of the above oper-
ations, showed only a 61% success rate. An
increasingly popular alternative is revision of the
acetabular cup with a constrained liner. A con-
strained liner is one that “captures” the femoral
head and prevents it from dissociating from the ac-
etabulum. A 5-year follow-up of 56 patients who
were treated with a constrained acetabular compo-
nent showed a 97% success rate at preventing fur-
ther dislocation. The potential disadvantage of
decreased range of movement and component
loosening (because the internal surface of the poly-
ethylene is greater than a hemisphere causing im-
pingement and greater stress transmission to the
prosthesis-bone interface) has not been seen in
medium-term follow-up studies of this component.
It remains the most effective solution to date for this
distressing and very difficult problem.

Heterotopic Ossification

Those patients at risk of heterotopic ossification
(HO), the laying down of bone in tissues, should be
identified preoperatively and some form of prophy-
laxis instituted. Risk factors include ankylosing
spondylitis, previous acetabular or pelvic fracture,
or previous problems with heterotopic ossification
during THA on the contralateral hip.

Prophylaxis for this problem can be given with
pharmacological means or radiation. Aspirin has
been shown to be not effective in preventing HO,
and most surgeons would now recommend in-
domethacin, which is the most studied nonsteroidal
anti-inflammatory drug used for this purpose. One
study showed that in 123 male patients undergoing
primary THA, given a 10-day course of 25 mg In-
domethacin three times daily, there was a 7.6% inci-
dence of mild HO and no cases of Brooker grade III
or IV compared to the normal quoted prevalence of
3 to 10% of patients who experience functional im-
pairment in the form of diminished range of motion
due to HO.

Arandomized prospective study directly compar-
ing 3 × 3.3 Gy of radiation with 150 mg of diclofenac
for 3 weeks showed that radiation was slightly
more effective than nonsteroidal anti-inflammatory
tablets in reducing the incidence of HO, but that
both were very effective. The dose of radiation that
is effective at preventing HO has steadily decreased

over the last 20 years, and now 0.7 Gy is shown to
be effective.

If HO does occur after THA and it is sympto-
matic, with decreased range of motion after matu-
rity (as determined by isotopic bone scan usually
6 months after surgery), the HO may be excised
and the patient treated with postoperative radia-
tion. Often a preoperative CT scan is helpful to
document exactly where the HO is located, and an
appropriate surgical approach can be used. With
this regime an average increase of 45° flexion and
25° of abduction can be anticipated (Figure 17-22).

Infection

Treatment of an acute periprosthetic infection de-
pends on the elapsed time since surgery. Acute in-
fections occurring within 4 to 6 weeks of surgery,
where the components are judged to be stable and
there is no reaction in the surrounding bone, can be
treated with thorough debridement of infected ma-
terial, pulsatile lavage, and prolonged IV antibi-
otics, yielding a very high prosthesis retention rate
(>95% depending on the infecting organism). The
majority of organisms in early infection are staphy-
lococcus, and the antibiotics of choice here are flu-
cloxacillin combined with rifampicin.

In patients who sustain an infected THA more
than 6 weeks after surgery, there is a greater chance
of infected material having gained access to the
prosthesis patient interface. This does not always
equate with prosthetic loosening, but almost always
necessitates removal of the prosthesis. Removal of
the prosthetic components can be performed as a
one- or two-stage revision procedure. The two-stage
exchange remains the standard for treatment, with
the first stage consisting of removal of all compo-
nents and foreign material such as cement, cement
restrictors and wires, meticulous extensive debride-
ment, and accurate identification of the infecting or-
ganism. Use of an articulating spacer containing
antibiotic to maintain tissue tension is becoming
more popular, but even if not used, some form of
antibiotic impregnated cement should be placed in
the acetabulum and upper femoral canal.

Postoperative management consists of IV an-
tibiotics for 2 to 4 weeks, followed by 2 to 4 weeks of
oral antibiotics. Debate exists about whether the
patient should undergo a period without antibiotic
cover before reimplantation, and the value of hip
aspiration to ensure no organisms are present
prior to reimplantation. The patient’s erythrocyte
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sedimentation rate and C-reactive protein should be
close to normal before reimplantation, and this usu-
ally occurs 6 to 10 weeks following prosthesis re-
moval. Reimplantation is usually performed with a
cemented femoral component to allow further di-
rect antibiotic delivery to the bone. Acetabular revi-
sion may be performed with a cemented or
cementless component. Success rates for this proce-
dure with a nonresistant organism exceed 95%.

Recent studies have supported selective use of a
one-stage exchange, where the organism is consid-
ered of low virulence and responsive to antibiotic
therapy, an adequate debridement can be achieved,
and the patient’s medical condition contraindicates
further major surgery. Success rates in excess of 80%
can be achieved when this approach is used in care-
fully selected cases.

Periprosthetic Fractures

The incidence of fractures around the femoral com-
ponent of a THA, both intraoperative and postoper-
ative, has been increasing over the last 20 years.

Intraoperative fractures are generally caused by the
need to achieve good initial stability of porous-
coated components. They are usually stable, involv-
ing a split in the femoral cortex, and can be treated
by keeping the patient from weight bearing in the
early post operative period. If an intraoperative
fracture is identified as unstable, cerclage wires can
be passed around the femur. Postoperative frac-
tures are occurring due to an increase in the num-
ber of THAs, younger patients, increasing survival
of the prosthesis in patients who are simultane-
ously loosing bone mass, and fractures through os-
teolytic lesions.

The Vancouver classification (A, B, C) for these
fractures is based on the level of the fracture and
stability of the femoral component. Type AG is a
fracture of the greater trochanter. Type AL is a frac-
ture of the lesser trochanter. Type A fractures are
treated conservatively if stable and operatively if
unstable. Type B fractures occur around the lower
stem or tip of the prosthesis. Type B1 includes frac-
tures where the femoral component is solidly fixed.
They are treated with plating or strut allografts. Type
B2 includes fractures where the femoral component

FIGURE 17-22. Anteroposterior radiograph of a 52-year-old patient involved in a motor ve-
hicle accident. He sustained a displaced left femoral neck fracture and a severe head injury. Al-
though admitted in an unconscious state with a Glasgow Coma Scale of 12, a CT scan of his
head revealed no intracerebral lesion. A THA was performed on the night of admission to hos-
pital. He remained intubated and unconscious in the intensive care unit for 13 days. Despite
making a full neurological recovery, he developed severe heterotopic ossification around the
left THA.
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is loose and are treated with revision of the loose
femoral component to a long-stemmed prostheses,
usually cementless, to bypass the fracture, and fixa-
tion of the fracture with wires or plates (Figure 17-23).
Type B3 fractures occur when there is severe under-
lying bone stock loss, and the femoral component is
almost always loose (Figure 17-24). They are treated
in a similar fashion to Type B2 fractures, often with
additional allograft. Type C fractures occur below
the tip of the femoral stem and are treated inde-
pendently of the prosthesis.

Nonunion of periprosthetic fractures is usually
treated by revision to a long-stemmed porous-coated
component, but treatment is difficult with a high rate
of complications and a poor functional outcome.

Fractures of the acetabulum are less common
than of the femur, and usually occur during insertion

of a porous-coated component into an acetabulum
that has been under-reamed by 1 to 2 mm to gain
good initial stability. Fractures occur more fre-
quently in women with osteopenic bone. If an in-
traoperative acetabular fracture is recognized,
assessment of stability of both the fracture and the
component is required. An unstable component re-
quires removal. If the medial wall has been
breached, over-reaming and a larger component
with rim fit can achieve a good result. If a column
fracture has occurred, it will need to be exposed and
plated, followed by implantation of an acetabular
cage or a larger diameter cup. If a fracture occurs but
the cup appears stable, the situation can be accepted,
and the fracture will usually heal, but the compo-
nent has a higher chance of not achieving bony in-
growth, and thus requiring revision at a later date.

A B

FIGURE 17-23. (A) Anteroposterior radiograph of a 61-year-old male who fell in the shower. This
Charnley type THA had been in place for 18 years. (B) Lateral radiograph of the same patient. A
loose prosthesis, associated with extensive osteolysis required revision of both the femoral stem and
acetabular cup.
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Wear and Osteolysis

Improved fixation has led to emergence of other
modes of failure in THA. Wear is the removal of
material, with the generation of wear particles that
occurs as the result of relative motion between two
opposing surfaces under load. The mechanical con-
sequences (mechanical thinning) of polyethylene
wear have been recognized since the early 1970s
when the first wear studies on THA suggested a
limited life span of the polyethylene bearing. This
concept was partly responsible for the development

of modular acetabular components, which allowed
exchange of the plastic liner without disturbance of
the bone prosthesis interface (Figure 17-25). 

Since the 1980s, it has been recognized that the
clinical consequences of wear—the release of exces-
sive wear particles into the biological environ-
ment—is the predominant cause of late failure of
THA, and this still remains the case today. When
particles within a certain size range are phagocy-
tized in sufficient amounts by macrophages, they
enter a state of activated metabolism, with the re-
lease of cytokines that result in periprosthetic bone

A B

FIGURE 17-24. (A) Distal femoral fracture around a radiologically loose cemented THA that had
been in place for 7 years. (B) At the time of operation, the cement was able to be easily removed from
the proximal femur without disturbing the fracture site with any soft tissue exposure. A modular ce-
mentless stem bypassed the fracture and led to radiological healing at 10 weeks postoperatively.
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loss leading to eventual loosening and necessitating
component revision (Figure 17-26). The concept of
the effective joint space includes all areas of the joint
that can be accessed by synovial fluid laden with
wear particles. This includes all areas of the bone
and prosthesis (cementless implants) and bone and
cement (cemented implants) interfaces, which often
extend far beyond the areas of capsular attachment
associated with a nonreplaced hip. Synovial fluid
can excite this response, leading to areas of osteoly-
sis (focal areas of progressive periprosthetic bone
loss) in locations removed from the primary articu-
lar surface (Figure 17-27).

Wear can be classified into two areas: wear
mechanisms (adhesion, abrasion, and fatigue) and
wear modes (conditions under which the prosthesis
was functioning when the wear occurred). Adhe-
sive wear occurs when two surfaces are bonded to-
gether under load, and material is pulled away
from one or more surfaces when movement occurs
between them. Abrasive wear is a mechanical
process wherein asperities on the harder surface re-
moves material form the softer surface. Fatigue oc-
curs when local stresses exceed the strength of the
material, causing it to fail, usually after a particular
number of cycles. Bearing surfaces are designated

primary (intended to articulate) or secondary (not in-
tended to move against any other material, whether
this is the patient’s bone or another component of the
THA prosthesis).

Mode 1 wear occurs as a result of motion (which
is intended to occur) between two primary bearing
surfaces. Mode 2 wear occurs when a primary bear-
ing surface moves against a secondary surface (dis-
location). Mode 3 wear takes place when a third
substance gains access between two primary bear-
ing surfaces (often referred to as third body wear).
Mode 4 wear occurs when two secondary bearing
surfaces rub together, such as impingement of the
femoral neck on the rim of the acetabular cup, mo-
tion of the prosthesis in the bone, or motion between
modular connections of the femoral stem (morse
taper fretting) or acetabular cup (back-side wear).

Surgeons choosing a particular primary THA
system for implantation should evaluate all of these
areas for that system carefully, because the type and
incidence of wear modes for that prosthesis vary
widely, a well as variation in when they occur over
the service life of that prosthesis. In most primary
THA, the greatest contribution to wear is from mode
1 wear—polyethylene particles generated from the
primary bearing surface (Figure 17-28). Two types of

FIGURE 17-25. A marker has been placed on this radiograph of a PCA total hip arthroplasty to in-
dicate both the initial and final position of the center of the femoral head. The prosthesis had been
implanted 4 years previously. Most of this femoral head penetration was attributed to a small cup
combined with a 32 mm femoral head leading to a polyethylene thickness of 7mm, and a suboptimal
locking mechanism.

1
2
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FIGURE 17-26. Low power microscopy (×250) of the tissue retrieved from an osteolytic granu-
loma at the time of revision surgery. The polyethylene particles in the tissues are easily identified
under polarized light by their birefringence.

FIGURE 17-27. Despite very little visible wear appearing in the
articulating surface of this Harris-Galante I total hip arthroplasty
which had been implanted 5 years previously, a massive osteolytic
lesion is seen extending from the greater trochanter down the
lateral side of the femur. At the time of surgery, there was an im-
pingement of the titanium femoral neck on the acetabular cup,
which had generated much of the wear debris causing the osteol-
ysis. Another source of wear in this case was titanium debris gen-
erated from a loose femoral component. There was no visible
wear of the acetabular liner.
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assessment for this are available: simulator studies
and measurement from clinical radiographs. 

Modern simulator studies of polyethylene wear
now incorporate the critical fact that, in the hip as
opposed to the knee, the path that a point on the
femoral head makes within the polyethylene is
multidirectional, and there are often crossing paths.
Although this allows comparison of two bearing
surfaces within the same simulator, many surgeons
are skeptical that simulator wear studies can truly
reproduce the in vivo situation under which a THA
functions. Variables still to be fully understood in-
clude lubrication medium, presence of third body
particles, temperature of the primary bearing sur-
face, and loading (there is some recent radiologic
evidence that the primary bearing surfaces of a
THA dissociate by up to 1 mm during a normal gait
cycle). Wear simulator results vary greatly but tend
to show polyethylene wearing at a rate of 0.06–0.10
mm/million cycles. Historically one million cycles
were taken to represent one year’s wear, but a re-
cent pedometer study shows variation between 0.4
to 4 million cycles/year among study patients.

Measurement from clinical radiographs as-
sumes that a change in displacement of the femoral
head between two radiographs taken at different
times represents polyethylene wear. Calculation of

volumetric polyethylene wear is then made on the
basis of femoral head diameter and direction of dis-
placement. Measurements are based on locating the
center of the femoral head, and either measuring the
shortest distance to the edge of the acetabular cup,
or locating the center of the cup and measuring the
difference between head and cup center. Radiostere-
ometric analysis (RSA), originally developed for
measurement of component migration, can be used if
beads are prospectively implanted in the pelvis at the
time of surgery, the acetabular cup has beads im-
planted, and a dedicated RSA setup for taking radi-
ographs is available. It can only be used prospectively,
and expense usually constrains numbers of subjects
that can be recruited.

Retrospective measurements from clinical radi-
ographs can be made by placing radiographs on a
tablet and using a stylus to digitize points (manual
method) or by taking points directly from the digi-
tal image of an radiograph (usually automated). Re-
cent studies have shown good correlation between
radiologic measurements and retrieved prostheses.
Hips with linear wear rates of greater than 0.2
mm/year have been associated with an increased
prevalence of osteolysis, while hips with linear
wear less than 0.1 mm/year have infrequently been
associated with osteolysis.

FIGURE 17-28. Wear from the primary bearing surface of
this PCA total hip arthroplasty has contributed to the large
osteolytic lesion seen in the superior quadrant of the acetabu-
lar component.
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REVISION TOTAL HIP
ARTHROPLASTY

There are multiple steps that need to be considered
when performing the revision of a THA.

Step 1. Reason for Failure

The historical mode of failure of cemented femoral
acetabular and femoral components was by asep-
tic loosening associated with mild or moderate
osteolysis, and moderate or severe component mi-
gration. With the advent of modularity, hybrid
THA, multiple revisions, porous-coated femoral
and acetabular components, and alternate prob-
lems (fractured ceramic femoral heads), different
modes of failure require different solutions to be
applied. The primary philosophy is to achieve a
solidly fixed, stable component with minimal
bone loss (or bone restoration where necessary).
The minimum surgery, carrying with it the mini-
mum risk of complications to achieve this aim, is
often the best solution.

Step 2. Which Components Need Revising

If a well-designed component with a good clinical
track record is found to be solidly fixed at the time of
revision surgery, and there is minimal evidence of
wear of its primary bearing surface (or it can be re-
placed, as with a modular femoral head or modular
acetabular cup), then consider retaining the compo-
nent at the time of revision. This decision must also
take into account ease of exposure (exposure of an ac-
etabular defect around a solidly fixed femoral stem),
leg length and tissue tension issues (increased risk of
postoperative dislocation if neck length options are
limited), and head size (a monoblock femoral stem
with a femoral head diameter that cannot be matched
to options available for the acetabular revision).

Revision for progressive periprosthetic oste-
olytic defects in the presence of well-fixed compo-
nents often involves grafting of the defect with
allograft, removal of screws from the cup, and
downsizing the diameter of the primary bearing
surface from 32 to 28 or less millimeters (to increase
polyethylene thickness) by replacing the polyethyl-
ene liner (Figure 17-29). Increasing the neck length,

FIGURE 17-29. A large osteolytic lesion in the superior acetabulum, around a titanium grit-
blasted acetabular component, caused by excessive mode 1 wear from a titanium femoral head
articulating against polyethylene. Despite this cup having a reasonable track record and being
stable at revision, the locking mechanism was nonfunctional after removal of the polyethylene
liner. An intraoperative decision was made to revise the acetabular component, because cement-
ing an appropriate sized polyethylene liner into the metal shell would have given a polyethylene
thickness less than 8 mm.
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to rectify poor tissue tension caused by the expo-
sure (which can lead to an increased risk of disloca-
tion), is often necessary.

Step 3. Assessment of Bony Defects

Bony defects of the femoral shaft can be assessed by
good quality anteroposterior and lateral radi-
ographs of the hip, as well as proximal femur be-
yond the tip of the femoral prosthesis. Defects are
always more extensive than they appear on radi-
ograph. Acetabular defects often require additional
imaging, such as Judet views to assess the anterior
and posterior columns, and occasionally CT if a
pelvic dissociation (loss of bony continuity through
both anterior and posterior columns) is suspected.
If there is intrapelvic migration of the acetabular
component, pelvic angiography to document the
proximity of the iliac vessels is often required.

Step 4. What Acetabular Revision
Components Are Required

Choice of acetabular revision components is often
dictated by the experience, training and philosophy
of the operating surgeon, and tempered by the ex-
tent of any bony defect (or other major structural
consideration, such as pelvic dissociation) present.
The most commonly used grading system for ac-
etabular bone loss emphasizes the presence or ab-
sence of the acetabular rim, deficiencies of the
acetabular dome and walls, and integrity of the an-
terior and posterior columns. Type I defects, with
intact rims, walls, and columns, may be dealt with
using cementless components with or without sup-
plemental screw fixation, or cemented components
using impaction grafting techniques. Twelve-year
results of the Harris-Galante titanium fiber mesh
socket used for revision of type I defects approach
the 95% good or excellent results they enjoy in pri-
mary THA.

Type II defects have a distorted rim and wall,
but an intact anterior and posterior column, and
may be treated with a cementless acetabular com-
ponent with supplementary screw fixation. Defects
are filled with compacted allograft bone chips. If the
major acetabular deficiency is superior, with mini-
mal anterior or posterior column bone loss, a
slightly higher hip center may be accepted to pre-
vent over-reaming and sacrifice of good bone from
the anterior and posterior columns.

Type III defects have a missing rim, the walls are
severely compromised, and the columns offer no
support. Two choices are present here—a very large
(“jumbo”) acetabular component (outer diameter
greater than 66 mm) or an antiprotrusio cage. The
guarded long-term prognosis of structural acetabu-
lar allografts (failure rates up to 50% at 10 years have
been reported), and the difficulty and expense of
supporting a dedicated structural allograft bone
bank, have limited their use outside of dedicated
hospital units. For most patients (elderly with a mul-
tiply revised hip and component migration) with a
type III defect, the component of choice is either a
jumbo or bilobed cup. Jumbo cups are a good option
when there is a large central defect. The acetabular
margin is reamed down to create a horseshoe-
shaped lateral acetabular margin, and an oversized
acetabular cup is then placed on this margin and
held with multiple screws. The central defect can be
allografted. Alternatively, if an oval defect is present
and the surgeon wishes to restore the hip center to
normal, a bilobed cup may be used.

In a younger patient with a type III defect,
where bone stock preservation and restoration
must be maximized to allow future procedures
during that patient’s lifetime, compacted allograft
bone chips can be packed into defects (including
structural allograft supplementation to prevent
bone chip migration). If there is likely to be less
than 50% contact between host bone and the ac-
etabular prosthesis, an antiprotrusio cage should
be used. This is attached to the ilium ischium and
pubis, overcoming problems with column or me-
dial wall deficiency. Bypassing of the acetabulum
allows load sharing to occur with underlying allo-
graft, encouraging its incorporation for restoration
of bone stock. A polyethylene acetabular socket is
then cemented into the cage. Care should be taken
with component orientation, because bony land-
marks that can usually be identified will no longer
be available (Figure 17-30).

Pelvic discontinuity cannot always be pre-
dicted preoperatively, but where there are major
column defects and acetabular component migra-
tion, it should be suspected, and appropriate com-
ponent inventory for intraoperative treatment of
discontinuity should be available. Three choices
are available:

1. Stabilization with a pelvic reconstruction
plate along the posterior column, followed
by a cementless acetabular component. This
is most commonly used where a posterior
column fracture has occurred (often during
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extraction of a well-fixed component), but
there is sufficient posterior column bone to
obtain stable fixation.

2. Bypassing the discontinuity using an an-
tiprotrusio cage with stable fixation proxi-
mally into the ilium and distally into the
ischium.

3. Use of a jumbo cup. If the metal shell of the
cup is thick enough in the acetabular system
chosen, the screws placed through the cup
will only travel in one direction, perpendicu-
larly away from the cup center. This greatly
enhances fixation of the two mobile pelvic
bones by the cup, and if careful screw place-
ment is selected, allows a very stable con-
struct without a supplemental posterior
column plate (Figure 17-31).

Step 5. What Femoral Revision
Components Are Required

Selection of an appropriate revision femoral compo-
nent should take into account any difficulties with
potential femoral fractures, cortical windows, or

extended femoral osteotomies that might be en-
countered during extraction of the existing implant.
Well-fixed cemented and cementless stems may be
difficult to remove, and vigorous extraction at-
tempts that might lead to bony fracture should be
avoided (Figure 17-32). Cemented implants should
be initially removed from the cement mantle. A de-
cision can then be made as to whether the cement
can be removed from the canal proximally, or
whether a distal cortical window will be required.
An extended femoral osteotomy may be performed
if there is varus femoral remodeling. Most well-
fixed cementless femoral implants have to be re-
moved using thin power instruments to divide the
areas of bone where ingrowth has occurred into the
porous-coated surfaces of the prosthesis.

Cemented femoral revision relies on interdigi-
tation between the cement and the bone for a me-
chanically durable interface. The loss of cancellous
bone seen at revision surgery compromises this in-
terdigitation. Although the 10-year results of ce-
mented femoral revisions have an 80 to 85%
prosthesis survival, improved cementless prosthe-
sis design has decreased the role of cemented
femoral revision.

A B C

FIGURE 17-30. (A) Radiograph of the right hip of a 31-year-old female patient with rheumatoid
arthritis who had a THA with a threaded type acetabular component 6 years previously. She presented
with increasing groin pain after a minor stumble. A pelvic dissociation was assumed. (B) At the time of
revision, the radiological diagnosis of a pelvic dissociation was confirmed. When a young patient is
being treated for revision THA, the emphasis is always on bone stock preservation. For this reason, an
acetabular cage into which was cemented a polyethylene component was chosen as the implant of
choice. This allowed a large amount of morselized bone allograft (two femoral heads) to be placed me-
dial to the cage. (C) An 8-year postoperative radiograph shows incorporation of the medial
morselized allograft. Currently the patient is pain free with a stable construct. If this reconstruction
fails, a press-fit acetabular cup will be the procedure of first choice.
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Occasionally, it will be necessary to change a
well-fixed cemented femoral component due to un-
usual head size, or leg length issues. If the cement
mantle is radiologically intact, another component
may be cemented into the intact cement mantle
without its removal, with good medium-term (5 to 7
year) results.

Cementless femoral revision has become increas-
ingly popular as it provides a stable initial construct
and has good long-term results. Proximal porous-
coated implants provide the theoretical advantage of
biologic fixation with a minimum of stress shield-
ing (loss of bone from the proximal femur when it
is not loaded). This benefit is outweighed by the

A

B

FIGURE 17-31. (A) This loose un-
cemented acetabular component has
eroded through into the pelvis, and
caused disruption of both anterior
and posterior acetabular columns.
(B) Morselized allograft femoral
head is used to fill the lesion. A 70
mm diameter acetabular cup with
multiple screws (inferior screws
placed into ischium are hidden by
the bulk of the cup) was then used to
stabilize the pelvic dissociation.
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disadvantage of obtaining initial stability and long-
term fixation in the damaged proximal femur, and
their use in the revision setting is limited.

The most popular method for femoral revision
is bypassing the damaged proximal bone using di-
aphyseal fixation. Most femoral stems designed for
diaphyseal fixation are either extensively porous-
coated devices with a cylindrical distal shape, or
grit-blasted fluted devices with a conical distal
shape. Titanium stems have a lower modulus of
elasticity to potentially reduce stress shielding, but
cannot be fully porous coated because notch sensi-
tivity reduces their strength, increasing the risk of
stem fracture. The stress shielding associated with
diaphyseal fixation has not yet become a major
clinical problem, but concern remains about extrac-
tion of an extensively porous-coated device.

Step 6. Which Surgical Approach 
Should Be Used

There is little literature suggesting the best surgical
approach to employ in revision surgery. The poste-
rior approach makes an extensile exposure of the

femoral shaft easier, but, as in primary THA, suffers
from a higher dislocation rate. If an anterior ap-
proach has been used previously, there is no con-
traindication to using a posterior approach for
revision, and the converse also applies.

A trochanteric osteotomy may be required if
extensive exposure of an anterior or posterior col-
umn deficiency is required, such as when an an-
tiprotrusio cage is used. A recent advance in
revision surgery has been the extended greater
trochanteric osteotomy, where in the greater
trochanter and the lateral third of the circumfer-
ence of the femur are raised as a flap, with their soft
tissues still attached, for approximately 10 cm
down the femoral shaft (Figure 17-33). As well as
good acetabular exposure, it has the advantage of
facilitating removal of well-fixed cemented and ce-
mentless implants in a bone sparring manner. Indi-
cations include:

1. Trochanteric overhang above the prosthesis,
increasing the risk of fracture during device
extraction.

2. Removal of a well-fixed large amount cement
in the femoral canal.

FIGURE 17-32. Severe destruction of the proximal femur and pelvis, following removal of a ce-
mented THA. The patient had undergone six previous THAs.
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3. Removal of extensively porous-coated solidly
fixed cementless femoral stem.

4. Varus remodeling of the proximal femur
such that placement of a long straight stemm-
ed femoral component would predispose a
fracture.

Step 7. What Fixation Method 
Should Be Used

The vast majority of femoral and acetabular revisions
currently use cementless fixation of both the acetabu-
lar and femoral components. A technique popularized

B

A

FIGURE 17-33. (A) This Stanmore THA had been implanted
16 years previously. The patient presented with pain, severe stiff-
ness, and a limp. He weighed 270 pounds. (B) An extended
trochanteric osteotomy through a direct lateral approach gave ex-
cellent exposure of the acetabulum, and allowed easy cement re-
moval from the shaft. It was repaired with three cables, and the
patient kept touch weight bearing for 6 weeks postoperatively.
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by the Exeter group has used an alternative for many
years with good medium-term clinical results—im-
paction grafting with cement. This method seeks to
restore cancellous structure to the femoral canal
using densely packing cancellous bone chips. These
bone chips are packed tightly enough to provide
axial and rotational stability to a femoral stem when
it is cemented into them. Technical difficulty has lim-
ited its use, however, with many centers reporting a
high incidence of femoral fracture and component
subsidence. Ten-year results from the center that ini-
tiated the technique have recently been published,
but until long-term results show a definite improve-
ment over cementless femoral revision with regards
to restoration of bone stock, its use will remain lim-
ited to a few dedicated revision centers.

Step 8. What Is the Role of Allograft and
Tumor Prostheses in Femoral Revision

These constructs are required if there is severe seg-
mental proximal femoral bone loss that is inade-
quate to provide initial stability for conventional
revision femoral stems. Allograft prosthetic com-
posites, where the prosthesis is cemented into the
allograft and has a porous-coated surface for bony
ingrowth of host bone where available, allows bet-
ter soft tissue attachment than does an all-metal
tumor prosthesis. A tumor prosthesis is reserved for
the older low-demand patients who need a faster
operation and earlier weight-bearing mobilization.

Allograft prosthetic composite results in the
medium term have been good, but there remains a
high rate of dislocation and infection. Healing of
the allograft-host bone junction usually requires 3
to 6 months of protected weight bearing. Segmen-
tal allografts remain largely avascular, with a zone
of revascularization only extending for 1 to 2 cm
into the allograft from the junction with host bone.
Greater trochanteric union to an allograft with a
stable fibrous or bony interface occurs in approxi-
mately 70% of cases.
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The Pediatric Leg and Knee

CONGENITAL SUBLUXATION
AND DISLOCATION OF THE
KNEE

CONGENITAL DISLOCATION
OF THE PATELLA

PHYSIOLOGIC GENU VARUM
AND VALGUM

TIBIA VARA (BLOUNT’S
DISEASE)

CONGENITAL POSTEROMEDIAL
BOWING OF THE TIBIA

CONGENITAL
PSEUDOARTHROSIS OF THE
TIBIA

CONGENITAL FIBULAR
HEMIMELIA

DISCOID MENISCUS
OSTEOCHONDRITIS

DISSECANS OF THE KNEE
OSGOOD-SCHLATTER DISEASE
PATELLAR LESIONS

PATELLOFEMORAL PAIN
SYNDROME

RECURRENT PATELLAR
SUBLUXATION AND
DISLOCAITON

TRAUMA
LIGAMENTOUS INJURY

Problems of the leg and knee are probably the most common and obvious
abnormalities to affect the child’s lower extremities. Trauma is the major con-
cern; however, the understanding of other congenital or acquired deformities is
important to minimize or prevent the long-term sequelae in later life. Some of
the deformities are physiologic and periodic observation and reassurance of the
parents that the deformity is a variant of normal but not a disease. In this chapter,
the various physiologic and pathologic conditions affecting the leg and knee are
discussed, and the trauma affecting the physis and impacting on both the growth
and development of the child’s leg and knee are also addressed.

CONGENITAL SUBLUXATION AND DISLOCATION 
OF THE KNEE

Congenital subluxation or dislocation of the knee presents as recurvatum and is
evident at birth. The incidence is approximately 1% of the incidence of congenital
dislocation of the hip. It may be an isolated entity or may occur with associated
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FIGURE 18-1. Clinical appearance of
congenital dislocation of the right knee in a
child with arthrogryposis and hyperex-
tended knee.

problems, such as dislocated hips, clubfoot, myelody-
splasia, Larsen’s syndrome, or arthrogryposis (Fig-
ure 18-1). Special attention must be paid to the hip
joint because approximately 50% of children have
congenital dislocation of the hip. Several terminolo-
gies have been used in describing congenital hyper-
extension of the knee, a descriptive term indicating
recurvatum of the knees at birth. Hyperextension of
the knee in newborn infants may be caused by aber-
rations in intrauterine positions, such as the frank
breech position, which slowly stretches the ham-
strings and soft tissues of the posterior aspect of the
knee. Fibrosis of the quadriceps mechanism is gen-
erally believed to be secondary to the dislocation
rather than its cause. At least half of all babies pre-
senting with this clinical appearance have some
passive knee flexion at birth, and the severity of the
deformity is variable. 

Routine lateral radiographs identify the
femoral–tibial relationship. In type I, hyperexten-
sion is minimal, and the knee can passively be
flexed to 90°. In type II, or moderate type, in which
there is subluxation of the tibia anteriorly on the
femoral condyles, the knee can be flexed up to 45°.
In type III, or severe type, there is complete anterior
dislocation of the proximal tibia on the femoral
condyles with no contact between the tibia and the
femur. Most of type I and type II cases respond
quickly to a gentle manipulation and serial casting
program or Pavlik harness to maintain knee flexion
for a few weeks. However, treatment of congenital
dislocation of the knee or hip associated with
Larsen’s syndrome or myelodysplasia is difficult.

Fibrosis of the quadriceps is present in this type,
and this is the change that separates congenital
knee dislocations from the more easily treatable
postural deformations. In patients unresponsive to
nonoperative treatment and in most of type III
cases, early open reduction and quadricepsplasty
are required. Surgical lengthening of the quadriceps-
patellar tendon complex is the first step, and then
the knees can be flexed and reduced. Knee disloca-
tion must be resolved prior to treatment of congeni-
tal hip instability. Postoperative management
includes initial positioning of the knee in slight flex-
ion to remove tension on the skin incision and then
progressive flexion to obtain at least 90° of knee
flexion. Long-term outlook is variable; however,
lack of complete flexion is common.

CONGENITAL DISLOCATION 
OF THE PATELLA

Congenital dislocation of the patella is an unusual
condition, where hypoplasia of the patella, lateral
femoral condyle, trochlea groove, and quadriceps
mechanism are seen along with lateral displacement
and fixation of the patella (Figure 18-2). There is a
fixed flexion contracture of the knee, and the patella
is laterally displaced with genu valgum and the tibia
is externally rotated. Nonoperative treatment is fu-
tile. Surgical correction includes extensive lateral re-
lease, advancement of the vastus medialis obliquus,
semitendinosus tenodesis to the patella and the cen-
tralization of the patella tendon insertion.
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FIGURE 18-2. Anteroposterior radiograph of the congen-
ital dislocation of the patella demonstrates lateral displace-
ment of the patella and externally rotated tibia.

FIGURE 18-3. Clinical appearance of physiologic genu
varum in a 26-month-old boy.

PHYSIOLOGIC GENU VARUM 
AND VALGUM

Bowleg (genu varum) and knock knee (genu val-
gum) in young children are frequent causes of
anxiety in parents and a common cause of referral
to the orthopaedic surgeons. In the vast majority
of cases, genu varum corrects by itself with
growth. Evaluating angular malalignment is sim-
plified, if one is familiar with the normal develop-
ment of the tibio-femoral angle. Normal knee
alignment is approximately 10 to 15° of varus at
birth, which progresses to neutral alignment at
about 18 months of age. The appearance of genu
varum frequently is exacerbated or accentuated
by concurrent internal tibia torsion (Figures 18.3
and 18.4). Most report that persistence of genu
varum beyond 2 years of age is abnormal. How-
ever, spontaneous correction of the physiologic
genu varum will occasionally be delayed until 30
months of age, and even pronounced physiologic
genu varum greater than 30° can correct with con-
tinuing growth. Overcorrection to excessive genu
valgum is maximal at 4 years of age, and the valgus

angulation averages 8°. Correction to physiologic
valgus is usually by 5 or 6 years of age.

Genu varum is not routinely evaluated radi-
ographically; however, if there is a concern that
this falls outside the normal range in a child 18 to

FIGURE 18-4. Thigh-foot angle. Concurrent internal tib-
ial torsion exacerbates the clinical appearance of physiologic
genu varum.

WeinCh18v2.qxd  1/3/04  7:23 AM  Page 577



578 CHAPTER 18 � The Pediatric Leg and Knee

FIGURE 18-5. Anteroposterior radiograph of a 3-year-old
boy with infantile tibia vara. Prominent beaking of the me-
dial metaphysis and varus angulation at the epiphyseal-
metaphyseal junction are evident.

36 months old, or is associated with short stature or
asymmetric involvement, standing anteroposterior
radiographs should be taken to rule out any patho-
logic conditions. The treatment of physiologic genu
varum and valgum is periodic observation and ex-
amination, together with education and reassur-
ance of the parents that the deformity is a variant of
normal but not a disease. Fat thighs, ligamentous
laxity, and flatfoot often result in toed-out habitus,
and can accentuate the knock-kneed appearance
and make physiologic genu valgum appear more
severe. Torsional malalignment can have a similar
effect. In rare cases of uncorrected physiologic
genu valgum greater than 20°, hemiepiphysiodesis
or osteotomy may be indicated.

TIBIA VARA (BLOUNT’S DISEASE)

Tibia vara is the most frequent nonphysiologic
cause of genu varum in children and adolescents. It
is considered to be a developmental condition,
which affects posteromedial aspect of the proximal
medial tibial physis, resulting in a progressive
varus deformity. Biopsy of the lesions reveals disor-
ganized physeal cartilage with abnormally large
groups of capillaries, densely packed hypertrophic
chondrocytes, and islands of almost acellular fibrous
tissue. Both fibrovascular and cartilaginous repara-
tive tissue can be found at the physeal-metaphyseal
junction. Infants affected by this condition are usu-
ally of black or Mediterranean origin, often have a
history of early walking, and are in the upper per-
centile of weight for height. Examination of the
child with tibia vara reveals an angular deformity
discernable just below the knee. In contrast, young
child with physiologic genu varum will have a
more gentle curvature of the entire extremity. A lat-
eral thrust, indicating laxity of the lateral ligamen-
tous complex, may be seen in children over the age
of 3 with tibia vara.

It is generally subdivided into infantile and late
onset forms. Infantile Blount’s disease may be diffi-
cult to diagnose in its early form until 2 years of age,
when the radiographic changes suggestive of infan-
tile tibia vara are more evident (Figure 18-5). The
Langenskiöld radiographic staging classification
reflects the progression of tibia vara in untreated
cases. The natural history of untreated cases is to
progress to complete medial physeal arrest, which
can occur by the age of 6 (Figure 18-6). In such an
event, subsequent treatment is difficult, because
both angular deformity and tibial shortening must

be addressed. Other radiographic criteria have been
developed, such as the metaphyseal-diaphyseal
angle for the early diagnosis of Blount’s disease.
Some children with metaphyseal-diaphyseal angles
described as compatible with infantile tibia vara
(an angle of 16° is currently accepted) spontaneously
improve without treatment; at the present, this dif-
ferentiation continues to be very difficult in the early
Langenskiöld stages. 

The role of bracing remains unclear; however,
brace management in patients younger than 3 years
old may be successful in correcting the mild defor-
mity. Obesity, instability, and delayed bracing are
considered as risk factors for failure. Early valgus
osteotomy before 4 years of age is strongly recom-
mended to minimize deformity of the proximal me-
dial physis. With this in mind, overcorrection into 5
to 10° valgus angulation beyond normal should be
the goal. The pathology of late onset tibia vara
between the ages of 6 and 13 is similar to that of
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FIGURE 18-6. Anteroposterior radiograph of a 7-year-old
boy with untreated infantile tibia vara demonstrates com-
plete medial physeal arrest of the proximal tibia.

infantile tibial vara; however, because growth at the
tibia is closer to maturity in the adolescent, bracing
is not effective. Various techniques, including plate,
monolateral, or circular external fixation, have been
described to maintain position after osteotomy. Use
of rigid external fixation with acute or gradual cor-
rection allows accurate alignment of the lower ex-
tremity and prevents complications such as nerve
palsy, compartment syndrome, overcorrection, or
undercorrection. For those adolescent patients with
significant growth remaining, consider selective lat-
eral epiphysiodesis. The rate of correction following
this procedure has been reported to be 4° per year.

CONGENITAL POSTEROMEDIAL
BOWING OF THE TIBIA

Posteromedial bowing of the tibia is thought to be
due to intrauterine position. The posture of the new-
born with posteromedial bowing of the leg is charac-
teristic (Figure 18-7), with marked calcaneovalgus

and dorsiflexion of the foot, which may even be op-
posed to the tibia. The natural history of this condi-
tion would be gradual resolution of the foot
deformity and the tibial bowing with growth. In
general, the severity of initial deformity is related to
the amount of ultimate leg shortening, and final leg
length discrepancies at the maturity vary from 5 to
27% relative to the contralateral normal side. No
treatment for bowing is necessary or indicated.
Serial documentation of discrepancy throughout
childhood is advisable, and physeal arrest of the
contralateral leg or lengthening of affected tibia
should be performed, if the discrepancy is projected
to exceed 2.5 cm at maturity.

CONGENITAL PSEUDOARTHROSIS 
OF THE TIBIA

Congenital anterolateral bowing of the tibia, as op-
posed to congenital posteromedial bowing, is not a
benign condition and is the heralding physical sign

FIGURE 18-7. Anteroposterior radiograph of a 4-year-old
girl with posteromedial bowing of the tibia.
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FIGURE 18-8. Lateral radiograph of a 5-year-old girl
with congenital pseudoarthrosis of tibia demonstrates ante-
rior bowing of the tibia and the fracture occurred in the cys-
tic lesion.

of actual or impending fracture with subsequent
pseudoarthrosis of the tibia (Figure 18-8). Congeni-
tal pseudoarthrosis of the tibia is relatively rare, oc-
curring in 1 in 190,000 live births. The cause of
congenital pseudoarthrosis of the tibia is unknown
and appears to be the end expression of several dif-
ferent pathologic conditions. Neurofibromatosis is
linked to about 50% of cases, and the pathology is
not particularly different from other causes of
pseudoarthrosis, with a cuff of harmartous tissue
surrounding the lesions. Congenital pseudoarthro-
sis, which is not associated with neurofibromatosis,
develops often after a seemingly innocuous fracture
in what appears to be reasonably normal bone.

There are five forms of congenital pseudoarthro-
sis of the tibia: dysplastic, cystic, sclerotic, fibular,
and clubfoot or congenital band type. The most
common type is dysplastic, where the tibia is ta-
pered at the defective site; an hourglass constriction is
more often associated with neurofibromatosis. Fur-
thermore, this type  has a poor natural history with
regard to fracture healing, and recurrent fracture is
common even if union is achieved. In the sclerotic
type, the medullary canal is absent, and the fracture

often appears transverse and incomplete initially,
like a stress fracture. Late onset fractures seem to
have a better prognosis.

Prophylactic bracing with a total contact ankle-
foot orthosis may prevent or delay fracture, however,
after the fracture has occurred, cast immobilization is
generally unsuccessful. The management of estab-
lished pseudoarthrosis remains controversial, and
currently popular methods include excision of the le-
sion followed by compression with external fixator,
vascularized fibular grafts, or intramedullary rod-
ding. When treatment fails, Syme amputation and
prosthetic fitting are needed for a functional limb.
Treatment and follow-up through adolescence are
appropriate, because a high rate of refractures often
need retreatment, and delayed fracture of the tibia in
late adolescence is frequent. Patients with union at
skeletal maturity usually, but not necessarily, fare
well in adult life.

CONGENITAL FIBULAR HEMIMELIA

This is the most common longitudinal deficiency of
the lower extremity with or without a terminal de-
ficiency at the foot. It is a paraxial deficiency, and
the spectrum varies from complete absence of the
fibula with missing lateral rays to a fibula that is
slightly short with a ball and socket type of ankle
joint (Figure 9-2). The tibia has an anterolateral
bow, and the femoral shortening may accompany
fibular hemimelia. If it does, the lateral femoral
condyle is always deficient. The magnitude of the
projected shortening usually is related to the sever-
ity of fibular and lateral ray absence. Tarsal coali-
tion may exist with a mass representing the talus
and calcaneus.

In severe deformities in which the foot cannot
be rendered stable weight-bearing surface or there
is excessive predicted leg length discrepancy, pa-
tient satisfaction following Syme’s amputation and
prosthetic fitting is high. This procedure is opti-
mally performed before the time when children
would normally ambulate. Staged limb lengthening
in some cases has been demonstrated to be success-
ful in achieving limb-length equality in children
with less than 35% projected shortening of the tibia
and fibula, when undertaken carefully with protec-
tion of the ankle and foot to avoid exacerbation of
the valgus position of the hind foot. Complex as-
semblies for lengthening are required to protect the
foot from further deformity during the lengthening
for fibular hemimelia.
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DISCOID MENISCUS

Discoid meniscus is an infrequent congenital anom-
aly of the knee in which the lateral meniscus is dis-
coid in shape rather than normal semilunar
configuration. It is seen in 1 to 3% of normal popu-
lation with a higher frequency in Asians. It can be
complete, incomplete, or the Wrisberg type. The lat-
ter is characterized by the absence of a menisco-tib-
ial attachment, and the increased mobility allows
the development of a discoid configuration as a sec-
ondary event.

Mothers will describe a clunk in the knee in the
infant, especially when the child is agitated. Most
patients present in childhood and early in adoles-
cence. The hallmark complaint in the Wrisberg type
is a snap or clunk in the knee with motion. Symp-
toms of snapping and popping usually occur be-
tween the ages of 6 and 12 years. There may be
associated pain or limp. Routine radiographs may
show a widened lateral joint space and tibial emi-
nence flattening. Three or more cuts of MRI showing
a meniscus 5 mm thick from anterior to posterior are
indicative of a discoid meniscus (Figure 18-9). In ad-
dition, the meniscus may extend into the notch and
demonstrate intrasubstance degeneration.

No treatment is indicated if the knee is pain
free, has full mobility, and no effusion. Most discoid
meniscal surgery is performed by arthroscopic tech-
niques. The first goal is to establish the presence of
stability. Arthroscopy-assisted sculpturing of the
meniscus to a normal configuration is attempted for
the complete and incomplete types. If the meniscus

is unstable, this should be repaired; however, com-
plete menisectomy should be avoided.

OSTEOCHONDRITIS DISSECANS 
OF THE KNEE

Osteochondritis dissecans is a condition in which a
portion of the articular cartilage of the knee and its
underlying subchondral bone becomes separated
from the remaining articular cartilage. Its origin is
unknown. Repetitive trauma imposed by the tibial
spine on the medial femoral condyle has been sug-
gested as a principal cause. Symptoms are related to
the condition’s acuity, may be present only with ac-
tivity, and may be associated with recurrent effu-
sions. Occasionally, there are symptoms of locking
or catching of the knee when an osteochondritis dis-
secans fragment is a free loose body. Local tender-
ness may be present with direct pressure at the
lesion, if it is unstable.

Standard radiographs, particularly the antero-
posterior tunnel view, demonstrate the lesion. The
most common site is in the non–weight-bearing, pos-
terior lateral aspect of the medial femoral condyle,
and the lesion is seen as an osseous fragment sur-
rounded by a lucent defect. A portion of lateral
femoral condyle or patella can also be involved. MRI
or arthroscopy helps determine the fragment’s artic-
ular cartilage continuity, size, and integrity of its sub-
chondral bone (Figure 18-10).

The natural history is directly related to the pa-
tient’s age, and treatment recommendations are

FIGURE 18-9. T2-weighted magnetic resonance
image of a discoid lateral meniscus shows a contin-
uous bow-tied or slab appearance of lateral menis-
cus and degenerative changes within the posterior
horn of meniscus.
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based on the age and status of the fragment. In chil-
dren and adolescents in whom the lesion is not yet
separated from the remaining subchondral bone,
cast immobilization for a period of 6 to 12 weeks is
warranted, with healing in most patients. Con-
versely, instability or loss of continuity of the articu-
lar surface compromise healing. When the articular
surface of the condyle is disrupted, it is important
to stabilize the fragment and to encourage revascu-
larization by drilling the base of the lesion or by
bone grafting of large osteochondral defects. Cur-
rently, these procedures are performed arthroscopi-
cally in most cases. Excision of irregular lesions
with curettage of the underlying bone may be of
value in some cases. When a large portion of the
weight-bearing surface of the medial compartment
of the knee is involved, degenerative arthritis of the
knee with narrowing and sclerosis of the joint can
be expected to occur at an early age.

OSGOOD-SCHLATTER DISEASE

Osgood-Schlatter disease is a common problem that
is typically seen in athletic boys between the ages
of 10 and 15. The lesion is considered secondary to
unresolved, submaximal avulsion fractures at the
patella tendon–tibial tubercle junction. As the apoph-
ysis of tibial tubercle matures, ossification changes
from membranous to endochondral. During the
endochondral phase, the physis is less resistant to

tensile stress, and failure may manifest by fragmen-
tation of bone at this site.

The classic presentation is a painful bump at the
anterior tibial tubercle, and pain with kneeling or ac-
tivity involving quadriceps contraction. Symptoms
may span the spectrum from pain solely with direct
contact of the tibial tubercle to pain during physical
activities such as running and jumping, to chronic
pain associated with activities of daily living. Radi-
ographs show fragmentation or prominence of tibial
tubercle (Figure 18-11). Ossicle formation occurs in
nearly 40% of patients within the patella ligament,
and the radiographic findings do not necessarily
correlate with clinical symptoms.

The natural history of the disease is benign,
with almost all cases asymptomatic by skeletal ma-
turity. In children who have pain merely with con-
tact and are able to be athletically active without
symptoms, no intervention is required except for
provision of knee pads during sports. In patients
who have pain during sports activity in the ab-
sence of direct knee contact or who have pain with

FIGURE 18-11. Lateral radiograph of a 13-year-old boy
with Osgood-Schlatter disease shows fragmentary ossifica-
tion of the tibial tubercle.

FIGURE 18-10. Arthroscopic examination of the knee in a
12-year-old boy with osteochondritis dissecans. The lesion
is partially detached and a hinge of intact cartilage on one
edge of the femoral condyle.
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activities of daily living, rest from offending activ-
ities and temporary substitution of nonoffensive
activities are recommended. Surgical excision of a
residual loose ossicle remaining at skeletal matu-
rity has been described with good outcome; how-
ever, skeletal maturity does not necessarily need to
be reached before the ossicle is enucleated. De-
bulking of the tibial tubercle may be done at the
time of ossicle excision in patients who are mature.

PATELLAR LESIONS

Multipartite patellae are often asymptomatic, and
radiographic curiosities are noted incidentally. An
incompletely ossified portion of the patella is a radi-
ographic characteristic. Involvement of the supero-
lateral corner of the patella occurs in 75% of cases.
Symptoms may occur at the patella-fragment junc-
tion due to acute trauma or repetitive microtrauma
causing separation.

Patellar cysts are usually noted as incidental ra-
diographic findings but may present in patients
with knee pain. Typically, cysts are bilateral and
well circumscribed in the patella. Biopsy of patellar
cysts reveals nothing more than a cyst with synovial
fluid. Surgical intervention is not indicated.

Sinding-Larsen-Johansson syndrome refers to
lesions at the inferior patella pole–superior patellar
ligament junction and represents a sequelae of
chronic tensile stresses at that site. Healthy athletic
boys are commonly affected. In the adolescent,
signs and symptoms occur at the proximal patella
ligament, the so-called jumper’s knee. Radiographic
evaluation of the knee may be normal or may
demonstrate variable changes in distal patellar pole
ossification. Treatment consists of ice, massage,
anti-inflammatory medication, and rest from run-
ning and jumping activities with resolution of the
pain in 2 to 4 weeks. Healing of the lesion may be
ascertained radiographically by increased ossifica-
tion at the pole of the patella with increased longitu-
dinal length of the patella. Surgical intervention is
not indicated.

PATELLOFEMORAL PAIN SYNDROME

Patellofemoral pain syndrome is a relatively com-
mon complaint among the skeletally immature ado-
lescents, but it is not rare in preadolescence. The
symptoms are usually well localized to the peripatel-
lar region, and giving way is a common complaint.

Knee pain in the skeletally immature patient must
be considered referred hip pain until proven other-
wise, and a thorough hip examination must be a
part of the evaluation of knee complaints.

Typically patients complain about vague ante-
rior knee pain and swelling associated with activities
such as prolonged walking, running, or jumping.
Pain gets worse by prolonged sitting, stair climbing,
squatting, and inclement weather, and the patient
has a sense that the involved knee will give way. Pa-
tients with anterior knee pain demonstrate full range
of motion of the knee and no instability. There may
be low grade synovitis, and significant muscle weak-
ness of the lower extremity is frequently present. A
comprehensive rehabilitation program is the treat-
ment of choice with no need for bracing, arthroscopic
evaluation, or other interventional modalities.

RECURRENT PATELLAR
SUBLUXATION 
AND DISLOCATION

Recurrent subluxation and dislocation of the patella
most commonly occur laterally. The loss of articular
continuity occurs during a phase of patellar excur-
sion, usually at 0 to 25° of flexion. The most common
cause is lateral malalignment of the quadriceps
mechanism, and ligamentous laxity in Down syn-
drome or Ehlers-Danlos syndrome, lateral soft tissue
contractures, external tibial torsion, a shallow inter-
condylar notch of the femur, patella alta, or vastus
medialis insufficiency may be contributing factors
(Figure 18-12). In recurrent patella instability, the fre-
quency and magnitude of precipitating events and
any previous treatment need to be addressed. The
patient presents with a complaint of sudden knee
pain and a sensation of instability or giving way of
the knee. With recurrent subluxation or dislocation,
the vicious cycle of pain and reflex weakness of the
dynamic stabilizers of the knee result in activity-
related pain, swelling, and instability.

Physical examination should include evalua-
tion of lower extremity alignment, joint motion,
patella alta, ligamentous laxity, muscle strength,
and quadriceps retinacular competence. It reveals a
hypermobile patella with lateral displacement of
the patella and may reveal contracture of lateral
retinaculum with only minimal medial displace-
ment of the lateral edge of the patella from the lat-
eral femoral condyle. The quadriceps complex,
patella, and femur must be thought of as a unit. The Q
angle is formed by a line drawn along the quadriceps
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FIGURE 18-12. A skyline view of the
knee shows lateral dislocation of the patella
with hypoplastic lateral femoral condyle.

tendon and a line drawn along the patella liga-
ment, and a large Q angle is associated with a ten-
dency toward lateral subluxation of the patella.
Patellofemoral sulcus incongruity may be due to
anatomic maldevelopment. Four-view knee radi-
ographs should be obtained. A tangential view ob-
tained with the knee in 40° of flexion shows the
relationship of the patella to the anterior part of the
femoral intercondylar groove, and may also demon-
strate loose bodies and fractures of the patella or lat-
eral condyle. CT scan is helpful in assessing the
relationship of the patellofemoral joint in terms of
tilt or translation, or both.

Although treatment is individualized and is
based on the pathology, the initial management
should be nonoperative. Strengthening the vastus me-
dialis is of the utmost importance and may reduce the
frequency of dislocation. If conservative treatment
fails, the surgical approaches to growing children
should be focused on realigning the quadriceps mech-
anism, usually in combination with a lateral release
and the creation of a medial patella restraint. How-
ever, the surgeon’s options are limited by the open
growth plate of the tibial tubercle, which prohibits op-
erations that transfer the origin of the patellar tendon.
To date, proximal realignment of the quadriceps and
the transfer of the semitendinosus tendon to the
patella has been the best option to recurrent dislocat-
ing patella in skeletally immature children, even in
cases with ligamentous laxity. Tibial tubercle rota-
tional realignment, described by Elmslie and Trillat,
has proven successful without drastically altering
patellar realignment. After operation, an intensive
physical therapy program is required.

TRAUMA

Fracture of the distal femoral physis may mimic
injury of the medial collateral ligament and may
require stress radiographs for definitive diagnosis.

Minimally displaced fractures of the distal femoral
epiphysis may be treated by immobilization in a
long-leg cast, while those fractures that are com-
pletely displaced, such as in Salter-Harris type II,
have unexpectedly higher incidences of physeal
arrest than epiphyseal fractures in other locations
(Figure 18-13). Closed reduction can often be ob-
tained; however, because of inherent instability,
percutaneous internal fixation with the aid of an
image intensifier may be necessary to maintain re-
duction of Salter-Harris types I and II fractures.
Premature closure of the distal femoral physis is
common due to the significant energy required to
produce such a fracture. Complete cessation of
growth of the distal femoral physis may occur, re-
sulting in leg length discrepancy; partial closure of
the physis results in progressive angular deformity
of the knee.

Patella fractures are much less common in chil-
dren than in adults, and usually occur in older chil-
dren. Avulsion fractures may involve the superior,
medial, inferior, or lateral patella. A sleeve fracture
of the distal pole of patella is actually the most com-
mon type in children, and often appears benign on
a radiograph, because only a fleck of bone is seen.
However, a rather large cartilaginous sleeve is
avulsed along with the periosteum and retinacu-
lum. Displaced transverse fractures are treated as
in adults, with open reduction and tension band
wiring.

In tibial eminence fractures (Figure 18-14), the
anterior spine is fractured many times more often
than the posterior. By placing the knee in exten-
sion, the displaced fragment can generally be re-
duced, although the medial meniscus has been
found interposed with completely displaced frag-
ments. If radiographs of the knee in full extension
demonstrate anatomic reduction of the fracture,
immobilization of the knee in this position is ex-
pected to result in an excellent return of function.
However, an unreduced fragment is managed either
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FIGURE 18-13. Lateral radiograph of the knee shows anteriorly displaced Salter-Harris type II
fracture of the distal femoral physis.

arthroscopically or with open reduction. Anterior
cruciate ligament laxity has often been noted on
follow-up of completely displaced fractures, but
complaints or subjective instability is infrequent.

Fracture of the proximal tibial physis requires
a tremendous amount of energy and carries poor
prognosis, because the metaphysis can be dis-
placed posteriorly and peripheral ischemia oc-
curs in 15% of the patients. Most Salter-Harris
types I and II fractures are treated with closed
means, but types III and IV injuries are usually
treated with open reduction and internal fixation.
Angular deformity can occur due to asymmetri-
cal growth arrest or malunion, and this is treated
with physeal bar excision if less than 50% of the
physis is involved.

Tibial tubercle fracture is an injury of the ado-
lescent knee joint, usually occurring in boys be-
tween 13 and 16 years of age (Figure 18-15). The
mechanism of injury for avulsion of the tubercle is

forceful quadriceps contraction against resistance.
Treatment for all but minimally displaced fractures
consists of open reduction and internal fixation.
Posttraumatic genu recurvatum can occur in younger
children due to premature arrest of the anterior as-
pect of the growth plate.

Fractures of the proximal tibial metaphysis,
even those nondisplaced, with or without fibular
fracture, may result in a valgus angular deformity.
Although exact mechanism of this phenomenon is
unknown, the deformity worsens for about 2 years
and then improves gradually. Osteotomy at the
time of the greatest deformity is very often unre-
warding, as the osteotomy can induce the same re-
action as the fracture, producing recurrent valgus.

The tibia is the most commonly fractured bone
of the lower extremity in children, and the shaft frac-
tures can generally be managed with casting. Less
than 10°of angulation should be the goal in older
children, and varus angulation remodels better than
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FIGURE 18-14. Anteroposterior radiograph of the knee
shows displaced fracture fragment of tibial eminence.

FIGURE 18-15. Lateral radiograph of the knee shows
Salter-Harris type II fracture of the tibial tubercle.

valgus or posterior angulation. Reports also indicate
that the incidence of compartment syndrome, vascu-
lar injury, infection, and delayed union in children is
similar to that in adults.

LIGAMENTOUS INJURY

Knee ligaments injuries in children and adoles-
cents are being recognized more frequently, and
tears of both cruciate and collateral ligaments have
been reported. Hemarthrosis without fracture im-
plies significant soft tissue injuries. The natural
history of anterior cruciate ligament (ACL) injuries
is simply not good. There is no doubt at present re-
garding whether operative reconstruction is neces-
sary; the question is rather on a technique that will
not interfere with subsequent growth. Many ACL
injuries in skeletally immature patients occur at
the tibial insertion. The substantial series of un-
treated posterior cruciate injuries in children has
not been reported.
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The Adult Knee

MENISCAL INJURIES

The menisci protect the articular cartilage by increasing both joint congruity and
contact area as well as preventing focal contractions of stress. When a load is
transmitted across the knee joint, the circumferentially oriented collagen fibers
within the menisci generate a hoop stress, which resists extrusion of the menisci
from between the femoral condyle and tibial plateau. Menisci transmit approxi-
mately 50% of weight-bearing forces across the knee joint in extension and 85%
at 90° of knee flexion. In the medial compartment, the medial meniscus bears
50% of the load; whereas in the lateral compartment, the lateral meniscus carries
approximately 70% of the load transmitted across the lateral compartment.
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Removal of the medial meniscus results in 50 to
70% reduction in femoral condyle contact area and
in a 100% increase in contact stress. Total lateral
meniscectomy causes a 40 to 50% decrease in con-
tact area and increases contact stress in the lateral
compartment to 200 to 300% of normal. Along with
biomechanical changes that can occur with menis-
cectomy, the improved joint congruity that occurs
through the meniscus contact is thought to play a
role in joint lubrication and cell nutrition.

The meniscus also plays a role in enhancing
joint stability. Medial meniscectomy in the ACL in-
tact knee has little effect on anteroposterior motion,
but in an ACL deficient knee, it results in an in-
crease in anterior tibial translation of up to 58% at
90° of flexion. The posterior horn of the medial
meniscus provides the most significant contribution
to resisting anterior tibial displacement. Although
the inner two-thirds of the meniscus is important in
maximizing joint contact area and increasing shock
absorption, the integrity of the peripheral one-third
is essential for both load transmission and stability.
The meniscus also plays a role in shock absorption.
Compression studies have demonstrated that menis-
cal tissue is approximately one-half as stiff as articu-
lar cartilage. Shock absorption capacity was reduced
by 20% after meniscectomy.

Finally, it has been suggested by some, based on
presence of type I and II nerve endings in the menisci,
that they function in providing proprioceptive feed-
back for joint position sense.

Anatomy

From a gross anatomic perspective, the menisci are
C-shaped or semicircular fibrocartilaginous struc-
tures with bony attachment at anterior and poste-
rior tibial plateau. The medial meniscus is C-shaped,
with a posterior horn larger than the anterior horn
in the anteroposterior dimension. The anterior horn
of medial meniscus has the largest insertion site sur-
face area (61.4 mm2) and the posterior horn of lat-
eral meniscus, the smallest (28.5 mm2). The capsular
attachment of medial meniscus on the tibial side is
referred to as the coronary ligament. A thickening of
the capsular attachment in the midportion spans
from the tibia to femur and is referred to as the deep
medial collateral ligament. The lateral meniscus is
also anchored anteriorly and posteriorly through
bony attachments and has an almost semicircular
configuration. It covers a larger portion of the tibial
articular surface than does medial meniscus. Discoid

variants have been reported with an incidence of 3.5
to 5%, most being an incomplete type.

The fibrocartilaginous structure of the meniscus
has a varied architecture of coarse collagen bundles.
Scanning electron microscopy has revealed the ori-
entation of collagen fibers to be mainly circumferen-
tial, with some radial fibers at the surface and
within the midsubstance. This orientation allows
compressive loads to be dispersed by the circumfer-
ential fibers while the radial fibers act as tie fibers
to resist longitudinal tearing. At the surface of the
meniscus, fiber orientation is more of a mesh net-
work or random configuration, thought to be im-
portant in distribution of sheer stress. Collagen is 60
to 70% of the dry weight of meniscus. The majority
of collagen (90%) is type I, with types II, III, V, and
VI present in smaller amounts. At birth the entire
meniscus is vascular; by age 9 months, the inner
one-third has become avascular. This decrease in
vascularity continues by age 10 years, when the
meniscus closely resembles the adult meniscus. In
adults, only 10 to 25% of the lateral meniscus and 10
to 30% of the medial meniscus is vascular. This vas-
cularity arises from superior and inferior branches
of the medial and lateral genicular arteries, which
form a perimeniscal capillary plexus. Because of the
avascular nature of the inner two-thirds of the
meniscus, cell nutrition is believed to occur mainly
through diffusion or mechanical pumping.

Diagnosis

Meniscal tears are more common in males; the male
to female ratio ranges from 2.5:1 to 4:1. The peak in-
cidence is in men 21 to 30 years old and in girls and
women 11 to 20 years old. One-third of tears in this
age group are associated with an ACL injury. De-
generative types of meniscal tears commonly occur
in men in their fourth, fifth, and sixth decades. In
patients with acute ACL injury, lateral meniscus
tears occur more frequently than do medial menis-
cal tears. In patients with chronic ACL deficient
knees, however, medial meniscal tears are more
prevalent. Meniscal injury is also frequently associ-
ated with tibial plateau fracture and femoral shaft
fractures. Diagnosis of meniscal injury is based pri-
marily on a thorough history and physical examina-
tion. In athletic populations, the patient typically
describes a twisting injury or hyperflexion as incit-
ing event. Often with degenerative tears, there is
no one inciting event. Complaints of locking or
catching may be present but also may be secondary
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FIGURE 19-1. The Rosenberg view. PA weight-bearing view at 45° of flexion can facilitate the
diagnosis if standard standing AP view is not sensitive enough.

to other pathology, such as chondral injury or
patellofemoral chondrosis. Loss of motion with a
mechanical block to extension is commonly the re-
sult of a displaced bucket handle meniscal tear and
usually requires acute surgical treatment.

The examiner should assess for joint effusion,
quadriceps hypotrophy, and any joint line swelling
that may occur with a perimeniscal cyst. Range of
motion must be assessed to determine whether a
meniscal block to extension or loss of flexion is pres-
ent. Joint line tenderness, pain with squatting, a pos-
itive flexion McMurray test, and positive Apley
compression and distraction tests are all indicative
of meniscal injury. In one study, joint line tenderness
was the best clinical sign of a meniscal tear, with 74%
sensitivity and 50% positive predictive value.

Plain radiographs should be a part of routine
evaluation and include standard views, a 45° pos-
teroanterior weight-bearing view (also known as
Rosenberg view), and lateral and axial (Merchant or
sunrise) views. Although these radiographs cannot
confirm the diagnosis of the meniscal tear, they are
extremely important in defining bone pathology and
evaluating knee for joint space narrowing. Because
articular cartilage wear is often more advanced in the
posterior aspect of femoral condyles, the 30 or 45°
posteroanterior flexion weight-bearing view is more
sensitive than standard standing views (Figure 19-1).
Magnetic resonance imaging (MRI) is noninvasive
and has the ability to assess the knee in multiple
planes and other structures within the joint. With im-
proved technology and increased experience, the

accuracy of detecting the meniscal tear is now con-
sidered to be approximately 95% or better.

The normal appearance of meniscus on MRI is
that of uniformly low signal. Meniscal tears are rep-
resented by a high signal in the meniscus, which
contacts the superior or inferior articular surface.
Areas of increased signal within the meniscus occur
in children and increase with age in adults. These
intrasubstance changes are seen frequently and are
a common cause of overreading meniscal tears on
MRI scans. Extension of an abnormal signal to an
articular surface on only one image is often shown
to be normal at arthroscopy.

Common Pitfalls in MRI of Meniscal Tears
Involve the Lateral Meniscus

High signal in the region of confluence of the
transverse ligament with the anterior horn of the lat-
eral meniscus can mimic a meniscal tear. At the pos-
terior horn of the lateral meniscus, the popliteus
tendon sheath may be mistaken for grade III signal.
The insertion of meniscofemoral ligament can mimic
the appearance of vertical tear in the posterior horn
of the lateral meniscus. Separate portions of the pos-
terior horn can be mistaken for a bucket handle tear
as the most posterior coronal images traverse both
the body and the posterior horn, especially images
of the lateral meniscus.

Meniscal cysts are associated with complex
meniscal tears and are more likely to be degenerative
in origin. These cysts are more common laterally in
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the weak area between lateral collateral ligament
(LCL) and iliotibial band. Medial meniscal cysts are
usually found posteriorly in the weak area immedi-
ately posterior to the medial collateral ligament
(MCL).

Treatment

Treatment for meniscal tear depends on the patient’s
symptoms, chronicity, age, activity, and location and
length of tear. Options include no intervention, par-
tial meniscectomy, and meniscal repair. In the setting
of ACL injury, the surgical treatment of meniscal
pathology is most often done concurrently with
ACL reconstruction. Surgical timing is most often
dictated by issues related to the ACL surgery, such
as range of motion, swelling, quadriceps function,
and associated ligament injuries. The final decision
is made during arthroscopic examination. Thorough
systematic arthroscopic inspection allows the sur-
geon to delineate the type of tear present. Use of 70°
arthroscope allows for optimal visualization of the
posterior compartment, for defining the location of
tear with respect to the meniscofemoral junction,
and for preparation of the meniscus for any repair.
Prior to arthroscopy, the patient must consent to any
possible procedure and all necessary equipment
must be available during initial arthroscopy.

Commonly described patterns of meniscal tear
include vertical longitudinal, oblique (flap), radial,
horizontal, and complex tears (Figure 19-2). With in-
creasing age, degenerative tears are more frequently
seen, with most pathology in the posterior horns. In-
dividuals with degenerative tears may frequently
have an associated radiographic finding of joint nar-
rowing, squaring of condyles, and osteophyte ridges.
Treatment decisions regarding degenerative menis-
cus must be made with caution, as it can be difficult
to differentiate between symptoms of degenerative
meniscus and degenerative articular pathology.

Vertical longitudinal tears can be either com-
plete (bucket handle) or incomplete. Incomplete
tears usually occur in younger individuals and
occur either in superior or inferior surface of menis-
cus. These tears have predilection for occurring in
posterior horns and are frequently seen in conjunc-
tion with ACL injuries. Stable tears are those noted
to be less than 1 to 1.5 cm in length and can be
abraded with arthroscopic rasps that can stimulate
vascular ingrowth. Larger incomplete tears greater
than 1.5 cm in length or tears that show instability
with probing should be treated with meniscal repair

or partial meniscectomy, as the likelihood of tear
propagation and secondary cartilage damage is in-
creased. Bucket handle tears are large vertical longi-
tudinal tears, typically occurring in young active
patients often with tears of the ACL. Treatment by
partial meniscectomy will most likely result in exci-
sion of large percentage of involved meniscus;
therefore, more recently many surgeons are advo-
cating repair of bucket handle tears, which can be
congruently reduced. Chronically displaced tears
can be permanently deformed, and congruent re-
duction cannot be obtained.

Radial and oblique tears result in disruption of
the circumferential collagen fibers of the meniscus.
Complete radial tears result in loss of weight-bearing
function of meniscus; they are typically located at the
junction of middle and posterior thirds of the me-
dial meniscus or near the posterior attachment of
the lateral meniscus. Because radial tears, as well as
the traditional treatment that includes subtotal or
total meniscectomy, can result in accelerated degen-
erative changes in the knee, some surgeons have ad-
vocated repair of large radial tears and have often
used fibrin clot at the time of meniscal repair citing
good results. These repairs of large radial or oblique
tears can often be tenuous, and patients must be
prepared for the increased surgical morbidity and
possible need for further surgery.

FIGURE 19-2. Types of meniscal tears with typical area of
resection.
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Horizontal tears are believed to begin near the
inner margin of meniscus and extend toward the
capsule. They may occur in all age groups but may
increase in frequency with age. They are commonly
seen in the lateral menisci of runners. Meniscal
cysts are often associated with horizontal tears and
can be symptomatic because of localized swelling.
Treatment of these tears involves partial meniscec-
tomy with resection of flap peripherally until a sta-
ble rim is obtained.

Partial Meniscectomy

To avoid the sequelae of total meniscectomy, partial
resection of meniscus is advocated when repair is not
feasible. General guidelines to arthroscopic resection
that apply to most respectable meniscal lesions in-
clude removal of all mobile fragments that can be
pulled past the inner margin of meniscus into the
center of the joint. Although a perfectly smooth rim
is not necessary, the remaining rim should be
smoothed to remove any sudden changes in the con-
tour. The meniscocapsular junction and the periph-
eral meniscal rim should be protected; in uncertain
situations, more rather than less meniscal rim should
be left to avoid segmental resection, which essen-
tially results in a total meniscectomy (Figure 19-2).

Meniscal Repair

There is relative increase in trends to preserve the
meniscus as much as possible, especially when
there is an associated ACL injury and need for re-
construction. Many factors need to be considered
before making a decision. These factors include the
patient’s age, preinjury activity level and postinjury
expectations, chronicity, type, location and size of
tear, and associated ligament injuries. Based on vas-
cularity, the meniscus has a red zone at the periph-
ery indicating the presence of vascularity and white
zone with the central two-thirds of the meniscus
indicating avascularity. The red–white zone is the
transition zone between vascular and avascular
portion. The red–red tears have blood supply on
both central and capsular sides and have excellent
healing potential. Red–white tears have relatively
good healing potential following adequate repair.
White–white tears have the worst potential of heal-
ing, as they are in avascular zone. However repair
of white–white tears with utilization of fibrin clot has
shown somewhat better results. The ideal candidate

for meniscal repair is the young, active individual who
has an acute longitudinal tear in peripheral vascularized
meniscus measuring 1 to 2 cm; the ideal situation is
when performed at the same time as ACL reconstruction.
Beyond this ideal situation, the treatment must be
individualized.

Techniques

Four basic approaches to meniscal repair include
open repair, all inside repair, inside-out repair, and
outside-in repair. All share the basic principles of
adequate rim preparation and stable fixation. Open
repair is most useful in peripheral tears. In setting
of the open collateral ligament repair or reconstruc-
tion, open repair is often necessary. Direct suturing
of peripheral tear may be the most effective means
of treating these injuries. The success rate is high be-
cause of acuteness of injury, peripheral tear, and as-
sociated hemarthrosis.

The all inside arthroscopic technique is indicated for
unstable vertical longitudinal tears of the peripheral
posterior horns of meniscus; tears of the anterior to
posterior one-third are not amenable to this tech-
nique. This technique is performed entirely under
arthroscopic control with an intra-articular method
of suturing the meniscus. The vertically oriented su-
tures oppose the components of meniscal tear only
without incorporating the joint capsule. This tech-
nique necessitates specialized setup and equipment,
including 70° arthroscope and posterolateral and
posteromedial portals. Advantages of this technique
include the ability to place vertically placed sutures,
and to achieve coaptation of the tear components
without entrapping the posterior capsule and any
vital structures contained within it. Disadvantages
include technical difficulty in passing the 70° arthro-
scope anterior to posterior through the intercondylar
notch as well as placing posterior operative cannula.

Inside-out repair is the most common type of re-
pair performed. This technique uses double-armed
sutures with long flexible needles positioned with
arthroscopically directed cannulas. Either a single or
double-barreled cannula can be used (Figure 19-3).
The single barrel cannula has the advantage of allow-
ing for vertically oriented sutures, which provide
better coaptation at the tear site. A medial or lateral
incision is required to retrieve the needle as it exits
the knee joint. Proper positioning of the incision and
appropriate dissection down to the capsule are nec-
essary to minimize the risk of neurovascular injury.
On the lateral side, peroneal nerve is at greatest risk;
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FIGURE 19-3. Inside-out technique for meniscal repair. Vertical sutures provide the strongest repair.

on the medial side, the most commonly injured struc-
ture is one of the branches of saphenous nerve.

Outside-in technique involves the passage of an
18-gauge needle across the tear from outside to in-
side the joint where it is grasped and brought out
the anterior portal. The suture is then tied into a
mulberry knot and withdrawn back abutting the
meniscus. A series of sutures 3 to 4 mm apart are
placed in this manner and tied to one another over
the capsule, after the soft tissue is bluntly dissected
to avoid possible entrapment of important neu-
rovascular structures (Figure 19-4). This technique
is most applicable for tears involving anterior and
middle thirds of the meniscus.

The nonsuture technique involves sutureless
meniscus fixation devices, which obviate the need
for additional incisions. The meniscus arrow (Bionx
Implants, Bluebell, PA) is made of poly-L-lactic acid,
and its barbed design allows for compression of ver-
tical tears. Numerous other sutureless implants
have been designed for all inside fixation of menis-
cal tears. Although initial studies have shown effi-
cacy, further studies are necessary.

Meniscal Transplant

Studies of the biomechanical consequences of menis-
cal transplant have demonstrated improved contact
areas and decreased contact pressures after allograft
placement in cadaveric models, provided both the
anterior and posterior horns of meniscus are se-
cured. Indications of meniscal transplantation con-
tinue to change as clinical experience increases. At
present, the ideal indication is the patient who has pre-
viously undergone a total or near total meniscectomy and
has joint line pain, early chondral changes, normal
anatomical alignment, and a stable knee. In this setting,
meniscal transplantation may decrease pain and
possibly prevent progressive degeneration of artic-
ular cartilage. In addition, in patients who have
complete rupture of ACL and a completely destroyed
medial meniscus, it is felt that medial meniscus
transplantation will provide additional joint stabi-
lization and help protect the reconstructed ACL.
The role of meniscal transplantation in asympto-
matic patients who have undergone total meniscec-
tomy is controversial.
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FIGURE 19-4. Outside-in technique for meniscal repair. The knot captures the meniscus being
repaired.

Key surgical issues are graft selection, sizing,
and technique. In general, menisci do not elicit an
immune response. However, the primary concern is
the transmission of diseases. Fresh frozen, and cry-
opreserved grafts are commonly used. Fixation of
the meniscal graft has been described with soft tis-
sue fixation alone, or in conjunction with bone plug
or bone bridge fixation between the anterior and
posterior horns placed into a bony trough to pro-
vide secure fixation and recreate hoop stress within
the meniscus when loaded and prevent meniscus
extrusion (Figure 19-5).

ACUTE LIGAMENT INJURIES

General Considerations

Complete rupture of isolated ligaments is rare with-
out damage to other structures because the extreme
joint displacement required to disrupt a ligament

completely must produce at least some disruption
in the other supporting structures. Single collagen
fibers are not extensible and begin to fail at 7 to 8%
elongation. The number of disrupted collagen fibers
in the ligament determines whether it is function-
ally or morphologically disrupted. Complete dis-
ruption with loss of continuity requires extreme joint
displacement. Although methods of treating liga-
mentous injuries have seen substantial improvement
in recent years, there remain many questions about
enhancing the rate, quality, and completeness of lig-
ament healing.

Long-term animal studies have demonstrated
that histologic and morphologic appearance of
healed ligaments is different from that of nonin-
jured ligaments. When tissue is viewed using elec-
tron microscopy after 2 years of healing, the number
of collagen fibrils is increased compared with the
noninjured ligament, but their diameter and masses
are actually smaller. Additionally, crimping patterns
within the healing ligament remain abnormal for up
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FIGURE 19-5. Meniscal allograft with bone plugs placed into osseous tunnels.

to a year and collagen fiber alignment remains poor.
The number of mature collagen cross-links is only
45% of normal after one year. If the joint is immobi-
lized during the healing process, significant changes in
the collagen synthesis and degradation can occur. Im-
mobilization results in disorganization of collagen
fibrils, decreases the structural properties of bone-
ligament-bone complex, and resorption of bone at
ligament insertion sites. Intermittent passive mo-
tion has been reported to improve the longitudinal
alignment of cells and collagen at 6 weeks, as well
as matrix organization and collagen concentration
and ultimate load.

The effects of motion, while positively affecting
the ultimate load and healing of the MCL, are de-
bated for ACL and PCL injuries. It is generally
agreed that early rehabilitation is critical to prevent
arthrofibrosis and restore knee function; some have
supported less aggressive rehabilitation to allow
vascularization and incorporation of graft.

Origins

Knee ligaments are often injured in contact athletic
activities such as American football. Other sports
like skiing, ice hockey, and gymnastics can also
produce enough stress to disrupt knee ligaments.

Motor vehicle accidents, especially those involv-
ing motorcycles, are common causes of knee liga-
ment disruptions. Sudden severe loading without
a fall or contact, like deceleration of a running
athlete can also cause ligament disruption. By far
the most common mechanism is abduction, flex-
ion, and internal rotation of femur on tibia. The
medial structures MCL and medial capsular liga-
ment are first to fail, followed by ACL tear, if the
force is of sufficient magnitude. The medial
meniscus may be trapped between condyles and
have a peripheral tear, thus producing unhappy
triad of O’Donoghue. The mechanism of adduction,
flexion, and external rotation is less common and
produces primary lateral disruption. Hyperexten-
sion force usually injures the ACL. If the force is
severe, stretching and disruption of posterior cap-
sule and PCL can occur. Anteroposterior forces,
such as a tibia striking a dashboard can cause in-
juries to either ACL or PCL, depending on the di-
rection of tibial displacement.

History and Physical Examination

The history of mechanism is important; informa-
tion about the position of the knee, weight-bearing
status, direct or indirect force, and previous injury
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are also important. The patient’s description of
knee buckling, jumping, audible pop, location of
pain, ability to bear weight after injury, and rapidity
of knee swelling may be valuable. Intra-articular
swelling within first 2 hours of trauma suggests
hemarthrosis, whereas swelling that occurs overnight
usually is an indication of acute traumatic synovi-
tis that may be caused by degenerative meniscus
or a chronic process. Hemarthrosis suggests rup-
ture of cruciate ligament, an osteochondral frac-
ture, or peripheral meniscal tear. Absence of
hemarthrosis does not necessarily indicate a less severe
ligament injury because in severe disruptions blood es-
capes into soft tissues of popliteal space, rather than
distending the joint. Palpation of the collateral liga-
ment and its attachment, joint line, patellofemoral
compartment should be systematically performed.
Neurovascular examination should be accurate and
complete. Stability of the knee is determined by
stress testing. Both knees should be examined for
comparison.

Abduction (valgus) and Adduction (varus)
Stress Test

The valgus stress test should be performed on the
normal extremity first for later comparison. The in-
volved knee is flexed to 30°, and a gentle valgus
stress is applied to the knee with one hand placed
on the lateral aspect of the thigh and the other hand
grasping the foot and ankle. It tests for medial liga-
mentous laxity. The varus stress test is similar to the
valgus stress test and is carried out with the knee
both in full extension and in 30° of flexion. The in-
tegrity of the lateral ligamentous structures is tested
by this maneuver. Flexing the knee 30° removes the
lateral stabilizing effect of the iliotibial band so that
the lateral collateral ligament can be isolated for ex-
amination. Testing in extension that reveals signifi-
cant varus and valgus instability suggests cruciate
ligament disruption in addition to collateral liga-
ment disruption.

Anterior Drawer Test

An anterior displacement of 6 to 8 mm greater
than opposite knee indicates torn ACL. Examiner
must make sure that tibia is not sagging posteriorly
from a lax PCL and returning to neutral starting
position indicating PCL deficiency. Small degrees
of anterior translation of tibia on femur may be bet-
ter detected in more extended position, to avoid

doorstop effect of posterior horn of medial menis-
cus (Figure 19-6).

Lachman Test

The Lachman test also assesses anterior knee
laxity and stiffness with the knee in about 20° of
flexion and applying an anterior drawer to the
proximal calf. Endpoint stiffness is assessed. A soft
endpoint signifies a torn anterior cruciate ligament,
whereas a firm endpoint demonstrates an intact
structure (Figure 19-7).

Posterior Drawer Test 

Careful attention to the neutral position of tibia
prevents misinterpretation. Loss of normal 1 cm
step-off of the medial tibial plateau with respect to
the medial femoral condyle indicates a torn PCL
(Figure 19-8). Examining the patient with hips and

FIGURE 19-6. Anterior drawer test is performed with the
patient supine and the affected knee bent 90°. The examiner
applies anterior force.

FIGURE 19-7. The Lachman test is performed with the
knee flexed between 15 and 30°. The examiner applies ante-
rior force.
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knees flexed to 90° with the heel supported by ex-
aminer’s hands, posterior sag can be visible when
examined from the side in patients with posterior
instability.

Quadriceps Active Test 

With the patient in drawer test position, con-
traction of quadriceps muscle in a knee with PCL
deficiency will result in an anterior shift of tibia of
2 mm or more.

Pivot Shift Test

With the knee extended, the foot is lifted and in-
ternally rotated, and a valgus stress is applied to the
lateral side of the leg. The knee is flexed slowly
while valgus and internal rotation is maintained. In
ACL deficient knee, the tibia is subluxed anteriorly,
as the knee is flexed past 30°, and the iliotibial band
on lateral femoral condyle passes posterior to the
center of rotation of knee and reduces the lateral tib-
ial plateau on lateral femoral condyle (Figure 19-9).

FIGURE 19-8. Tests for posterior cruciate laxity. (A) With knee at 90°, note the posterior sag of
tibial tubercle relative to normal knee (posterior sag sign). In the PCL deficient knee, the pull of
quadriceps translates tibial tubercle anteriorly toward its preinjury position. (B) The posterior
drawer test is done with the knee flexed 90°. A posteriorly directed force is applied to the tibia.
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Tibial External Rotation Test

This is the test for posterolateral instability.
External rotation of tibia on femur at 30 and 90° of
flexion is measured and compared to the normal
side. A 10° difference is pathological. More than
10° difference in external rotation at 30° of knee
flexion but not at 90° indicates an isolated pos-
terolateral corner injury, while increase of more
than 10° external rotation at both 30 and 90° indi-
cate injury of both PCL and posterolateral corner
(Figure 19-10).

Posterior Pivot Shift Test 

The posterior pivot shift test is used to diag-
nose injuries to the posterolateral ligament com-
plex. The clinician supports the limb with a hand
under the heel and puts the knee in full extension
and neutral rotation. A valgus stress is applied,
and the knee is flexed. In a positive test, at about
20 to 30° of flexion, the tibia externally rotates,
and the lateral tibial plateau subluxates posteri-
orly and remains in this position during further
flexion. When the knee is extended, the tibia re-
duces (Figure 19-11A).

External Rotation Recurvatum Test 

The examiner grasps the great toes of both feet
simultaneously and lifts the lower off the table. Pos-
itive findings indicative of posterolateral injury and
instability include recurvatum of the knee, external
rotation of the tibia, and increased varus deformity
of the knee (Figure 19-11B).

Instability is divided into straight and rotatory.
There are four types of straight instability.

Medial instability is caused by a tear of the medial
ligaments combined with a tear of the anterior
cruciate ligament. In full extension, the knee
joint opens on the medial side with a valgus
stress test with the knee in a fully extended
position. This instability indicates disruption

FIGURE 19-9. Pivot shift test is performed with the
knee in full extension. A valgus and internal rotation
stress is applied.

FIGURE 19-10. External rotation test or dial test. An
increase in external rotation of greater than 10° relative to
normal knee indicates tearing of posterolateral complex.
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of the medial collateral ligament, the medial
capsular ligament, the anterior cruciate liga-
ment, the posterior oblique ligament, and the
medial portion of the posterior capsule.

Lateral instability results from a tear of lateral
structures and the posterior cruciate liga-
ment. The knee opens on the lateral side with
a varus stress test with the knee in the fully
extended position. It indicates disruption of
the lateral capsular ligament, the lateral col-
lateral ligament, and commonly, the poste-
rior cruciate ligament.

Posterior instability develops after disruption of
the posterior cruciate ligament, the arcuate
ligament complex, and the posterior oblique
ligament complex.

Anterior instabililty is caused by disruption of the
anterior cruciate ligament, the lateral capsular
ligament, and the medial capsular ligament.

There are four types of rotatory instability.
Anteromedial instability is manifest in tibial ab-

duction, external tibial rotation, and anterior
tibial translation and causes the medial tibial
plateau to translate or subluxate anteriorly in
relation to the femur. This implies disruption
of the medial capsular ligament, medial col-
lateral ligament, posterior oblique ligament,
and anterior cruciate ligament. An intact me-
dial meniscus may provide added stability in
this instability.

Anterolateral instability is shown by excessive
internal rotation of the tibia on the femur
with the knee at 90° of flexion. This implies
disruption of the lateral capsular ligament,
the arcuate complex, and the anterior cruci-
ate ligament.

Posterolateral instability is a result of the lateral
tibial plateau rotating posteriorly in relation
to the femur with lateral opening of the joint.
This implies disruption of the popliteus ten-
don, the arcuate complex, and the lateral
capsular ligament, and at times injury to the
posterior cruciate ligament. This results in an
external rotatory subluxation in which the
tibia rotates around an axis in the intact pos-
terior cruciate ligament.

Posteromedial instability is manifest by medial
tibial plateau rotation posteriorly in refer-
ence to the femur with medial opening of
the joint. This implies a disruption of the
medial collateral ligament, the medial cap-
sular ligament, the posterior oblique liga-
ment, the anterior cruciate ligament, and the
medial portion of the posterior capsule.

ANTERIOR CRUCIATE 
LIGAMENT INJURIES

Biomechanics

The ACL is a major stabilizer of the knee. It accounts
for 85% of the resistance to the anterior drawer test
when the knee is at 90° flexion and neutral rotation.
The ACL is 31 to 35 mm in length and 31.3 mm2 in
cross-section. The primary blood supply to the liga-
ment is from middle geniculate artery. The antero-
medial band is tight in flexion, and the bulky
posterolateral band is tight in extension. The pos-
terolateral band provides the principal resistance to
hyperextension. Tension in the ACL is least at 30 to
40° of knee flexion. In addition to excessive anterior

FIGURE 19-11. (A) Reverse pivot shift test. (B) External rotation recurvatum test.
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translation, the ACL also resists tibial rotation and
varus valgus angulation. The muscle forces around
the knee can introduce large changes in the forces
experienced by the knee. In general, quadriceps
muscle forces induce increased tibial translation,
while the hamstring has the potential of negating
the increased strains in the ACL caused by quadri-
ceps contracture and may indicate the usefulness of
closed chain (cocontraction) kinetic exercises dur-
ing rehabilitation following ACL reconstruction.

History and Physical Examination

Injury of the ACL is most commonly associated
with valgus and external rotation, hyperextension,
deceleration, and rotational knee movements. Often
the history is of noncontact deceleration, jumping,
or cutting action. Athletic shoes and artificial turf
may play a role in ACL injury. The patient often de-
scribes the knee as having been hyperextended or
popping out of joint with an audible pop. Fre-
quently there is swelling within the next few hours
of injury indicating hemarthrosis. Injury to ACL has
been shown to occur in 70 to 75% of all cases of
acute hemarthrosis. The Lachman test is most sensi-
tive. The pivot shift test requires a relaxed patient
and intact MCL. A side-to-side difference of more
than 3 mm or maximum translation of 10 mm is
highly suggestive of ACL insufficiency. MRI is very
helpful; the reported accuracy of detecting tears is
70 to 100%. Because ACL crosses the knee joint at a

slightly oblique angle, MRI in an orthogonal plane
that is obtained by externally rotating the knee ap-
proximately 15° will show the entire ACL in one
frame (Figure 19-12). Often there is evidence of
bone bruising and edema in the lateral femoral
condyle associated with ACL tear.

Natural History

The ACL has limited ability to heal. Unrepaired iso-
lated ACL rupture and resultant abnormal force dis-
tribution can lead to progressive knee deterioration.
Current research also focuses on the biochemical
environment of the knee after ACL injury. In chronic
ACL injury, proinflammatory cytokine such as in-
terleukin-1 and tumor necrosis factor-α are elevated
whereas protective anti-inflammatory proteins such
as interleukin receptor antagonist protein are signif-
icantly decreased. Recent studies have implicated
gender and intercondylar notch index as factors
contributing to ACL injury. The notch index is the
ratio of width of intercondylar notch to the width
of distal femur. The normal ratio is 0.231 +/– 0.044.
Athletes sustaining noncontact ACL tears have
statistically significant notch stenosis. Data from the
National College Athletic Association Injury Sur-
veillance system shows significantly higher ACL in-
jury in female soccer and basketball players than in
male players. Female soccer players have ACL in-
jury rate of more than double and women’s basket-
ball players have ACL injury rate of more than four

FIGURE 19-12. (A) Normal ACL signal. (B) Acute ACL tear.
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times as compared to their male counterparts. Pos-
sible causative factors may be hormonal influences,
limb alignment, notch dimensions, ligament size,
skill level, muscle strength, and body movement.

Treatment

Acute repair is appropriate when bony avulsion
occurs with the ACL attached. The avulsed bony
fragment often can be replaced and fixed with
transosseous sutures or screws. ACL avulsion is
usually at the tibial insertion. Avulsion of femoral
attachment has been reported with low velocity ski
injuries. ACL tears can be treated nonoperatively
with lifestyle changes—avoiding activities that
cause recurrent instability—and an aggressive reha-
bilitation program. The use of a knee brace is con-
troversial and has not been shown to reduce the
incidence of reinjury significantly if a patient re-
turns to high activity sports. Persistent instability
and significant reinjury to the knee are potential
problems of nonoperative management. There is
evidence in the literature that ACL reconstruction
may prevent secondary injury to the meniscus.

The factors at the time of initial evaluation
that correlate with need for surgery are younger

age, amount of anterior instability as measured by
KT-1000 arthrometer, and preinjury hours of par-
ticipation in sports. Repair of ACL is no longer
advocated. Reconstruction with bone patellar ten-
don bone and hamstring autograft are the two
most popular techniques (Figure 19-13). Timing of
surgery is important. It is recommended that sur-
gery be delayed until the swelling, pain, inflam-
mation, and stiffness subside, and full range of
motion and muscle function, especially quadri-
ceps have returned. Waiting reduces the incidence
of postoperative stiffness. The operative details
are beyond the scope of this chapter; however we
will discuss key issues of graft selection, place-
ment, tension, pitfalls, and complications.

Graft Selection 

The common graft choices are bone patellar ten-
don bone graft and quadrupled hamstring tendon
graft. Bone patellar tendon bone graft has high ten-
sile strength, and adjacent patella and tibial bone
plug provide possibility of rigid fixation. The
quadruple stranded tendon graft also has high ten-
sile strength, provides multiple bundle replacement,
and has minimum donor site morbidity. Recently
quadriceps graft with or without patella bone plug
has attracted interest.

FIGURE 19-13. (A) Anterior cruciate ligament reconstruction using the transfer of the semitendi-
nosis tendon secured proximally with a staple. The gracilis tendon may also be used along with the
semitendinosis tendons to add strength to the overall surgical construct. (B) Anterior cruciate liga-
ment reconstruction using the bone-patellar tendon-bone preparation. The middle third of the patel-
lar tendon is used. Direct fixation devices include interference screws (most common), staples,
washers, and cross pins.
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Graft Placement and Tension 

Errors on femoral side are more critical than
on the tibial side because of closer proximity to the
center of axis of knee motion. A femoral tunnel
that is too anterior will produce lengthening of
intra-articular distance between tunnel with knee
flexion, resulting in loss of flexion or stretching
and failure of graft. Posterior placement of femoral
tunnel produces a graft that is taut in extension
and lax in flexion, with acceptable clinical result as
ACL deficiency occurs in full extension. However
if this position is chosen, graft should be secured in
full extension, as securing graft in flexion may re-
sult in loss of extension.

Anterior tibial placement can cause graft im-
pingement by the roof of intercondylar eminence.
The desired tension in the graft should be sufficient
to obliterate the instability. Too much tension results
in difficulty with regaining motion, or it may lead to
articular degeneration from altered joint mechanics.

Graft Fixation 

The weak link in the early postoperative pe-
riod is the point of fixation. Fixation of replace-
ment grafts can be classified into direct and
indirect methods. Direct fixation devices include
interference screws, staples, washers, and cross
pins. Indirect fixation devices include polyester
tape–titanium button and suture-post. Bioab-
sorbable screws recently have been introduced.
With improvements made in the material proper-
ties as well as in screw design, the pullout strength
of bioabsorbable screws is comparable to their
metal counterparts. Soft tissue grafts can be se-
cured to bone with soft tissue interference screws,
screws and spiked washers, screws and fixation
plates, or staples.

Posterior Cruciate Ligament

The PCL is an extrasynovial, intracapsular struc-
ture; it is composed of two parts, a large anterior
portion, that forms the bulk of the ligament and a
smaller posterior portion that runs obliquely to the
back of tibia. It has a broad origin that forms a semi-
circle on the lateral aspect of the medial femoral
condyle, and it inserts in a depression on fovea 1 cm
inferior to the articular surface on the posterolateral
aspect of the knee between medial and lateral tibial
plateaus. Most authors believe that it is stronger
and larger than ACL. The anterolateral portion, which

is 95% of the total PCL substance, is taut with knee flexion
and lax with knee extension. The posteromedial portion is
lax with knee flexion and taut in extension. Either the
anterior or posterior meniscofemoral ligament is
present in approximately 70% of all knees. The pos-
terior meniscofemoral or ligament of Wisberg is
more common and its femoral origin merges with
that of PCL.

Biomechanics

The maximal failure force of the PCL is similar to
ACL (1,627 +/– 491N and 1,725+/– 660N). PCL is
more vertical than obliquely oriented, and it ap-
pears to guide the screw-home mechanism on inter-
nal rotation of femur during terminal extension of
knee. The PCL accounts for 90% of resistance to pos-
terior translation and checks hyperextension only
after the ACL is ruptured. Selected cutting of the
PCL demonstrates that it is important in flexion.
Rotational stability is unchanged in extension but
altered in flexion after the PCL is cut.

The natural history of the disrupted PCL is de-
bated, whether the PCL deficient knee is at risk for
the development of degenerative changes is not
clear at this time. Despite the lack of prospective
studies, it appears that progressive degenerative
changes may occur in some PCL deficient knees. In
theory, compartment degeneration could result
from acute chondral injury associated with PCL in-
jury or from increased joint forces created by the
absence of the PCL. In cadaver models, increased
medial and patellofemoral compartment pressures
have been demonstrated after sectioning of the
PCL. In chronically PCL-deficient knees, moderate
to severe medial compartment changes have been
reported in knees that underwent PCL reconstruc-
tion more than 4 years after original injury.

The commonly quoted criteria for nonopera-
tive treatment include a posterior drawer of less
than 10 mm with tibia in neutral rotation, rotatory
laxity of less than 5°, and no significant varus val-
gus laxity. It is clear that not all knees treated con-
servatively do well; more recent longer-term studies
show that knee function tends to deteriorate with
time and that most patients are eventually affected
by some degree of disability.

Most surgeons treat avulsion fracture of the
PCL’s tibial insertion surgically, with open reduction
and internal fixation. In case of midsubstance tears
of the PCL, there is considerable debate. For grade
I with loss of anterior step-off, but with proximal
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tibial eminence remaining anterior to the distal
femur, PCL is stretched with less than 5 mm laxity.
In grade II with proximal tibial eminence flushed
with the distal femur on posterior drawer and if
the PCL is torn with 5 to 9 mm of laxity, there is
agreement on conservative management consist-
ing of brief mobilization and early quadriceps
strengthening program. For grade III tears with prox-
imal tibial eminence posterior to the distal femur
PCL and meniscofemoral ligament torn with more
than 10 mm laxity, reconstruction of PCL is recom-
mended in young, active patients with greater than 10
mm of posterior drawer. For grade IV or combined lig-
amentous injuries, surgical reconstruction is recom-
mended (Figure 19-14).

The optimal method of PCL reconstruction is not
clear. Reconstruction can be performed with open or
arthroscopic-assisted techniques. If an arthroscopi-
cally assisted technique is chosen, fluoroscopic con-
trol and a posteromedial portal to assist tibial
preparation is helpful. This procedure is technically
demanding. Because the graft is passed at a sharp
angle from the tibia to femur, it may create fraying of
the patella tendon graft and subsequent laxity. If the
tibia is of poor bone quality, the patellar tendon graft
may erode through proximal tibia, creating laxity.
The arthroscopic-assisted technique requires patella
tendon of 40 mm or more to maintain bone blocks
within their tunnel (Figure 19-15). To circumvent the
problems associated with the graft making an acute

turn at tibial tunnel exit with potential for graft abra-
sion and difficulties with graft tensioning, posterior
open approaches to tibial attachment of the PCL with
tibial inlay reconstruction have been described with
encouraging results.

Pitfalls of PCL Reconstruction 

A common problem associated with PCL recon-
struction is loss of motion. Flexion loss is more com-
mon than extension loss, most likely caused by
improper graft placement or inadequate rehabilita-
tion. The position of femoral tunnel is more critical
than the tibial tunnel. Femoral attachment anterior
and distal to the isometric region results in in-
creased graft tension with flexion loss. Femoral tun-
nel placement posterior and proximal to the most
isometric region results in decreased graft tension
in flexion and hence laxity. Loss of extension or flex-
ion contracture is caused by prolonged immobiliza-
tion in flexion. Graft laxity with inability to prevent
posterior sag is another complication resulting in
failure to obtain objective stability. Selection of im-
proper graft material with insufficient strength like
the iliotibial band or hamstring may result in fail-
ure. Improper tunnel placement can result in graft
abrasion and failure.

Grade I

Grade II Grade III

FIGURE 19-14. Grades of PCL laxity.

FIGURE 19-15. The Clancy technique of posterior cruci-
ate reconstruction uses the same bone-patellar tendon-bone
preparation that is seen in the anterior cruciate ligament re-
constructions. However, the placement of bone tunnels is
different. Note the sharp angle (“killer turn”) at poste-
rior edge of tibia. 
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MEDIAL COLLATERAL 
LIGAMENT INJURIES

The main medial stabilizer of the knee is the MCL. It
contributes 78% to the restraining valgus force on
the medial aspect of the knee. Because of its parallel
collagen arrangement, only 5 to 8 mm of increased
opening indicates a complete failure of the liga-
ment. The MCL is attached proximally to the medial
femoral condyle and distally to the metaphyseal
area of the tibia, 4 to 5 cm distal to the medial joint
line, beneath the pes anserinus insertion. Immedi-
ately deep to the MCL is the medial capsular liga-
ment. Posterior to the MCL is a thickening of the
capsular ligament referred to as posterior oblique
ligament. The MCL complex also resists abnormal
external tibial rotation and prevents an increase in
anterior tibial translation in the ACL deficient knee.

The majority of injuries to the MCL are caused
by contact or noncontact valgus stresses to a flexed
knee. The main test for MCL injury is a valgus stress
in 30° of knee flexion. It is important to apply this
force through the foot and ankle rather than the
distal tibia as applying force to distal tibia con-
strains the knee. In addition to joint opening, joint
line crepitations or clunk would be suspicious of
the medial meniscus tear, chondral injuries, or
baseline medial compartment arthritis. Amount of
medial opening is graded according to American
Medical Association guidelines; grade I injuries
would be less than 5 mm; grade II, 5 to 10 mm;
grade III or complete tear, more than 10 mm. It is
important to assess side-to-side difference. In an
adolescent with open physis, it is important to verify
with stress radiograph that the injury is ligamentous
and not a Salter-Harris fracture.

An asymmetrical opening in full extension is in-
dicative of combined MCL and posterior oblique
ligament injury, and possible cruciate ligament in-
jury. If the knee is stable, in full extension, there is
no significant damage to posterior oblique liga-
ment. MRI can be helpful to highlight the location
and extent of ligamentous damage, as well as dam-
age to other structures.

In general, incomplete tears of the MCL are
treated with temporary immobilization, use of
crutches for pain control, range of motion exercises
performed within the first 24 to 48 hours, and an at-
tempt to regain full range of motion as soon as pos-
sible. Isometric, isotonic, and eventually isokinetic
progressive resistive exercises are begun within a

few days of subsidence of pain and swelling. Com-
plete MCL tears without structural damage to other
ligaments can be treated in similar fashion; if the
knee is not too painful, a hinged brace is used, and
quadriceps strengthening exercises and straight leg
raises are encouraged immediately.

POSTEROLATERAL CORNER
INJURIES

Injuries involving the posterolateral corner of the
knee are less common but can be disabling due to
both instability and articular cartilage degeneration.
A coupled relationship exists between posterolat-
eral structures and the cruciate ligaments. As a re-
sult, a high incidence of combined injury is clinically
observed. Lateral structures of the knee have been
described in three layers. Layer I, or the superficial
layer, consists of iliotibial band with its anterior ex-
pansion and superficial portion of biceps femoris
with its expansion posteriorly. The middle layer or
layer II, consists of the quadriceps retinaculum an-
teriorly and patellofemoral ligament posteriorly.
Layer III, or deep layer, is composed of the lateral
joint capsule and coronary ligaments, the popliteus
tendon, the lateral collateral ligament (LCL), and
the fabellofibular and arcuate ligaments. The popli-
teofibular ligament is the part of deep layer.

The LCL is the primary static restraint to the
varus stress of the knee and also provides resistance
to external rotation. Isolated injuries of the LCL are
uncommon and usually occur in conjunction with
injuries to other ligamentous structures. Popliteus
plays a major role in both dynamic and static stabi-
lization of the lateral tibia on the femur including
restriction of posterior tibial translation, restriction
of external and varus rotation of tibia, and dynamic
internal rotation of tibia. The popliteofibular liga-
ment represents a direct static attachment of popli-
teus tendon from the posterior aspect of the fibular
head to the anterior aspect of the lateral femoral
epicondyle. It provides a significant share of overall
resistance to posterior tibial translation, external ro-
tation, and varus rotation. The arcuate ligament re-
inforces the posterolateral capsule and spans from
lateral femoral condyle to fibular styloid. The biceps
femoris in conjunction with iliotibial band is a
strong external rotator, as well as dynamic lateral
stabilizer of the knee; it is frequently injured in pos-
terolateral injuries.
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Biomechanics

The posterolateral structures function primarily to
resist posterior translation as well as external and
varus rotation of tibia; they act with the PCL to pro-
vide overall stability. Selective ligament sectioning
in cadaveric models has demonstrated the impor-
tance of posterolateral structures. Sectioning the
posterolateral structures alone results in an in-
crease in posterior translation of the lateral tibial
plateau primarily at 30° of flexion, with a minimum
increase at 90° of flexion. However when both the
PCL and posterolateral structures are sectioned, in-
creases in posterior translation are observed at both
30 and 90° of flexion. Isolated sectioning of postero-
lateral complex, primarily the LCL, results in in-
creased varus rotation from 0 to 30° of flexion, with
maximum increase observed at 30°. Combined sec-
tioning of the PCL and posterolateral structures re-
sults in increased varus rotation of the knee at all
angles of flexion, with maximal increase observed
at 60°. Thus, the posterolateral structures appear to
provide resistance to posterior translation, restraint
to varus rotation, and tibial external rotation at
lesser degrees of flexion. Sectioning of the PCL and
posterolateral structures also results in increased
medial and lateral compartment pressures and in-
creased patellofemoral pressures secondary to a
“Reverse Maquet” effect.

Clinical Presentation

Most cases of Posteolateral Rotatory Instabiliy (PLRI)
are secondary to trauma, with approximately 40%
occurring as a result of sports injuries. The usual
mechanism is hyperextension with a varus moment
combined with twisting force. Other mechanisms
can be noncontact hyperextension and external ro-
tation, sudden deceleration, with a fixed lower leg.
Presenting features in addition to history of trauma
can be pain, weakness, numbness, and paresthesias
associated with peroneal nerve injury. Chronic PLRI
patients may describe pain localized to joint line
and may also report instability primarily with knee
in extension, such as knee buckling in toe-off.
These patients typically exhibit gait abnormalities
characterized by varus thrust at the knee coupled
with a knee hyperextension in the stance phase.
Patients often maintain the knee in internal rotation
as the knee is more unstable in external rotation. In
addition, patients may exhibit overall varus align-
ment with increased adduction moment. In acute

situations, the examiner should have high suspicion
for knee dislocations in cases of multiple ligamen-
tous injuries. A careful neurological examination
must be performed.

The most useful tests for the diagnosis of pos-
terolateral injuries are the prone external rotation
test at 30 and 90° of flexion and varus stress test at 0
and 30° of flexion. Other tests like reverse pivot
shift test and external rotation recurvatum tests can
be used to supplement the clinical impression.

Imaging

Plain radiographs may show abnormal widening of
lateral joint space, avulsion of proximal tip of fibu-
lar head, avulsion of Gerdy’s tubercle, or a Segond
fracture (lateral capsular sign), which is avulsion of
lateral aspect of capsule from tibial plateau. Al-
though Segond fracture is usually associated with
ACL injury, it can also occur with isolated postero-
lateral injury (Figure 19-16). Chronic posterolateral
injury patients may have degenerative changes in
the tibiofemoral and patellofemoral compartment.
The lateral compartment is usually more involved.
Varus stress radiographs may be helpful. In addi-
tion full-length weight-bearing radiographs of both
lower extremities may be helpful in determining
overall alignment. MRI is very helpful in evaluating
posterolateral injuries. A bone contusion of the pos-
teromedial femoral condyle is frequently observed.
MRI can provide visualization of individual pos-
terolateral structures. Coronal oblique T2 images
provide better visualization than standard coronal
and sagittal images.

Treatment

Nonoperative Treatment

The natural history of these injuries is not
clearly delineated; nonoperative treatment of com-
plete tears involving the posterolateral corner has
generally led to poor results. It is believed that there
is an increased degree of disability with combined
injury pattern and predisposition to early degenera-
tive joint changes. In general nonoperative treat-
ment should be prescribed for patients with mild
instability and without significant symptoms or
limitations. Patients with chronic PLRI often have
quadriceps atrophy and gait abnormalities, and
programs consisting of gait training and muscle
rehabilitation may be beneficial.
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Operative Treatment

Currently, the indications of operative treat-
ment of PLRI include symptomatic instability with
functional limitations as confirmed by significant
objective physical findings. Operative treatment of
acute injuries is usually more successful than sur-
gery for chronic injury. In general, surgical repair is
recommended within the first 2 to 3 weeks. It is
important to simultaneously evaluate and treat
other injuries. In one study, the most common iden-
tifiable cause of ACL reconstruction failure was un-
recognized and untreated posterolateral corner
injuries. In cases of concomitant injuries, recon-
struction of the ACL or PCL should be performed
either prior or with the reconstruction of posterolat-
eral structures. In chronic cases, it is also important
to correct any varus knee alignment, and valgus os-
teotomy with distal advancement of iliotibial band
with bone block may be performed.

Acute Injury

In acute injury, primary repair should be attempted
initially. Major structures that should be evaluated
include the iliotibial tract, biceps femoris, peroneal

nerve, LCL, popliteus muscle, and tendon and
popliteofemoral ligament. Treatment of posterolat-
eral injuries should proceed from deep to superfi-
cial, with repair of structures by direct repair, suture
by drill holes through bone, or suture anchors as ap-
propriate. In acute situations where the severity of
injury precludes direct repair, involved structures
can be augmented with hamstring tendons, biceps
tendon, iliotibial band, or allograft.

Chronic Injury

There is lack of consensus in the literature regarding
the best technique of operative treatment for chronic
injury. Proximal advancement of arcuate complex
(lateral head of gastrocnemius, LCL, popliteus ten-
don, and arcuate ligament) in line with the LCL into
a trough in distal femur can be performed with
good results. Tensioning is performed with the knee
in 30° flexion and the tibia in neutral rotation. The
disadvantage of the procedure is that the insertion
sites of the LCL and popliteus are drifted anterior to
the center of rotation, which may lead to attenua-
tion and eventual failure.

Biceps tenodesis as described by Clancy, has the
proposed advantage of recreating the LCL as the

FIGURE 19-16. Segond fracture. (A) AP radiograph demonstrates the capsular avulsion fragment.
(B) MRI demonstrates the defect within the lateral tibia and small adjacent avulsion fracture.
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arcuate complex is tightened. The entire biceps
tendon is transferred anteriorly to the lateral
femoral epicondyle leaving the distal insertion in-
tact (Figure 19-17). However, the disadvantage is
that the popliteus and popliteofemoral ligaments
are not reproduced, and a fixation point other
than 1 cm anterior to the LCL femoral origin re-
sults in nonisometric graft position that does not
reduce external rotation or varus stress at any de-
gree of flexion. Salvage posterolateral reconstruc-
tion after failed biceps tenodesis may be quite
difficult.

Posterolateral reconstruction using autograft or
allograft for reconstructing the popliteus and popli-
teofemoral ligament, an extracapsular sling proce-
dures reconstructing LCL by using bone tendon
bone allograft secured with interference screws in
the fibular head, and lateral femoral condyle have
been described with favorable results. Surgical com-
plications of these procedures include peroneal
nerve palsy, failure of reconstruction, knee stiffness,
hamstring weakness (especially in biceps tenodesis),
infection, and hardware irritation.

OSTEONECROSIS

The knee is second to hip as the most common area af-
fected by osteonecrosis. Osteonecrosis of knee occurs
in approximately 10% of patients with osteonecrosis
of hip. Ahlbäck and associates first described the dis-
ease in 1968. Osteonecrosis of knee represents two distinct
entities—spontaneous osteonecrosis of the knee and steroid-
associated osteonecrosis.

Osteonecrosis indicates death of a segment of
the weight-bearing portion of the femoral condyle
or tibial plateau with associated subchondral frac-
ture and collapse. In the typical case, the patient,
who is usually older than 60 years of age, presents
with an acute onset or exacerbation of pain on the
medial side of the knee with or without associated
minor trauma or increased activity. Patients often
have a history of insidious knee pain, commonly ex-
perienced in early and mild osteoarthritis. Mechan-
ical symptoms, such as locking, catching, and
buckling, are not widespread. However, during the
acute phase, the knee can appear locked because of
pain, effusion, and muscle contracture. Although it

FIGURE 19-17. Biceps tenodesis.
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is most common in the medial femoral condyle, os-
teonecrosis may also occur in the lateral femoral
condyle and tibial plateau. The tibial lesions occur
on the medial side. Radiographs may be normal,
but bone scintigraphy is markedly abnormal. MRI
also shows this lesion during the acute phase before
it is clearly shown on plain radiographs. After 2 or
3 months, radiographs typically show flattening
and radiolucency of the subchondral bone of the
medial femoral condyle with a sclerotic line of de-
marcation around the lesion. Degenerative changes
may also be present at this time if a large weight-
bearing area of the femoral condyle is involved.

The condition may present in a similar manner
to a spontaneous tear of the medial meniscus and
should be differentiated from it in a patient who is
older than 60 years of age. These patients often erro-
neously undergo arthroscopic surgery for presumed
meniscal tear, based on changes observed on MRI
studies that are so common in this age group, with-
out symptomatic relief.

Most cases are idiopathic in nature. Vascular
and traumatic theories also have been proposed,
with the vascular theory being the most widely ac-
cepted. Fat embolism has been suggested as a possi-
ble mechanism. Bone microcirculation is contained
within an expandable compartment, and an in-
crease in bone marrow pressure can cause bone is-
chemia. Elevated bone marrow pressure is found in
patients on steroid therapy, but it is also found in
osteoarthritis of the knee.

Osteonecrosis presents radiographically in five
stages. In stage 1, the radiographs are normal, but
MRI is abnormal. Slight flattening of the condyle is
seen in stage 2. An area of radiolucency with a distal
sclerosis and a faint halo of bony reaction are found
in stage 3. Stage 4 shows a calcified plate with radi-
olucency surrounded by a definite sclerotic halo.
Stage 5 represents narrowing of the joint space with
subchondral sclerosis and osteophyte formation
typical of osteoarthritis.

The differential diagnosis includes osteochon-
dritis dissecans, osteoarthritis, meniscal tears, pes
anserinus bursitis, and insufficiency fracture. The
area of the lesion is important in predicting which
knee will develop osteoarthritis. Knees with lesions
smaller than 5 cm2 have a better clinical and radi-
ographic prognosis.

In general, there are five basic options for the
treatment of osteonecrosis: (1) conservative care,
(2) core decompression of the distal femur, (3) arthro-
scopic debridement, (4) proximal tibial osteotomy,
and (5) total or unicompartmental arthroplasty.

Conservative therapy consists of analgesia as
needed, protected weight bearing, and activities to
tolerance. Excellent to good results can be obtained
with conservative means if lesions are relatively
small, that is, less than 40% of the width of condyle.
If the disease progresses, a few cases can be treated
by arthrotomy, or arthroscopy and drilling of the
lesion. Arthroscopy may be effective in debriding
unstable or delaminating chondral fragments, par-
ticularly to resolve mechanical symptoms like
catching and locking. It is more advisable to drill in
an antegrade nonarticular direction, rather than ret-
rograde through overlying intact cartilage, to stimu-
late revascularization of the osteonecrotic fragment.
Core decompression by extra-articular drilling of
the femoral condyle can relieve the initial acute pain
that occurs with the onset of spontaneous os-
teonecrosis of the knee. The best results are reported
in stage 1 lesions. If femoral flattening is already ap-
parent, the progression cannot always be avoided.
Core decompression is a really effective treatment
for steroid-induced osteonecrosis because steroid-
induced osteonecrosis is an entirely different entity
with different anatomic involvement in the distal
femur. The central factor is that steroid-induced os-
teonecrosis does not necessarily involve the sub-
chondral plate. The principal involvement is
metaphyseal; therefore it has different structural
and mechanical ramifications for the joint surface.

High tibial osteotomy, unicompartmental arthro-
plasty, and total knee replacement are reserved for
knees in which advanced osteoarthritis has devel-
oped. The indication of high tibial osteotomy is in
stage 3 lesions where less than 50% of the condyle is
involved in active patients younger than 65 years of
age. There is a role of unicompartment replacement
of spontaneous osteonecrosis of one condyle or
plateau; however the possibility of subsequent os-
teonecrosis of the opposite compartment is a critical
concern. Any change involving the epiphysis of
metaphyseal bone on the preoperative MRI should
be considered as compromised osseous structures
that may predispose the subsidence and compro-
mise long-term survivorship. Total knee arthro-
plasty (TKA) has provided good results in well over
90% of patients; however careful review of the liter-
ature of these results for spontaneous osteonecrosis
suggests that while satisfactory results are obtain-
able, there is need to remain guarded in the final
results. Inferior results are reported in TKA for
spontaneous and steroid-induced osteonecrosis
when compared with matched group of patients
with osteoarthritis.
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ARTICULAR CARTILAGE LESIONS

Articular cartilage has a very limited potential for
healing. In adults it possesses neither a blood
supply nor lymphatic drainage, and is sheltered
from immunologic recognition by the surround-
ing extracellular matrix. Although the cells con-
tinue to produce the extracellular matrix, they are
ineffective in responding to injury. Wounds that
are limited to cartilage itself without injuring the
subchondral bone stimulate only a slight reaction
in the adjacent chondrocytes. The natural history of
isolated chondral defects is not known; it is as-
sumed that these chondral and osteochondral de-
fects may progressively enlarge with time and play
a role in the development of more generalized os-
teoarthritic changes. Trauma to articular cartilage
beyond a critical level causes a reduction in vis-
coelasticity and stiffness of cartilage. As a result,
more force is transmitted to the subchondral bone,
with consequent thickening and eventual stiffening
of the subchondral plate. The increased stiffness of
subchondral bone allows more impact stresses to
be transmitted to the cartilage, creating a vicious
circle of cartilage degeneration and stiffening.
Treatment of full thickness articular surface lesions in
young and middle-aged individuals is a challenge.
These lesions may be small and asymptomatic at dis-
covery or may increase in size and may become
painful. In a review of more than 31,000 arthro-
scopies, chondral lesions were reported in more than
60% of patients. It is proposed that 5 to 10% of all pa-
tients who present with acute hemarthrosis of the
knee after work- or sport-related injury have full
thickness chondral injury.

Clinical Presentation

The most common presentation of a full thickness
articular cartilage lesion is a loose body. It may be
associated with an acute injury with large effusion
or may have insidious onset with no effusion. Some
patients may have joint line pain and mechanical
symptoms of locking. Injuries associated with full
thickness articular surface injuries include patellar
dislocation with lateral femoral condyle and medial
patella facet lesions, dashboard injuries, and liga-
ment injuries. The physical examination usually
does not elicit a distinct consistent finding other
than localized pain with or without an effusion. The
presence of loose body is considered predictive of
articular surface injury.

Plain radiographs, including standing pos-
teroanterior flexion views, may show compartment
joint space narrowing or an osteochondritis disse-
cans type of defect, with or without loose body. With
full thickness articular cartilage lesions, plain radi-
ographs may not reveal any changes, and MRI may
be helpful. Defects in articular cartilage appear as
focal areas of cartilaginous thinning in which the de-
fect is filled with synovial fluid, which demonstrates
a characteristic bright signal of T2 images. An ab-
normal signal in the underlying bone often aids di-
agnosis. On follow-up MRI or arthroscopy, the
contusions in the subchondral bone are associated
with high incidence of osteochondral abnormalities,
such as thinning, or loss of articular cartilage and
subchondral sclerosis. Proton density imaging and
T2 imaging with fat saturation sequences optimize
resolution of the articular chondral surface. The sen-
sitivity of MRI in consistently analyzing changes in
the articular surface has been reported to be 40 to
70%. Arthroscopy is a more accurate technique for
diagnosing articular surface lesions, documenting
the location, size, shape, or depth of the lesion.

Nonoperative Treatment Options

The vast majority of articular defects and degenera-
tive articular cartilage changes do not cause symp-
toms of any significant disability. However, some
patients may present with complaints of pain,
swelling, giving way, and mechanical symptoms of
locking, catching, or crepitus. The goal of nonopera-
tive treatment is to reduce symptoms related to ar-
ticular cartilage lesion. Treatment modalities include
patient education, activity modification, and physi-
cal therapy for muscle strengthening, a nonaggra-
vating fitness program.

Pharmacologic therapies include mild anal-
gesics; anti-inflammatory drugs such as cyclooxy-
genase-2 (cox-2) inhibitors; local corticosteroid
injections; and chondroprotective agents, such as
oral glucosamine and chondroitin sulfate and in-
jectable hyaluronic acid for viscosupplementa-
tion. In symptomatic patients for whom these
treatment modalities are unsuccessful, surgical in-
terventions can be considered. The appropriate
treatment of an asymptomatic patient with an in-
cidental finding of a full thickness articular carti-
lage lesion is an enigma. The natural history of
this lesion is not well known. Whether these lesions
if left untreated become symptomatic in short time or
if the joint destruction can be prevented by treating
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these lesions—these questions at present remain
unanswered. Also the natural history of surgically
treated symptomatic patients is still evolving;
until it is confirmed, surgical treatment of asymp-
tomatic patients is not recommended, though con-
tinual observation and follow-up monitoring is
warranted.

Operative Treatment Options

The operative techniques currently most widely
used are arthroscopic debridement, lavage, and
repair stimulation. The direct transplantation of
cells or tissue into a defect and replacement of de-
fect with biological substitutes can restore articu-
lar surface in selected patients.

Microfracture and Arthroscopic Lavage 
and Debridement 

Using microfracture and arthroscopic lavage
and debridement to remove loose flaps or edges can
improve symptoms; however, the effects are tempo-
rary and there is no potential for healing. Attempts
to enhance the intrinsic healing potential of articu-
lar cartilage have been focused on recruiting
pluripotential cells from the bone marrow by pene-
trating the subchondral bone or providing mechan-
ical, electrical, laser, or other stimulus for healing.
The usual result of these penetrating techniques
(drilling, abrasion arthroplasty, or microfracture) is
the partial filling of articular defect with fibrocarti-
lage that contains principally type I collagen. Unlike
the desired hyaline cartilage, this fibrocartilage has di-
minished resilience and stiffness, poor wear characteris-
tics, and predilection for deterioration with time.

The current role of these techniques is contro-
versial, although they have some chance of helping
the patient and are a reasonable first step in the man-
agement of a previously untreated cartilage defect.
Because of the limited capacity of the cartilage to
heal, a more attractive approach is to transplant cells
or tissue with chondrogenic potential. These living
cells or tissue may be directly transplanted into an
articular cartilage defect. Both autologous commit-
ted chondrocytes and undifferentiated mesenchy-
mal cells placed in articular defects survive and are
capable of producing new cartilaginous matrix.

Osteochondral Autograft 

An alternative to biological regeneration is to re-
place the defect with a substitute, either primarily or

a series of small osteochondral plugs (mosaicplasty).
This procedure involves the autogenous transplan-
tation of at least one cylindrical osteochondral plug
from a relatively nonweight-bearing region of the
knee into an articular defect (Figure 19-18). The
donor site is usually the edge of the patella groove
or the area just next to intercondylar notch. The tech-
nique involves excising all injured or unstable tis-
sue, creating cylindrical holes in the base of defect
and underlying bone. These holes are filled with
cylindrical plugs of healthy cartilage and bone in
mosaic fashion. The goal is to fill the defect as com-
pletely as possible. Histologic evidence demon-
strates that hyaline cartilage on cylindrical graft has
the ability to survive in its new setting and maintain
its structural integrity. Osteochondral autografts are
indicated for patients less than 45 years of age, with
sharply defined defect surrounded by healthy carti-
lage. Lesions should be unipolar and no more than 2
to 2.5 cm2. The technique of fixation and continuous
passive motion are reported to be important in ob-
taining optimal results.

Autologous Chondrocyte Implantation (ACI)

In this technique, the mature articular chondro-
cytes are harvested, expanded in cell culture, and im-
planted into the defect. This technique preserves the
subchondral bone plate (Figure 19-19). Early results
indicate a good to excellent result in more than 80%
of patients. Follow-up arthroscopic examination
showed good fill with repair tissue, good adherence,
and hardness close to that of adjacent tissue. ACI is
indicated for the younger (20 to 50 year old) active patient
with an isolated traumatic femoral chondral defect greater

FIGURE 19-18. Location of recommended donor sites for
osteochondral grafts. Osteochondral plugs 15 to 25 mm
long are harvested and implanted in the prepared base of de-
fect. Coverage of 80 to 90% of defect is recommended.
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than 2 to 4 cm2. Accompanying ligamentous, meniscal
lesions, joint malalignment, and patellofemoral in-
stability must be corrected concurrently. Absence of
meniscus, bipolar lesions, osteoarthritis, and instabil-
ity may preclude such treatment.

Osteochondral Allografts 

Osteochondral allografts may be used for larger
(>10 cm2) full thickness lesions after failure of one
or two previous surgical procedures. Fresh allo-
grafts provide the greatest likelihood of chondro-
cyte survivability, but also carry higher risk of
immunologic and transmissible disease. Use of
shell graft with less than 1 cm of subchondral bone
reduces immunogenecity of the graft. The technical
constraints of surgical implantation of fresh osteo-
chondral graft are demanding. Fresh tissue from a
young (<30 years) donor must be available and re-
cipient and surgeon must be on call at all hours of
day and night.

The best indications are posttraumatic defect
or osteochondritis dissecans. Concern related to
preservation techniques, disease transmission, tis-
sue viability and availability, and graft host reac-
tions limit the use of this technique. Although fresh
frozen allografts have a decreased risk of immuno-
genic response and visual transmission, there is
concern regarding viability of chondrocytes poten-
tially decreasing the longevity of allograft.

Biologic and Synthetic Materials

Biologic and synthetic polymers can be used to
cover and cushion underlying exposed bone,
reestablish a congruent articulating surface, and
provide physical and mechanical properties of ar-
ticular cartilage. Synthetic matrices can bridge the
void of the osteochondral defect and potentially
delay or avoid major surgery. An example of one
of these polymers is flowable in situ curable
polyurethane, which is a cross-linked, segmented

FIGURE 19-19. From the harvested cartilage slices the chondrocytes are isolated and cultured for
2 weeks before the implantation can take place.
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polyurethane that exhibits high tensile strength and
excellent fatigue resistance under physiologic loads.

PATELLOFEMORAL DISORDERS

The patellofemoral joint is biomechanically com-
plex, but the most important function of the patella
is to improve the efficiency of the quadriceps by in-
creasing the lever arm of the extensor mechanism.
The thickness of the patella displaces the patellar
tendon away from the femorotibial contact point
throughout knee range of motion, thereby increas-
ing the moment arm of the patellar tendon. It has
been shown that 3.3 times the body weight is gener-
ated across the patellofemoral joint at 60° of knee
flexion during stair climbing, and up to 7.8 times
the body weight at 130° during deep knee bends.
Patellofemoral contact pressures are uniformly
spread over all contact areas, but peak pressures are
highest between 60 and 90° of flexion. The symp-
toms of patellar dysfunction include anterior knee
pain, giving way, locking, and swelling. Occasion-
ally, pain may be referred to the joint lines, mimick-
ing the symptoms associated with meniscal tears. In
addition to routine radiographs, patellofemoral ra-
diographs in the form of axial views in different

degrees of extension should be obtained (Figure
19-20). There are several congenital anomalies of
the patella, including bipartite patella, congenital
absence of the patella (patellar aplasia), a small
patella (patellar hypoplasia), and a large patella
(patella magna).

Osteochondritis dissecans of the patella is best
seen on a slightly overexposed lateral radiograph.
An axial (“skyline”) radiographic view determines
whether the lesion is in the medial or lateral facet. In
the patella it usually is associated with chondroma-
lacia that extends considerably beyond the periph-
eral margins of the avascular bone. Residual
disability after treatment usually is proportional to
the size of the chondromalacia area. Treatment op-
tions include conservative management, excision of
the fragment and curetting the crater, excision of the
lesion followed by curettage, and drilling of the le-
sion. Arthroscopic treatment of a patellar osteo-
chondritic lesion using retrograde placement of a
Herbert screw or absorbable screws have also been
reported. Rarely is chondromalacia so extensive as
to require patellectomy; the patella should almost
always be preserved.

Bipartite patella usually is asymptomatic and
is noted incidentally on an anteroposterior or tun-
nel tangential radiograph. When present, it occurs

FIGURE 19-20. Schematic representa-
tions of the different radiographic evalu-
ations of the patella: the Hughston (55°),
Merchant (45°), and Laurin (20°) patella
views.
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bilaterally in approximately 40% of patients. Three
types have been described. Type I, which accounts
for 5%, occurs at the inferior pole and may be asso-
ciated with Sinding-Larsen-Johannson syndrome.
Type II, which accounts for 20%, occurs along the
entire lateral border of the patella and may be as-
sociated with a nonunion of a patellar fracture.
Type III, the most common type, occurs as an ellip-
tical area in the superolateral portion of the patella
and accounts for 75% of cases. Pain is unusual in
bipartite patella, and when present it is caused by
overuse. A diagnostic radiographic test to deter-
mine if pain is caused by a nonunion at the bipar-
tite site is to obtain a normal skyline view followed
by a skyline view taken with the patient in a squat-
ting weight-bearing position. The test is consid-
ered positive if the separation is greater in the
squatting weight-bearing position than on the nor-
mal skyline view. If pain occurs with a bipartite
patella, treatment should include limiting and re-
stricting activity, correcting the activity that is
causing an overuse syndrome, and prescribing
nonsteroidals and a short arc exercise program.
Immobilization for 3 weeks or more relieves the
symptoms of repetitive microtrauma of the syn-
chondrosis. Rarely does conservative treatment
fail, making operative treatment unnecessary. Ex-
cision of the bipartite fragment, especially in the
superolateral quadrant can be successful in reliev-
ing symptoms if conservative measures fail.

Excessive lateral patellar compression syn-
drome (ELPS) is characterized by pain. Pain is char-
acteristically dull, poorly localized, and increased
by activities that overload the patellofemoral joint.
Symptoms may follow a trauma. A sense of the
knee buckling may occur, which makes this syn-
drome difficult to differentiate from patients with
true patellar instability. True episodes of patellar
instability, however, followed by considerable
swelling that persists a few days, are lacking. An
apprehension test (whereby the patient becomes
apprehensive when the physician attempts to
move the patella medially and laterally with the
knee extended, simulating the feeling of instabil-
ity) is negative, and only minor tracking abnor-
malities of the patella are present.

On physical examination, squinting of the
patella is easily appreciated. There may be a mild
varus relation between the tibia and the femur. A
half-squat usually provokes pain. A quadriceps
angle of greater than 20° is abnormal. This angle is
formed by a line drawn through the center of the
long axis of the thigh across the midportion of the

patella and a line drawn along the patellar tendon.
The lateral retinaculum is considered tight if the
patella is unable to be moved medially more than
one-fourth of its width. Pain on compression of the
patella against the femoral sulcus is usually present.
Radiographically, lateral placement of the patella on
an axial, skyline (Merchant) view may be evident.
Radiographic clues of long-standing ELPS include
lateral facet sclerosis, lateralization of trabeculae,
and lateral traction spurs (Figure 19-21). The pain is
thought to result from excessive lateral loading of
the patellar ridge. Excessive lateral ligamentous
tension may also contribute to the syndrome.

Treatment consists of rest, restriction of activity,
quadriceps training, anti-inflammatory medication,
rehabilitation program, and taping. Occasionally,
surgical treatment is necessary and includes lateral
retinacular release done by open arthrotomy or
arthroscopic means.

Chondromalacia Patellae and
Patellofemoral Arthritis

Chondromalacia patellae and patellofemoral arthri-
tis are secondary to damaged or softened articular
cartilage of the patellofemoral joint. The term chon-
dromalacia should be used only to describe the
changes that occur in the articular cartilage, if the dis-
ease has progressed to involve changes of the bone
(osteophyte formation, subchondral sclerosis, and
cysts) and of the synovium (synovitis), it should be
classified as patellofemoral arthritis.

Observable age-related changes in chondroma-
lacia occur commonly after the second decade and
in almost all knees after the fourth decade. Unfortu-
nately, the term chondromalacia has become synony-
mous with patellofemoral pain. Numerous other
terms have been proposed to describe the syn-
drome, such as patellofemoral syndrome, patello-
femoral arthralgia, extensor mechanism dysplasia,
anterior knee pain syndrome, and others, but these
are not commonly accepted. Some patients with

FIGURE 19-21. Radiographic clues of long-standing lat-
eral compression syndrome.
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minimal changes in the articular surface have
marked patellofemoral joint symptoms, and con-
versely, some patients with no patellofemoral joint
pain have marked changes in the articular surface
of the patella. Chondromalacia of the patella should de-
scribe a pathologic condition of the cartilage and not a
clinical syndrome. In chondromalacia of the patella,
the initial lesion is a change in the ground substance
and collagen fibers at the deep levels of the carti-
lage. It is a disorder of the deep layers of the carti-
lage that involves the surface layer only late in its
development. In contrast, in osteoarthritis the initial
changes occur on the surface of the cartilage, with
loss of continuity of the transverse fibers followed
by fibrillation, which usually becomes grossly visi-
ble. Changes occur most commonly at one of two
sites in the deep layer of cartilage. The first is an
area about 1 cm in diameter astride the ridge that
separates the lateral facet from the medial facet; the
second area straddles the inferior part of the central
ridge that separates the medial and lateral facets.

Outerbridge classified chondromalacia in four
different grades: Grade I included softening and
swelling, Grade II included fragmentation and fis-
suring in a 0.5 inch or smaller area, Grade III showed
fragmentation and fissuring in a 0.5 inch or larger
area, Grade IV had cartilage erosion down to bone.
The most comprehensive and specific grading sys-
tem for articular cartilage lesions was published by
Noyes and Stabler. They classified articular carti-
lage lesions by defining the surface description, the
extent of the articular cartilage involvement, the di-
ameter, location and the degree of flexion that will
put the lesion in contact with the weight-bearing
area. Grade 1 lesion is chondromalacia 1A: soft carti-
lage, 1B: softening with definite indentation; Grade 2
are open lesions, 2A: fissures/fragmentation of half
thickness and 2B: full thickness; Grade 3A: bone ex-
posed and 3B: bone cavity.

Most chondromalacia is idiopathic in nature. It
may, however, result from lateral patellar compres-
sion syndrome, patellar instability, trauma, previ-
ous anterior cruciate ligament surgery, prolonged
immobilization for fracture treatment, or synovial
conditions affecting the articular cartilage surface.
Pain is associated with increased patellar pressure
and basal degeneration of the cartilage. The signs
and symptoms of chondromalacia of the patella are
nonspecific; there is no pathognomonic symptom.
Most patients with chondromalacia describe a dull,
aching discomfort that is well localized to the ante-
rior part of the knee and that is most prominent
after sitting in one position for a long time. This has

been called the “movie sign.” Crepitation in the
patellofemoral joint also varies. The patient may de-
scribe a catching or giving way sensation with ac-
tivity; pain and giving way both tend to be much
more prominent while descending stairs. Puffiness
or swelling may be noted, depending on the degree
of synovitis present.

Articular cartilage is devoid of nerve endings
and therefore cannot be the direct source of pain.
The synovium and subchondral bone probably are
the two areas producing pain in chondromalacia of
the patella. Many authors believe, however, that
pain in the patellofemoral syndrome, with or with-
out chondromalacia, originates from the subchon-
dral bone. It is hypothesized that the biomechanical
failure of articular cartilage in chondromalacia of
the patella results in an alteration of load transfer to
the subchondral bone. Insall suggested that most
young people with chondromalacia of the patella
have an extensor mechanism malalignment and
this, rather than the articular changes themselves, is
responsible for the pain.

Articular cartilage breakdown occurs on different
portions of patella articular surface, depending on the
nature of malalignment or trauma. When there is re-
current shear stress as in patellar malalignment, the
distal central portion may break down. The lateral
facet is the site of breakdown in excessive lateral pres-
sure syndrome (ELPS) with chronic patellar subluxa-
tion and tilt. The medial facet is more commonly
damaged at the time of patellar dislocation and relo-
cation. Another cause of medial facet articular carti-
lage breakdown is previous medial tibial tubercle
transfer with posterior placement of tibial tubercle
(Hauser procedure). The proximal patella is more
commonly damaged as a result of a dashboard or
crush type of injury in which the knee is flexed at the
time of injury. This injury responds poorly to tibial tu-
bercle anteriorization procedures as these procedures
cause load shift onto more proximal patella. Diffuse
articular cartilage damage more frequently occurs as
a result of generalized arthritis or extensive damage
following malalignment and recurrent dislocations.

Patellofemoral arthritis involves predominantly
the lateral joint line in most cases. Narrowing of the
joint line, with osteophytes on the lateral patellar
border and trochlea, subchondral sclerosis of the lat-
eral facet, and possibly cyst formation, may be pres-
ent on axial radiographs. Most often, patellofemoral
arthrosis appears to arise de novo in a structurally
normal joint for which no obvious cause can be as-
signed. There is a frequently associated femorotibial
arthrosis.
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Nonoperative treatment consists of isometric
quadriceps exercises, knee braces, and anti-inflam-
matory medications. Surgical treatment involves
procedures that relieve stress on the patellofemoral
joint and that directly address the pathology of the
articular cartilage. Patellar cartilage shaving can be
done open or arthroscopically and yields the best
results (83% satisfactory) in the earlier stages of
chondromalacia. Subchondral bone drilling with
cortical abrasion yields more unpredictable results
(60% satisfactory), as does lateral retinacular re-
lease. Elevation of the tibial tubercle, patellar resur-
facing, and patellectomy show limited success (70%
satisfactory) and are formidable procedures with
high complication rates.

Treatment of chondromalacia of the patella de-
pends on the underlying cause of the articular sur-
face changes and should be directed to the cause
rather than to the results. Most often, this treat-
ment involves nonsurgical measures, such as anti-
inflammatory medications, quadriceps exercises,
and hamstring stretching. Prone quadriceps stretch-
ing exercises are particularly helpful, they enable
the patient and physician to see the progress and
reduce stiffness around the anterior knee. Strength-
ening of the entire kinetic chain will benefit the pa-
tient, although specific emphasis on vastus medialis
obliquus (VMO) will improve support to the patella.
Some patients also benefit from braces and activity
modification.

Operative treatment is divided into two phases:
(1) treatment directed at malalignment and other
abnormalities of the extensor mechanism and
patellofemoral joint and (2) treatment of the dis-
eased cartilage. Surgery is indicated for chronic
patellofemoral pain after all attempts at nonopera-
tive management have failed.

Arthroscopy has proved extremely reliable in
diagnosing chondromalacia of the patella. The de-
gree of fibrillation and fragmentation of the surface
can be probed under direct vision, and careful prob-
ing can identify areas of softness.

Malalignment of the extensor mechanism is be-
lieved to be one of the most common causes of
patellofemoral pain and chondromalacia changes in
the patellofemoral joint. Malalignment problems
related to bony abnormalities, such as excessive
femoral anteversion, excessive external tibial tor-
sion, and severe genu valgum, may require os-
teotomy for skeletal realignment.

Lateral retinacular release by open, subcuta-
neous, or arthroscopic technique is indicated for
painful arthrosis with radiographically documented

incongruity, lateral tilting, or lateral orientation of
the patella in the patellofemoral joint. Surgery for
chondromalacia of the patella has been unpredictable in
patients with normal axial radiographic studies.

Commonly used procedures involving the ar-
ticular surface include (1) arthroscopic patellar
shaving, (2) local excision of defects with drilling of
the subchondral bone, (3) facetectomy, (4) mechani-
cal decompression of the patellofemoral joint by el-
evating anteriorly the tibial tuberosity (Maquet
procedure), and (5) patellectomy. Patellar resurfac-
ing or patellofemoral replacements have not been
sufficiently successful to indicate their use for uni-
compartmental patellofemoral arthritis or severe
chondromalacia of the patella.

Arthroscopic shaving of the patella has become
popular; the major benefit is probably from the
lavage of the joint and removal of articular surface
debris.

Maquet, in 1963, recommended anterior ad-
vancement or elevation of the insertion of the patel-
lar tendon onto the tibial tuberosity to reduce the
articular pressures in the patellofemoral joint. This
technique has been used more often for
patellofemoral arthritis than for chondromalacia of
the patella. Patellectomy should be used only in ad-
vanced chondromalacia and severe patellofemoral
joint degeneration. Fulkerson described slightly
oblique osteotomy of the tuberosity, (Figure 19-22)
that transfers the tuberosity anteriorly and medi-
ally. This procedure achieves both unloading of the
patella and improved alignment in one operation
and does not require bone graft or distraction of
tibial tubercle.

OSTEOARTHRITIS

Osteoarthritic disease is the result of mechanical
and biological events that destabilize the normal
processes of degradation and synthesis of articular
cartilage chondrocytes, extracellular matrix, and sub-
chondral bone. These changes include increased
water content, decreased proteoglycan content, and
altered collagen matrix, all leading to the deteriora-
tion of articular cartilage. Arthritis of the knee results
from a wearing away of the articular cartilage of the
joint. Arthritis may be idiopathic, or it can result from
trauma, rheumatoid synovitis, pigmented villonodu-
lar synovitis, and seronegative arthropathies such as
gout, chondrocalcinosis, osteonecrosis, and idio-
pathic disorders. Osteoarthritis is predominantly a
mechanical deterioration that may be associated
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with malalignment of the knee. Familial, genetic pre-
disposition may exist, however, and osteoarthritis
may result from and be associated with significant
synovitis. Rheumatoid arthritis is associated with
significant synovitis, with 80% of patients having a
positive rheumatoid factor, indicating an autoim-
mune basis for cartilage destruction.

The knee is the most commonly affected joint
with osteoarthritis. Posttraumatic causes include
torn menisci with previous complete meniscectomy,
fractures, patellar instability, and loose bodies
caused by chondromalacia or synovial chondro-
matosis. Mechanical varus or valgus malalignment
with obesity may cause abnormal loading of the
knee over time and produce premature degenera-
tion of the joint cartilage. Infection causes joint carti-
lage destruction owing to the proteolytic enzymes
released by the leukocytes that enter the knee to
combat infection where the enzymes are nonselec-
tive in their destructive capabilities.

Clinically, the patient with arthritis presents ini-
tially with stiffness and pain. Characteristically, the
patient has stiffness on initiation of gait, which gets
better as the knee “warms up.” There may be an
antalgic or painful gait in which the stance phase of

the walking cycle is shortened. A knee with varus
malalignment may demonstrate a lateral thrust due
to instability of the lateral collateral ligament. A pa-
tient with valgus malalignment may show a medial
thrust due to an incompetent medial collateral liga-
ment. The knee may show swelling caused by an ef-
fusion and synovitis. Locking may also occur as the
bare bony surfaces grate against each other, causing
severe pain. Osteophytes may also be palpable on
clinical examination.

Radiographically, weight-bearing views should
be obtained to give the appearance of the knee
while it is under stress. A weight-bearing view in
full extension shows most of the clinical destruction
of the joint. Only the posterior condyles may be in-
volved, however, in which case a weight-bearing
view with the knee flexed 45° shows joint space nar-
rowing, indicating significant cartilage destruction.
Osteoarthritis is characterized by joint space narrow-
ing, osteophytes, cortical sclerosis on the weight-bear-
ing bony surfaces, and subchondral cysts. Usually,
the medial or lateral joint with mechanical malalign-
ment is seen, with or without patellofemoral involve-
ment, on the radiograph. Rheumatoid arthritis, on the
other hand, demonstrates a more symmetric joint

FIGURE 19-22. Anteromedial tib-
ial tubercle transfer as described by
Fulkerson. Note the close relation-
ship of deep peroneal nerve and an-
terior tibial vessel to the oblique
osteotomy.
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destruction appearance without osteophytes on the
standing radiographs.

Initial management of most patients should be
nonoperative and may include physical therapy,
bracing, orthoses, ambulatory aids, nonsteroidal anti-
inflammatory medications, intra-articular steroid in-
jections, and analgesics. After the acute pain and
synovitis has calmed, gentle exercises and stretch-
ing of the joint may begin. Exercises often slow the
onset of permanent stiffness and flexion contrac-
tures. Changes in daily, work, and recreational ac-
tivities also may be necessary. Obesity is a known
risk factor for osteoarthritis of the knee, and weight
loss has been shown to slow the progression of the
disease. Because of the progressive nature of the dis-
ease, many patients with osteoarthritis of the knee
eventually require operative treatment. A variety of
procedures have been described for treatment of the
osteoarthritic knee, ranging from arthroscopic
lavage and debridement to total knee arthroplasty.
The choice of procedure depends on the patient’s
age and activity expectations, the severity of the
disease, and the number of knee compartments in-
volved.

Treatment of the arthritic knee should initially
consist of a period of rest and avoidance of weight
bearing if the knee is painful. Occasionally, a splint
or elastic bandage is needed to allow the synovitis to
calm down. Moist heat may be applied to decrease
stiffness. Ice should be used if the knee becomes
acutely swollen and painful. Nonsteroidal anti-in-
flammatory medications may be prescribed to de-
crease the synovitis. Prudent use of intra-articular
cortisone injections may be used; however, the use
of cortisone injections at frequent intervals (e.g.,
every month) has been shown to accelerate arthritic
deterioration. After the acute pain and synovitis has
calmed, gentle exercises and stretching of the joint
may begin. Exercises often slow the onset of perma-
nent stiffness and flexion contractures. Surgical in-
tervention is indicated if the patient has persistent
pain that is not relieved by rest, anti-inflammatory
medications, and cortisone injections.

Joint debridement is the first surgical method of
treatment. A radical resection of the synovium and
removal of osteophytes with shaving of degener-
ated cartilage down to subchondral bone through
an open arthrotomy was used in the past. However,
arthroscopic debridement is now the procedure of
choice. It can be redone in the future if the patient
feels successful long-term pain relief was obtained.
Debridement is less predictable if there is mechani-
cal deformity of the joint. Knees with loose bodies

and cartilage tears were shown to do well with
arthroscopic intervention. Arthroscopic debride-
ment should be considered in active, older adults
with mild to moderate osteoarthritis of the knee
after conservative treatment has been exhausted.
Response to treatment is unpredictable, and pa-
tients should be informed of this. Patient selection
should be based on the history of symptoms, physi-
cal examination, and radiographic findings. Age
should not be the sole criterion for selecting arthro-
scopic treatment. Patients with symptoms of short
duration and those with mechanical symptoms
tend to do well. Patients with radiographic mal-
alignment, especially valgus deformities, tend to
have poor outcomes, as do patients with pending
litigation or worker’s compensation claims. Several
authors have reported a “placebo effect” after
arthroscopy for osteoarthritis of the knee that oc-
curs even when no specific procedure is performed,
but most suggested that this effect was of short du-
ration. None of these arthroscopic procedures can
significantly alter the natural progression of os-
teoarthritis. In a recent study that retrospectively
reviewed over 14,000 arthroscopic debridement
procedures performed for osteoarthritis, almost
20% had total knee arthroplasty within 3 years of
the surgery. At best, arthroscopic techniques may
delay the need for a more definitive procedure, es-
pecially in younger, active patients with localized
degenerative arthritis that causes pain at rest with-
out malalignment or instability.

Advanced arthritis poses a more formidable
problem for the surgeon. The surgical decision is
based primarily on the age and activity of the pa-
tient, the mechanical deformity, and the type of
arthritis.

Knee arthrodesis is reserved for the young,
heavy, active person who has premature severe de-
struction of the knee due to arthritis. Most of the
time, however, the patient refuses arthrodesis
owing to the postoperative appearance and the in-
ability to bend the knee after the procedure. The
procedure provides permanent pain relief and al-
lows the patient to return to durable, active work.

Medial joint osteoarthritis in a patient younger
than 60 years of age can be treated by upper tibial
osteotomy. This procedure alters the mechanical axis
of the knee by the removal of a triangular wedge of
bone based laterally from the proximal aspect of the
tibia above the tibial tubercle (Figure 19-23). Success
remains durable in patients who have a postopera-
tive alignment of at least 8° of valgus and who are
not obese. The correction is done on the tibial side
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FIGURE 19-23. Proximal tibial osteotomy is performed by removal of a laterally based wedge of
bone from the proximal tibia, which in turn creates a valgus alignment to restore the normal mechan-
ical axis to the leg. The tibiofibular joint must be released or the proximal fibular head should be re-
sected to allow closure of the osteotomy.
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FIGURE 19-24. Distal femoral osteotomy for valgus knee.

since most of the bone destruction is tibial. Women
tolerate the postoperative valgus alignment less
well than men and represent a relative contraindica-
tion for the procedure. The procedure is not indi-
cated in grossly obese patients, unstable knees, or
knees with less than 75° of motion, greater than a
15° flexion contracture, and instability. Deformities
of up to 10° of varus can be treated in this manner.
There are numerous techniques of fixation of the
fragments after osteotomy, including staples, plates,
and cylinder casts. The procedure allows the patient
to remain active and delays the time when total
knee replacement becomes necessary. The proce-
dure permits participation in rigorous sports. An-
other technique described for high tibial osteotomy
is opening wedge osteotomy with a dynamic uni-
planar external fixator using hemicallotasis tech-
niques. In this procedure, the medial osteotomy is
made below the tibial tuberosity. A dynamic exter-
nal fixator is applied, and beginning 7 days postop-
eratively the fixator is distracted 0.25 mm four
times a day until correction is obtained. Most re-
ports have shown approximately 80% satisfactory
results 5 years after osteotomy. However, these re-
sults also have been shown to deteriorate over time.
Nevertheless, high tibial osteotomy still is a useful
procedure for some patients. Reported complica-
tions of proximal tibial osteotomy include recur-
rence of deformity (loss of correction), peroneal
nerve palsy, nonunion, infection, knee stiffness or
instability, intra-articular fracture, deep venous
thrombosis, compartment syndrome, patella infera,
and avascular necrosis of the proximal fragment.

For the young, active patient with a valgus
arthritic deformity, supracondylar femoral os-
teotomy is the treatment of choice (Figure 19-24).
Arthritic knees with valgus malalignment typically
have bone destruction located on the lateral femoral
condyle. Hence, correction of the deformity should
be on the femoral side. If the valgus deformity at the
knee is more than 12 to 15° or the plane of the knee
joint deviates from the horizontal by more than 10°,
Coventry recommended a distal femoral varus os-
teotomy rather than a proximal tibial varus os-
teotomy. Reported success rates for distal femoral
osteotomies performed for osteoarthritis range
from 71 to 86% good or excellent results. Poor out-
comes have been noted in patients with rheumatoid
arthritis or those with inadequate motion of the
knee before distal femoral osteotomy.

Unicompartmental knee arthroplasty has been
controversial since its introduction in the early
1970s. Early reports on the success of the procedure

were conflicting. However, recent long-term reports
have showed success rates for unicompartmental
knee arthroplasty approaching those of primary
total knee arthroplasty in properly selected patients.
Early reports of unicompartmental arthroplasty
noted failure and revision rates of up to 40%, most
related to mechanical alignment, implant design, ce-
mented fixation, and debris from polyethylene wear.
Newer implant designs that provide more adequate
surface replacement with less stress concentration,
thickened and metal-backed polyethylene tibial in-
serts, improved fixation, and less bony resection
have reduced the incidence of mechanical failure
dramatically. More recent reports have indicated
that intermediate and long-term results of unicom-
partmental arthroplasty are comparable to those of
total knee arthroplasty and high tibial osteotomy.

Disadvantages of unicompartmental arthro-
plasty include narrow indications, difficult surgical
technique, results inferior to total knee arthro-
plasty, and complexity of revision similar to that of
tricompartmental replacement. With recent design
improvements unicompartmental arthroplasty is
becoming a viable alternative for patients in whom
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osteoarthritis is limited to either the medial or lateral
compartment. Ideal candidates for unicompartmental
arthroplasty are older than 60 years of age, have low ac-
tivity demands, weigh less than 180 pounds, experience
minimal pain at rest, and have preoperative arc of flexion
of 90°, no flexion contracture of more than 5°, and no an-
gular deformity of more than 15°. Although we prefer
proximal tibial osteotomy and total joint arthro-
plasty, unicompartmental arthroplasty may be ap-
propriate in carefully selected patients.

In older patients with advanced osteoarthritis,
total knee replacement is the preferred treatment. The
indications for joint replacement have been stretched
for younger patients with tricompartmental (medial
and lateral tibiofemoral and patellofemoral) disease
owing to the predictable pain relief and durability of
the implants over time. Joint replacement for the
young, active patient, however, ensures the need for
future revision surgery, thus the operation should be
delayed as long as possible for these patients. Age is
not a factor in recommending total knee replacement
for rheumatoid arthritic patients because the disease
generally affects the patient’s overall activity level
significantly so that wear and loosening of the im-
plants are of less concern.

TOTAL KNEE ARTHROPLASTY

Evolution, Types, and Constraint

A major feature of total knee arthroplasty is con-
straint, namely stability between the tibial and
femoral components due to the shape and design
features of each. In considering different levels of
constraint, they can be appreciated by reviewing the
evolution of modern TKA. The first total knee
arthroplasties are the fixed hinges of Waldius and
Shiers. These are examples of maximal constraint.
Flexion-extension motion is about a fixed, single
axis. There is no internal or external rotation. Early
loosening and other problems led to more anatomic
designs, which started with the Gunston and
Geomedic knees. These bicondylar and biplateau
components are four ligament knees, generally pre-
serving the cruciates and the collaterals. While not
operating about a fixed hinge, the component
shapes led to nearly single axis rotation, and the in-
terfaces between tibia and femur provided little ro-
tation. Early failure rates led to designs with less
constraint. As well, the discrete pieces, especially the
four-piece nature of the polycentric Gunston knee
spurned designs that were relatively monolithic.

Also, the next generation of TKAs offered resurfac-
ing of the patellofemoral joint—patellar plastic but-
tons and coverage of the femoral trochlear groove.

The two-ligament condylar designs of Insall,
Ranawat, P. Walker, and Townley are good exam-
ples of these less constrained knees. They relied on
tibial surface dishing to create anterior posterior
stability. Posterior and anterior cruciates were rou-
tinely excised. Most initially, and nearly all ulti-
mately, provided matching patellar buttons as well
as shaping of the femur component to model the
trochlear groove of the biologic knee.

The Freeman-Swanson entry had certain similar
features, and MAR Freeman began to emphasize lig-
ament balancing or correction of preoperative varus
and valgus deformities. Limited ranges of motion
due to shapes, tightness in the collaterals, and ab-
sence of the cruciates led to less conforming tibial
surfaces while preserving the PCL. This type may be
called cruciate condylar knees. An alternative devel-
oped was the posterior substituting design. This is
earliest exemplified by the Insall-Burstein prosthe-
sis, which uses an intercondylar tibial peg to articu-
late inside an intercondylar femoral housing. The
interaction of these two prevents posterior displace-
ment of the tibia in relation to the femur, especially
during flexion. Interaction of this post with the
femoral housing also usually provides a camming
relationship so that the femur is induced into a pos-
terior roll as the knee is flexed. This kinematic pat-
tern allows better clearance of the posterior aspect of
the distal femur in its relationship to the posterior
edge or the tibial surface. Various forms of posterior
cruciate retain (PCR) sparing knees (derivatives of
the cruciate condylars just mentioned) are, together
with posterior substituting (PS) knees, the most pop-
ular implants. An interminable debate exists as to
the relative merits of each, that is PS versus PCR for
the routine and even difficult knee cases. 

After years of debate, there are no or few estab-
lished indications for one versus the other. The
choices are largely due to surgeon training, experi-
ence, and taste. Most would probably agree that the
postpatellectomized knee and the cruciate deficient
knee with posterior tibial subluxation should be
managed with PS components. A variation, reintro-
duced to the array has been a deep-dished PCR
version. The rationale is to permit maintenance of
the PCL and some of its function while enhancing
posterior stability by having a deeper tibial dish,
particularly at the anterior lip. This is different
from the original total condylar, which relied more
on a posterior lip to prevent anterior dislocation.
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Anterior subluxation or dislocation seems not to
have been a clinical problem.

A final design feature is the inclusion of mobile
bearings (Figure 19-25). They have been in use for
more than 15 years and are based on a rationale of
providing complex motion with maximum contact
surface area. Their use has been increasing, but the
value versus cost and potential risks are not so
clearly established. This is a violently debated issue.

Component Materials, Fixation, and Size 

The most common component materials are tita-
nium alloy, used now for tibial baseplates, and
cobalt-chrome alloys for femoral components, as
well as tibial baseplates. The softer titanium proved
to be a bad choice for a bearing surface. Nearly all
knees worldwide use polyethylene tibial surfaces at
the articulation. The poly, as it is frequently termed,
may constitute the entire baseplate so that the poly is
cemented to the bone, or may be an insert fitting on
a metallic baseplate. These latter are mostly modular
designs supplied with separate metal baseplates.
Polyethylene has also been the most consistent ma-
terial for resurfacing the patella. Patellar design fea-
tures have related to component thickness, general
size, and overall surface shape. In the 1980s metallic
features connected to thinner polyethylene struc-
tures, were provided with porous surfaces to permit
bone ingrowth. The correspondingly thinner plastic
frequently led to wear-through and its associated
problems of metal debris, scratching of the femoral
component and osteolysis. Metal-backed ingrowth
patellar components exist, but they are not very
popular. The overall question of whether even to
use a patellar component is another hotly contested
one. Clearly the vast majority of U.S. orthopaedic

surgeons do resurface, while a moderate number of
European and Asian surgeons do not. True experts
line up enthusiastically on both sides of the topic and
marshal convincing arguments for the two views. In-
dications for leaving the patella unresurfaced are a
primary diagnosis of osteoarthritis, satisfactory
patellar cartilage with no eburnated bone, congruent
patellofemoral tracking, a normal anatomical patel-
lar shape, and no evidence of crystalline or inflam-
matory arthropathy. Patient weight also appears to
be a factor, with lighter patients tending to do well
with unresurfaced patellae.

A key feature in total knee arthroplasty is com-
ponent size. In general, surgeons seek to place com-
ponents that are as close to equal in size as the bone
removed and the aspect of bone that is covered or
capped. The finite size problem leads to the necessity
of compromise. A nearly continuous array of pa-
tient sizes has to be fit with a fixed, limited selection
of prosthesis sizes. Thus, the component size may
be just right, or the component will be a bit large or
a bit small. Undersizing can lead to lack of maximal
bone interface and therefore support. Oversize can
lead to tightness—tightness of gaps, the capsule,
and so on—all of which can lead to poor motion.

Fixation 

A large majority of TKAs done today are fixed
to bone via methyl methacrylate cement. Bone in-
growth porous surfaces were introduced in 1980.
Other cobalt-chrome beads, titanium beads, fiber
metal, and pseudocancellous structures, including
mesh-like constructs have been used. Many of the
clinical results with these materials were excellent,
but failure rates on balance have been higher than
with cemented implants. Surgeons in many coun-
tries remain dedicated to uncemented fixation;
however the majority moved back to the use of ce-
ment in combination with many other improve-
ments in cementation, realignment, and so on.
Uncemented fixation may reappear as there is
greater successful experience obtained with the use
of hydroxyl-apatite-coated surfaces.

The Operation

Alignment Preop, Postop Goals 

Varus, valgus, flexion contracture, and recurva-
tum are the four deformities that are encountered.
Varus, generally in combination with mild flexion
contracture, is the most common. Particularly varus
and valgus are seen on radiographs, and seen most
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FIGURE 19-25. Schemes of mobile bearing knees.
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clearly on long-standing views. Drawing a few sim-
ple lines displays the angle of deformity on these ra-
diographs. The accepted target for normal, that is the
surgeon’s goal, should be clear. A line drawn from
the center of the femoral head should pass through
the center of the knee as it goes on through the center
of the ankle. The net anatomic tibiofemoral angle
equals the angle of offset between the anatomic shaft
of the femur and the mechanical line of the femur—
the line from the center of the femoral head to the
center of the distal femur. That number is generally
between 5 and 6° (Figure 19-26). Numerous studies
have shown a correlation between long-term success
of total knee arthroplasty and restoration of near-
normal limb alignment.

Malalignment of total knee prostheses has been
implicated in long-term difficulties, including tibio-
femoral instability, patellofemoral instability, patel-
lar fracture, stiffness, accelerated polyethylene wear,
and implant loosening. Rotational alignment of
total knee components is difficult to discern radio-
graphically, making the assessment of rotation pri-
marily is an intra-operative determination. The

rotation of the femoral component has effects not
only on the flexion space but also on the patello-
femoral tracking. Because the proximal tibial cut is
made perpendicular to the mechanical axis of the
limb instead of in the anatomically correct 3° of
varus, rotation of the femoral component also must
be altered from its anatomical position to create a
symmetrical flexion space (Figure 19-27). To create
this rectangular flexion space, with equal tension
on the medial and lateral collateral ligaments, the
femoral component usually is externally rotated
approximately 3° relative to the posterior condylar
axis. In a normal femur, this technique rotationally
places the femoral component with the posterior
condylar surfaces parallel to the epicondylar axis.
This technique fails when the posterior aspect of ei-
ther the native femoral condyle has significant
wear or when the lateral femoral condyle is hy-
poplastic, as is frequently seen in knees with valgus
deformity.

Exposure 

Most surgeons use a nearly midline to slightly
anteromedial skin incision in combination with
some form of medial capsulotomy. The capsulotomy

FIGURE 19-26. Mechanical and anatomical alignment.

FIGURE 19-27. Bone resection with classic arthroplasty
alignment. The tibial plateau is cut perpendicular to its
anatomic axis, resulting in more bone resection laterally
than medially. To equalize the medial and lateral flexion
space, more bone should be resected from the medial poste-
rior femoral condyle. This is achieved by slight external ro-
tation of femoral component.
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may be extended proximally within the quad ten-
don—the standard approach; extended into the
muscle close to the tendon; projected otherwise in
the mid-aspect of the vastus—a midvastus ap-
proach; or extended at the medial margin of the
vastus medialis—a subvastus approach. Other vari-
ations include (1) the Muller lateral skin incision
in combination with a medial capsulotomy, and (2) a
lateral incision—lateral capsulotomy generally in
combination with a tibial tubercle osteotomy, and
generally done for direct access to the lateral stabi-
lizers when managing valgus deformity.

Since approximately 2002 some have been work-
ing on minimal incision, small exposure techniques,
principally on the medial aspect but also laterally.
The term MIS, for minimal incision surgery, has been
introduced. An analogous approach from the lateral
aspect is being developed as well. The goal of all of
this work is less soft tissue trauma leading to less dis-
comfort, better initial rehab, and better overall re-
sults. It is not clear as of this date whether such
techniques are safe, are teachable or transferable, or
even whether the final result is any better.

Exposure of the Stiff Knee 

The stiff knee, stiff at any point, is much more
difficult to expose. Achieving adequate access
from the anterior aspect can require extraordinary
manipulation of the extensor mechanism. The op-
tions include tibial tubercle osteotomy, quadriceps
tendon snip, and quite uncommonly today a
quad-turndown—modified Coonse-Adams expo-
sure. Another approach is skeletonizing, basically
elevating capsular-ligamentous-tendinous tissue
as far around and as far proximal and distal as
necessary to fold things back and get the knee
bent and exposed. The arguments for and against
each are voluminous. We very aggressively favor
the tibial tubercle osteotomy. It gives the best
amount of exposure of the least soft tissue disrup-
tion and is associated with the strongest repair.
The problems originally noted have largely been
overcome.

Gap Balancing, the Flexion, 
and Extension Spaces

In all cases it is necessary to take care to create
essentially equal flexion and extension gaps. The
distance from the posterior femoral cut to the prox-
imal tibia approximates the distance of the distal
femoral cut surface to the proximal femur when the

tibia is distracted away from the femur and as-
sessed respectively at 90° and 0°. This gap equality
is achieved to some degree either by specifically
measuring the distances and cutting the bones in
the two positions to achieve this, or by using meas-
ured resection. Measured resection is accomplished
by placing instruments on the distal and posterior
femur so that the amounts of bone removed from
those aspects of the femoral surface approximate
the thickness of the corresponding femoral compo-
nent surfaces. Pure flexion contracture and pure re-
curvatum deformity, meaning those without any
varus or valgus components, may be viewed as
representing a priori inequalities in the flexion ver-
sus extension gaps. Viewing the flexion contracture
situation as one predisposed to a smaller extension
gap as the recurvatum predisposes to a larger ex-
tension space.

The knee should be stable in flexion and exten-
sion and hyperextension (recurvatum) of the joint
should be avoided.

Deformity Balancing 

This is another type of balancing that means
addressing the asymmetry of the soft tissue sleeve
as a result of mostly varus and valgus malalign-
ment, but also the presence of flexion contracture.
The most common and basic approach is to re-
lease those ligamentous, capsular, and tendinous
structures that lie on the concave aspect of the de-
formity, that is the medial side of the varus knee,
posteromedial as well if there is flexion contrac-
ture. Knees with severe varus deformity need
subperiosteal release of the medial collateral liga-
ment from the proximal portion of the tibia. This
is required because the medial collateral ligament
becomes contracted as the varus alignment be-
comes more severe. In valgus knees, the iliotibial
band, popliteus tendon, and lateral collateral lig-
ament frequently need to be released from the
femur. Flexion contractures are corrected by re-
moval of osteophytes from the posterior femoral
condyles and release of the posterior joint cap-
sule; occasionally, more distal femoral bone needs
removal.

In rare situations the surgeon may elect to
tighten the lax, convex side of a deformity. This
technique may be indicated in younger patients
in whom moving to a higher order of prosthetic
constraint—varus or valgus constraint imparted
by a highly conforming intercondylar peg, may
be undesirable.
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Hemostasis 

The issue of achieving hemostasis at TKA is
handled in a variety of ways. Probably most com-
mon is the use of a tourniquet, until components are
completely in place. Then, the tourniquet is de-
flated as the surgeon searches to control the more
obvious bleeding points. Some keep the tourni-
quet inflated until the dressing is wrapped into
place. Others let the tourniquet down after bone
preparation, search for bleeding points, then rein-
flate for cementation and closure, or cementation
alone. If the surgeon is going to look for bleeding
points, and it is our practice and recommendation
to do that, there are at least four locations to check.
The most common moderate bleeding point is at
the inferolateral geniculate artery in the postero-
lateral corner of the knee. This vessel courses be-
tween the lateral collateral ligament and the
popliteus tendon. Especially with removal of the
posterior cruciate ligament for implantation of a
PS knee, surgeons are encouraged to inspect the
location of the intermediate geniculate at the pos-
terior center. If there has been any lateral patellar
release, or significant dissection at the anterolat-
eral fat pad and parapatellar region, then careful
examination of the lateral patellar “gutter” is ap-
propriate. A final region is at the medial tibial
metaphysis in the case of large medial release for
varus deformity. The surgeon can see significant
bleeding from injured branches of the inferior me-
dial geniculate vessel.

Cementation 

There are many different ways to perform this
portion of the surgery and many subtasks and points
involved. The surgeon must direct attention to the
following elements: (1) definite, adequate pressuriza-
tion into clean dry cancellous bone; (2) full impaction
of the associated component, checking that this is full
by seeing that the component is properly down,
against the bone surfaces; and (3) clearing of the
overflown cement. To accomplish all of this, it is nec-
essary to cleanse and dry the cut surfaces using pul-
satile lavage, suction, and sponging. The cement
must not be too liquid. Very liquid cement may be in-
jected into the bone, but it then runs away from any-
thing other than a horizontal surface. Also, as the
component over the cement is impacted there is less
viscosity to create a pressurization at the time of
component seating. Similarly, do not use cement that
has become too completely cured and cannot intrude
into trabecular interstices. Antibiotic impregnated

cement is controversial. We use it routinely, and
many others do. Most probably do not use it except
for revision after infection, for especially long, com-
plicated cases, or because of compromised defense
mechanisms in the patient.

Uncemented TKA 

Press-fit, uncemented arthroplasty requires ac-
curate bone cuts and achieving initial prosthesis
bone fixation. Cuts have to be very accurate; align-
ment must be nearly perfect and initial stability en-
hanced to some degree by stems, pegs, or maybe
even screws for some designs.

Closure 

Wound closure may be considered as “routine”;
however, it is crucial. Accurate edge approximation
at each level without strangulation and ischemia of
tissue is extremely important. The large TKA im-
plant may lie less than a centimeter away from the
outer surface of the skin. The chances for retrograde
infection due to failure of wound sealing and heal-
ing is great.

Computer Navigation

Since approximately 1996, various centers have
been using computer assistance to oversee align-
ment and kinematic features during performance of
the total knee operation. This equipment uses high-
tech position detection devices that observe using
infrared lights on bone and instrument markers.
The relative movement of bones and surfaces is im-
mediately detected. Inputting to the computer the
locations of those bony features which form the
bases of alignment and rotation, the system indi-
cates the relative positions and actual alignment of
the components and the respective bones—all at
once and essentially instantaneously. Navigation is
not currently the standard, but many predict that it
will be by the next 5 to 10 years.

Postoperative Rehabilitation 

Perhaps the essential features of postoperative
rehabilitation are as simple as achieving range of
motion and protective as well as functional strength.
The real challenge is to get and to keep the knee
moving so that the anterior structures do not con-
tract and so the various tissue planes do not get fi-
brosed to each other and to the components.
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REVISION TOTAL KNEE
ARTHROPLASTY 

The settings of revision TKA include infection, insta-
bility, fracture, loosening, poly wear, osteolysis, bone
fracture, patellar maltracking, component breakage,
and other factors.

The challenges and issues present are all of
those mentioned above plus the following:

� Understanding the true cause of failure in the
problematic knee

� Difficulties of exposure
� Loss of bone stock, this leading to difficulty

with fixation
� Difficulty with fixation
� Difficulty with balancing and stability

Infection

Deep sepsis of total knee arthroplasty is a devastat-
ing complication. Preventing infection is an inte-
gral part of performing the procedure, while early
and appropriate treatment of the established infec-
tion is of utmost importance. In recent reports,
deep infection complicates 1.3 to 2.9% of total knee
arthroplasties.

Causes 

Infection occurring in the perioperative period
is generally the result of contamination at the time
of surgery. Late infection may occur in a previ-
ously sterile joint that becomes septic secondary to
hematogenous seeding of the arthroplasty. Dia-
betes mellitus; rheumatoid arthritis and its variant,
corticosteroid use; immunosuppressive medica-
tions; extreme old age; concurrent infections; prior
history of septic arthritis; obesity; and prior knee
surgery have all been shown to increase the risk of
early and late sepsis of the knee.

Microbiology 

The most common organisms isolated from
septic arthroplasties have been Staphylococcus au-
reus and Staphylococcus epidermidis. Together these
microbes are identified in over half of all infected
arthroplasties in a wide range of studies. Gram-
negative bacilli are involved when arthroplasty
infection results from acute wound complications
or late hematogenous seeding. Indolent infections

presenting 3 to 24 months after surgery are caused
by avirulent organisms such as negative staphylo-
cocci, viridans streptococci, anaerobic Gram-posi-
tive cocci and corynebacteria. Candida organisms
that contaminated the wound perioperatively cause
rare episodes of indolent prosthetic joint infection.
Hematogenous infections of arthroplasties are
caused by virulent organisms such as S. aureus, β-
hemolytic streptococci, and Gram-negative bacilli.

Clinical Presentation 

Type I infections occur in the immediate post-
operative period. The patient is seen during the
first postoperative month, and the diagnosis is evi-
dent on the basis of the medical history and physi-
cal examination. Systemic signs of infection such
as fever, chills, and sweating may be present. Pain
is usually continuous, on local examination
wound may be erythematous, swollen, fluctuant,
and tender. Wound drainage, if present, is usually
purulent. Laboratory tests such as white blood cell
count (WBC) and erythrocyte sedimentation rate
(ESR) are of limited use, since moderate elevation
is expected in this time period. C-reactive protein
(CRP) normalizes within 3 weeks of surgery,
much earlier than ESR and persistent high level of
CRP is suggestive but not diagnostic. Clinically, it
is difficult to distinguish between sterile and in-
fected hematomas. Culture of drainage fluid has
not been reliable. Aspiration is helpful, but if the
patient has been on antibiotics within the preced-
ing weeks, a false negative may be obtained.
Treatment of the wound is the primary considera-
tion. Tense infusions or hematomas are best sur-
gically evacuated, whether or not infection is
present. Infection in this time period is initially
treated with surgical debridement, admini-
stration of antibiotics, and attempted retention of
the components.

Type II infections are also believed to origi-
nate at the time of the operation, but because of a
small inoculum or the low virulence of the organ-
ism the onset of symptoms is delayed. The patient
is seen between 6 and 24 months after the index
procedure. The hallmark of this type of infection
is a gradual deterioration in function and an in-
crease in pain. Type III infections are the least
common and are caused by hematogenous spread
to a previously asymptomatic arthroplasty, usu-
ally 2 or more years after the arthroplasty. Gener-
ally there is an acute febrile episode accompanied
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by sudden rapid deterioration in the function of
the knee. The diagnosis can usually be based on
history and physical examination. Seeding can
occur at the site of a loose prosthesis, a solidly
osseo-integrated prosthesis, or a solidly fixed ce-
mented prosthesis. These patients typically have
a significant pain-free interval. A type III infec-
tion is likely to occur in patients who are im-
munosuppressed. Other factors that may be
associated are dental work, respiratory infection,
remote periprosthetic infection, open skin lesions,
endoscopy, and contamination of operative sites.

Preoperative Investigations

Plain Radiographs

Plain radiographs should be routinely ob-
tained in evaluating the painful total knee replace-
ment even though they are unremarkable in the
majority of cases, particularly in the early period.
Occasionally, the patient will have diagnostic
changes, such as periostitis, rapidly progressive
osteolysis, or endosteal scalloping. The develop-
ment of a complete radiolucency around a compo-
nent over a short time is highly suggestive of
advanced infection. Subchondral bone resorption
and patchy osteoporosis are more subtle, earlier
findings present in some infected cases. Peripros-
thetic osteolysis is the most common finding but
is nonspecific. Periosteal new bone formation,
with or without loosening of a component, has
been considered by some to be pathognomonic of
deep infection.

Laboratory Tests

The WBC count is rarely abnormal in patients
with suspected total knee infection. In one series,
only 28% of infected knees had a WBC greater than
11,000. When a patient does have an abnormal
WBC count, the systemic infection is usually clini-
cally obvious.

The ESR and CRP are useful laboratory screen-
ing investigations for the diagnosis of a potential
infection following total joint replacement. Aver-
age ESR of more than 50 has been reported in dif-
ferent series of infected total knee arthroplasty but
both false positives and false negatives are seen.
False positives can occur because of other inflam-
matory conditions such as rheumatoid arthritis.
The ESR may remain elevated for months after an

uncomplicated joint arthroplasty and in early post-
operative period. The CRP levels increase from
trace amounts to reach maximum values within 48
hours of surgery and then returns to trace amounts
in approximately 2 to 3 weeks. Some care must be
taken in interpreting the ESR or CRP level before a
revision surgery. The physician must determine
whether any other factors such as rheumatoid
arthritis, a recent operation, neoplasia, collagen
vascular disease, infection, or an inflammatory
condition are present. If no such conditions are appli-
cable, an ESR of more than 30 or 35 mm per hour and a
C-reactive protein level of more than 10 mg per liter
should be considered abnormal and should warrant ad-
ditional investigations to rule out infection.

Radionuclide Imaging

Scintigraphy can be of assistance with regard
to its potential for the diagnosis of infections fol-
lowing joint replacement. Scintigraphy though is
limited by cost of scans, time required, and most
importantly its inability to yield consistently ac-
ceptable levels of sensitivity and specificity. Often
scans are no more accurate than other, less expen-
sive serological investigations. Technetium-99m
bone scans are sensitive but not specific. Also per-
sistent increased uptake of Tc-99m adjacent to
asymptomatic total knee arthroplasties particu-
larly around the tibial component is expected for
up to a year.

Tc scintigraphy has a sensitivity of 95% in de-
tecting TKA infection; its specificity is only 20%.
Gallium-67 citrate is a radioisotope that accumu-
lates in areas of inflammation. Gallium scan sensi-
tivity is high and a negative scan can reliably rule
out infection; however the positive predictive
value is 70 to 75% as gallium may show increased
uptake at uninfected sites of bone remodeling. In-
dium-111-labeled white blood cells are useful for
the diagnosis of increased vascularity and white
blood cell uptake, and indium-111-labeled WBC
scintigraphy has been used to study periprosthetic
infection. Other radiolabeled markers like radiola-
beled Immunoglobulin G have been investigated
and though preliminary results are encouraging,
their routine use cannot be advocated till further
studies are available. “Radionuclide scans can be
specifically of benefit in equivocal situations in which
serological investigations may be falsely elevated and
aspirate cultures are unreliable because of the adminis-
tration of antibiotics.”
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Aspiration

Aspiration of the knee is the “standard of care for
determining whether there is deep joint infection.” It
can also identify the bacterial species and antibiotic
sensitivity. A synovial fluid WBC of greater than
25,000 or a differential with more than 75% PMNs is
suggestive of infection. Also, elevated protein and
low glucose are consistent with infections. The most
common reason for false negative is the administra-
tion of antibiotics before aspiration. If there is any
suspicion of infection and the first aspirate is nega-
tive, we routinely do repeat weekly aspirations for
3 to 4 weeks.

Management of Established Infection

Several options are available in the management of
septic knee arthroplasty. These options include
chronic antibiotic suppression, irrigation and de-
bridement with prosthesis retention, arthrodesis,
amputation and debridement with reimplantation.
A number of factors have to be considered before
the treatment option selection. These factors in-
clude the time elapsed from index procedure; host
factors affecting treatment of infection; soft tissue
condition; implant status in terms of fixation, type
of organism, and its sensitivity to antibiotics; and,
most importantly, the patient’s expectations and
functional requirements.

Antibiotic Suppression

To sterilize an infected arthroplasty with an-
tibiotics alone is difficult. Long-term suppression
with antibiotics alone is rarely indicated. In rare
circumstances when medical condition precludes
surgery and removal of well-fixed component and
the organism has low virulence and is susceptible
to an oral antibiotic, oral suppression may be justi-
fied. Although this treatment method is rarely indi-
cated, it is commonly attempted and only prolongs the
presence of infection and complicates subsequent treat-
ment attempts.

Debridement with Prosthetic Retention

This treatment involves removal of all intra-ar-
ticular infected material and retention of the pros-
thesis. Suggested treatment criteria include short
duration of infection (less than 2 to 3 weeks), sus-
ceptible Gram-positive organisms, absence of pro-
longed drainage of sinus tract, and no prosthetic.

Arthrodesis

Removal of components and surgical arthrode-
sis is rarely done as first line of management; how-
ever it is a potentially beneficial means of managing
infected arthroplasties, with low risk of reinfection
and reliable pain relief and knee stability. Absence
of knee motion and its affect on activities of daily
living counterbalance some of its advantages. We
consider an arthrodesis generally after failed reim-
plantation in patients with high functional demand,
single joint disease extension mechanism disrup-
tion with poor soft tissue envelope.

Amputation

This is reserved as a final option on in the pres-
ence of life-threatening systemic sepsis. Earlier at-
tempts at arthrodesis when there is adequate bone
stock and a viable soft tissue envelope, rather than
repeated attempts at revision in the presence of in-
fection and deceased use of stemmed hinged im-
plants, should lower the incidence of amputation
following failed total knee surgery.

Reimplantation

Two-stage exchange arthroplasty involving re-
moval of prosthesis and cement with subsequent
arthroplasty at a later date with intervening period
of antibiotics is the most commonly used protocol
for the treatment of infected total knee arthroplasty.
One-stage reimplantations have also been reported
in literature; however, most series have small num-
bers, and the success has not been seen to be cor-
roborated by other groups. We have no personal
experience with one-stage revision and believe like
most, that two-stage exchanges arthroplasty is still
the treatment of choice for infected total knee re-
placements. Two-stage reimplantation usually im-
plies revision arthroplasty more than 4 to 6 weeks
following prosthetic removal. In the first stage, a
complete debridement and drainage, including re-
moval of the total-joint prosthesis and acrylic ce-
ment, is performed. A 6-week course of antibiotic
therapy follows the first stage. At the conclusion
of antibiotic therapy, a new knee replacement is
inserted as the second stage. The use of modular
and custom-designed implants may be necessary to
augment any bone loss that may have developed
during the active course of the infection.

We have developed an algorithm for assess-
ment and treatment of infection after total knee re-
placement (Figure 19-28).
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PES PLANUS
TARSAL COALITION
CONGENITAL VERTICAL TALUS
CALCANEAL VALGUS

KÖHLER DISEASE
FREIBERG INFARCTION
SEVER DISEASE
METATARSUS ADDUCTUS

CLUBFOOT
IDIOPATHIC TOE-WALKING
TORSIONAL PROBLEMS

Stuart L.Weinstein

The Pediatric Foot

A natomically, the foot can be divided into three sections: the forefoot,
midfoot, and hindfoot. The forefoot consists of the metatarsals and phalanges.
The cuneiform, cuboid, and navicular bones comprise the midfoot, and the hind-
foot consists of the calcaneus and talus. The three foot segments are linked to-
gether by strong ligaments; because of this linkage, all foot movements occur
concurrently. Supination and pronation are combination movements in the indi-
vidual foot joints: supination refers to the sole pointing inward, and pronation
refers to sole turning outward (Figure 20-1). Varus (inversion) and valgus (ever-
sion) are motions of a foot segment on a theoretic longitudinal axis (Figure 20-2).
When the foot is supinated, the heel goes into varus. When the foot is pronated,
the heel goes into valgus (Figure 20-3). Adduction and abduction are motions of
the foot segment on a theoretic vertical axis (Figure 20-4).

PES PLANUS

Pes planus is a term describing any condition of the foot in which the longitudinal
arch is lowered. It is important to distinguish between physiologic pes planus
and pes planus secondary to pathologic conditions.

Physiologic pes planus (hypermobile flatfoot, flexible flatfoot) is character-
ized by varying degrees of loss of the longitudinal arch of the foot on weight
bearing. The foot assumes an apparent pronated posture with abduction of the
forefoot and varying degrees of heel valgus (Figure 20-5). The important distin-
guishing characteristic between physiologic and pathologic pes planus is flexi-
bility. In the physiologic type, the foot remains flexible.

633633
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Ninety percent of normal children younger
than 2 years have varying degrees of pes planus.
This is due to the normal joint hypermobility in this
age group and the normal infant fat pad along the
medial aspect of the foot (Figure 20-6). In addition,
the normal wide-based stance assumed by newly
standing or walking children causes the weight-
bearing line to fall medial to first or second ray, re-
sulting in the hypermobile foot assuming a pes
planus posture.

Between 3 and 5 years of age, the normal longitu-
dinal arch develops in most patients. It is estimated

that by age 10 years, only 4% of the population have
persistent pes planus.

The normal longitudinal arch of the foot is de-
termined by maintenance of the normal relations
between the bones of the foot. These relations are
maintained by the supporting ligamentous and cap-
sular structures and can be affected by functional
stresses applied to the foot in weight bearing and by
muscle contraction. The foot musculature does not
maintain the longitudinal arch. Its purpose is to
maintain balance, adjust the foot to uneven ground,
and propel the body. Biomechanically, when the
foot is supinated, the articulations of the midfoot
are “locked,” and the foot is a rigid structure. When
the foot is pronated, however, greater mobility is al-
lowed at the midfoot joints, and maximal motion
can occur at the talonavicular and calcaneocuboid
joints. The position of heel valgus and forefoot ab-
duction with lowering of the longitudinal arch is
often referred to as a pronated foot, while in actuality,
the forefoot is supinated to varying degrees in rela-
tion to the hind foot. Thus, in true physiologic pes
planus, as the calcaneus assumes a valgus position,
the lateral aspect of the forefoot is in contact only
with the ground if the forefoot supinates to some
degree in relation to the hindfoot.

The normal weight-bearing pattern includes
ground contact with the lateral border of the foot
and with the first and fifth metatarsals. In pes
planus, as the calcaneus assumes a more valgus po-
sition, the talar head loses some of its support and
assumes a more vertically oriented position, with

634 CHAPTER 20 � The Pediatric Foot

FIGURE 20-2. Forefoot varus (inversion; A)
and forefoot valgus (eversion; B) are motions of
a foot segment on a theoretical longitudinal axis.

FIGURE 20-1. Foot supination (sole turning inward).
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subsequent loss of the normal arch (Figure 20-7).
Body weight shifts medially, altering the normal
weight-bearing pattern and causing increasing
ground contact with the medial aspect of the foot.
With time, the Achilles tendon may shorten and act
as an everter of the foot, accentuating the deformity.

Many theories have been advanced over the
years about the cause of physiologic pes planus,
most centering around abnormal bone configura-
tion, muscle imbalance, or ligamentous laxity. The
origin of persistent physiologic pes planus, how-
ever, remains unknown. Many patients have a posi-
tive family history of a similar condition or evidence

of generalized ligamentous laxity. Physiologic pes
planus may also be associated with obesity. A posi-
tive family history should be sought for conditions
associated with joint laxity, such as Marfan and
Ehlers-Danlos syndromes. Physiologic pes planus is
occasionally seen as a residual of the calcaneal val-
gus foot deformity (discussed later). It is important
to obtain a family history of treatment of similar
conditions because this may have significant bear-
ing on the patient education necessary in prescrib-
ing treatment modalities to the family.

Most children with physiologic pes planus are
asymptomatic. They are brought in by their parents

Pes Planus 635

FIGURE 20-4. Forefoot adduction (A) and
forefoot abduction (B) are motions of a foot
segment on a theoretic vertical axis.

FIGURE 20-3. (A) Heel valgus (eversion)
when foot is pronated. (B) Heel varus (inver-
sion) when foot is supinated.
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FIGURE 20-5. (A and B) Physiologic pes planus. Note loss of longitudinal arch and apparent
pronated posture with abduction of the forefoot. (C) Physiologic pes planus. Note heel valgus posi-
tion with loss of longitudinal arch. (D) Physiologic pes planus. With the leg dangling over the exami-
nation table in the nonweight-bearing position, the foot assumes a normal appearance to the arch. (E)
Physiologic pes planus tiptoe test. When the patient stands on tiptoes, normal appearance of the arch
is apparent.
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because of the assumption that flatfeet are abnor-
mal and harmful to their child if not treated. Occa-
sionally, some children may complain of symptoms
that are referable to foot strain after prolonged ac-
tivity and generally relieved by rest. Associated leg
aches are not uncommon in patients who present

with symptomatic pes planus, but because these are
present in a large portion of normal people, a cause-
and-effect relation is difficult to establish.

Each patient should be thoroughly examined
for excessive joint laxity manifested by the ability
to hyperextend the metacarpal phalangeal joints,

Pes Planus 637

FIGURE 20-5. (Continued)
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appose the thumb to the forearm, and hyperextend
the elbows and knees. The foot has normal to
slightly increased subtalar motion. In weight bear-
ing, varying degrees of loss of the longitudinal me-
dial arch are noted. The heel is in valgus and the
forefoot in abduction (see Figure 20-5). With loss of
the longitudinal arch on weight bearing, the center
of gravity is shifted medially to the second metatarsal
or medially to the first metatarsal. The patient may
have a toe-in gait in an attempt to shift the weight-
bearing axis laterally.

Foot flexibility may be demonstrated in two
ways: by examining the feet in the resting position
and by the tiptoe test. The patient should be exam-
ined with legs dangling over the examination table
(see Figure 20-5). In this position, the physiologic
pes planus foot assumes a normal contour to the

longitudinal arch. In the tiptoe test, the patient’s
feet are observed when the patient walks on tiptoes
(see Figure 20-5). In this position, the normal arch is
restored, with the heel going to a neutral or slightly
varus position. Muscle strength of the foot should
be normal.

It is important to rule out hypermobile flatfoot
associated with a short Achilles tendon by history
and physical examination (Figure 20-8). This con-
dition, which is often familial, is evidenced by
contracture of the gastrocnemius in association
with the same clinical features as described previ-
ously. This condition is usually symptomatic and
associated with long-term disability. These pa-
tients can usually correct the deformity by invol-
untary muscular effort, as demonstrated by the
patient restoring the arch by standing on tiptoes.

FIGURE 20-8. Hypermobile flatfoot associated with short
Achilles tendon. Typical appearance is similar to that of
physiologic pes planus.

FIGURE 20-6. Four-month-old infant with physiologic
pes planus. Note prominence of the medial fat pad con-
tributing to the appearance of pes planus (fat pad is blanched
by finger pressure to emphasize its location).

FIGURE 20-7. Physiologic pes planus, standing lat-
eral radiograph. The longitudinal arch is depressed;
the talus points directly downward instead of forward
in line with the navicular and metatarsals.
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In addition, in the nonweight-bearing position,
the normal arch is generally present. Contracture
of the Achilles tendon is best assessed with the
knee in extension and the talonavicular joint
locked in inversion so that dorsiflexion is meas-
ured only at the ankle. The radiographic features

of this condition are characteristic (Figure 20-9).
These patients may also show evidence of hyper-
mobility at the midtarsal joints, which allows the
heel to touch the floor despite a contracted
Achilles tendon. Without treatment, this condition
may cause severe disabling pain.

FIGURE 20-9. Hypermobile flatfoot
associated with short Achilles tendon.
(A) Standing lateral radiographs reveal
talus in plantar flexion, calcaneus in equi-
nus indicative of contracted Achilles ten-
don. (B) Forced plantar flexion lateral
radiograph. The forefoot is collinear
with the longitudinal axis of the talus, in-
dicative of passive correctability of this
deformity. The patient’s condition re-
solved with Achilles tendon lengthening.
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FIGURE 20-11. Accessory navicular. This type of acces-
sory navicular has fused to the primary navicular, altering its
shape and leading to prominence of the tuberosity.

The foot with a vertical talus assumes a convex
plantar surface that is rigid and has characteristic
radiographic findings (Figures 20-12 to 20-14). Neu-
romuscular causes of pes planus, such as cerebral
palsy and muscular dystrophy, can be diagnosed by
their typical diagnostic characteristics. The most se-
vere form of physiologic pes planus is referred to as
an oblique talus because of its radiologic appearance.
It has features similar to vertical talus on the stand-
ing lateral view, but normal alignment is restored
on plantar flexion lateral radiographs. Tarsal coali-
tions have rigidity of subtalar motion, may be as-
sociated with peroneal spastic flatfoot, and are
diagnosed radiographically (Figures 20-15 through
20-18). Other causes of pes planus include the so-
called skewfoot or Z-foot (see metatarsus adductus)
and surgically overcorrected clubfeet.

Radiographs are generally not indicated in the
asymptomatic child with a physiologic pes planus.
In severe cases, standing anteroposterior (AP) and
lateral radiographs should be obtained. On the nor-
mal standing AP radiograph, the talocalcaneal angle
should be between 15 and 35° (Figure 20-19). Diver-
sion of the AP talocalcaneal angle to greater than
35° is evidence of heel valgus. The midtalar line
passing medial to the first metatarsal with the nav-
icular displaced laterally is evidence of forefoot ab-
duction. On the standing lateral radiograph, the
normal lateral talocalcaneal angle is between 25 and
50°. The talus first metatarsal angle should be about
0°. On the lateral view, the exact location of loss of
longitudinal arch can be determined. This sag may
occur at the talonavicular joint, first naviculo-
cuneiform joint, and first metatarsocuneiform joint,
or combinations thereof. On the standing lateral

FIGURE 20-10. Accessory navicular. Note the appearance
of sesamoid bone within the posterior tibial tendon.

In the child presenting with a complaint of flat-
feet, pathologic causes of pes planus must be ruled
out. These causes include congenital vertical talus,
oblique talus, tarsal coalition, tumor, foreign body
reaction, and Köhler disease of the navicular and
accessory navicular. Accessory navicular bones are
seen in about 12% of the population and are a nor-
mal variant. Two patterns are evident. In one pat-
tern, the accessory navicular is a sesamoid bone
within the posterior tibial tendon (Figure 20-10). It
is anatomically separate from the navicular and
usually does not cause symptoms. In the second
form, the accessory navicular is in close association
with the navicular as an ossification center, causing
a change in shape of the navicular. This type may be
associated with pain, particularly during adoles-
cence (Figure 20-11). Accessory navicular is not a
cause of hypermobile flatfoot, but because both con-
ditions are common, they may present together. Ac-
cessory naviculars may be treated symptomatically,
but excision may be required if conservative meas-
ures fail.
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FIGURE 20-12. Congenital vertical talus. New-
born with sacral agenesis and bilateral congenital
vertical talus. The heels are in valgus and the fore-
foot is abducted. The foot has the characteristic
rocker-bottom deformity.

FIGURE 20-13. Congenital vertical talus
of left foot. (Hypermobile flatfoot with
contracted Achilles tendon on the right
foot.) In the simulated weight-bearing
views (upper left and upper right), both feet
have the evidence of a rocker-bottom de-
formity with dorsiflexion occurring at the
midfoot, the hindfoot is in equinus, and the
forefoot is in dorsiflexion. The talus is more
severely plantar flexed on the left than the
right. Both calcanea are in equinus, and on
the left foot there is disruption of the cal-
caneal cuboid joint. On the plantar flexion
views (bottom), note on the right side the
longitudinal axis of the talus is collinear
with the forefoot; but on the left (side with
congenital vertical talus), the longitudinal
axis of the talus is not collinear with the
longitudinal axis of the metatarsals, indica-
tive of the rigid nature of the deformity.
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radiograph, the talus is more vertically oriented,
with the metatarsals and the calcaneus in a more
horizontal position than normal because of flatten-
ing of the arch (see Figure 20-7).

If the patient presents with a painful flatfoot,
oblique views and Harris views (radiograph taken
from behind the foot with the x-ray beam at a 45°
angle) may be helpful in defining a tarsal coalition
or a pathologic process. If tumor, infection, or a

stress fracture is suspected, bone scanning may be
helpful. Computed tomography (CT) is indicated if
talocalcaneal tarsal coalition is suspected (see Fig-
ure 20-18). The diagnosis of physiologic pes planus
is one of exclusion.

The natural history of physiologic pes planus is
unfortunately clouded by medical and nonmedical
mythology. To most parents and many physicians
and paramedical personnel, flatfeet are considered

FIGURE 20-14. Congenital vertical talus. (A) Standing AP view demonstrates increased angle
between talus and calcaneus indicative of the hindfoot valgus. (B) Lateral view of plantar flexion indi-
cates failure of realignment of the metatarsals with the long axis of the talus. (C) Postsurgical realign-
ment of forefoot, midfoot, and hindfoot. (D and E) Standing PA and lateral radiographs 6 years after
operation demonstrating restoration of normal anatomic relations.
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a significant health problem. Unfortunately, good
natural history data on this condition are lacking.

Treatments offered in the past have been based
on the assumption that patients will have problems
in the future if the condition is not treated. In normal

children, aged 1 to 3 years, whose parents bring
them in for concerns over flatfeet, reassurance and
explanation of the cause of pes planus are essential.
The parents should be informed about the presence
of the normal fat pad, the normal hyperlaxity of

FIGURE 20-14. (Continued)
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infancy, the often familial nature of the condition.
They should also be reassured that, in most chil-
dren, an arch will develop by 5 years of age. The
parents should be informed of the benign natural
history of the condition. Appropriate literature
should be supplied to the family so they can reas-
sure themselves and other family members who
may expect some treatment because of what they
have heard from others, what they have read, or
treatment they underwent as children. Many par-
ents are under the false assumption that so-called
corrective shoes are responsible for the natural de-
velopment of the longitudinal arch.

The same conservative recommendations apply
to all other children with the diagnosis of physiologic
pes planus. The educational aspects of the natural

history of the condition cannot be overemphasized.
The parents should be instructed that treatment
modalities offered in the past were offered without
any scientific basis. A recent prospective randomized
study of patients with flexible flatfeet treated by cor-
rective shoes and inserts revealed that all patients
improved moderately after 3 years of treatment, and
no greater improvement was seen in patients who
were treated vigorously, even those treated with
custom-made inserts. All treatments in the past,

FIGURE 20-15. Calcaneal navicular
coalition. Forty-five-degree oblique
view demonstrates calcaneal navicular
coalitions.

FIGURE 20-16. Calcaneal navicular coalition. In a patient
with calcaneal navicular bar, standing lateral radiograph
demonstrates prominence of the anterior process of the cal-
caneus and a spur at the superior talonavicular articulation.

FIGURE 20-17. A talocalcaneal bridge. Harris views of
both feet. Note the prominence of the sustentaculum (arrow
A); talocalcaneal articulation is obliterated in the medial
portion (arrow B).
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including exercises, varying shoe modifications, and
inserts, have been proved to be ineffective.

In a child with a painful flexible flatfoot, the di-
agnosis must be reassessed and sources of painful
flatfeet eliminated. Prophylactic treatment of any
type is unwarranted. Treatment for flexible flatfeet
is only indicated if the patient presents with pain,
usually in the foot or calf, or if the patient has severe
excessive shoe wear. The discomfort in the foot and
the associated leg aches, which occur in about 15 to
30% of normal people, should be treated sympto-
matically with acetaminophen, local heat, and mas-
sage. If fatigue symptoms or discomfort with
increasing activity persists, shoe modifications can
be considered. It is important to emphasize that
these modifications are not corrective. High-top
tennis shoes with a good longitudinal arch can usu-
ally be recommended. If symptoms persist, other
noncorrective adaptive measures may be tried, such
as a medial heel wedge, a long shoe counter, or a
navicular pad.

For the more severe symptomatic physiologic
pes planus that fails to respond to conservative
measures, a more formal shoe orthotic, such as a
University of California Biomechanics Lab insert or
custom-made insert, may distribute body weight
more evenly across the sole of the foot and take the
pressure off the prominent talar head. These modal-
ities, however, are expensive, must be changed fre-
quently with foot growth, and have no scientific
basis for their use. The use of shoe modification in-
serts tends to label the child as having a problem.

FIGURE 20-18. Talocalcaneal
coalition. Frontal section of a CT
scan demonstrates tarsal coalition
at middle facet joint.

The use of these devices to appease parents or
grandparents should be discouraged.

In young patients with hypermobile flatfoot
and a short tendo Achilles, heel cord stretching ex-
ercises should be instituted. If symptoms develop
or the contracture persists, tendo Achilles lengthen-
ing can be considered. The only operative indica-
tions in true physiologic pes planus flatfoot are
severe malalignment problems causing excessive
abnormal shoe wear or pain. Achilles tendon
stretching or casting may be of some benefit. Surgi-
cal options for these indications are rarely indi-
cated. In the past, these options included soft tissue
procedures alone; arthrodeses of the various tarsal
joints; osteotomies; and combined osteotomies,
arthrodeses, and soft tissue procedures, all with the
goal of restoring the normal longitudinal arch, re-
lieving pain, and preserving as much motion as
possible. Results of these procedures have been
poor.

TARSAL COALITION

The term tarsal coalition refers to the union of two
or more tarsal bones by fibrous, cartilaginous, or
bony tissue. This entity is often called peroneal spas-
tic flatfoot because of the high association with con-
tracture of the peroneal tendons. The most
common sites of coalition are between the calcaneus
and the navicular and between the talus and calca-
neus. The most common talocalcaneal coalition is
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between the sustentaculum and the talus, with
rare coalitions involving the anterior or posterior
facet. Other tarsal coalitions are much less common.
The coalitions may be complete or partial. When the
coalition is fibrous, it is called a syndesmosis. When

FIGURE 20-19. Congenital metatarsus varus. (A) The talus, the scaphoid, the first cuneiform,
and the first metatarsal form a straight line. The anterior ends of the talus and the calcaneus are
separated. (B) The first metatarsal is carried medially and is in line only with the inner
cuneiform and the scaphoid, the latter lying lateral to the talar head. The talus and the calcaneus
are in the flatfoot position, the anterior ends lying in a divergent relationship. The inversion of
the forefoot causes the cuneiforms to overlap and the lateral aspect of the metatarsals to be visu-
alized. The metatarsals normally are bowed dorsalward, and in this view they are wrongly iden-
tified as deformed. (C) Diagram of radiograph of a normal foot; (D) a foot with metatarsus
adductus; and (E) a clubfoot. Arrows indicate directions and sites of molding during corrective
manipulation and plaster-cast application. (Ponseti IV, Becker JR. Congenital metatarsus adduc-
tus. J Bone Joint Surg 1966;48A:702)

the coalition is cartilaginous, it is referred to as
synchondroses. A bony union is referred to as a syn-
ostosis. Tarsal coalition represents the most com-
mon nonneuromuscular cause of pathologic pes
planus.

WeinCh20v2.qxd  1/3/04  7:26 AM  Page 646



Tarsal Coalition 647

The true incidence of tarsal coalition is un-
known. It is estimated, however, that less than 1 to
2% of the population is affected. Although tarsal
coalitions may be multiple, rarely is there more than
one coalition per foot. Bilateralness, however, is
common.

Demonstration of coalitions in fetal specimens
lends support to the theory of failure of segmenta-
tion as the origins of tarsal coalitions (Figure 20-20).
This incomplete segmentation of the mesenchymal
anlage of the tarsal bones gives rise to the fibrous or
cartilaginous coalition, which may ossify later in
life. Bilateralness has been reported in up to 70% of
calcaneonavicular coalitions and in 20 to 50% of
talocalcaneal coalitions. Tarsal coalitions are thought
to be an inherited condition, with the most widely
accepted pattern being autosomal dominant inheri-
tance with variable penetrance.

Because the true incidence of tarsal coalitions
in the population is unknown, the natural history
is uncertain. It is apparent that many patients with
tarsal coalitions have no symptoms, and many pa-
tients with coalitions treated symptomatically can
go well into adult life without persistent pain or
disability. Symptoms most commonly develop
when the coalition begins to ossify. Ossification of
the coalition restricts subtalar motion. This alter-
ation in subtalar mechanics leads to increased stress
at adjacent joints, particularly the ankle and talon-
avicular joints. If a coalition remains fibrous (syn-
desmosis), symptoms may never develop because
of the mobility allowed through the syndesmosis.

With increasing ossification of a cartilaginous
(synchondrosis) coalition, decreased mobility en-
sues, increasing the likelihood of the patient de-
veloping clinical symptoms. The altered subtalar
joint mechanics over time may lead to degenera-
tive joint disease in adjacent joints, causing per-
sistent pain and disability. The limited subtalar
motion also causes increased laxity in adjacent
joints, particularly the ankle joint, leading to in-
creased incidence of sprains and secondary joint
alterations.

The typical patient with tarsal coalition pres-
ents during the second decade of life with pain or
decreased subtalar motion. Occasionally, the patient
complains of a limp, discomfort in the calf region,
or nonspecific foot pain. The pain is often localized
to the anterior, medial, or lateral aspect of the subta-
lar joint or to the talonavicular region. The onset of
pain is usually insidious or associated with a trau-
matic event such as a nonresolving ankle sprain.
Pain is usually made worse by activities like run-
ning and jumping or prolonged standing; it is usu-
ally relieved by rest. The symptom onset depends
on the nature of the coalition (fibrous, cartilaginous,
or bony) and the specific joint involved. Children
with the rare talonavicular coalition may present
between 2 and 4 years of age. Typically, patients
with calcaneonavicular coalitions present between 8
and 12 years of age, and those with talocalcaneal
coalitions between 12 and 14 years of age. In any
child presenting with a painful rigid foot, tarsal
coalition must be ruled out.

FIGURE 20-20. Tarsal coalition.
Fetal specimen demonstrating fibrous
tarsal coalition between calcaneus and
navicular.
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Physical examination in patients with tarsal
coalition generally reveals decreased hindfoot or
midfoot motion, or both. Most commonly, the heel is
in valgus and the forefoot in abduction (Figure 20-21).
The patient may walk with an antalgic gait, and if
symptoms are long-standing and the pain is signifi-
cant, disuse atrophy may be noted on calf measure-
ments. In about half of cases, contractures of the
peroneal muscles is present. This is evidenced by
prominence of the peroneal tendons in the lateral
aspect of the ankle and foot (Figure 20-22). Attempt
at inversion of the deformity causes pain and dis-
comfort along the peroneal region (Figure 20-23).
The peroneal tendons are contracted secondary to
prolonged positioning of the foot in valgus. True
muscle spasms of the peroneal tendons are rare. In-
creased ankle ligamentous laxity is most commonly
seen in patients with long-standing symptoms, par-
ticularly those with talocalcaneal coalitions. There
may also be varying degrees of loss of the longitudi-
nal arch. Pathologic conditions affecting the subta-
lar joint, including tumors, rheumatoid arthritis,
and traumatic injuries, may mimic the physical find-
ings of tarsal coalition.

When tarsal coalitions are suspected, standing
AP, lateral, and 45° medial oblique radiographs
should be obtained (see Figure 20-15). The diagno-
sis of a calcaneonavicular coalition can usually be
made on these standard radiographs. The 45° me-
dial oblique radiograph usually demonstrates this

FIGURE 20-21. Tarsal coalition. Note the position of the involved left foot with the forefoot in ab-
duction (A) and heel in valgus (B). Also note the loss of the longitudinal arch.

coalition. If the coalition is fibrous or cartilaginous,
however, it may not be obvious on plain radi-
ographs. Other findings that indicate a possible cal-
caneonavicular coalition include elongation at the
anterior portion of the calcaneus to a point of close
proximity to the navicular and irregular, sclerotic

FIGURE 20-22. Tarsal coalition. Note prominence of the
perineal tendons on the lateral aspect of the ankle because of
prolonged positioning of the hindfoot in valgus and forefoot
in abduction.

WeinCh20v2.qxd  1/3/04  7:26 AM  Page 648



Tarsal Coalition 649

margins of the two bones in close approximation
(see Figure 20-16).

Before the development of CT scanning, talocal-
caneal coalitions were often difficult to diagnose. In
suspected talocalcaneal coalitions, Harris views
taken from behind the foot at an angle 45° from the
horizontal demonstrate the posterior and medial
facets of the subtalar joint. Normally, these are par-
allel, but coalitions may be diagnosed by the loss of
the parallel orientation between the two facets,
presence of fusion, or irregular or sclerotic surfaces
(see Figure 20-17). Other types of tomography also
have been used to demonstrate talocalcaneal coali-
tions; however, CT is the diagnostic method of
choice for demonstrating these coalitions. Coronal
sections should be obtained to document the coali-
tion (see Figure 20-18). These sections not only doc-
ument the presence of the coalition but also clearly
define its extent. CT scans are most helpful in plan-
ning surgical management of this condition.

In patients with talocalcaneal coalitions, abnor-
mal subtalar mechanics may be evident radiograph-
ically by secondary adaptive changes. These changes
include dorsal beaking or lipping at the head or
neck of the talus (see Figure 20-16). This is second-
ary to stretching of the talonavicular ligaments be-
cause of the navicular impinging on the head of the
talus. The lateral aspect of the talus may appear
broadened, with the undersurface of the talar neck
having a concave appearance. There may be appar-
ent narrowing of the posterior talocalcaneal joint
space and inability to determine the definition of
the middle talocalcaneal articulation.

Radiographs of the ankle joint may demon-
strate an apparent ball-and-socket ankle—manifest
by convexity of the dome of the talus on both the
AP and lateral views. In patients presenting with re-
peated ankle sprains and radiographic evidence of
a ball-and-socket ankle, tarsal coalition should be
sought. In these cases, the radiographic changes at
the ankle joint are secondary to long-standing ankle
instability and adaptive changes of the tibial talar
articulation.

Initial management of calcaneonavicular coali-
tions should be nonoperative because the natural
history indicates that many patients have no symp-
toms, and the literature review of various treatment
programs indicates some success with nonopera-
tive treatment. Nonoperative treatment measures
are based on immobilizing the subtalar joint. Shoe
orthotics, ankle-foot orthoses, nonsteroidal anti-
inflammatory agents, and activity restriction may
be tried as a first line of treatment. If these fail, a pe-
riod of cast immobilization with a short-leg walking
cast for 3 to 6 weeks should be tried. If symptoms
recur or are not alleviated by conservative meas-
ures, surgical excision is indicated. The most com-
monly used surgical technique is wide excision of
the bar and interposition of either extensor digito-
rum brevis tendons or fat. Patients are immobilized
in a cast for about 7 to 10 days, followed by range of
motion exercise and protected weight bearing. Full
weight bearing is allowed in 4 to 6 weeks. The main
indication for surgery is pain relief, not restoration
of joint motion, although with calcaneonavicular
bar excisions, restoration and maintenance of joint
motion can be expected if the patient does not have
secondary degenerative joint disease changes. If
symptoms persist and secondary degenerative joint
disease is present in the adjacent joints, triple
arthrodesis remains the only option for relief of the pa-
tient’s symptoms. Success rates of surgery in calca-
neonavicular coalitions are best in young patients

FIGURE 20-23. Tarsal coalition. There is inability to
supinate the involved right foot secondary to tarsal coalition
with restricted subtalar motion.
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this position is rigid, and the foot cannot be flexed
in a plantar direction. The sole of the foot has a con-
vex appearance, the rocker-bottom deformity. The
hindfoot is in the equinovalgus position with the
Achilles tendon contracted. The forefoot is in the
abducted dorsiflexed position. The head of the talus
is easily palpable on the plantar medial aspect of the
foot at the apex of the foot convexity. The deformity
is rigid; it cannot be manipulated into the normal
position. The head of the talus is covered dorsolat-
erally by the displaced navicular. Attempts at ma-
nipulation fail to reduce the talonavicular joint. The
clinical appearance may mimic a hypermobile flat-
foot or calcaneal valgus deformity. In both these
conditions, however, normal relations, particularly
the talonavicular relation, can be restored by plan-
tar flexion.

AP and simulated standing or standing lateral
radiographs should be obtained. Standing or simu-
lated standing lateral radiographs reveal the calca-
neus to be in equinus and talus to be vertically
oriented parallel to the long axis of the tibia (see
Figure 20-13). Because of the extreme plantar flex-
ion of the talus, only the posterior aspect of dome
articulates with the distal aspect of the tibia. In chil-
dren younger than 3 to 5 years of age, the navicular
is not ossified, and hence the talonavicular disloca-
tion can only be inferred by noting that the forefoot
is displaced dorsally in relation to the talus. Occa-
sionally, a concave depression may be noted on the
talar neck induced by the dorsolateral subluxation
of the navicular. Once the navicular is ossified, the
talonavicular dislocation is easily demonstrated.
Radiographs may also demonstrate disruption of
the calcaneocuboid joint with dorsolateral dis-
placement of the cuboid. The diagnosis can be con-
firmed radiographically by a forced plantar flexion
lateral view.

In congenital vertical talus, the normal bony rela-
tions are not restored on the plantar flexion lateral
view. The long axis of the talus is plantar to the
cuboid, as opposed to dorsal, and the long axis of the
metatarsals cannot be brought into collinear align-
ment with the long axis of the talus (see Figure 20-13).

Pathoanatomic studies of a few specimens of
congenital vertical talus confirm the anatomic dis-
tortions evident by the clinical and radiographic
presentation. The specimens reported are similar in
their clinical features, all demonstrating hindfoot
valgus, equinus deformity, and the dorsolateral sub-
luxation of the navicular on the talus. The talus it-
self may be hypoplastic with a facet joint on the
dorsal neck at the point of articulation with the

with cartilaginous bars and no evidence of degenera-
tive joint disease at the talonavicular joint. Talar
beaking is not a contraindication for surgery because it
does not necessarily represent degenerative changes.

The treatment of talocalcaneal coalitions is
somewhat more difficult. Usual treatment should
center around nonoperative measures as indicated
previously for calcaneonavicular coalitions. If these
nonoperative measures fail to provide lasting relief
of the patient’s symptoms, resection of the coalition
with interposition of fat or bone wax should be con-
sidered. Specific criteria for resectability of these
coalitions are lacking. Long-term series with large
numbers of patients are unavailable. Contraindica-
tions to resection, however, are an extensive coali-
tion and degenerative joint disease at the adjacent
joints. In these circumstances, subtalar fusion or
triple arthrodesis should be considered. The most
common cause of failure in surgical management of
tarsal coalitions is incomplete resection.

CONGENITAL VERTICAL TALUS

Congenital vertical talus is a rare deformity of the
foot. It is characterized by a rigid flatfoot deformity,
with the plantar aspect of the foot having a convex
contour. The heel is in valgus, and the forefoot is ab-
ducted (see Figure 20-12). This entity has also been
called congenital convex pes planus, congenital convex
pes valgus, and congenital flatfoot with talonavicular
dislocation. All these terms are descriptive either of
the clinical or radiographic appearance of the foot.

Congenital vertical talus rarely exists alone. It is
usually associated with other congenital abnor-
malities, musculoskeletal defects, or disorders of
the central nervous system. There is a high inci-
dence of congenital vertical talus in children with
myelomeningocele (10% having congenital vertical
talus), congenital hip dysplasia, and several tri-
somies (13 to 15%, 18%). This entity is more com-
mon in boys than girls, and there appears to be a
familial tendency. It may be bilateral, but if unilat-
eral, it may be associated with a pathologic condi-
tion of the opposite foot, including clubfoot,
metatarsus adductus, or calcaneal valgus deformity.

Clinically, the condition can be diagnosed at
birth. The involved foot is usually smaller than the
opposite side with decreased circumference of the
calf. In the newborn, the dorsal aspect of the foot
may be in close approximation to the distal aspect
of the tibia, similar to the foot position in the calcaneal
valgus deformity. Unlike calcaneal valgus, however,
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navicular. The sustentaculum talus is hypoplastic
and the anterior facet joint absent. The peroneal and
posterior tibialis tendons are displaced dorsally, re-
sulting in muscle imbalance. The cause of this con-
dition is unknown.

The natural history of congenital vertical talus
depends not only on the foot deformity but also on
any associated musculoskeletal or central nervous
system disorder. In general, without treatment the
ambulatory patient develops significant callosities
over the head of the talus. This results in pain and
skin breakdown over the talar head. The gait of
these children is awkward, and shoeing may be a
significant problem.

The treatment of congenital vertical talus de-
pends on whether associated conditions are pres-
ent. In the isolated deformity, surgical correction
is almost always necessary. The foot should be
manipulated to try to stretch the dorsolateral soft
tissues. The manipulations are followed by cast-
ing with a long-leg cast changed at weekly inter-
vals. The purpose of the manipulation and casting
is to stretch the dorsolateral constricted soft tis-
sues to minimize surgical complications, particu-
larly skin necrosis. Manipulation and casting
should be begun immediately at birth and contin-
ued for 6 to 10 weeks. Surgical correction is then
performed either as a single or multistage proce-
dure. The surgical correction involves lengthening
the contracted dorsolateral structures, reducing
the talonavicular or calcaneocuboid (or both) joint
subluxations, and correcting of the equinus defor-
mity through a posterior capsulotomy of the ankle
and subtalar joint and Achilles tendon lengthen-
ing. Reinforcement of the soft tissue structures on
the plantar aspect of the navicular by use of the
posterior tibial tendon is generally indicated (see
Figure 20-14). In older children (over 2.5 years of
age), surgical correction is often accompanied by
an extra-articular subtalar arthrodesis at the time
of surgical correction or as an adjunctive proce-
dure at a later time. Surgical corrections are aimed
at restoring normal bony alignment and muscle
balance. Complication rates of surgery are high
and include aseptic necrosis of the talus, loss of re-
duction, and stiffness, particularly of the subtalar
joint. Success rates are better in children treated
surgically when younger than 1 year of age. Ten-
don transfers may be needed at a later date to re-
store muscle balance. In the adolescent or adult
with untreated or recurrent congenital vertical
talus, triple arthrodesis may be the only way to re-
store normal bony alignment.

CALCANEAL VALGUS

Calcaneal valgus (pes calcaneal valgus, talipes cal-
caneal valgus, congenital talipes calcaneal valgus) is
one of the most common foot deformities seen at
birth. The entire foot is held in the dorsiflexed
everted position, and in its most severe form, the
foot lies adjacent to the anterior border of the tibia
(Figure 20-24). Calcaneal valgus is thought to be
secondary to intrauterine molding. It is most com-
mon in firstborn children and in children of young
mothers. It has a female predominance of 1:0.6 and
is estimated to occur in 1 of every 1,000 live births.

Clinically, the foot is held in dorsiflexion near
the tibia with the forefoot in varying degrees of ab-
duction and the heel in varying degrees of valgus.
The peroneal tendons may be subluxated anterior
to the lateral malleolus. The soft tissues on the dor-
sal and lateral aspect of the foot are contracted and
restrict plantar flexion and inversion. There may be

FIGURE 20-24. Calcaneal valgus deformity. There is
close approximation of the dorsum of the foot to the ante-
rior aspect of the distal tibia.

WeinCh20v2.qxd  1/3/04  7:26 AM  Page 651



652 CHAPTER 20 � The Pediatric Foot

a transverse crease just distal to the ankle joint on
the dorsal aspect of the foot. The foot can generally
be manipulated to neutral or just short of the neu-
tral position and, occasionally in mild cases, just be-
yond this position (Figure 20-25). The deformity
may be accompanied by a mild abduction of the
forefoot in varying degrees of heel valgus. There is
an occasional association of this deformity with ex-
ternal rotation contractures in the hip and with other
conditions thought to be secondary to intrauterine
molding deformities (e.g., congenital hip dysplasia
and torticollis).

It is important to rule out neuromuscular
causes of calcaneal valgus deformity, such as
myelomeningocele and arthrogryposis, as well as
congenital vertical talus. In congenital vertical talus,
the Achilles tendon is contracted, the hindfoot is in
equinus, and there is a rocker-bottom deformity.
Half the cases of vertical talus are associated with a
neuromuscular deformity. All cases of posterome-
dial bowing of the tibia are associated with a cal-
caneal valgus deformity of the foot.

Radiographs are not necessary to make the di-
agnosis of pes calcaneal valgus. The foot can be
palpated to show normal alignment with no sub-
luxation at the talonavicular joint. Radiographs are
only necessary when the diagnosis is in question.

It is important to stimulate the foot to make certain
that the plantar flexors are present.

The natural history of pes calcaneal valgus is
one of spontaneous correction. Persistence of some
of the deformity may lead to a flexible flatfoot.
Casting is rarely necessary. Treatment should be di-
rected at instructing the parents in stretching exer-
cises. The foot should be gently manipulated into
plantar flexion and inversion. In general, the defor-
mity is corrected by 2 to 4 months of age. If it is per-
sistent, however, manipulation and casting can be
considered.

KÖHLER DISEASE

Köhler disease is an osteochondrosis that affects the
tarsal navicular. It is a self-limited condition charac-
terized by pain or swelling in the area of the tarsal
navicular in association with certain radiographic
features. It occurs in the age range of 4 to 7 years,
with 80% of cases occurring in boys. One-fourth to
one-third of cases are bilateral.

The cause of Köhler disease is unknown, but it
is thought to be related to repetitive trauma and in-
terruption of blood supply to the tarsal navicular.
The tarsal navicular is the last bone of the foot to os-
sify. The appearance of the ossification center varies
and is gender related. In girls, the tarsal navicular
ossifies between 18 months and 2 years of age. In
boys, the ossification occurs between 2.5 and 3 years
of age. The normal ossification center has a smooth
contour and uniform density. In otherwise normal
children who have delay in appearance of the ossifi-
cation center of the navicular, however, it may ap-
pear flat or fragmented with multiple ossification
centers of increased density and irregular contour.
Several ossification centers may eventually coalesce
to form the navicular. Postmortem studies of the
navicular in children reveal that the blood supply is
tenuous, being supplied by only a single vessel until
age 6 years.

Köhler disease is more common in patients
(male or female) in whom ossification is delayed.
The pathogenesis may be secondary to traumatic in-
terruption of the vasculature to the tarsal navicular
at a crucial stage in ossification.

Clinically, children present to the physician with
complaints of pain and tenderness to palpation over
the tarsal navicular. Localized swelling is occasion-
ally evident. There may be palpable thickening of
the soft tissues around the tarsal navicular. Many af-
fected children walk with an antalgic gait and bear

FIGURE 20-25. Calcaneal valgus deformity. The foot can
easily be manipulated to or just short of the neutral position.
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weight on the lateral aspect of the foot to avoid pres-
sure over the medial aspect and the tarsal navicular.
Active and passive range of motion are normal.

Radiographically, the navicular shows evidence
of flattening, sclerosis, and irregular ossification
(Figure 20-26). On the standing lateral view, the
navicular has a decreased AP diameter with evi-
dence of varying amounts of flattening. Multiple
centers of ossification may be present. As men-
tioned previously, these radiographic features may
be a normal variation in as many as one-third of
children, particularly those who have late-onset os-
sification. Therefore, the diagnosis of Köhler disease
is made only with the combination of the clinical
signs, symptoms, and the radiographic features.

Children with clinical Köhler disease may have
similar radiographic changes in the opposite navic-
ular and be totally asymptomatic. In the normal
child, the radiographic appearance is assumed to be
secondary to coalescence of multiple ossification
centers, while in the child with Köhler disease, the
radiographic features represent the changes of avas-
cular necrosis, with invasion by granulation tissue,
resorption of necrotic trabeculae, and deposition of
new bone.

The natural history of Köhler disease is rela-
tively benign. No long-term disabilities have been
reported in patients who have Köhler disease despite

lack of treatment. In most cases, the navicular as-
sumes a relatively normal appearance within 1 to
3 years after symptom onset.

Treatment of the condition is designed to re-
lieve symptoms and not to hasten the reparative
process. Treatment for Köhler disease is nonsurgical
and depends on the magnitude of symptoms. In pa-
tients with mild symptoms, restriction of activities
may be all that is necessary. In children with more
severe symptoms, a longitudinal arch support can
be considered to more evenly distribute the pa-
tient’s body weight in weight bearing. These meas-
ures, in conjunction with avoidance of strenuous
activities such as jumping and running, usually
relieve symptoms. In patients with more severe
symptoms, immobilization in a short-leg cast for 3
to 4 weeks usually provides good relief of symp-
toms. The patient may need to use crutches with
touch weight bearing for a short time but then may
bear full weight on the cast as long as symptoms do
not recur. Cast treatment should be continued until
the patient is asymptomatic. In severe cases, the use
of a short-leg walking cast improves the natural his-
tory of symptoms dramatically but has no effect on
the radiographic course of the disease. Without
treatment, most patients have intermittent symp-
toms for 1 to 3 years that is activity related and re-
lieved by rest.

FREIBERG INFARCTION

Freiberg infarction is another type of osteochondro-
sis. Specifically, it is an aseptic necrosis of the
metatarsal head. Three-fourths of cases occur in
girls, and the second metatarsal head is the most
commonly involved, although the disease may af-
fect the third or fourth metatarsal head. Freiberg dis-
ease rarely occurs before the age of 13 or 14 years.

The origin of Freiberg infarction is unknown,
but it is thought to be similar to that of osteochon-
dritis dissecans of the knee. The second metatarsal
is the longest and the most rigid metatarsal. It is
subjected to the greatest amount of stress in walk-
ing. Freiberg infarction is sometimes seen with an
accompanying stress fracture of the metatarsal.

Clinically, patients present with pain and ten-
derness around the second metatarsophalangeal
joint. They may complain of stiffness and have a
limp secondary to the pain. On physical examina-
tion, the discomfort is well localized. There may be
palpable swelling at the second metatarsophalangeal
joint. Pain may be elicited on passive range of motion.

FIGURE 20-26. Köhler disease or osteochondrosis of the
tarsal navicular.
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Motion may be limited and painful. The history
may be one of exacerbations and remissions, with
pain aggravated by activity and relieved by rest.

Radiographically, the second metatarsal head
may have a flattened, enlarged appearance with
areas of increased sclerosis and fragmentation. The
affected metatarsophalangeal joint may be nar-
rowed, and in long-standing disease, secondary de-
generative changes may be evident (Figure 20-27).

The natural history of Freiberg infarction is vari-
able. In many cases, the condition is self-limited,
with revascularization of the affected metatarsal
head. The disease process may leave the metatarsal
head deformed. Many patients have no pain or dis-
comfort and good range of motion. In some cases,

however, the disease course involves exacerbations
and remissions. Significant deformity may ensue,
and secondary degenerative changes may occur at
the metatarsophalangeal joint.

The goal of treatment is to obtain healing of the
aseptic necrosis. Initial treatment should be symp-
tomatic. Symptomatic treatment includes decreas-
ing activities and using metatarsal pads inserted in
the shoe or metatarsal bars on the sole of the shoe.
These two measures are designed to allow for
weight bearing on the metatarsal neck as opposed
to the metatarsal head to decrease the stresses ap-
plied to the metatarsal head. In patients who have
more acute symptoms, a short-leg walking cast with
or without crutches may provide relief. If the joint is
free of degenerative changes and symptoms persist,
removal of the necrotic fragment alone may provide
symptomatic relief. A foot orthosis designed to pro-
vide pressure relief over the second metatarsal head
may be used on a long-term basis once the acute
symptoms have subsided or after surgical removal
of the necrotic segment. Mild symptoms may be
treated by an orthosis alone.

In patients with long-standing symptoms who
fail nonoperative treatment, surgical treatment may
be offered. This may include removal of the loose
fragment and resection of the base of the proximal
phalanx. Alternatively, resection of the metatar-
sophalangeal joint may be required, with syndactyl-
ization of the second and third toe to avoid
significant shortening that may follow resection of
the metatarsophalangeal joint. This usually pro-
vides good relief of symptoms.

SEVER DISEASE

Sever disease, or calcaneal apophysitis, is one of the
most common overuse syndromes seen in growing
children. It most commonly occurs in the age range
of 6 to 12 years and is thought to be due to repeated
microtrauma. Most affected children are extremely
active. This condition may thus represent chronic
strain at the insertion of the tendo Achilles.

Affected children present with activity-related
pain over the posterior aspect of the calcaneus.
Physical examination reveals tenderness to com-
pression over the calcaneal apophysis. Symptoms
may cause discomfort with passive ankle dorsiflex-
ion. The condition must be differentiated from other
sources of heel pain in young children (Table 20-1).

In normal children, the calcaneal apophysis ap-
pears at an average of 5.6 years of age in girls (range,

FIGURE 20-27. Freiberg infarction (osteochondrosis of
the metatarsal head). (A) Frontal view of the resected
metatarsal head. The articular cartilage is irregular with
areas of loss of articular surface. There are multiple indenta-
tions about the head. The capsule about the periphery is
thickened, and secondary osteoarthritic spurs are present. A
cleft at the margin suggests formation of a loose body by
separation. (B and C) Radiographs of the second metatarsal
head before resection showing sclerosis, irregularity, widen-
ing, and spurring with flattening.
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3 to 8.5 years) and 7.9 years of age in boys (range, 6
to 10 years). In many normal children, the calcaneal
apophysis may appear fragmented and then coa-
lesce from two to three separate ossification centers.
This normal ossification variant, in combination
with symptomatology, is considered diagnostic of
Sever disease (Figure 20-28). If patients have bilat-
eral symptoms, radiographs are often not necessary.
In unilateral cases, however, radiographs of both
feet should be obtained to rule out other causes of

heel pain, such as retrocalcaneal bursitis, stress frac-
tures, infection, rheumatologic conditions, and neo-
plastic lesions.

Sever disease is a self-limiting condition. In
cases of severe symptoms, activity restriction may
be necessary. If this alone does not relieve symp-
toms or if symptoms are acute, a short-leg walking
cast may be applied for 3 to 4 weeks. This usually is
adequate to curtail symptoms. Longer periods of
casting or activity restriction of up to 1 to 3 months
may be necessary in some cases. No long-term dis-
ability or deformity has been reported from Sever
disease.

METATARSUS ADDUCTUS

A wide variety of terms are used to describe this
clinical entity, including metatarsus adductus,
metatarsus varus, skew foot, serpentine foot, pes adduc-
tus, metatarsus adductovarus, hooked forefoot, metatar-
sus internus, and congenital metatarsus varus. These
terms unfortunately are used inconsistently through-
out the medical literature. The two most widely
used terms are metatarsus adductus and metatarsus
varus, which describe slightly different forefoot
variations but are synonymous. In this condition,
the forefoot is generally adducted and occasion-
ally inverted (varus) at the tarsometatarsal joint,
and the hindfoot is generally neutral to valgus
(Figure 20-29; see Figure 20-19). Metatarsus ad-
ductus is present at birth but often is overlooked
by the family until the child is between 3 months
and 1 year of age.

Metatarsus adductus is the most common con-
genital foot deformity. Its incidence is 1 in 1,000 live
births. It has a female predominance of 4:3 and a 5%
incidence of the condition in first-degree relatives.
There is no known pattern of inheritance, but the
risk of a second sibling being affected is 1 in 20.
Two-thirds of patients have involvement of both
feet. There is a strong association between metatar-
sus adductus and congenital hip dysplasia and
dislocation.

The cause of metatarsus adductus is unknown.
It is thought to be secondary to intrauterine mold-
ing because 59% of patients are firstborn children.
Other etiologic theories include peroneal muscle
weakness with overactive anterior tibialis and pos-
terior tibialis; abnormal insertion of the tibialis pos-
terior tendons on the first cuneiform rather than
their usual site on the navicular; and posture habits
caused by prone, sleeping with the buttocks elevated,

TABLE 20-1.
Sources of Heel Pain in Childhood

OVERUSE/OVERGROWTH/TRAUMATIC
Calcaneal apophysitis
Contusion/strain
Stress fracture of calcaneus
Fracture of calcaneus

DEVELOPMENTAL
Tarsal coalition

INFLAMMATORY
Tendinitis (Achilles, patellar, flexor hallux longus)
Plantar fasciitis
Retrocalcaneal bursitis
Periostitis
Os trigonum inflammation

INFECTIOUS
Soft tissue infection
Abscess
Calcaneal osteomyelitis

RHEUMATOLOGIC
Juvenile rheumatoid arthritis
Reiter syndrome
Miscellaneous

TUMORS

BENIGN
Osteoid osteoma
Osteochondroma
Chondroblastoma
Bone cyst (solitary or aneurysmal)

MALIGNANT (RARE)
Leukemia
Metastatic

NEUROLOGIC
Tarsal tunnel syndrome

(Micheli LJ, Ireland ML. Prevention and management of calcaneal apophysitis
in children: an overuse syndrome. J Pediatr Orthop 1987;7:34–38)
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hips and knees in complete flexion, feet adducted
and tucked beneath the buttocks, and sitting on the
adducted feet. Persistent soft tissue contractures
may lead to secondary tarsal changes, making the
deformity rigid with time.

Clinically, the deformity is present at birth but
usually not noticed by the parents until the child be-
gins to crawl or walk. Occasionally, patients present
to a physician in the toddler years when the parents
complain of the child in-toeing or having difficulty
wearing shoes. On physical examination, all the
metatarsals are adducted and the forefoot is occa-
sionally in varus (see Figure 20-29). The heel is in
neutral to slight valgus. The great toe is often
widely separated from the second toe, and the base
of the fifth metatarsal and the cuboid are prominent
on the lateral aspect of the foot. The medial border
of the foot is concave, and the lateral border is
convex. Medial tibial torsion often accompanies
metatarsus adductus. The Achilles tendon is not
tight, and the foot can be fully dorsiflexed at the
ankle joint. The deformity is often accentuated by

overactivity in the abductor hallucis and the short
toe flexors.

The deformity is often classified subjectively as
mild, moderate, or severe, depending on whether
the forefoot can be passively corrected to neutral or
to an overcorrected position. Severe deformities are
rigid and not passively correctable. The ratio of sup-
ple to rigid deformity is about 10:1. The term serpen-
tine foot is often used for a rigid adducted forefoot
with an accompanying heel valgus.

The heel bisector should pass through the sec-
ond toe. In a mild deformity, the bisector passes
through the third toe; in a moderate deformity, it
passes between the third and fourth toes or just the
fourth toe; and in a severe deformity, the heel bisec-
tor passes between the fourth and fifth toes. The de-
formity is said to be flexible or passively correctable
if the forefoot (second toe) can be passively abducted
beyond the heel bisector (see Figure 20-29). Many pa-
tients exhibit dynamic hallux varus, whereby the
great toe deviates medially during stance phase but
the metatarsals are normally aligned.

FIGURE 20-28. Severe disease
of the calcaneal apophysis. (A)
Standing lateral radiograph. (B)
Calcaneal views. Note sclerotic
fragmented appearance of the
right symptomatic calcaneus as
opposed to the sclerotic semifrag-
mented appearance of the asymp-
tomatic left side. (Ponseti IV,
Becker JR. Congenital metatarsus
adductus. J Bone Joint Surg 1966;
48A:702)
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Radiographs are not required to make the diag-
nosis of metatarsus adductus. Radiographs can,
however, document deformity and are used by
some to classify the deformity. Radiographs, if
taken, should be in the standing position or with the
foot resting in a simulated standing position on the
radiograph cassette. Radiographs demonstrate sharp
medial angulation of the tarsometatarsal joints, with
the first metatarsal being more severely adducted
than the fifth (see Figure 20-19). Normally, a line
drawn through the longitudinal axis of the first
metatarsal is parallel or diverges laterally from a line

drawn through the longitudinal axis of the talus. In
metatarsus adductus, the first metatarsal line falls
medial to the talar line. In the weight-bearing or
simulated weight-bearing film, the calcaneal line
should bisect the cuboid and the base of the fourth
metatarsal. In metatarsus adductus, the calcaneal
line passes through the lateral portion of the cuboid
and through the base of the fifth metatarsal. Heel
valgus is evidenced by a greater than 35° AP talocal-
caneal angle and by medial and forward displace-
ment of the head of the talus in relation to the
anterior portion of the calcaneus. The navicular

FIGURE 20-29. (A) Thirteen-
month-old boy with bilateral metatar-
sus adductus. The left foot is abducted
and the right forefoot is adducted and
in slight varus. The heel bisector is at
the fourth toe on the left foot and be-
tween the third and fourth toes on the
right foot. (B) Note passive cor-
rectability of deformity. Forefoot can
be passively abducted beyond the heel
bisector.
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(generally not seen on radiographs in this age group)
is neutral or displaced laterally on the talar head
(see Figure 20-19).

The natural history of metatarsus adductus is
generally benign. It is estimated that 85 to 90% of
cases resolve spontaneously without treatment. In
childhood, persistent metatarsus adductus leads to
an in-toeing gait and occasional complaints of stum-
bling or tripping. Adults with uncorrected metatar-
sus adductus rarely complain of pain but may have
hallux valgus and bunions. Shoe wear may be a
problem in patients with uncorrected metatarsus ad-
ductus. Patients may complain of pain in the lateral
foot and in the tarsometatarsal joints. Shoes may irri-
tate this area. It is thus important in infancy to select
patients who require treatment.

Treatment decisions for metatarsus adductus
are based on the passive correctability of the defor-
mity. In patients in whom the deformity corrects by
stimulation of the lateral border of the foot or in
those in whom the heel is stabilized, the deformity
can be passively corrected or overcorrected, and
only observation is necessary. Most cases correct
spontaneously. In most large series, if the foot re-
mained passively correctable, the deformity had
corrected spontaneously by the age of 3 years. Par-
ents should not be encouraged to do manipulations.
Manipulations by parents are generally poorly done
and may accentuate heel valgus and only mini-
mally correct forefoot adduction. There is no scien-
tific validity for the use of straight-last or reverse-last
shoes in the treatment of metatarsus adductus.
Denis Browne splints should not be used because
they may accentuate heel valgus.

In patients with rigid, severe, nonpassively cor-
rectable metatarsus adductus, manipulation and
casting are indicated. Two main components of the
deformity, adduction of the metatarsals and vary-
ing degrees of valgus of the heel, must be corrected
simultaneously. Improper manipulation and cast-
ing treatment of metatarsus adductus lead to a
pronation deformity of the foot. A flatfoot with
residuals of metatarsus adductus and severe heel
valgus is a significantly worse problem than the
original deformity.

The hindfoot deformity is corrected by supinat-
ing the calcaneus underneath the talus. With the cal-
caneus supinated, the cuneiform, navicular, and
cuboid bones are inverted, bringing the bases of the
metatarsals in proper alignment with the talus and
calcaneus (see Figure 20-19). The metatarsals are
then abducted, with counterpressure applied over
the cuboid bone. It is important not to pronate the

forefoot because a cavus deformity will result. The
manipulations of the foot are sustained for several
minutes, and this is followed by the application of a
thinly padded, well-molded, toe-to-groin plaster
cast changed at biweekly intervals until the foot is
in the slightly overcorrected position. Complete
correction usually requires 3 to 4 long-leg plaster
applications. The casting treatment is complete
when the lateral aspect of the foot is no longer con-
vex, the heel is in a neutral to slight valgus position,
and the forefoot has been completely corrected past
neutral. Successful treatment of metatarsus adduc-
tus by manipulations and casting in patients older
than 8 months of age is not likely, and surgical cor-
rection may be necessary.

Surgical correction for metatarsus adductus is
indicated only in patients with significant cosmetic
or shoe-wearing problems. In patients younger than
2 years of age with rigid metatarsus adductus, first
metatarsal cuneiform capsulotomy and release of
the abductor hallucis, followed by casting, is usu-
ally successful. In older children, corrective bone
surgery may be necessary.

CLUBFOOT

Talipes equinovarus is the term most commonly used
for clubfeet. Talipes is a generic term for any foot de-
formity that centers around the talus. Equinus im-
plies that the foot is flexed in the plantar direction.
The term talipes equinocavovarus is sometimes used
to denote the varying amounts of cavus of the fore-
foot evident in patients with clubfeet. In the club-
foot, the heel is in varus, and the first metatarsal is
in severe plantar flexion, while the fifth metatarsal
is normally aligned with the cuboid and calcaneus
(Figures 20-30 and 20-31; see Figure 20-19). Cavus is
caused by eversion of the forefoot in relation to the
hindfoot.

Clubfoot is a complex foot deformity that is
readily apparent at birth. All clubfeet are not of the
same severity, although all have the basic compo-
nents of adduction and inversion of the forefoot and
midfoot, heel varus, and fixed equinus. The soft tis-
sue changes vary from mild to severe. Clubfoot
should best be thought of as a spectrum of deformi-
ties. Clubfoot may occur as an isolated disorder or
in combination with various syndromes and other
associated anomalies, such as arthrogryposis, sacral
agenesis, amniotic bands, Larsen syndrome, dias-
trophic dwarfism, Freeman-Sheldon syndrome, and
myelodysplasia.
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The incidence of idiopathic clubfoot is esti-
mated to be 1 to 2 per 1,000 live births. It has a male
predominance of 2:1 and an incidence of bilateral-
ness estimated to be about 50%. There is an increased

incidence in certain racial and ethnic groups, such
as Polynesians, Maoris, and South African blacks,
with a much higher incidence if the patient has a
positive family history for clubfoot.

The origin of congenital clubfoot in otherwise
normal patients remains unknown. Many theories
have been advanced, including intrauterine mold-
ing defect, blastemic defect of the tarsal cartilage,
primary nerve lesion with secondary muscle dys-
function, vascular abnormalities, arrested embry-
onic development, abnormal tendon insertions, and
primary fibrotic contracture. The most widely ac-
cepted theory is that of polygenic inheritance modi-
fied by environmental factors.

Clinically, the deformity is readily apparent at
birth. The child presents with the foot in severe
supination with a fixed equinus deformity, heel
varus, forefoot and midfoot adduction, and varying
amounts of cavus. The involved foot is generally
smaller than the opposite side with varying amounts
of calf atrophy.

The head of the talus is prominent and easily
palpable on the dorsolateral aspect of the foot. De-
pending on the severity of the cavus deformity,
there may be a deep skin crease across the plantar
medial aspect of the midfoot. The foot cannot be
passively manipulated into the neutral position.

Radiographs are often useful in documenting
the deformity. The calcaneus, talus, and cuboid are
usually ossified at birth. The navicular does not os-
sify until about 3 years of age. The normal values of

FIGURE 20-30. Severe clubfoot deformity. The heel is in severe varus, and the forefoot is adducted
and inverted. The cavus deformity results from the slightly pronated position of the forefoot in rela-
tion to the hindfoot. 

FIGURE 20-31. Clubfoot in a 3-day-old infant. The navic-
ular is medially displaced and articulates only with the medial
aspect of the head of the talus. The cuneiforms are seen to
the right of the navicular, and the cuboid is underneath it.
The calcaneocuboid joint is directed posteromedially. The
anterior two-thirds of the os calcis is seen underneath the
talus. The tendons of the anterior tibialis extensor hallucis
longus and the extensor digitorum longus are medially dis-
placed. (Ponseti IV, Campos J. Observations on pathogenesis
and treatment of congenital clubfoot. Corr 1972;84:50–60)
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bony relations on standing AP and lateral views of
the foot are somewhat variable and age dependent
(Figure 20-32).

Radiographs are useful in documenting the de-
formity (photographs are also useful for this pur-
pose), for follow-up, in assessing the results of
nonoperative treatment, and in planning for opera-
tive correction of the deformity if necessary. It is
best to obtain the initial radiographs in the maxi-
mally corrected position. This position varies de-
pending on the flexibility of the individual clubfoot.

In the clubfoot deformity, the talus and calca-
neus exhibit parallelism on both the AP and lateral
radiographs, indicating hindfoot varus and equinus
(see Figure 20-31). The talus first metatarsal angle is
negative, indicating adduction of the forefoot. Be-
cause of the inversion of the forefoot, the metatarsals
appear overlapped. The cuboid is medially dis-
placed on the AP view, indicating the adduction at
the midfoot; and on the lateral view, the first
metatarsal is in plantar flexion to a greater degree
than the fifth metatarsal, indicating cavus deformity.

Pathoanatomically, many specimens of clubfeet
have been described, all showing varying degrees
of similar abnormalities (see Figure 20-31). In the
clubfoot, the talar body is in plantar flexion with the
neck angulated medially. The navicular articulates
with the medial aspect of the talar neck, and the
navicular tuberosity is in close approximation with
the medial malleolus. The calcaneus is directly under-
neath the talus, and the cuboid is medially displaced

beneath the navicular. The midfoot is thus adducted
and inverted in relation to the talus. The dorsal ten-
dons are medially displaced, and the head of the
talus is prominent laterally.

Anatomically, the involved talus is generally
smaller than the noninvolved side, with the neck in
varying degrees of medial deviation. The navicular
is wedged-shaped laterally, with a prominent
tuberosity. The calcaneus is small, often with an ab-
sent anterior facet. The posterior facet shows vary-
ing degrees of hypoplasia and may be linked
directly to the middle facet. In unilateral deformi-
ties, the foot is always smaller than the noninvolved
side, and the calf has varying degrees of atrophy.
The tuberosity of the navicular is held in close ap-
proximation to the talar neck, the sustentaculum
and the medial malleolus by the shortened, thick-
ened tibionavicular ligament, calcaneonavicular lig-
ament, and sheath of the posterior tibial tendon.

Clubfoot deformity, regardless of origin or asso-
ciated clinical problems, results in a severe handi-
cap unless corrected. The surface area for weight
bearing is the lateral aspect of the foot; without
treatment, even an otherwise normal patient devel-
ops pressure sores and sinuses by the fourth or fifth
decade of life (Figure 20-33).

The criteria for successful treatment of a clubfoot
deformity vary in the orthopaedic literature. Some
judge success only by radiographic criteria, others by
function, and others by certain clinical criteria. Thus,
the literature on treatment is difficult to compare.

FIGURE 20-32. Normal radiographic values for various foot measurements. (Vanderwilde R,
Staheli LT, Chew DE et al. Measurements on radiographs of the foot in normal infants and children.
J Bone Joint Surg 1988;70A:407–415)
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The goal of treatment in clubfoot deformity is to
obtain and maintain the foot in plantargrade posi-
tion. Treatment should be initiated immediately on
diagnosis, preferably within the first week of life.
Treatment for the newborn with clubfoot is by ma-
nipulation and then casting to maintain the correc-
tion obtained through manipulation. Corrections
begun at a later age may be more difficult owing to
ligamentous contracture and joint deformity. Toe-
to-groin plaster casts are used to maintain the cor-
rections obtained through manipulation. The
equinus deformity is the last deformity corrected to
prevent development of a rocker-bottom foot. Casts
are changed at weekly intervals, and most deformi-
ties are corrected in 5 to 7 casts. Successful treat-
ment rates by casting regimens alone vary in the
literature from 85 to 95%. Night splinting is often
used for prolonged periods (several years) to main-
tain correction.

Depending on the initial severity, clubfeet have a
natural tendency to recur. The more severe and rigid
the initial deformity, the greater the risk of recur-
rence. Recurrences may be treated by serial manipu-
lations and casting followed by occasional tendon
transfers to correct for any muscle imbalance.

The small percentage of deformities that fail to
respond to manipulation and casting or that recur
may require extensive posterior, medial, and lateral
soft tissue releases. The releases are best done at a
young age but can be done satisfactorily in children
until 5 years of age.

In children older than 3 years of age, lateral col-
umn shortening procedures (decancellation of the

cuboid or wedge resection of the cuboid in excision
of the anterior end of the calcaneus) are often per-
formed in conjunction with posteromedial releases.
This is because the greater length of the lateral foot
column compared with the medial foot column is
thought to be secondary to the medial soft tissue
contractures.

The major complications of the extensive poste-
rior, medial, subtalar, and lateral releases performed
for residual, resistant, or recurrent clubfoot include
skin sloughing on posteromedial aspect of the foot,
overcorrection of the deformity, residual forefoot
adductus, stiffness, and incomplete correction of the
deformity.

Triple arthrodesis may be necessary for recurrent
or persistent clubfoot deformity in older children.
These procedures are best offered to the patient at
10 to 12 years of age, when foot growth is complete.

IDIOPATHIC TOE-WALKING

This entity is also called habitual toe-walking, heredi-
tary tendo Achilles contracture, or congenital short
tendo calcaneus. Parents notice that the child is walk-
ing on the toes either all or most of the time. Idio-
pathic toe-walking is thought to be an inherited
condition because up to 70% of patients have a pos-
itive family history. The condition is bilateral and
predominantly affects boys (3:1). About 20% of
these children have evidence of a learning disabil-
ity, and an occasional child carries the diagnosis of
hyperkinesia with minimal brain dysfunction.

When a child begins to stand and walk, toe-
walking is a normal gait variation. Generally, within
the first 6 months after walking, the gait may progress
from the toe-toe gait or an occasional toe-toe gait to a
toe-heel gait and eventually to a heel-toe gait. The
mature heel-toe gait pattern is generally established
by the time a child is 3 years of age. Careful history of
gait development should be obtained in each patient
who presents with a chief complaint of toe-walking.
Patients with the diagnosis of idiopathic toe-walking
have nearly always walked on their toes.

Physical examination includes range of motion
of the upper and lower extremities as well as a care-
ful neurologic examination and observation of the
patient’s gait. Variable amounts of contracture
and restriction of ankle dorsiflexion are noted. The
amount of contracture or restriction of motion may
not be symmetric. These patients have normal
sensory examinations and no evidence of muscle
weakness. Deep tendon reflexes should be intact

FIGURE 20-33. Four-year-old girl with bilateral untreated
clubfeet.
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without evidence of hyperactivity. The spine should
be evaluated for evidence of hair patches, dimpling,
hyperpigmentation, or nevi, which are suggestive
of spinal dysraphism. There should be minimal or
no contracture of the hamstrings, and the patient
should have good control of the upper extremities.

The child’s gait should be carefully evaluated.
Many patients with idiopathic toe-walking can walk
on their heels and have a heel-toe gait periodically,
but the observed gait pattern usually is toe-toe. Idio-
pathic toe-walkers with heel cord contractures can
generally get their heels down in standing only
through knee hyperextension (Figure 20-34).

Idiopathic toe-walking is the diagnosis of exclu-
sion. All conditions that may be associated with an
equinus deformity and contracture of the tendo
Achilles must be ruled out. Cerebral palsy can be
ruled out by the absence of increased deep tendon re-
flexes, hypertonicity, hamstring contractures, and the
lack of posturing abnormalities of the upper extrem-
ity during gait. Gait analysis may be of help in

differentiating the idiopathic toe-walker from the
cerebral palsy patient. Other conditions, such as
spinal dysraphism, muscular dystrophy, tethered
spinal cord, or other central nervous system dysfunc-
tions, must be ruled out. Electromyographs, motor
nerve conduction studies, spine films, CT scan of the
brain, or MRI may be necessary. Muscle biopsy to rule
out muscular dystrophy is also warranted on occa-
sion. Any child with a unilateral deformity, particu-
larly of recent onset, should have an etiologic source
sought. A neurologic consultation is often in order.

The typical patient with idiopathic toe-walking
has no abnormal findings other than those referable
to the equinus deformity with varying degrees of
contracture of the Achilles tendon. They have nor-
mal sensation, no pain, and no muscle dysfunction.

Treatment of the condition varies according to
the age of the patient and the degree of contracture
of the Achilles tendon. In patients who are younger
than 3 to 4 years of age and have no or minimal con-
tracture of the Achilles tendon, passive range of
motion and stretching exercises are indicated. The
child’s progress should be monitored carefully. If
ankle dorsiflexion to at least 10° cannot be restored
by this method in 3 to 4 months, serial casts should
be applied. If, however, the ankle can be passively
dorsiflexed to neutral or beyond, but the child habit-
ually toe-walks, use of a hinged or nonhinged ankle
foot orthosis is an option to prevent plantar flexion.
These orthoses can be used for a period of weeks to
months, depending on the clinical situation. The
patient should be continually reevaluated and
progress reassessed. In most cases, serial casting in
dorsiflexion for 4 to 6 weeks is usually sufficient to
resolve the problem. Many patients require postcast-
ing ankle-foot orthoses, passive range of motion,
and careful follow-up to ensure that the condition
does not recur. In most cases, these noninvasive pro-
cedures provide resolution of the problem. For the
child who fails to respond to serial casting or is oth-
erwise not a candidate for this procedure, Achilles
tendon lengthening provides uniformly good re-
sults. Surgical Achilles tendon lengthening is fol-
lowed by 3 weeks in a nonweight-bearing short-leg
cast, then 3 weeks in a weight-bearing short-leg cast.
Recurrences after this procedure are rare.

TORSIONAL PROBLEMS

The parents’ or grandparents’ perception of an abnor-
mal position of the legs of an infant or the way a child
walks frequently results in medical consultation.

FIGURE 20-34. Three-year-old male idiopathic toe-
walker. The heels can be brought to the floor by knee hyper-
extension.
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Unfortunately, these concerns often result in unneces-
sary, costly treatment.

In the newborn, the proximal femur (femoral
head, neck, and trochanter) is usually anteverted
about 40° in relation to the transcondylar axis of the
distal femur. The intermalleolar axis of the distal
tibia in relation to the interplateau axis of the proxi-
mal tibia is in about 3° of lateral rotation. During the
first year of life, femoral anteversion decreases by
about 8° and thereafter decreases by about 1° per
year until the adult configuration of about 10 to 15°
of anteversion is reached at maturity. Tibial version
also increases throughout life until the adult lateral
version of 15 to 20° is reached at maturity. Version of
more than two standard deviations beyond the
mean is referred to as torsion.

Any child who is brought in for evaluation be-
cause the parents perceive an abnormality should
be carefully checked to see whether the child is
merely in the normal stages of development or has
a torsional problem. The most common torsional
problems are femoral antetorsion and medial tibial
torsion. The normal values for version vary accord-
ing to the age of the patient (Figure 20-35). The
cause of the torsional problems is unknown but
may be due to persistent version or genetic factors.
Postnatal sitting and sleeping postures have been
implicated as mechanisms that either cause tor-
sional abnormalities or contribute to their lack of
resolution, but no conclusive proof exists. Excessive
ligament laxity on a genetic basis has been thought
by some investigators to contribute to persistent
femoral antetorsion in that many children with
femoral antetorsion have accompanying physio-
logic pes planus, genu recurvatum, and excessive
lumbar lordosis. The latter two may actually be
compensatory measures for femoral antetorsion.

Any child brought in by parents for complaints
of in-toeing should have a careful history and physi-
cal examination. The history should include the age
at which the parents first noted the deformity, how
they think it affects the child’s function, and any per-
ceived disability because of the deformity. Sleeping
and sitting postures should be assessed and a com-
plete history of normal growth and development ob-
tained. The age at onset of walking should be
evaluated. Any delay in development of walking be-
yond 18 months of age may be suggestive of a neu-
romuscular abnormality such as cerebral palsy. A
family history of similar problems should be sought.

Careful physical examination must include a
complete neurologic examination and a torsional pro-
file of the patient. The most common abnormalities

seen are those of femoral antetorsion, medial tibial
torsion, and metatarsus adductus. Other condi-
tions, such as an overactive abductor hallucis, club-
foot deformity, or dynamic in-toeing because of
muscle imbalance, must be ruled out.

The parents may complain that the child’s prob-
lem is worse at the end of the day or when tired,
which may indicate failure of compensatory mecha-
nisms. The problem may be of great concern to par-
ents, who often scold the child for walking in a way
that is more comfortable because of the child’s rota-
tional profile.

The child should be observed walking and run-
ning in an unobstructed area. The position of the
patella and the feet should be noted. The physician
should assess the foot progression angle. The foot
progression angle is the axis of the foot as the child
walks along an imaginary line of progression. This
can be estimated or special paper (footprint paper)
can be used to assess the foot progression angle.
Negative foot progression angles designate in-toeing;
positive foot progression angles designating out-
toeing. The normal foot progression angle is usually
positive.

Hip rotation should be assessed with the hip in
extension in the prone position. The knee is flexed
to 90°, and rotation is assessed medially and later-
ally in relation to the gluteal cleft. The pelvis should
be stabilized, and no force should be exerted on the
limb. Internal and external rotation are assessed
and compared with normal, age-matched values
(Figures 20-36 and 20-37).

Tibial rotation is next assessed by use of either
the thigh-foot or transmalleolar axis (Figure 20-38).
In most cases, the thigh-foot axis is sufficient. Tibial
rotation can be assessed in several ways. With the
patient in the prone position and the knees flexed to
90°, the thigh-foot axis can easily be assessed and
compared with normal, age-matched values. If the
patient has a foot deformity, the transmalleolar axis
should be used. The transmalleolar axis is assessed
by placing the thumb and index finger on the medial
and lateral malleoli, respectively, to define the inter-
malleolar axis; a perpendicular axis is then defined,
and the angles between the perpendicular and inter-
malleolar axis and the long axis of the thigh are as-
sessed. A simpler assessment of the intermalleolar
axis is done with the patient sitting with the legs
hanging free over the table and the knees at 90°. The
thumb and index finger can be placed on the medial
and lateral malleoli, respectively, and the intermalle-
olar axis can be assessed in relation to the tibial
tubercle, determining the degree of tibial rotation.
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The patient’s feet should be examined for evi-
dence of metatarsus adductus and residual defor-
mity secondary to previous clubfoot treatment. The
cause of the patient’s in-toeing gait may be one or
more abnormalities in the lower extremity. Occa-
sionally, a rotational profile of the parent may reveal

a torsional problem that explains the torsional prob-
lem in the child or lack of resolution of the problem
in the older child.

Radiographs or special studies are rarely neces-
sary in children with torsional problems. In the in-
fant, congenital hip dysplasia must be ruled out,

FIGURE 20-35. The rotational profile. (A) The method of recording and the degree of
measurement for each element of the profile are depicted. This simple chart includes the
vital information necessary to establish the diagnosis and to document deformity. (B
through F) Normal values with the profile based on 1,000 normal limbs are shown. In
each figure, the age is listed on the abscissa on a logarithmic scale, and the degrees are
shown on the ordinate scale. The mean values are shown in the solid line with a ±2 stan-
dard deviation normal range shown in the shaded areas. A gender difference was found
from medial rotation, so values are shown independently. (Staheli LT. The lower limb. In:
Morrissy RT, ed. Lovell and Winter’s Pediatric Orthopedics, 3rd Ed, vol. 2. Philadelphia:
JB Lippincott, 1990:742)
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FIGURE 20-36. Femoral antetorsion. (A) Four-year-old girl with femoral antetorsion. In the
standing view, the patella points inward. In the prone position, excessive femoral antetorsion in-
dicated by internal rotation to about 90° (B) and by restricted external rotation (C).

FIGURE 20-37. Lateral tibial torsion. (A) Twelve-year-old girl with lateral tibial torsion.
(B) Unilateral abnormality in the thigh-foot axis is seen.
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and if clinical examination warrants, radiographs
may be necessary. Determination of version is best
done by CT or MRI with cuts through the axis of the
femoral neck and the femoral condyles. Torsion of
the tibia is easily measured clinically, and hence ra-
diographs or special studies are rarely necessary.

The natural history of torsional problems is one
of gradual resolution, and hence treatment of these
conditions is rarely necessary. Treatment by devices
such as corrective shoes, twister cables, and alter-
ation of sleeping or sitting habits have never been
shown to affect the natural history of these condi-
tions and should therefore be avoided. Education of
the family regarding the natural history of these
conditions is important. The family should be reas-
sured that most torsional problems resolve sponta-
neously in the course of normal growth. The parents
should also be reassured that if there is a positive
family history of torsional problems, complete reso-
lution may not occur, but in most cases, no functional
disability ensues.

Infants and children before walking age may be
brought in by parents for complaints of the feet
pointing out. Careful examination of the hips
should be done to rule out congenital hip dysplasia.
External rotation contractures are normal in the in-
fant and gradually resolve with time. Treatment is
never indicated.

In a child who has not reached walking age
comes in with the parents complaining of one foot

turning out, a careful hip examination should be
performed to rule out any associated congenital hip
dysplasia. In general, the out-turned foot is the
more normal foot because this condition usually co-
exists with metatarsus adductus or medial tibial
torsion on the opposite side. The natural history
should be explained to the parents and observation
recommended.

In the prewalking years, the most common cause
of in-turning of the lower extremities is metatarsus
adductus. Congenital hip dysplasia must, however,
be ruled out.

In the walking child between 1 and 3 years of
age, the most common cause of in-toeing is medial
tibial torsion, which may or may not be accompa-
nied by metatarsus adductus. Reassurance and ob-
servation is the treatment of choice.

In the older child, particularly after 3 years of
age, medial femoral torsion is a common cause of an
in-toeing gait. Natural history studies indicate that
medial femoral torsion is not associated with de-
generative joint disease over the long term, and
hence observation is the only treatment warranted.
Radiographs or special studies are not indicated un-
less there is asymmetry.

Surgical treatment for medial tibial torsion or
medial femoral torsion is rarely indicated. Surgical
correction can be considered in cases of medial tib-
ial torsion if the child is older than 8 years of age
(when spontaneous correction is no longer possible),

FIGURE 20-38. Medial tibial torsion. (A) Eighteen-month-old boy with medial tibial torsion and
physiologic bowing. (B) Tibial rotation is assessed by visualizing relation of intermalleolar axis in
reference to the tibial tubercle with patient sitting with leg over the edge of the examination table.
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if the discrepancy is more than three to four stan-
dard deviations from the mean, and if the deformity
is causing the child significant functional or cos-
metic problems. Supramalleolar osteotomy is usu-
ally the treatment of choice when surgical correction
is contemplated.

Lateral tibial torsion is not an uncommon prob-
lem and usually does not resolve with age. Lateral
tibial torsion can be considered for correction if it is
greater than 30° and causes significant functional or
cosmetic deformity to the child (see Figure 20-37).

Medial femoral torsion can be considered for
correction if the child is older than 8 years of age
and has more than three standard deviations from
the mean of torsional deformity (medial rotation
greater than 85°, lateral rotation less than 10°, or an-
teversion greater than 50°). Consideration can be
given for correction either at the intertrochanteric
level or the supracondylar region; most surgeons
prefer the intertrochanteric region. In teenagers,
closed intramedullary rotational osteotomy can be
considered.

In a certain number of children with severe
femoral antetorsion, lateral tibial torsion compen-
sates for the deformity. Surgical treatment should
be avoided because the rotational osteotomies
would need to be performed in the femur and the
tibia, and subsequent patellofemoral malalignment
problems could ensue.
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symptoms of functional impairment of the great toe.

Swiontkowski MF, Scranton PE, Hansen S. Tarsal coalitions:
long-term results of surgical treatment. J Pediatr Orthop
1983;3:287.
The authors reviewed 40 patients who underwent 57 operations for
tarsal coalition. Poor results were correlated with inadequate resec-
tion or advanced degenerative joint disease. Talar beaking does not
necessarily represent early degenerative joint disease but does repre-
sent talonavicular ligament traction spurs, which are not necessar-
ily associated with articular degeneration but are caused by
increased stress across the talonavicular joint. This beaking is not a
contraindication to bar resection.

Congenital Vertical Talus

Coleman SS, Stelling FH III, Jarrett J. Pathomechanics and treat-
ment of congenital vertical talus. Clin Orthop 1970;70:62.
The authors present a classification of congenital vertical talus, dis-
cuss the pathophysiology, and present a surgical method of manage-
ment. This remains the classic article on the subject.

Kodros SA, Dias LS. Single-stage surgical correction of congeni-
tal vertical talus. J Pediatr Orthop 1999;19:42.
A single-stage surgical correction procedure was performed on 41
patients with 55 congenital vertical tali. At follow-up (average 7
years), there were 31 good and 11 fair results. The authors cau-
tioned that underlying diagnoses are common and should be identi-
fied to minimize the risk of recurrence.

Ogata K, Shoenecker PL, Sheridan J. Congenital vertical talus
and its familial occurrence: an analysis of 36 patients. Clin
Orthop 1979;139:128.
The authors report the follow-up of 36 patients with 57 feet with
congenital vertical talus. A high incidence of associated congenital
hip dislocation, arthrogryposis, congenital hypoplasia of the tibia,
and central nervous system abnormalities was noted. Half of the pa-
tients with a primary isolated form of congenital vertical talus had a
positive family history of foot deformities in first-degree relatives.
A method of surgical correction is presented.

Oppenheim W, Smith C, Christie W. Congenital vertical talus.
Foot Ankle 1985;5:198.
The authors present a series of 15 congenital vertical tali in 12 pa-
tients. They found that the best result was obtained with early sub-
talar arthrodesis (Grice operation) and plantar K-wire fixations.
Attempts to augment push-off power with tendon transfers were
unrewarding. Casting alone revealed the worst results. Half of pa-
tients had associated abnormalities.

Calcaneal Valgus

Larsen B, Reimann I, Becker-Andersen H. Congenital calcaneo-
valgus. Acta Orthop Scand 1974;45:145.
In this article, 125 cases of congenital calcaneal valgus are pre-
sented. Forty-nine percent were treated with manipulation and tap-
ing; 51% were treated with observation alone. The authors
demonstrate no significant difference in the outcome between the
two groups. The follow-up was between 3 and 11 years, and most
feet were normal. Pronation of the feet was often seen when the pa-
tients began to walk, and many had slight residual valgus compared
with the other side.

Wetzenstein H. The significance of congenital pes calcaneoval-
gus in the origin of pes palno-valgus in childhood. Acta
Orthop Scand 1960;30:64.
The authors reviewed 2,735 consecutive newborns and followed the
patients for 2 years. One-hundred and forty-seven of the patients
had more than 20° of heel valgus; 333 had 10 to 15°; 759 had 0 to
5°; and 1,496 had 0°. When seen at 2 years of age, 43% of the 147
patients with at least 20° of valgus had flatfeet. Twenty-three per-
cent of the group with normal valgus had flatfeet. The authors con-
clude that severe calcaneo-valgus is associated with a flatfoot
deformity in later life.

Wynne-Davies R. Family studies and the cause of congenital
clubfoot: talipes equinovarus, talipes calcaneo-valgus, and
metatarsus varus. J Bone Joint Surg 1964;46B:445.
This article deals with family history, associated abnormalities, and
causes of clubfoot, metatarsus varus, and calcaneal valgus defor-
mity. This is an excellent review article on the epidemiology and
origin of these three foot conditions.

Köhler Disease

Ippolito E, Ricciardi Pollni PT, Falez’ F. Köhler’s disease of the
tarsal navicular: long-term follow-up of 12 cases. J Pediatr
Orthop 1984;4:416.
The authors report an average 33-year follow-up of 12 patients with
Köhler disease of the tarsal navicular. Complete restoration of nor-
mal navicular anatomy averaged 8 months. Treatment did not affect
the radiographic course of the disease. All patients reconstituted
normal navicular shape, were asymptomatic, and had no evidence of
degenerative joint disease.

Karp MG. Köhler’s disease of the tarsal scaphoid: an end-result
study. J Bone Joint Surg 1937;19:84.
The author reports 45 cases of Köhler disease of the tarsal navicular
(39 boys, 6 girls). Treatment had no effect on the radiographic
course of the disease. The radiographs of 50 normal children (25
boys, 25 girls) were evaluated for scaphoid development with radi-
ographs taken every 6 months from age 9 months to 4 years. In over
half the female patients, a well-developed ossific nucleus of the
scaphoid was apparent at 2 years of age; it was apparent by 3.5
years of age in all the patients. More than one-third of the male pa-
tients were older than 3.5 years of age before the scaphoid appeared.
The average age of appearance of the ossific nucleus for girls is 18
months to 2 years and for boys, 2.5 to 3 years of age. The author also
discussed ossification patterns of the scaphoid in relation to time of
appearance. The radiographic appearance is unrelated to the dura-
tion of symptoms or to treatment. Normal delayed development of
the appearance of the ossific nucleus to the scaphoid may simulate a
radiographic picture similar to that seen in Köhler disease.

Waugh W. The ossification and vascularization of the tarsal nav-
icular and their relation to Köhler’s disease. J Bone Joint Surg
1958;40B:765.
This article reports on an excellent study of the vascular supply to
the tarsal navicular and a radiographic study of 52 normal children’s
feet. Radiographs were taken at 6-month intervals between the ages
of 2 and 5 years to assess normal ossification patterns in the navicu-
lar. On the basis of the vascular injection studies and the clinical fol-
low-up, the author proposes that Köhler disease of the navicular is
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caused by compression of the bony nucleus at a critical phase during
the growth of a navicular whose appearance is delayed.

Williams GA, Cowell HR. Köhler’s disease of the tarsal navicu-
lar. Clin Orthop 1981;158:53.
The authors reviewed 20 patients with Köhler disease of the tarsal
navicular with an average follow-up of 9.5 years. All patients were
asymptomatic and had reconstituted the navicular to the normal
radiographic appearance. Short-leg casting significantly affected
the morbidity in patients, reducing the symptomatic period from 15
months (untreated patients) to less than 3 months.

Freiberg Infarction

Freiberg AH. The so-called infarction of the second metatarsal
bone. J Bone Joint Surg 1926;8:257.
The author, who described the origin of the condition in 1913,
discusses Köhler’s opinion that the cause of the condition is prob-
ably not traumatic. This is a classic paper.

Smillie IS. Freiberg’s infarction (Koehler’s second disease). J Bone
Joint Surg 1955;39B:580.
In this review of 41 cases, female patients predominated. The author
proposes a traumatic origin (i.e., stress fracture) for the disease.
Treatment options at various disease stages are discussed.

Sever Disease

Liberson A, Lieberson S, Mendes DG et al. Remodeling of the cal-
caneus apophysis in the growing child. J Pediatr Orthop
1995;4B:74.
The authors used radiographs and CT scans to compare the heels of
36 children with symptoms of calcaneal apophysis and 52 control
children. On lateral radiographs, increased density of the calcaneal
apophysis was noted in all heels. One or two radiolucent lines
(fragmentation) were noted in all of the painful heels but in only
27% of the heels in the control group. CT demonstrated normal in-
creased density with growth.

Micheli LJ, Ireland ML. Prevention and management of calcaneal
apophysitis in children: an overuse syndrome. J Pediatr Orthop
1987;7:34.
The authors present an excellent historical review and extensive
discussion on the differential diagnosis of heel pain in the child and
adolescent. The authors present a large series (85 children, 137
heels) of calcaneal apophysitis (Sever disease) treated by a physical
therapy program of lower-extremity stretching, particularly the
Achilles tendon, ankle dorsiflexion strengthening, and orthotics.
All patients were able to return to their sport of choice 2 months
after the diagnosis. The authors proposed that the cause of the con-
dition is an overuse syndrome.

Metatarsus Adductus

Berg EE. A reappraisal of metatarsus adductus and skewfoot. 
J Bone Joint Surg 1986;68A:1185.
The author describes a radiographic classification in 84 patients
with 124 feet with a minimal follow-up of 2 years. The study was
devised to determine prospectively whether radiographic evaluation
can provide better prognostic information than the usual clinical
criteria. The author proposes a four-group classification based on
the anteroposterior radiographs: simple metatarsus adductus, com-
plex metatarsus adductus, simple skewfoot, and complex skewfoot.
The author reports that all patients with complex skewfoot had flatfoot
at follow-up and that there was a strong association with the use of
Denis Browne splints and flatfoot deformity at follow-up. Ninety-
seven percent of untreated feet responded favorably. The period of
cast treatment for patients with complex skewfoot deformity was
required twice as long as for those with simple metatarsus adduc-
tus, and all had flatfoot at follow-up. This article includes an exten-
sive bibliography.

Bleck EE. Metatarsus adductus: classification relationship to out-
comes of treatment. J Pediatr Orthop 1983;3:2.
This was a retrospective study of the results of treatment of 160
children (265 feet) classified by flexibility according to the extent of
passive abduction of the forefoot against the stabilized hindfoot with
reference to the heel bisector. Results of treatment were statistically
significantly better when treatment was begun between the ages of
1 day and 8 months. The only significant predictor of a good outcome
was the age of the patient. The recurrence rate was 12%. Severity
and flexibility did not appear to affect the treatment outcome. This
is an excellent review of the subject with an extensive bibliography.

Farsetti P, Weinstein SL, Ponseti IV. The long-term functional and
radiographic outcomes of untreated and non-operatively
treated metatarsus adductus. J Bone Joint Surg 1994;76A:
257.
Thirty-one patients (45 feet) who had metatarsus adductus were
evaluated and followed for an average of 32 years and 6 months.
Twelve patients (16 feet) who had a passively correctable deformity
(mild or moderate) at the time of the initial presentation had no
treatment. Twenty patients (29 feet) who had a partly flexible or
rigid deformity (moderate or severe) at the time of the initial presen-
tation were managed with serial manipulation and application of
plaster holding casts. (One patient who had a bilateral deformity
had no treatment on one side and conservative management on the
other). The results were good in all 16 of the untreated feet and in 26
(90%) of the 29 feet that had been conservatively treated. There
were no poor results. The passively correctable deformities resolved
spontaneously. Radiographs showed an obliquity of the medial
cuneiform-metatarsal joint in 21 (68%) of the 31 feet that were
examined clinically and radiographically. Similar findings were
observed in four of 11 contralateral, normal feet. Hallux valgus was
not a common outcome. No patient had operative correction.

Clubfoot

Dietz F, Cooper DM. Treatment of idiopathic clubfoot: a thirty-year
follow-up note. J Bone Joint Surg 1995;77:1477.
Forty-five patients who had 71 congenital clubfeet were evaluated
at an average age of 34 years (range, 25 to 42 years). With the use
of pain and functional limitations as the outcome criteria, 35
(78%) of the 45 patients had an excellent or good outcome com-
pared with 82 (85%) of 97 individuals who did not have congeni-
tal deformity of the foot. The technique of treatment led to good
long-term results in patients who had clubfoot. The data suggest
that a sedentary occupation and avoidance of excessive weight
gain may improve the overall long-term result. Excessive weak-
ening of the triceps surae may predispose patients to a poor re-
sult. Therefore, it is prudent to avoid overlengthening of this
muscle. The outcome could not be predicted from the radiographic
result.

Ippolito E, Ponseti IV. Congenital club foot of the human fetus: a
histologic study. J Bone Joint Surg 1980;62A:8.
The authors present a superb review of the pathologic anatomy of
clubfoot, comparing five clubfeet with three normal control feet in
subjects of the same ages. The authors propose a retracting fibrosis
as the primary etiologic factor of clubfoot deformity.

Ponseti, IV. Current concepts Review treatment of congenital
club foot. J Bone Joint Surg 1992;74:448.
A good general review of the theory behind and the treatment proce-
dure for the correction of clubfoot by a method used at the Univer-
sity of Iowa for over 40 years.

Turco VJ. Resistant congenital clubfoot:—one-stage posteromedial
release with internal fixation. J Bone Joint Surg 1979;61A:805.
The author reports modifications of his original technique (most
widely used technique with surgical treatment of clubfoot) and end
results in 149 feet. The author reports that the best results and
fewest complications occurred in patients operated on between 1
and 2 years of age.
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Vanderwilde R, Staheli LT, Chew DE et al. Measurements on
radiographs of the foot in normal infants and children. J Bone
Joint Surg 1988;70A:407.
The authors present a radiographic review of feet of 74 normal
infants and children ranging in age from 6 to 127 months. The au-
thors present their results and compare these to results gleaned from
the literature in other studies of normal feet.

Wynne-Davies R. Genetic and environmental factors in the etiol-
ogy of talipes equinovarus. Clin Orthop 1972;84:9.
This review article on the epidemiologic and etiologic theories on id-
iopathic clubfoot should be read in conjunction with this author’s
article listed under Calcaneal Valgus.

Idiopathic Toe-Walking

Griffin PTP, Wheelhouse WW, Shiavi R et al. Habitual toe-walkers:
clinical and electromyographic gait analysis. J Bone Joint Surg
1977;59A:97.
The authors report a clinical and electromyographic study of six
children who are habitual toe-walkers compared to six otherwise
normal children walking on their toes. The abnormalities noted
on dynamic electromyograms reverted to normal in the habitual
toe-walkers after plaster cast treatment.

Hall JE, Salter RB, Bhalla SK. Congenital short tendo-calcaneus.
J Bone Joint Surg 1967;49B:695.
This is the first description in the literature of idiopathic toe-walking,
which the authors term congenital short tendo-calcaneus. The
authors reported on 20 patients with an average follow-up of 3 years
(range, 1.5 to 7 years), all treated by Achilles tendon lengthening.
All children were otherwise normal. The surgical outcome was good
in every patient.

Kalen V, Adler N, Bleck EE. Electromyography of idiopathic toe-
walking. J Pediatr Orthop 1986;6:31.
The authors report dynamic electromyograms in 18 patients with
idiopathic toe-walking as compared with normal children walking
on their toes and cerebral palsy children with equinus deformities.
Significant differences in phasic time were demonstrated between
cerebral palsy and idiopathic toe-walking patients versus controls,

but no significant differences were noted between idiopathic toe-
walkers and the cerebral palsy patients. Because of these gait abnor-
malities, the authors conclude that idiopathic toe-walking may be
due to an unknown nervous system deficiency.

Torsional Problems

Bleck EE. Developmental orthopaedics. III: toddlers Dev Med
Child Neurol 1982;24:533.
This excellent review article covers not only torsional abnormalities
but also angular deformities of the lower extremity. It includes
excellent references.

Hubbard DD, Staheli LT, Chew DE et al. Medial femoral torsion
in osteoarthritis. J Pediatr Orthop 1988;8:540.
The authors measured anteversion in 44 hips in 32 patients with
idiopathic osteoarthritis of the hip and compared this with measure-
ments in 98 normal adult hips. The differences in the two groups
were not significant. The authors did not find medial femoral tor-
sion associated with osteoarthritis of the hip.

Kitaoka HB, Weiner DS, Cook AJ et al. Relationship between
femoral anteversion and osteoarthritis of the hip. J Pediatr
Orthop 1989;9:396.
In a CT scanning study, the authors demonstrated no difference in
anteversion between osteoarthritis subjects and controls with ref-
erence to anteversion. They concluded that rotational femoral
osteotomies to prevent osteoarthritis are not warranted.

Staheli LT. Torsion-treatment indications. Clin Orthop 1989;
247:61.
The author briefly discusses rotational problems in infants and
children and presents the indications and methods of surgical treat-
ment in the rare cases that require operative intervention.

Staheli LT, Corbett M, Wyss C et al. Lower-extremity rotational
problems in children: normal values to guide in management. J
Bone Joint Surg 1985;67A:39.
The authors present the rotational profile and the normal values for
progression angle, medial rotation, lateral rotation, and thigh-foot
angle. This is a classic reference article for torsional deformities of
the lower extremity.
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The Adult Ankle and Foot

HALLUX VALGUS

A large proportion of clinical complaints of the foot center on the first metatar-
sophalangeal (MTP) joint. This articulation alone bears one-third of the weight of
the forefoot and helps stabilize the longitudinal arch through the attachment of
the plantar aponeurosis into its base. Immediately after the foot hits the ground
during ambulation, weight is rapidly transferred from the heel to the metatarsal
head region. As a step is taken, the toes are pushed into dorsiflexion. The plantar
aponeurosis, which arises from the medial tubercle of the calcaneus and inserts
into the base of the proximal phalanx, is pulled over the metatarsal head. In turn,
this passively depresses the metatarsal heads and raises the arch (Figure 21-1).
This construct is commonly called the “windlass mechanism” after the nautical
term for a device for raising a sail by pulling on a rope.

Any disorder of the first metatarsophalangeal joint has the potential to dis-
rupt this critical mechanical function. Weight is then transferred to the lesser
metatarsals, and secondary pathology in the remainder of the forefoot can de-
velop. Because of their significant implications for the function of the foot, disor-
ders of the hallux deserve special consideration.

671
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FIGURE 21-1. (A) Plantar aponeurosis. (1) Cross-section. (2) Division of plantar aponeurosis
around flexor tendons. (3) Components of the plantar pad and its insertion into the base of the proxi-
mal phalanx. (4) Toe in extension with the plantar pad drawn over the metatarsal head. (B) The wind-
lass mechanism functions by the passive dorsiflexion of the metatarsophalangeal joints in the last half
of the stance phase, which tightens the plantar aponeurosis and mechanically causes the longitudinal
arch to rise. This is probably the main stabilizer of the longitudinal arch of the foot. (A from Mann R,
Inman VT. Structure and function. In: Du Vries HL. Surgery of the Foot, 2nd Ed. St Louis: CV
Mosby, 1965)

The Deformity

Hallux valgus is among the most commonly encoun-
tered deformities of the forefoot. It is characterized by
lateral deviation of the first toe and, usually, by me-
dial deviation of the first metatarsal. It is commonly
known as a bunion deformity after the noticeable

prominence on the medial side of the foot. Patients
often confuse the medial prominence of hallux valgus
with the dorsal osteophyte of hallux rigidus and may
refer to both disorders as “bunions.”

In most cases, the development of hallux val-
gus can be directly related to constrictive shoe
wear. The disorder was essentially undescribed until
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the rise of fashionable shoes in France in the
1700s. Numerous surveys of foot deformities in
indigenous populations that go unshod demon-
strate almost a complete absence of hallux valgus
except its relatively rare congenital form. The nar-
row toe box and raised heel of modern women’s
shoe wear in particular appear to be the primary
culprits in the development of the problem.

Hallux valgus involves lateral deviation of the
hallux at the first MTP (Figure 21-2). The toe not
only deviates, but it also rotates into pronation. The
nail turns to face toward the instep. As these defor-
mities develop, the lateral capsule and the adduc-
tor hallucis tendon on the lateral side of the first
MTP joint become contracted. The medial capsule
becomes attenuated. In the majority of cases, the
first metatarsal itself deviates to the medial side, a
deformity known as metatarsus primus varus. While
this happens, the intermetatarsal ligament between
the second metatarsal head and lateral sesamoid

remains unchanged in length. The sesamoids there-
fore retain their original position with regard to the
rest of the foot and the first metatarsal head sublux-
ates off of them.

Conservative Management

Once the deformity of hallux valgus is established,
there is no conservative maneuver that will restore
the normal anatomy. Bunion night splints, toe spac-
ers, and orthotics have all proven unsuccessful.
Nevertheless, a large number of patients find relief
with simple shoe modifications. In general, shoes
should be made of soft material with a minimum of
seams over the medial side. The toe box should be
wide and accommodative, and the heel should be
minimal. If a patient has a significant transfer callus
under the second metatarsal head, an orthotic with
a metatarsal pad placed immediately behind the
painful site may provide relief.

Preoperative Evaluation of a Bunion

Although the simple conservative measures are simi-
lar regardless of the specifics of the deformity, a num-
ber of factors must be evaluated when choosing a
strategy for surgical correction. There are over 100 de-
scribed operations to correct hallux valgus, and the
choice of procedure is critical to a successful outcome.

The only appropriate indications for correction
of a bunion deformity are pain at the first MTP joint
itself or, occasionally, pain from secondary pathol-
ogy in the adjacent toes caused by overload and
crowding from the hallux. The complication rate in
bunion surgery is significant, and there is no role for
operations performed only for cosmesis or to allow
a return to highly constrictive shoe wear.

As with any surgery contemplated on the foot
and ankle, the neurovascular status is important.
Patients without palpable dorsalis pedis and tibialis
posterior pulses should be evaluated by Doppler
exam and, if necessary, referred to a vascular sur-
geon. Hallux valgus in particular can cause irrita-
tion of the dorsomedial cutaneous nerve of the
hallux, a sensory nerve on the dorsomedial aspect
of the toe. Its status should be assessed carefully.

On clinical examination, the motion of the MTP
should be assessed carefully. Almost all bunion pro-
cedures result in some loss of motion and the pa-
tient should be made aware of this outcome. In
many cases, a significant pes planus deformity

FIGURE 21-2. Radiograph of a hallux valgus deformity.
Note the lateral deviation of the proximal phalanx on the
metatarsal head, the medial deviation of the metatarsal head,
and subluxation of the sesamoids.
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FIGURE 21-3. Radiographic observations of the hallux valgus deformity. (A) Hallux valgus angle:
normal (less than 15°). Intermetatarsal angle: normal (less than 9°). (B) Distal metatarsal articular
angle (DMAA): normal (less than 10° lateral deviation). (C) Marked obliquity of the metatarso-
cuneiform joint should alert clinician to possible instability of this joint. (D) A congruent joint is one
in which there is no lateral subluxation of the proximal phalanx on the articular surface of the
metatarsal head. (E) The incongruent or subluxated joint has lateral deviation of the proximal phalanx
on the metatarsal head.

would need to be corrected simultaneously with the
hallux valgus and the status of the arch should be
evaluated. The stability of the first metatarsocunei-
form joint should be assessed by stabilizing the lat-
eral forefoot with one hand while dorsiflexing the
first ray separately with the other.

Weight-bearing radiographs of the foot are criti-
cal in the evaluation of the deformity (Figure 21-3).

The information that should be gleaned from the
films includes:

● The intermetatarsal angle formed by the axes of
the first and second metatarsals on the AP view.

● The hallux valgus angle formed by the axes of
the first metatarsal and the proximal phalanx
of the hallux.
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● The congruity of the joint. In other words,
does the articular surface of the proximal pha-
lanx line up with that of the metatarsal head
or is it subluxated?

● The distal metatarsal articular angle formed
by the alignment of the first metatarsal and the
margins of the joint surface of the first MTP.

● The presence or absence of deformity in the
hallux itself.

● The presence or absence of arthritis at the first
MTP or in the midfoot.

● The presence or absence of instability at the
first metatarsocuneiform joint.

● The relative lengths of the first and second
metatarsals.

Surgical Procedures

Most cases of hallux valgus severe enough to re-
quire surgical correction will involve a widened
intermetatarsal angle and an incongruent joint. The
magnitude of the intermetatarsal angle is the pri-
mary factor that drives the choice of surgical proce-
dure in these cases.

The Distal Soft Tissue Procedure 
(Modified McBride Procedure)

This procedure was historically used for mild
hallux valgus deformities with an intermetatarsal
angle of less than 13° (Figure 21-4). It involves releas-
ing the contracted lateral structures (the lateral cap-
sule, the adductor tendon, and the intermetatarsal
ligament) and imbricating the attenuated medial cap-
sule. As originally described by McBride, the proce-
dure also included resection of the lateral sesamoid.
This component of the procedure was abandoned
due to a significant rate of late hallux varus, and the
procedure is now known as the “modified” McBride
procedure. Although clinically successful for mild de-
formities, the distal soft tissue procedure performed
by itself is less commonly used than the Chevron pro-
cedure because of a tendency for some deformity re-
currence. Nevertheless, it is always performed in
conjunction with a proximal osteotomy or fusion for
correction of more severe deformities.

The Chevron Osteotomy

The Chevron osteotomy involves a V-shaped
cut in the metatarsal head that allows it to be dis-
placed up to 5 mm laterally (Figure 21-5). The me-
dial capsule is imbricated. Osteonecrosis of the

metatarsal head has been reported after the Chevron
procedure, and opinion varies as to whether it is
safe to perform a concurrent lateral release. In any
case, stripping of the lateral side of the metatarsal
head must be minimized when performing the
procedure.

The Chevron osteotomy is inherently stable and
is very well tolerated by patients. Because the
amount of displacement of the metatarsal head that
can be achieved is limited, the procedure is re-
stricted to correction of less severe deformities with
an intermetatarsal angle of less than 13°.

Proximal Osteotomies

More severe hallux valgus deformities with in-
termetatarsal angles of over 13° require greater cor-
rection of the angle of the first metatarsal. This
correction can only be achieved by an osteotomy at
the proximal end of the bone. Numerous osteotomy
techniques have been described, including the
curved (crescentic) osteotomy (Figure 21-6), a short
oblique (Ludloff) osteotomy, and a V-shaped (proxi-
mal Chevron) osteotomy. Long osteotomies involv-
ing the diaphysis of the bone have also been
described that can essentially accomplish the same
goals (the Mitchell osteotomy, the SCARF os-
teotomy). All have their own technical advantages
and pitfalls, and most surgeons become comfort-
able with one technique. In all cases, the toe is also
rebalanced with a distal soft tissue procedure. There
is no lower limit to the degree of deformity that can
be corrected with a proximal osteotomy, but the in-
trinsic stability of the distal Chevron makes it the
procedure of choice for most deformities of lesser
magnitude.

Special Cases

Not all hallux valgus deformities can be neatly cate-
gorized by the intermetatarsal angle alone. A num-
ber of unique exceptions to the usual surgical
strategies must also be accounted for.

Instability of the First Metatarsocuneiform Joint

Some patients will have capsular laxity at the
first metatarsocuneiform (MTC) joint that allows
the metatarsal to deviate dorsally and medially.
This can be detected both clinically and by the
presence of subluxation and angular deformity at
the first metatarsocuneiform joint on the lateral
weight-bearing radiograph (Figure 21-7). The true
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incidence of this problem continues to be a subject
of controversy, but it is felt to represent at least 3
to 5% of cases. If instability at the first MTC exists,
the joint must be fused in order to restore the
weight-bearing function of the first metatarsal
head. The metatarsal is positioned during the fu-
sion to correct the intermetatarsal angle and the toe
is rebalanced with a distal soft tissue procedure.
This combination of deformity correction, first
MTC fusion, and distal soft tissue release is called
the Lapidus procedure. The Lapidus procedure can

FIGURE 21-4. The distal soft tissue procedure. (A) The adductor tendon is released from its inser-
tion into the base of the proximal phalanx and fibular sesamoid. (B) The transverse metatarsal liga-
ment is transected and the lateral joint capsule released. (C) Through a longitudinal medial incision,
a portion of the medial joint capsule is excised. (D) The medial eminence is excised in line with the
medial aspect of the metatarsal shaft. (E) Preoperative radiograph. (F) Postoperative radiograph with
satisfactory realignment of the metatarsophalangeal joint. (Mann RA, Coughlin MJ. The Video Text-
book of Foot and Ankle Surgery. St Louis: Medical Video Productions, 1991)

also be used in cases in which the first metatar-
socuneiform joint is arthritic.

The Juvenile Bunion

Some patients will present with a hallux val-
gus deformity that has been present since their
adolescence. Typically the first MTP joint is con-
gruent, and the lateral deviation of the hallux is
due to the abnormal development of the joint in a
deviated position. Although it can be difficult to
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assess radiographically, the distal metatarsal articu-
lar angle (DMAA) will typically be above 10°. These
bunions are not due to shoe wear but rather to a con-
genital deformity.

An attempt to treat these cases without address-
ing the deviation of the joint surface may result in
creating an incongruent joint out of a congruent
one, resulting in stiffness and arthritis. The angle
between the joint surface and the metatarsal shaft
can be corrected by means of a closing-wedge mod-
ification of the Chevron osteotomy. More severe
cases require the addition of a proximal procedure
as well.

Hallux Valgus Interphalangeus

Occasionally the deviation of the hallux to-
ward the lateral side is due to a deformity at the
level of the interphalangeal joint of the hallux itself
rather than at the level of the MTP. The MTP joint

FIGURE 21-5. Chevron procedure.
(A) The apex of the chevron osteotomy
starts in the center of the metatarsal
head and is brought proximally. (B) The
osteotomy site is displaced laterally 20 to
30% of the width of the shaft. Preopera-
tive (C) and postoperative (D) radi-
ographs demonstrating the Chevron
osteotomy. (Mann RA, Coughlin MJ.
The Video Textbook of Foot and Ankle
Surgery. St Louis: Medical Video Pro-
ductions, 1991)

is congruent in these situations and the phalanx is
not deviated. This deformity of the toe can be cor-
rected by a closing-wedge osteotomy of the base of
the proximal phalanx, also called the Akin proce-
dure (Figure 21-8).

The Long Second Metatarsal

When a hallux valgus deformity is long stand-
ing and the second metatarsal projects significantly
more distally than the first, there is a great deal of
potential for overload pathology of the second
MTP joint. All the osteotomies and fusions in-
volved in hallux valgus correction involve shorten-
ing of the first ray at least by the kerf of the saw
blade. Because of this, patients who have a long
second metatarsal and preoperative transfer pain
may also require shortening of the second metatarsal
in addition to hallux valgus correction to more
fully rebalance the forefoot.
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FIGURE 21-6. Distal soft tissue
procedure with proximal crescen-
tic metatarsal osteotomy. (A) To
determine whether an osteotomy
is necessary after the soft tissue
release has been carried out, the
first metatarsal head is pushed
laterally. If there is any tendency
for the metatarsal head to spring
open, an osteotomy should be
considered. We add an os-
teotomy to the distal soft tissue
procedure about 85% of the
time. (B) The osteotomy site is
reduced by freeing the soft tis-
sues about the osteotomy and
displacing the proximal fragment
medially while pushing the
meta-tarsal head laterally. Preop-
erative (C) and postoperative (D)
radiographs demonstrating cor-
rection of a moderate hallux val-
gus deformity with a distal soft
tissue procedure and basal
metatarsal osteotomy. (Mann RA,
Coughlin MJ. The Video Text-
book of Foot and Ankle Surgery.
St Louis: Medical Video Produc-
tions, 1991)

HALLUX RIGIDUS

Primary degenerative arthrosis of the first metatar-
sophalangeal joint, frequently called hallux rigidus,
is a common problem. These patients develop a
large dorsal osteophytic ridge on the metatarsal
head, which results in an impingement of the proxi-
mal phalanx to dorsiflexion, limitation of motion,
and pain. As the arthritic process advances, the en-
tire joint becomes involved. During normal gait,
dorsiflexion occurs at the metatarsophalangeal
joint, and if there is an obstruction to the dorsiflex-
ion, then a significant impairment in gait may occur.
This is particularly bothersome in patients who en-
gage in athletics. The proliferative bone around the

metatarsal head can also result in significant in-
creased bulk of the joint, which makes wearing
shoes difficult.

The patient’s main complaint with early stage
hallux rigidus is that of pain with dorsiflexion of the
metatarsophalangeal joint. This pain is aggravated
by increased activities, particularly running and
other athletic endeavors. The patient may also com-
plain that, owing to the increased bulk of the joint,
wearing shoes is difficult. With advanced hallux
rigidus, an arthritic pain pattern of the first metatar-
sophalangeal joint predominates.

The physical examination frequently demon-
strates an abrasion or ulceration over the osteo-
phyte on the dorsal or dorsomedial aspect of the
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FIGURE 21-7. Subluxation of the first metatarsocuneiform joint demonstrated by plantar joint
widening suggestive of joint instability.

FIGURE 21-8. Akin procedure. (A) The medial eminence is excised, and a medially based wedge of
bone is removed from the proximal phalanx. Preoperative (B) and postoperative (C) radiographs
demonstrating an Akin procedure.

metatarsal head. The joint itself is enlarged, there is
synovial thickening, and there is significant tender-
ness around the joint, particularly along the lateral
aspect of the metatarsophalangeal joint and over
the dorsal ridge (Figure 21-9). There is usually sig-
nificant restriction of dorsiflexion, and occasionally

the proximal phalanx is held in a position of slight
plantar flexion if the deformity is severe. Forced
dorsiflexion of the joint causes pain. In advanced
presentation, motion may be severely limited. Pain
and crepitus is elicited throughout the remaining
arc of motion.
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FIGURE 21-9. (A and B) First metatarsophalangeal joint in a patient with hallux rigidus. Note the
increased bulk of the joint and marked osteophyte formation. (C) Lateral radiograph of a patient
with hallux rigidus, with a large dorsal osteophyte that mechanically blocks dorsiflexion of the prox-
imal phalanx.

The radiographs of the patient with hallux rigidus
are characteristic, demonstrating degenerative arthri-
tis of the metatarsophalangeal joint on the anteropos-
terior (AP) view. Besides the narrowing of the joint,
significant osteophyte formation is often present along
the lateral aspect of the joint. Medially, there rarely is
significant osteophyte formation. On the lateral view,
there is a dorsal osteophyte of varying degrees. Occa-
sionally, there is an osteophyte on the dorsal aspect of
the proximal phalanx as well. In advanced stages, the
entire joint space may be compromised. This contin-
uum of disease has been staged as follows:

Grade 1 (mild): joint space is maintained; mini-
mal bony proliferation or spurring on the
dorsal aspect of the joint present

Grade 2 (moderate): advanced proliferation of
dorsal spurring and more significant joint
space narrowing; proximal phalanx may
show dorsal spurring; reactive changes about
the joint; plantar joint space is preserved

Grade 3 (severe): advanced arthritis stage with
significant joint space narrowing and exten-
sive proliferative bone formation; loss of plan-
tar joint space

Management of patients with hallux rigidus in-
volves activity modification, shoe adjustments en-
suring adequate room for the metatarsophalangeal
joint, and stiffening the shoe by inserting either an
orthotic device or a piece of spring steel in the sole
to decrease dorsiflexion at the metatarsophalangeal
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joint. Occasionally, nonsteroidal anti-inflammatory
medications can be beneficial.

If conservative management fails, then surgical
intervention may be indicated if the neurovascular
status of the foot is satisfactory. The appropriate op-
erative procedure depends on the amount of arthro-
sis the patient demonstrates. For early stages of
hallux rigidus (grades 1 and 2), a cheilectomy pro-
cedure can be effective. Cheilectomy involves resec-
tion of the dorsal 20 to 30% of the metatarsal head
along with the osteophytes along the lateral side of
the metatarsal head. The principle is to relieve the
dorsal impingement of the proximal phalanx as
dorsiflexion occurs, which usually relieves most of
the pain. The procedure only reestablishes about
half of normal dorsiflexion but this is usually suffi-
cient to permit the patient to ambulate comfortably
and resume most activities.

Arthrodesis of the metatarsophalangeal joint is
an excellent procedure for patients who have severe
deformity or significant arthroses (grade 3 hallux
rigidus). Arthrodesis is also useful for patients who
have failed a previous cheilectomy and as a salvage
procedure for a failed bunion operation. The opti-
mal positioning of the arthrodesis is 15° of valgus
and 10 to 15° of dorsiflexion in relation to the plantar
aspect of the foot (or 25 to 30° of dorsiflexion in rela-
tion to the first metatarsal shaft, which is inclined in
a plantar direction about 20°) (Figure 21-10). After
arthrodesis, the patient can be ambulated in a post-
operative wooden shoe until the arthrodesis site is
solid, which is usually about 10 to 12 weeks after
surgery. The main complications of arthrodesis are
malalignment of the arthrodesis site and nonunion,
although uncommon. If sufficient valgus and dorsi-
flexion is not placed into the arthrodesis at the time
of surgery, excessive wear on the interphalangeal
joint occurs—a potential problem.

Occasionally, in an older person whose ambula-
tory capacity is limited, a Keller procedure can be
used for advanced hallux rigidus. In this procedure,
the proximal one-third of the proximal phalanx is
excised along with the dorsal osteophyte. The prob-
lem with this procedure is that it detaches the in-
trinsic muscles from the base of the phalanx, and as
a result, the toe may drift into dorsiflexion or possi-
bly varus or valgus. It is, however, useful in the
older patient with marginal circulation.

The use of a Silastic prosthesis to replace the
first metatarsophalangeal joint is rarely indicated
because stability of the joint is compromised,
which may result in a transfer lesion to the adja-
cent metatarsal head. The active movement of the

metatarsophalangeal joint is usually significantly
impaired because of the inability to reinsert the in-
trinsic muscles once the prosthesis has been
placed. At times, there is a reaction to the pros-
thetic materials and a silicon synovitis results. The
life expectancy of a prosthesis is rarely more than 5
years. Therefore, it should not be used in any pa-
tient who is young and expects to place a great
deal of stress on the metatarsophalangeal joint.

DISORDERS OF THE LESSER TOES

Lesser toe deformities are afflictions of the toes
other than the great toe. They include mallet toe,
hammertoe, and claw toe deformities. Hard and
soft corns also occur on the lesser toes. The underly-
ing cause is generally idiopathic or a combination of
improper shoe wear. Subtle or overt neuropathy
may be contributory. The general patterns of lesser
toe deformities are described below:

Mallet toe: characterized by a fixed flexion de-
formity of the distal interphalangeal joint,
usually involving the second toe but possibly
involving the third or fourth toes.

Hammertoe: characterized by a flexion defor-
mity of the proximal interphalangeal joint,
which may be either fixed or flexible. The
fixed deformity is one in which the proximal
interphalangeal joint cannot be straightened,
and a flexible deformity is one in which the
proximal interphalangeal joint can be brought
back into anatomic alignment.

Claw toe: characterized by a deformity consist-
ing of the aforementioned mallet toe or ham-
mertoe deformities along with dorsiflexion
at the metatarsophalangeal joint. This defor-
mity may involve a single metatarsopha-
langeal joint or multiple metatarsophalangeal
joints. The deformities can be either fixed or
flexible.

Symptoms generally arise secondary to irritation
from abnormal positioning. Mallet toes usually re-
sult in pain on the tip of the toe secondary to pres-
sure from the ground or pain over the distal
interphalangeal joint region secondary to pressure
against the shoe. With hammertoes, pain occurs
over the tip of the toe and over the proximal inter-
phalangeal joint. The patient may develop callus
formation beneath the tip of the toe or over the
proximal interphalangeal joint region. Claw toes
cause pain over the proximal interphalangeal joint
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region where the toes strike the top of the shoe. If
the hyperextension deformity is severe at the
metatarsophalangeal joint, progressive dorsiflexion
of the proximal phalanx with depression of the
metatarsal heads occurs causing plantar metatarsal
head prominence. Increased load over the promi-
nence leads to callus formation and pain.

The conservative management of lesser toe de-
formities consists of adequate padding, offloading
with orthotic management, and shoe wear modifi-
cations with an adequate shoe box to provide suffi-
cient space for the toes. Orthotic management may
be accomplished by simple (i.e., metatarsal pads) or
complex (i.e., custom orthotics with offloading bars)
means with good results.

The operative treatment of lesser toe deformities
can be undertaken when conservative measures fail
to provide relief. The goal is to realign the toes at all

involved levels to a more anatomic alignment, elimi-
nating prominent sources of irritation. The operative
treatment of a mallet toe consists of removing the
distal portion of the middle phalanx, which decom-
presses the distal interphalangeal joint (Figure 21-11).
If the deformity is extremely fixed, then a release of
the flexor digitorum longus tendon may also be car-
ried out. The operative treatment of a hammertoe
consists of excising the distal portion of the proximal
phalanx and then holding the toe in correct align-
ment for about 6 weeks, until a satisfactory fibrous
union has occurred (Figure 21-12). Arthrodesis of the
proximal interphalangeal joint can be attempted, al-
though the fusion rate is low (about 50%). For this
reason, usually a fibrous union is the procedure of
choice. Claw toes require correction of the hammer
toe or mallet toe deformity as described above as
well as addressing the metatarsophalangeal joint

FIGURE 21-10. Arthrodesis of the metatarsophalangeal joint. Proper alignment of the arthrodesed
joint is 15° of valgus (A) and 30° of dorsiflexion (B) in relation to the first metatarsal shaft, which
translates to about 10 to 15° of dorsiflexion in relation to the ground. Preoperative (C) and postoper-
ative (D and E) radiographs of an arthrodesis of the first metatarsophalangeal joint using plate fixa-
tion. (Mann RA, Coughlin MJ. The Video Textbook of Foot and Ankle Surgery. St Louis: Medical
Video Productions, 1991)
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FIGURE 21-12. Fixed hammertoe repair. (A) Resection of
the condyles of the proximal phalanx. (B) Intramedullary
Kirschner wire fixation. (Mann RA, Coughlin MJ. The
Video Textbook of Foot and Ankle Surgery. St Louis: Med-
ical Video Productions, 1991)

FIGURE 21-11. Mallet toe repair. (A) Resection of the
condyles of the middle phalanx. (B) Intramedullary Kirschner
wire fixation. (Mann RA, Coughlin MJ. The Video Textbook
of Foot and Ankle Surgery. St Louis Medical Video Produc-
tions, 1991)

FIGURE 21-13. Fixed claw toe repair. (A) Excision of the
condyles of the proximal phalanx, metatarsophalangeal joint
capsular release, and extensor tenotomy. (B) Intramedullary
Kirschner wire fixation stabilizes the toe. (Mann RA,
Coughlin MJ. The Video Textbook of Foot and Ankle
Surgery. St Louis: Medical Video Productions, 1991)

deformity (Figure 21-13). If the patient has a fixed de-
formity, then release of the contracted structures on
the dorsal aspect of the metatarsophalangeal joint,
which consists of both extensor tendons, the joint
capsule, and the collateral ligaments, is undertaken
to straighten the contracture at the metatarsopha-
langeal joint. A Girdlestone flexor tendon transfer, in
which the flexor digitorum longus tendon is trans-
posed to the dorsal aspect of the proximal phalanx, is
carried out to provide increased plantar flexion pull

at the metatarsophalangeal joint region. In these
cases, pin fixation is often used to maintain satisfac-
tory alignment of the corrected hammertoe and
metatarsophalangeal joint until the soft tissues have
had a chance to heal. If the deformity is a dynamic
one and does not involve any fixed deformity, then a
Girdlestone flexor tendon transfer alone may pro-
duce a satisfactory clinical result.

DISORDERS OF THE LESSER
METATARSOPHALANGEAL JOINTS

Metatarsalgia is a generalized term for pain be-
neath the metatarsal head region. During normal
walking, maximal pressure is applied to the
metatarsal region for 50 to 60% of the stance time.
As a result, any type of abnormality in this area
may cause the patient significant disability. Most
commonly, metatarsalgia is secondary to a prob-
lem at the metatarsophalangeal joint level. This
may be a primary bony problem, joint problem, or
less commonly other causative dysfunction may
exist. Dysfunction of the metatarsophalangeal
joint may be secondary to synovitis associated
with inflammatory arthropathy, nonspecific syn-
ovitis, plantar plate degeneration, Freiberg infarc-
tion, or dysfunction secondary to subluxation or
dislocation of the metatarsophalangeal joint. In
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FIGURE 21-14. Subluxation of the second metatarsopha-
langeal joint in a dorsomedial direction.

many patients, metatarsalgia can be treated con-
servatively by obtaining a shoe of adequate size
and then adequately padding the metatarsal area
to relieve the areas of maximal pain. At times,
however, this conservative management fails, and
operative intervention is indicated.

Nonspecific synovitis is a condition in which the
patient develops synovial proliferation around the
second metatarsophalangeal joint. This usually
starts spontaneously, and patients often feel as if
they are walking on a painful lump on the bottom of
the foot. The physical examination demonstrates
generalized synovial thickening around the metatar-
sophalangeal joint. This is sometimes associated with
a hammertoe. This condition often responds to con-
servative management consisting of adequate shoes
and padding and nonsteroidal anti-inflammatory
medications. Occasionally, injection of corticosteroid
into the joint relieves the condition. If the condition
persists, synovectomy of the metatarsophalangeal
joint should be considered. At times, this condition
results in a patient developing a subluxation of the
metatarsophalangeal joint frequently associated
with a fixed hammertoe deformity. If symptomatic,
this deformity additionally requires correction as
discussed previously.

Degeneration of the plantar plate occurs occa-
sionally and is due to cystic changes in the dense
plantar plate, which helps to stabilize the metatar-
sophalangeal joint. It is associated with pain beneath
the metatarsal head and often a progressive cocking-
up of the metatarsophalangeal joint may develop.
Usually, patients do not develop the generalized
synovial reaction noted in patients with nonspecific
synovitis. The problem can usually be handled con-
servatively, although occasionally arthroplasty of
the metatarsophalangeal joint is indicated.

Subluxations and dislocations of the metatar-
sophalangeal joint are due to multiple causes, in-
cluding degeneration of the plantar plate, which
permits the extensor tendons to pull the proximal
phalanx up into dorsiflexion; chronic pressure of
the great toe against the second toe, which may re-
sult in a dislocated second metatarsophalangeal
joint; nonspecific synovitis; or an undetermined
cause. When a severe subluxation or dislocation oc-
curs, the proximal phalanx pushes the metatarsal
head into a plantar position (Figure 21-14). As a re-
sult, pain and often a large callus develop beneath
the metatarsal head. The patient often complains of
pain over the dorsal aspect of the toe as well be-
cause this strikes the top of the shoe. Under these
circumstances, conservative management consists

of a shoe with an adequate toe box to alleviate the
pressure on the toe and metatarsal head along with
adequate padding to relieve the pressure beneath the
metatarsal head. If conservative measures fail, then
an operative procedure to reduce the metatarsopha-
langeal joint may be indicated. These procedures are
often successful in alleviating this condition.

Freiberg infarction is an avascular necrosis of
unknown origin that occurs in the metatarsal head.
This infarction results in collapse of the metatar-
sophalangeal joint (Figure 21-15). This process is
often associated with generalized discomfort
around the joint, and the joint may develop a sig-
nificant synovial reaction or enlargement due to
collapse of the bony structures. This condition can
often be managed conservatively with adequate
shoes and padding, although nonsteroidal anti-
inflammatory medications are useful during the
acute phases. If the problem significantly limits the
patient, arthroplasty may be indicated to remove
some of the proliferative bone about the joint.

In inflammatory arthropathy, such as rheumatoid
arthritis, psoriatic arthritis, or gout, proliferative syn-
ovial tissue develops around the metatarsophalangeal
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FIGURE 21-16. An extra-depth shoe provides extra room
in the toe box as well as extra width to accommodate a de-
formed foot.

FIGURE 21-15. Radiograph of Freiberg infraction involv-
ing the second metatarsal head. This is an avascular necrosis
of undetermined cause producing collapse of the metatarsal
head.

joint, which results in an enlargement of the joint as
well as a significant inflammatory response by the
body. Under these circumstances, placing pressure on
the metatarsal head region causes the patient signifi-
cant discomfort and may make walking extremely
difficult. Gout is usually localized to the first metatar-
sophalangeal joint, whereas rheumatoid and psoriatic
arthritis involve multiple metatarsophalangeal joints.

Conservative management of this problem in-
volves placing the patient into an adequate shoe,
often extra-depth shoe that has a large toe box with
enough room for the patient’s forefoot deformities
and for an orthotic device to help relieve the stress
on the metatarsal heads (Figure 21-16). Gout can
often be handled therapeutically, although in some
cases with large tophaceous deposits, alteration in
shoe wear is necessary.

If the conservative management fails, then a fore-
foot reconstructive procedure should be considered.
The early joint changes begin with a synovitis-type

picture, and over time, the deformities may progress
to subluxations and dislocations. This process, partic-
ularly in the rheumatoid forefoot, can be helped if
synovectomies of the metatarsophalangeal joints are
performed before significant capsular destruction has
occurred. For advanced rheumatoid forefoot defor-
mity, arthrodesis of the first metatarsophalangeal
joint to deformity and lesser metatarsophalangeal
joints’ decompression by surgical resection of the
metatarsal heads is the procedure of choice (Figure
21-17). This procedure allows the fat pad to be drawn
back down onto the plantar aspect of the foot and cre-
ates a soft cushion for the foot that relieves the
metatarsalgia. The lesser toe deformities are corrected
by manual osteoclasis and pinning, which corrects
the fixed deformities. After this procedure, patients
often have increased ambulatory capacity and can
wear store-bought shoes.

Pain over the plantar metatarsal head may be
due to a prominent fibular condyle, a long metatarsal
(Figure 21-18), a so-called Morton foot in which the
first metatarsal is short, a hypermobile first ray in
which the first metatarsocuneiform joint is of insuffi-
cient stability to provide adequate weight bearing, or
after trauma in which a metatarsal may be pushed
into a plantar or dorsal angulation. Occasionally,
after metatarsal surgery to alleviate pressure on one
metatarsal, a condition known as a transfer lesion may
occur. This results in pressure beneath the adjacent
metatarsal head due to lack of weight bearing on the
previously operated metatarsal. In most of these
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FIGURE 21-17. A rheumatoid foot.
(A) Preoperative radiograph of typi-
cal rheumatoid changes with a severe
hallux valgus deformity and subluxa-
tion and dislocation of the lesser
metatarsophalangeal joints. (B) Re-
construction using an arthrodesis of
the first metatarsophalangeal joint
and arthroplasties of the lesser
metatarsophalangeal joints.

cases, a callus develops beneath the prominent
metatarsal head, which is usually the source of
the patient’s pain. Conservative treatment in-
volves modifications to provide adequate padding
around the area to alleviate the pressure on the
involved metatarsal head. If this fails, then a sur-
gical procedure may be indicated either to relieve
the prominence or to elevate or shorten the
metatarsal and correct any associated joint defor-
mity. One such procedure is the Weil osteotomy,
which involves an extra-articular osteotomy of
the distal metatarsal allowing decompression and
shortening, relieving plantar prominence and joint
subluxation.

SOFT TISSUE DISORDERS 
OF THE FOREFOOT

Forefoot pain due to dermatologic problems can
often be a significant cause of discomfort for the
patient. The most frequently encountered problems
include hard or soft corns, plantar warts, seed
corns, or hyperkeratotic skin. A wart is a vascular
lesion secondary to a virus and can be differentiated
from keratotic skin by carefully trimming the area
and observing small punctate bleeders secondary to
the fine end arteries, which are present in a wart
and not in a keratotic lesion. Treatment includes

FIGURE 21-18. The presence of a long second metatarsal
in the forefoot metatarsal cascade results in excessive pres-
sure beneath metatarsal head, which may predispose to
“metatarsalgia” pain.
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dermal burning with liquid nitrogen; by using Can-
tharone, which after multiple applications usually
relieves the wart; or occasionally by curettage.
Burning the bottom of the foot with electrocautery
or surgically excising the wart are not recom-
mended unless other options fail, because they re-
sult in a scar on the plantar aspect of the foot, which
may become symptomatic.

A seed corn is a small invagination of skin that re-
sults in a small keratotic lesion, which at times can be
painful. These usually can be managed by trimming
the lesion; or if this fails, curettage may alleviate it.
Hyperkeratotic skin is observed in some patients and
is probably due to a biochemical abnormality that is
poorly understood. In these patients, surgical inter-
vention is not indicated; rather, frequent trimming of
the hyperkeratotic skin usually is adequate treatment
and often can be taught to the patient.

A corn is a keratotic lesion that develops on the
skin in response to pressure against the skin by an
external force (a shoe). As a general rule, a small
bony prominence, termed an exostosis, lies beneath
the skin, and the shoe covering the foot chafes
against this area. Corns are divided into hard and
soft corns, depending on their location. A hard corn
occurs between the skin and the shoe, whereas a
soft corn occurs between one toe and an adjacent
toe. In both cases, however, the cause is due to an
underlying exostosis. The patient’s main complaint
is that of buildup of hypertrophic skin over the ex-
ostosis. In time, this may become rather large and
painful. The conservative management is to trim
the lesion and place a soft support around it to alle-
viate the pressure on the involved area. Usually, a
broader, softer shoe helps to accommodate this
problem. If conservative management fails, then a
surgical procedure may be undertaken that re-
moves the offending prominence.

Other soft tissue problems resulting in forefoot
pain include atrophy of the plantar fat pad, synovial
cyst arising from the metatarsophalangeal joint, soft
tissue tumors such as a lipoma, permanent changes
secondary to a crush injury, or a plantar scar sec-
ondary to trauma. Atrophy of the plantar fat pad
occurs most frequently in older people and can
present a significant problem for the patient. Be-
cause of loss of adequate padding beneath the
metatarsal heads, some callus formation often re-
sults, and the metatarsal heads are sensitive to
weight bearing. Unfortunately, there is no way to
remedy this situation other than to place the patient
in a soft-soled shoe with adequate support in the
metatarsal area to alleviate the discomfort.

A soft tissue tumor such as a lipoma can also
produce metatarsalgia due to its physical promi-
nence. If this fails to respond to conservative man-
agement, such as adequate padding and shoe wear,
surgical excision may be carried out.

PES PLANUS (FLATFOOT)

Flatfoot is a global term with multiple potential ori-
gins. The presence of pes planus itself is not neces-
sarily pathologic. Rather, it is a sign that the
underlying cause of the foot deformity should be
explored in order to guide treatment. An attempt
should be made to differentiate between a congeni-
tal versus acquired condition, after which specific
diagnoses within each category may be considered.
Asymptomatic flexible flatfoot is extremely preva-
lent, generally requires no treatment, and can be
considered a normal variant of foot architecture.

Physical examination demonstrates a dimin-
ished longitudinal arch and assessment of align-
ment reveals excessive hindfoot valgus and forefoot
abduction. From behind, the excessive forefoot ab-
duction is demonstrated as the “too many toes”
sign, in which an excess of the toes are visualized
because of the marked abduction of the forefoot
(Figure 21-19). Patients should be thoroughly ac-
cessed for motion limitations, particularly of the
subtalar joint, which may suggest an underlying
coalition. Posterior tibial tendon strength and func-
tion should be accessed. When testing the posterior
tibial tendon, the foot should begin in a plantar-
flexed and everted position. The patient should
then be asked to invert the foot against the exam-
iner’s resistance from this position, eliminating the
inversion power of the anterior tibial tendon, which
may mask posterior tibial tendon weakness. The
ability to perform multiple single heel-rises with
initiation of heel inversion confirms intact posterior
tibial tendon function (Figure 21-20).

The weight-bearing radiographic findings in
the evaluation of a patient with pes planus are pres-
ent irrespective of the underlying cause. On the lat-
eral radiograph, a line drawn through the long axis
of the talus should nearly bisect the navicular and
first metatarsal shaft (Figure 21-21). Mild flatfoot is
indicated by a sag in this line of up to 15°; a sag
from 15 to 40° indicates moderate flatfoot; and a sag
greater than 40° indicates severe flatfoot. In the AP ra-
diograph, a line drawn through the long axis of the
talus and calcaneus should measure about 15°. An
increase in this angle indicates varying degrees of
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FIGURE 21-19. Clinical examination finding of “too many
toes” sign consistent with excessive hindfoot valgus and
forefoot abduction resultant from posterior tibial tendon
dysfunction.

FIGURE 21-20. Clinical ex-
amination demonstrating heel
inversion with a single heel-
rise consistent with intact pos-
terior tibial tendon function.

The most common causes of congenital pes
planus include asymptomatic flexible pes planus,
tarsal coalition (peroneal spastic flatfoot), and
residual congenital deformity (i.e., residual club-
foot). Asymptomatic flexible pes planus is a varia-
tion of normal foot architecture. This diagnosis
generally requires no treatment beyond simple re-
assurance. Conservative treatment for sympto-
matic patients involves fitting the foot with a firm
shoe that has an extended medial counter to help
support the talonavicular joint, a medial heel
wedge to help tilt the heel into a neutral position,
or a well-molded, semiflexible arch support to fur-
ther support the longitudinal arch. These treat-
ment modalities suffice in most patients with
symptomatic hypermobile flatfoot of congenital
origin. If surgery becomes necessary, it is usually
in the form of extra-articular osteotomies meant to
improve hindfoot alignment (i.e., lateral column
lengthening procedures). Rarely, stabilization of
the foot with arthrodesis of the joints of the hind-
foot may be necessary. The surgeon must always
be cautious, however, when carrying out a stabi-
lization procedure of the hindfoot because an ex-
cessively flexible foot is being replaced with a rigid
foot, and this does not always ensure that the pa-
tient will become asymptomatic. In contrast to hy-
permobile congenital flatfoot, patients with tarsal
coalition as a cause of congenital pes planus
demonstrate a limitation of tibiotalar, subtalar, or
transverse tarsal joint range of motion. This is a
condition created by a failure of segmentation of

flatfoot. Observation of the talonavicular joint
demonstrates lateral subluxation of the navicular
off the head of the talus (Figure 21-21). Associated
radiographic findings may suggest the specific un-
derlying cause of the deformity (i.e., midfoot
arthrosis, tarsal coalition).
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FIGURE 21-21. Radiographs of the flatfoot deformity. (A) Normal lateral radiograph demonstrating
the relation between the long axis of the talus and first metatarsal. (B) In the flatfoot deformity, there
is a sagging of the talonavicular joint. (C) In the AP view, there should be a straight line relation be-
tween the long axis of the talus and first metatarsal. In flatfoot, this line is disrupted, and there is me-
dial deviation of the head of the talus.

the tarsal bones in early development (Figure 21-22).
Most often, the talocalcaneal and calcaneonavicular
joints are affected. Incidence is reported to be less
then 1%, and bilateral coalitions may be present in
approximately 50% of those affected. Afflicted indi-
viduals notice the condition in adolescence, as the
coalition may mature from a cartilaginous to a
bony interface and cause symptomatic mechanical
irritation. Pain along the peroneal muscles may be
present and this is thought to be due to the pa-
tient’s attempt to compensate and correct the over-
all hindfoot alignment. It is this latter symptom
that lends an alternative name to tarsal coalition:
peroneal spastic flatfoot. The acute treatment of a
symptomatic coalition is based on relieving the
stress at the site of the coalition, generally best per-
formed with immobilization. Patients who have re-
current symptoms despite conservative care may
require surgical resection or fusion of the involved
areas of the coalition.

The most common causes of acquired pes
planus include posterior tibial tendon dysfunction
(PTTD) and midfoot arthrosis. These patients can be
differentiated from those with congenital flatfoot by
history. Patients with acquired flatfoot had at one
time a normal architecture of the foot and have since
suffered progressive collapse to flatfoot deformity.
PTTD is the most common cause of adult acquired
flatfoot deformity. The process is initiated by
tenosynovitis with progressive inflammation that
subsequently causes enlargement and fraying of the
tendon, which may progress to frank rupture. As the
tendon weakens, the hindfoot demonstrates valgus
malalignment secondary to medial column struc-
tural laxity. In addition, forefoot abduction occurs.

Four stages of PTTD exist: Stage 1 PTTD
demonstrates mild pain along the tendon. The pa-
tient retains strength as demonstrated by a pre-
served ability to perform a single heel-rise. This is
the tenosynovitis or tendonitis stage and the patient
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FIGURE 21-22. Tarsal coalitions. (A) Talocalcaneal middle facet coalition (arrow). (B) Calcaneonavicular coalition.
(C) Changes secondary to a tarsal coalition consist of beaking and irregularity of the talonavicular joint, abnormal appear-
ance of the subtalar joint, and lack of dorsiflexion pitch to the calcaneus.

can generally be managed nonoperatively with a
period of immobilization. In no instance should the
tendon be injected with corticosteroid, for a number
of studies suggest an increased risk of tendon rup-
ture (as high as 25%) with steroid administration. If
symptoms persist, a tenosynovectomy of the poste-
rior tibial tendon sheath should be performed to
prevent progression of disease. Stage 2 PTTD is
characterized by pain along the tendon, inability to
perform a single heel-rise or initiate inversion of the
heel on heel rise, and postural foot changes (exces-
sive hindfoot valgus or forefoot abduction). The
foot does, however, remain supple and motion is re-
tained. This is the “flexible” stage, and the tendon is
generally no longer functional. Nonoperative treat-
ment can produce acceptable results with aggres-
sive orthotic management and potentially the
long-term use of a solid plastic ankle-foot orthosis,
particularly in elderly patients. Many patients,
however, improve only with surgical intervention.
The most common surgical procedures include pos-
terior tibial tendon debridement, tendon transfer
(i.e., flexor digitorum longus [FDL] transfer), and

extra-articular osteotomy procedures to correct
bony malalignment (i.e., medial calcaneal slide, lat-
eral column lengthening procedures). Stage 3 PTTD
is defined by fixed postural abnormalities second-
ary to severe chronic malalignment and joint in-
volvement. This is the “rigid” stage and cannot be
managed effectively surgically with extra-articular
alignment correction or soft tissue procedures
alone. If the patient fails nonoperative manage-
ment, hindfoot arthrodesis is required (selective or
triple arthrodesis procedures) to correct the foot to a
plantigrade position. Stage 4 PTTD includes the
rigid hindfoot changes and additionally involves
the tibiotalar joint. If orthotic treatment is ineffec-
tive, pantalar fusion (ankle arthrodesis and triple
arthrodesis) is required.

Posttraumatic deformity of the hindfoot or mid-
foot can cause a symptomatic acquired flatfoot defor-
mity. Individuals sustaining a calcaneus or talus
fracture may develop hindfoot valgus and collapse of
the transverse tarsal joints leading to a flatfoot pos-
ture. Primary or posttraumatic midfoot arthrosis may
lead to a collapse of the arch and pain (Figure 21-23).
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FIGURE 21-23. Radiographs of
midfoot arthrosis. (A) Lateral views
demonstrating midfoot arthritic change
and collapse. The normal talus to first
metatarsal relationship is altered, con-
sistent with flatfoot deformity. (B) In
the AP view, the midfoot arthrosis at
the second and third tarsometatarsal
joints is noted. (C and D) Postopera-
tive radiographs demonstrating a sat-
isfactory selective midfoot fusion
using screw fixation.

A
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FIGURE 21-24. Radiographs of the cavus foot. (A) Marked
dorsiflexion pitch of the calcaneus. Normal calcaneal pitch is
20 to 40°. (B) Forefoot equinus resulting in a cavus foot.
Note the almost normal-appearing pitch to the calcaneus.
(Mann RA, Coughlin MJ. The Video Textbook of Foot and
Ankle Surgery. St Louis: Medical Video Productions, 1991)

These deformities may be the direct result of the frac-
ture and residual deformity, or it may be secondary to
collapse following the development of arthrosis. The
treatment for this complication must be individual-
ized given the flexibility and severity of the deformity.
Simple arch supports, University of California Berkeley
Laboratories (UCBL) inserts, or an ankle-foot orthosis
may be sufficient. Surgical stabilization generally in-
volves arthrodesis with interposition of bone graft to
lengthen collapsed joints and restore overall foot
alignment.

PES CAVUS

A cavus, or high-arched, foot is the opposite of a flat-
foot deformity. The foot is often stiff, and the ele-
vated arch does not normalize with weight bearing.
The deformity itself may have primarily a hindfoot
basis, a forefoot basis, or a combination of both.
There should be high index of suspicion for an un-
derlying neuromuscular disorder, although the most
common cause is idiopathic. Any new onset presen-
tation should be considered evidence of a possible
spinal cord lesion until proven otherwise. The neu-
romuscular origins associated with a cavus foot in-
clude Charcot-Marie-Tooth and polio. Congenital
causes (i.e., clubfoot residual) and posttraumatic
causes (i.e., compartment syndrome sequelae) may
also cause the deformity.

Patients present with pain due to the abnormal
distribution of weight and decreased surface area
present for weight bearing. The rigid deformity
compounds the problem as the foot is unable to ab-
sorb the weight-bearing impact. As progressive de-
formity develops, patients may experience pain on
the lateral aspect of the foot, over the fifth
metatarsal head, and with severe hindfoot varus
secondary ankle instability complaints.

On physical examination, the patient with a
cavus deformity demonstrates a high arch while
standing, which is associated with a varus deformity
of the heel, adduction of the forefoot, and often
clawing of the toes. The foot frequently is rigid with
restricted motion in all the joints, fixed dorsiflexion
contracture of the metatarsophalangeal joints, and
fixed hammering of the proximal interphalangeal
joints. Muscle testing is essential to determine the
cause of the deformity, as most cases are due to
hindfoot or forefoot muscle imbalances. This testing
allows for localization of deformity and for accurate
surgical planning if tendon transfer procedures are
being considered. The degree of rigidity of the hind-
foot varus can be assessed with the Coleman block

test. The heel is placed on a block of wood and the
forefoot is allowed to contact the ground, leaving the
hindfoot unrestricted. If the hindfoot varus corrects
to neutral, the deformity is considered flexible. In a
rigid deformity, the hindfoot varus will not correct.

Weight-bearing radiographs of the foot should
be obtained to determine the source of the deformity.
Primary hindfoot cavus will demonstrate an ele-
vated calcaneal pitch angle with an increased pitch of
the calcaneus in relation to the floor of greater than
30°, a normal talometatarsal angle, an elevated longi-
tudinal arch, and forefoot supination (Figure 21-24).
Forefoot cavus will demonstrate a normal calcaneal
pitch angle, an elevated arch, loss of alignment of the
talometatarsal angle, and increased forefoot plantar
flexion.

The nonoperative treatment of the cavus foot is
usually to provide an accommodative shoe with ade-
quate support and cushioning to help absorb some of
the impact of ground contact. If a neurologic disorder
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FIGURE 21-25. Operative correction of a cavus foot.
(A) Preoperative deformity demonstrating the increased dor-
siflexion pitch of the calcaneus and mild equinus of the fore-
foot. (B) Postoperative radiograph after a calcaneal osteotomy
permitting dorsiflexion of the proximal fragment, dorsiflexion
osteotomy of the first metatarsal, release of the plantar fascia,
and fusion of the interphalangeal joint of the great toe. The
longitudinal arch has been lengthened as a result of this pro-
cedure. (Mann RA, Coughlin MJ. The Video Textbook of
Foot and Ankle Surgery. St Louis: Medical Video Produc-
tions, 1991)] 

exists, a polypropylene ankle-foot orthosis (AFO)
may be necessary to provide stability. Surgical treat-
ment of the cavus foot depends on the precise cause
of the problem. The main goals of surgery are to pro-
duce a plantigrade foot and, if possible, to lower the
longitudinal arch. The type of surgical procedure in-
dicated depends on the specific bony abnormality
present and the location of the maximal deformity.
Correction should be performed with extra-articular
osteotomies with or without tendon transfers at the
sites of involvement (i.e., Dwyer calcaneal osteo-
tomy, first metatarsal osteotomy, and plantar fascia
release) (Figure 21-25). For patients with severe de-
formity or with progressive neurologic disease,
arthrodesis procedures may be optimal. The goal of
all of the surgical procedures is a plantigrade foot,
which is stable for weight-bearing.

ARTHROSIS OF THE FOOT 
AND ANKLE

Arthrosis of the foot and ankle may be primary or
secondary. Although primary arthrosis of the ankle
and subtalar joint is uncommon, it does occur in the
talonavicular, tarsometatarsal, and first metatar-
sophalangeal joints. Why some joints are affected
by primary arthroses and others are usually af-
fected after trauma remains an enigma. Because the
foot and ankle are weight-bearing structures, joint
afflictions may severely limit a person’s ability to
remain functional. As a general rule, the diagnosis
of arthrosis is not difficult to make, and in most
cases conservative management can benefit the pa-
tient. If conservative management fails, then stabi-
lization of the involved joint may be considered.

Ankle Joint

The ankle joint is rarely afflicted with primary
arthrosis, but after an ankle fracture or other vari-
ous traumas to the ankle joint, degenerative arthri-
tis can occur. The patient complains of pain that is
well localized to the ankle joint, and this pain can
often lead to a significant degree of disability. After
a fracture of the ankle joint, a varus or valgus defor-
mity may result in improper placement of the foot
on the ground. The management of the patient with
osteoarthritis of the ankle joint is often helped by
use of a polypropylene AFO that maintains the
ankle joint in a fixed position, relieving the stress
across the joint (see Figure 21-26). A rocker-bottom
shoe sole permits the patient to roll over the foot,
thereby relieving the stress on the ankle joint. If the
pain and disability persist, surgical intervention
should be considered.

Arthrodesis of the ankle joint remains the gold
standard for the treatment of end-stage ankle arthri-
tis. The ankle should be put into neutral position in
terms of extension and flexion and into about 5° of
valgus (Figure 21-27). The rotation of the foot in re-
lation to the knee joint should be the same as on the
uninvolved side. After a successful ankle arthrode-
sis, patients still maintain some dorsiflexion and
plantar flexion motion of the foot, which is medi-
ated through the talonavicular and subtalar joints.
Arthrodesis usually results in restoration of func-
tion, although most patients cannot participate in
running or jumping activities.

Historically, ankle arthroplasty has been a pro-
cedure that has not yielded excellent results. Recent
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Hindfoot Joints

Degenerative change of the hindfoot joints (subta-
lar, talonavicular, and calcaneocuboid joints) can
occur as a result of primary osteoarthritis, however,
more commonly occur secondary to previous
trauma. The subtalar joint, for example, rarely de-
velops primary osteoarthritis but frequently devel-
ops posttraumatic arthrosis after an intra-articular
calcaneal fracture. These changes result in loss of
motion of the subtalar joint and sometimes in a lat-
eral impingement against the fibula. Likewise, the
transverse tarsal joints (talonavicular and calca-
neocuboid joints) may develop primary arthrosis,
or arthrosis may follow trauma to this area. Signifi-
cant deformity of the talonavicular joint may occur,
and the head of the talus tends to drop in a plantar
and medial direction. This results in a secondary
deformity of the foot in which the calcaneus drifts
into valgus and the forefoot into abduction, causing
an acquired flatfoot deformity.

Conservative treatment of hindfoot arthrosis in-
cludes use of a polypropylene AFO, but in this case,
the trim line of the brace can be made to permit
50% ankle joint motion, which gives the patient a
smoother gait while providing support to the hind-
foot complex. If conservative measures fail, then
arthrodesis of the hindfoot joints may be consid-
ered. Selective arthrodesis of the talonavicular, cal-
caneocuboid, or subtalar joints may be effective
depending on the clinical circumstances. The hind-
foot joints do, however, function as a unit and thus
significant compromise of motion may occur even
with limited arthrodesis. Selective fusion of the
talonavicular joint decreases motion 85%, the subta-
lar joint 50%, the calcaneocuboid 35%, and any com-
bination thereof (double or triple arthrodesis)
nearly 100%. Because of the marginal retention of
motion of the hindfoot complex with some selective
arthrodesis procedures (i.e., double arthrodesis or
talonavicular arthrodesis), a more extensive fusion
(i.e., triple arthrodesis) may be the procedure of
choice because of the improved union rates with
this technique.

When hindfoot arthrodesis is performed, the
subtalar joint is placed into about 5° of valgus. If a
lateral impingement exists beneath the fibula, this
should be excised at the time of the fusion.

After a successful subtalar arthrodesis, pa-
tients may resume most activities (Figure 21-28).
The transverse tarsal joints (calcaneocuboid and
talonavicular joints) should be fused in a neutral
position, avoiding excessive pronation or supination.

FIGURE 21-26. An ankle-foot orthosis may be used with
and without an anterior shell to help contain the foot and
ankle.

improvement in design and technique have com-
bined with the significant long-term complications
with ankle arthrodesis procedures and have re-
newed the interest in total ankle arthroplasty. Re-
cent reports of modern implants have demonstrated
improved results. The indications for ankle arthro-
plasty are evolving; the ideal candidate may be an
elderly, low demand patient with bilateral disease.
Previous infection or neuropathic joint changes are
absolute contraindications to this procedure. Obe-
sity, significant articular malalignment, muscle
paralysis, instability, severe bone loss, and high de-
mand patients are relative contraindications. The
advantage of ankle joint replacement includes
preservation of ankle motion, diminishing the risk
of adjacent joint arthrosis development as occurs
subsequent to ankle arthrodesis and improving
functional outcome. The significant risks of soft tis-
sue problems and difficulties with subsequent re-
construction after failure of the implant must be
considered before undergoing this procedure.
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FIGURE 21-27. Ankle fusion.
(A and B) Preoperative radi-
ographs. (C and D) Postopera-
tive radiographs demonstrating a
satisfactory ankle fusion using
screw fixation. (Mann RA,
Coughlin MJ. The Video Text-
book of Foot and Ankle Surgery.
St Louis: Medical Video Produc-
tions, 1991)

For the talonavicular joint, an isolated arthrodesis
produces a satisfactory result in patients older
than 50 years of age, but this usually should be
combined with a fusion of the calcaneocuboid
joint. A triple arthrodesis involves fusion of the
subtalar (talocalcaneal), talonavicular, and calca-
neocuboid joints. When a triple arthrodesis is car-
ried out, only ankle joint motion is present, and all
inversion and eversion function of the foot is lost.
Optimal positioning of the subtalar and transverse
tarsal joints is necessary to create a plantigrade

foot, so that when the foot comes into contact with
the ground, there is no abnormal varus or valgus
configuration to either the heel or forefoot (Figure
21-29). If the triple arthrodesis is carried out incor-
rectly, abnormal weight bearing may result. After a
successful triple arthrodesis, patients are func-
tional, although there is some added stress to the
ankle joint, which can be a problem in some cases.
As a general rule, these patients can carry out most
functions of daily living, although sports and run-
ning are difficult.
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Midfoot Arthrosis

Arthrosis of the tarsometatarsal articulation can be
primary, or it can be secondary to a Lisfranc fracture
dislocation. In both cases, patients note progressive
pain and sometimes a progressive abduction defor-
mity of the forefoot, which results in flattening of the
longitudinal arch (see Figure 21-23). A prominence
often develops, particularly near the first metatar-
socuneiform articulation on the plantar medial as-
pect of the foot. A polypropylene AFO with a trim
line cut to permit ankle joint motion and a full-
length foot piece often helps provide support. If a
large plantar medial prominence is present, how-
ever, wearing a brace may be difficult. If conserva-
tive management is unsuccessful, arthrodesis to
realign the tarsometatarsal articulations can be
undertaken.

Arthrodesis of the tarsometatarsal articulation
should be carried out to realign the foot, addressing
all involved areas of degeneration and deformity.

Often, marked forefoot abduction and dorsiflexion
at the tarsometatarsal articulation is present and re-
quires correction. After a successful arthrodesis, the
patient has a plantigrade foot and stability of the in-
volved joints. Some patients, however, complain of
persistent stiffness in the foot after the fusion, and
although they are highly functional, they are en-
couraged not to engage in high-impact sports.

ANKLE INSTABILITY

Recurrent ankle sprains are a major complaint in
young athletic populations. Although the majority
of patients who suffer an ankle sprain go on to heal
without instability, a small percentage develop
chronic laxity of the lateral ankle ligaments. The
broad and strong deltoid ligament on the medial
side of the ankle is rarely affected. Essentially all
cases of lateral ankle ligament laxity involve the an-
terior talofibular ligament, a thickening of the ankle
capsule from the anterior margin of the fibula to the
neck of the talus that prevents anterior translation
of the talus in the ankle mortise. More severe cases
also demonstrate involvement of the stronger calca-
neofibular ligament that runs from the tip of the
fibula and courses deep to the peroneal tendons to
cross the subtalar joint and inserts on the calcaneus.
It serves to prevent direct inversion instability both
of the ankle and subtalar joint (Figure 21-30).

Bony deformities can predispose patients to
develop lateral ankle ligament laxity. When weight
bearing, the axis of the calcaneus ordinarily rests
in approximately 5 to 7° of valgus compared with
the axis of the tibia. This places the line of force lat-
eral to the center of the ankle and does not stress
the lateral ankle ligaments. When a varus align-
ment to the hindfoot is present, however, the lat-
eral ankle ligaments are subject to repetitive
loading. The clinical examination of a patient with
chronic ankle sprains should include a standing
examination from the rear to check hindfoot align-
ment. Hindfoot varus is most often seen in con-
junction with a cavus foot.

In addition to the static ligamentous structures,
dynamic support from the peroneal tendons is also
important in maintaining ankle stability. The per-
oneal muscles contract reflexively in response to
sudden inversion moments about the subtalar joint
and ankle. Because of the peroneal muscle action,
many patients with lax ankles on clinical examina-
tion do not have a clinical problem with major
ankle sprains. In those that do, physical therapy

FIGURE 21-28. Subtalar joint arthrodesis. (A) Preopera-
tive radiograph of arthrosis of the posterior facet of the sub-
talar joint. (B) Postoperative radiographs demonstrating
satisfactory arthrodesis using screw fixation.
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FIGURE 21-29. The triple arthrodesis consists of fusion of the subtalar, talonavicular, and calca-
neocuboid joints. Preoperative (A) and postoperative (B) lateral radiographs demonstrating reestab-
lishment of the longitudinal arch. (C and D) AP view demonstrating correction of the abduction
deformity of the forefoot. (Mann RA, Coughlin MJ. The Video Textbook of Foot and Ankle Surgery.
St Louis: Medical Video Productions, 1991)

aimed at peroneal strengthening and propriocep-
tive training can be effective in reducing the risk for
further major episodes. The mechanism of action is
unclear. It takes approximately 50 ms for electrical
activity to appear in the peroneal musculature follow-
ing a sudden unexpected inversion force. Another

70 ms is required for the muscle to develop any sig-
nificant tension. There is little data to suggest that
training can reduce this reaction time. More likely,
patients develop more strength in the peroneal ten-
dons and develop motor patterns in which the
muscles begin to fire before the foot hits the

FIGURE 21-30. Schematic diagram
depicting course of major lateral ankle
ligaments: ATFL (anterior talofibular
ligament) and CFL (calcaneofibular lig-
ament). Ligament repair or reconstruc-
tion techniques should attempt to
recreate ligament isometry. 
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FIGURE 21-31. Anterior drawer physical examination finding in the evaluation of ankle ligament
instability. With one hand cupping the heel, an anterior stress is placed on the ankle to elicit the de-
gree of tibiotalar subluxation.

ground. While this can be effective, some degree of
ligament integrity is required to prevent ankle
sprains when the foot is going to be subject to sud-
den unexpected loads as is common in cutting and
jumping sports.

The diagnosis of lateral ankle ligament laxity
requires both a history of major recurrent ankle
sprains and evidence of mechanical laxity on the
clinical examination. The ankle should be tested
both in direct anterior subluxation (the anterior
drawer test) and in inversion (Figure 21-31). Stress
radiographs, in which an ankle mortise view is
taken while an inversion force is applied, are unreli-
able. No standards exist to define a threshold of
ankle laxity and a large number of false-negative re-
sults can be expected because a patient will guard
the joint with the peroneal muscles during this awk-
ward test.

The repetitive subluxation events in lateral
ankle ligament laxity yield a high rate of associated
injuries in other structures about the hindfoot. A
high index of suspicion should be maintained in

particular for tears of the peroneal tendons and os-
teochondral lesions of the talus.

Direct repair of the lateral ankle ligaments,
usually by imbrication into a small bone trough
around the front of the fibula, is known as the
Broström procedure. Because it uses the native lig-
aments and restores the normal anatomy, no limita-
tion of ankle or subtalar motion occurs after the
procedure and it is highly effective in restoring sta-
bility to the joint. It is the preferred technique for
the majority of patients.

Instability may recur after a Broström repair in
approximately 15% of cases. One important risk fac-
tor for failure is benign joint hypermobility syn-
drome, a subtle disorder of collagen leading to
global ligamentous laxity. It is now regarded by
most authorities as synonymous with the mild type
III variant of Ehlers-Danlos syndrome. Patients
being considered for ligament repair should be
evaluated clinically for signs of global ligamentous
laxity and for a history of instability problems in
other joints.
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In the case where a previous direct ligament re-
pair has failed or global ligamentous laxity is present,
an augmented reconstruction of the lateral ankle
ligaments is appropriate. Over 30 procedures have
been described to accomplish this using a variety of
materials including split or whole peroneus brevis,
fascia lata, hamstring tendon, and tendon allograft.
All of these augmentation procedures have some
potential for causing a pathologic limitation of sub-
talar motion if the grafts are not placed at the origin
and insertion of the anterior talofibular ligament
and the calcaneofibular ligament. Whatever graft
material is used, the repair should attempt to mimic
the normal anatomy as possible.

HEEL PAIN

Pain in the heel pad area may vary from an annoy-
ance to a significantly disabling problem. Heel pain
has multiple origins, and it is imperative that a care-
ful history and physical examination be carried out
to pinpoint, as precisely as possible, the cause of the
pain. In this way, specific treatment can be formu-
lated to relieve the condition. Heel pain can result
from disorders of the Achilles tendon, soft tissue
disorders near the heel, hindfoot bony injury (i.e.
stress fracture), bony prominence irritation, or neu-
rologic disorders about the hindfoot.

Heel pain associated with Achilles tendon disor-
ders is a common problem, particularly with the ath-
lete. Multiple descriptive terms (i.e., tendinitis,
tendonitis, tendinosis, tendinopathy, peritendinitis,
partial rupture, and so on) have been ascribed to the
specific Achilles tendon disorders based on the loca-
tion of disease and affect on the tendon. These terms
are often confusing, occasionally misleading, and
many of these disorders often coexist. Perhaps a more
simplistic approach is to consider these disorders as a
spectrum of disease of the Achilles. The origin, patho-
genesis, and natural course of many of these disor-
ders are unknown. Patients generally present with
complaints of pain with activities, particularly those
sports related. In acute conditions, pain may occur
with all activities. In chronic conditions, pain may ini-
tially occur only with exertional activities and over
time may progress to constant pain, occurring even at
rest. Clinical examination may reveal a diffuse selling,
crepitation, and tenderness along the tendon in acute
disorders. Chronic disorders may present with more
subtle and variable findings; often, nodular swelling
of the tendon may present suggestive of tendinosis
(Figure 21-32). Pain may occur directly over the
Achilles tendon proximally, however, it may also
occur distally at the heel. If the pain is located at the
insertion of the Achilles tendon into the calcaneus, it
may be due to some degeneration of the Achilles ten-
don. In this case, there is thickening of the tendon

FIGURE 21-32. MRI images of
Achilles tendinosis demonstrating
intrasubstance tendon degenera-
tive change.
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near its insertion, which at times may become large.
This can be associated with increased warmth over
the area as well. Calcification at the insertion of the
Achilles tendon may indicate some degeneration and
on rare occasions is a source of pain. At times, pres-
sure from a prominence on the posterosuperior as-
pect of the calcaneus, known as a Haglund deformity,
can be the cause of the pain. In the patient with a
Haglund deformity, a lateral radiograph of the calca-
neus reveals a large posterosuperior prominence on
the calcaneus that is responsible for the problem. Ini-
tial conservative treatment should be directed toward
activity modification, inflammation control, and occa-
sionally immobilization. Corticosteroid use is gener-
ally not recommended. If patients fail conservative
treatments, surgical intervention may be considered.
The procedure of choice depends on the spectrum of
disease present and should address all pathology.
This may include synovectomy, tendon debridement,
tendon repair, tendon augmentation (i.e., tendon
transfer [FHL] or Achilles turndown flap), or resec-
tion of any bony pathology (i.e., Haglund deformity).
The goal of treatment is to return the patient to their
desired level of activity without pain. 

Soft tissue causes of heel pain include plantar
fasciitis and atrophy of the heel pad. Heel pad atro-
phy is most frequently seen in older patients who de-
velop thinning of the fat pad, which decreases the
cushion on the heel. The diagnosis is made by palpa-
tion of the heel pad and the observation of lack of ad-
equate fatty tissue. Treatment is conservative with
orthotic management for adequate heel cushioning.
Plantar fasciitis is the most common cause of inferior
heel pain and is very common. It commonly occurs
with the first step after a period of rest (e.g., first step
in morning) and often improves with activity. This
disorder is an inflammatory process and it is postu-
lated that with repeated stress, microtears occur at the
bony attachment of the fascia to the calcaneus leading
to a chronic inflammatory process. Obesity, repetitive
stress in athletics, middle age, and the presence of ab-
normal foot mechanics (i.e., pes cavus or pes planus)
have been associated as risk factors. Although com-
monly associated with “heel spurs,” only 50% of pa-
tients with plantar fasciitis have “heel spurs” present
radiographically and this finding of itself is not the
cause of the patient’s subcalcaneal discomfort. Pain is
usually located near the tubercle of the calcaneus or
just distal to it and palpation along this region repro-
duces the patient’s discomfort. At times, the fasciitis
involves the origin of the abductor hallucis muscle,
and in these cases, the pain is located along the plan-
tar medial aspect of the heel and is aggravated by pal-
pation of the origin of the muscle. The condition is

usually self-limiting and if treatment is begun soon
after the onset of symptoms, most patients can expect
resolution within 6 weeks. A multitude of treatment
options exist and should be exhausted prior to con-
sidering surgical intervention. Initial treatment most
often consists of Achilles tendon stretching exercises
(particularly when limited dorsiflexion is present),
oral anti-inflammatory drugs, shoe inserts, and night
splints (preventing plantar flexion). For more recalci-
trant cases, periodic immobilization may be neces-
sary. Corticosteroid injection at the site of maximal
tenderness may be beneficial, but should be used in
moderation, rarely exceeding 2 to 3 injections. Extra-
corporeal shock wave therapy has recently shown
benefit in the treatment of refractory fasciitis and
should be considered prior to surgical intervention.
In rare cases where 6 to 12 months of nonsurgical
management has failed to provide relief, surgical in-
tervention, consisting of partial plantar fascia release
with or without decompression of the first branch of
the lateral plantar nerve and adductor hallucis fascia,
should be considered.

Bone-related problems may be the source of
heel pain. Occasionally, a stress fracture may in-
volve a calcaneal spur on the plantar aspect of the
calcaneus as a cause of heel pain. This occasionally
can be demonstrated radiographically, however,
often a bone scan is necessary. A bony ridge along
the medial or lateral aspect of the insertion of the
Achilles tendon may also be a source of heel pain.
This bony ridge results in a mechanical problem
causing chafing against the counter of the shoe.

The cause of heel pain can be multifactorial, but
it is imperative that the clinician accurately diag-
noses the origin and directs treatment accordingly.
In general, treatment consists of nonsteroidal anti-
inflammatory medications, relief of stress over the
involved bony prominence, use of a soft orthotic de-
vice in the shoe to relieve the heel, cast immobiliza-
tion, or some combination of these. As a general rule,
surgery is not necessary for heel pain. There certainly
are exceptions, but the physician should be as con-
servative as possible in the management of heel pain.

NERVE ENTRAPMENT SYNDROMES

Interdigital Neuroma

Interdigital neuroma is a common cause of pain
in the forefoot. The patient may describe a well-
localized area of burning pain on the plantar aspect
of the foot, which often radiates out toward the tips
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of the toes. It most frequently involves the third in-
terspace, although it occasionally involves the sec-
ond interspace. The origin of an interdigital neuroma
is not precisely known, although the nerve often be-
comes thickened secondary to increased hyaliniza-
tion of the tissues surrounding it and the bursal
structures above and below the transverse metatarsal
ligament usually enlarge. The pain associated with
an interdigital neuroma can be reproduced by
squeezing the interspace in a dorsal plantar direction
and, when pressure is applied to the interspace,
squeezing the foot in a mediolateral direction (Figure
21-33). Conservative management consists of fitting
the patient in a wide, soft shoe that also provides
metatarsal support. If this fails, excision of the neu-
roma can be carried out through a dorsal approach to
the web space, sectioning the transverse metatarsal
ligament and resecting the nerve proximal to the
metatarsal head region. This results in a satisfactory
response in about 80% of patients.

Tarsal Tunnel Syndrome

Entrapment neuropathy of the posterior tibial nerve
with or without involvement of the medial calcaneal
nerve can be a neurologic cause of medial ankle and

heel pain. The posterior tibial nerve may become
compressed within the fibro-osseous tunnel posterior
and inferior to the medial malleolus. This may be di-
agnosed by percussion over the posterior tibial nerve
or its terminal branches, which demonstrate a Tinel’s
sign with radiation toward the heel. The medial cal-
caneal nerve may be involved at the level of the ankle
or at the level of the abductor digiti quinti muscle as
the nerve is stretched over the plantar fascia as it
passes over it to cross the foot. In these cases, pain is
often noted along the plantar medial aspect of the
foot, just below the abductor hallucis muscle. Treat-
ment is conservative, with orthotic modifications and
measures to decrease the inflammation surrounding
the involved nerve. Surgical decompression is per-
formed only in refractory cases, with best results ob-
tained in patients with clearly defined space
occupying lesions or masses obstructing the canal.

THE DIABETIC FOOT

Pathology of the foot in diabetes represents a vast
public health problem. A typical newly diagnosed
patient with diabetes has a roughly 15% chance of
developing a foot ulcer over the course of his or her

FIGURE 21-33. Clinical examination
finding of intradigital neuroma (“Mulder’s
click”). Reproduction of pain and me-
chanical subluxation of the thickened
nerve and surrounding tissues is produced
by squeezing the interspace in a dorsal
plantar direction with one hand and ap-
plying pressure to the interspace by
squeezing the foot in a mediolateral direc-
tion with the other hand.
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disease. At any given time, roughly 5% of neuro-
pathic diabetics have an ulcer of the foot. Given the
increasing trends toward obesity and type II dia-
betes in Western society, the problem is only likely
to become more acute.

Diabetic foot pathology essentially refers to two
distinct clinical problems: neuropathic ulceration
and the Charcot foot. Both are secondary phenom-
ena to diabetic neuropathy. A recent important
prospective study, the Diabetes Control and Com-
plications Trial, demonstrated the arrested progres-
sion of diabetic neuropathy with intensive glucose
control and close monitoring of glycosylated hemo-
globin levels. As a rule, the risk of foot pathology is
greatly reduced by diabetics who are successful at
long-term diabetic control and can maintain their
glycosylated hemoglobin levels under 8%.

Neuropathic Ulceration

Neuropathic ulceration occurs as a consequence of
repetitive unrecognized trauma to an insensate foot
as a neuropathic patient ambulates. It occurs under
load-bearing sites in the foot, most commonly
under the metatarsal heads or the heel. A critical
level of the loss of sensation appears to be required
to lead to ulceration. Semmes-Weinstein monofila-
ments are short lengths of nylon fishing line of
varying thicknesses that can provide a reproducible
stimulus to the skin. Ninety percent of patients that
are able to feel the Semmes-Weinstein 5.07 monofil-
ament will not develop an ulcer.

Diabetics who have lost more sensation than the
critical threshold must maintain a strict regimen of
self-care to avoid ulceration. Daily self-examination
of the soles of the feet is mandatory. Autonomic
neuropathy can lead to a loss of sweat and the re-
sulting cracks and fissures can create portals for in-
fection. The use of a lanolin-rich moisturizer on all
dry locations is critical. The single most important
measure, however, is the use of appropriate shoe
wear. The vast majority of diabetics do not need
fully custom shoes. Instead, manufactured accom-
modative shoes with a wide forefoot and an extra-
depth toe box are readily available. These are
usually paired with accommodative custom or-
thotics. The goal of protective diabetic inserts is to
accommodate any foot deformities rather than cor-
rect them, and no attempt is usually made to signif-
icantly reposition the foot. The inserts are usually
made of several layers of varying durometer, or
hardness. The deeper layers provide a measure of

durability while the superficial layers conform to
the surface of the foot. Because they are not made of
rigid materials, protective orthotics do wear out
and compress rapidly. They must typically be re-
placed several times a year.

Neuropathic ulceration is distinctly different
from the vascular gangrene also seen in diabetics
with associated atherosclerosis. Vascular gangrene
typically strikes distally about the toes and is not
purely associated with load-bearing locations in the
foot. Numerous studies have demonstrated that
poor arterial inflow is not a risk factor for the devel-
opment of plantar pressure ulcers from weight
bearing. Notably, however, a diminished arterial
supply can severely affect the ability of those ulcers
to heal once they are established.

Other mechanical factors besides the repetitive
nature of unrecognized force applied to the neuro-
pathic foot are also at work in developing ulcera-
tion. Neuropathic patients will not alter their gait in
the presence of any foot deformity. If the patient
also has a midfoot or hindfoot collapse from a Char-
cot arthropathy, these can be severe. Charcot pa-
tients have a 350% relative risk of developing
ulcerations compared to neuropathic patients with-
out Charcot.

The tight tendo-Achilles complex represents a
second important mechanical risk factor. Tight heel
cords are prevalent in diabetes because the collagen
within the tendon undergoes direct glycosylation
with long-standing disease. This leads to abnormal
cross-link formation, reduced pliability, and con-
tracture of the motor unit. A tight heel cord para-
doxically causes pathology in the forefoot; if the
ankle is unable to dorsiflex the heel is brought off
the ground earlier in the stance phase of gait. The
metatarsal heads are on the ground longer and bear
more weight and are therefore highly susceptible to
ulceration. Several series have now demonstrated
the healing of recalcitrant forefoot ulcers following
the release of a heal cord contracture.

Evaluation of an Ulcer

To fully evaluate any diabetic ulcer, it must first
be debrided. Superficial calluses must be removed
to determine the health of the underlying tissues.
Radiographs should be obtained to look for signs of
bony erosion indicative of osteomyelitis. These can
be deceptive, however, and erosions may not appear
for the first several weeks after it develops. If an
ulcer clinically probes to bone, there is a 90% chance
that osteomyelitis is present based on several studies
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using histologic diagnosis as the criterion. Os-
teomyelitis in an adult is a surgical disease; the in-
fected bone must be removed or the ulcer cannot
permanently heal.

The presence of cellulitis or a deep abscess is
important to diagnose. The only role for MRI in the
evaluation of the diabetic foot is to evaluate for the
presence of a deep abscess. Bony edema in the dia-
betic foot, particularly in the presence of Charcot
change, makes it extremely difficult to accurately
determine the presence of osteomyelitis on MRI cri-
teria, and nuclear medicine studies are more appro-
priate for this purpose. The overinterpretation of
superficial wound culture swabs is another com-
mon error. All diabetic ulcers are superficially colo-
nized with a wide variety of organisms including
anaerobes. Superficial swabs often differ dramati-
cally from deep, surgically obtained biopsies and
treatments based on them may lead to unnecessar-
ily long or risky antibiotic regimens.

The vascular status of the foot is critical in as-
sessing its ability to heal. If the dorsalis pedis and
tibialis posterior pulses are not palpable, a Doppler
examination is mandated. If there is still suspicion,
vascular noninvasive studies are appropriate. The
ankle-brachial index (ABI), a ratio of the systolic
pressure at the ankle to that in the arm is commonly
used. A ratio of 0.4 is a minimally acceptable value,
above 0.7 there is little concern. Unfortunately, ABIs
can be unreliable in the presence of extensive ather-
osclerosis. The reduced capacitance of the vascular
tree in the leg can falsely elevate the systolic pres-
sure and the ABI reading. Toe pressures represent a
simple additional test that can be more informative,
but must usually be specifically ordered. A small
pressure cuff is placed over the toe and a pressure
reading generated. Absolute toe pressures above 40
mm Hg or the presence of pulsatile flow are usually
indicative of adequate healing. Transcutaneous oxy-
gen tension within the foot is an excellent means of
assessing the vascularity of a foot but is not widely
available. If none of these methods can establish the
integrity of the arterial blood supply, angiography
and referral to a vascular surgeon are required.

The mechanical environment of an ulcer is also
important to evaluate. The tightness of the heel cord
should be assessed both with the knee extended (gas-
trocnemius tight) and with the knee flexed (gastroc-
nemius relaxed). The presence of any varus or valgus
deformities in the midfoot or any forefoot deformi-
ties should be noted. Bony prominences that would
be well-tolerated in a normal individual sometimes
lead to disaster for the neuropathic diabetic.

Treatment

Because neuropathic ulcerations are essentially
mechanical problems, their treatment is primarily
mechanical. Reducing the mechanical stress on the
tissues is the primary means of achieving healing.
For the forefoot and midfoot, a variety of manufac-
tured pressure-relieving boots and shoes are avail-
able. The gold standard in pressure relief, however,
continues to be the total contact cast. Most forefoot
ulcerations can be healed in 6 to 8 weeks with serial
cast treatment and ulcer debridement. Unfortu-
nately, casts and boots do no provide adequate
pressure relief for heel ulcerations, and these must
be treated with strict non–weight bearing and
dressing changes alone.

In some special situations, a variety of wound
gels with biologic activity may be appropriate. Be-
caplermin gel contains recombinant platelet-derived
growth factor and may be used in marginally vas-
cularized wounds with atrophic granulation. Cop-
per-containing compounds also provide a
stimulatory effect. Mesh embedded with cultured
human fibroblasts that secrete an array of growth
factors has also been used. Finally, silver-containing
gels or slow-release films can be used in the pres-
ence of superficial colonization by pseudomonas. It
is important to note, however, that all of the biologic
adjuvants for wound healing must be used in con-
junction with adequate pressure relief.

Hyperbaric oxygen therapy in a chamber has
seen mixed support as an adjunctive measure in dia-
betic ulceration. There is clear support for its use in
life- or limb-threatening anaerobic infections follow-
ing aggressive surgical debridement. For routine
neuropathic ulcerations, however, its benefit is un-
clear. From a practical standpoint the advent of the
recombinant wound gels makes them the usual cur-
rent choice when a biologic adjuvant treatment is
desired. There is absolutely no well-controlled evi-
dence that topical normobaric oxygen therapy (plac-
ing the foot in an oxygen-filled bag) provides any
benefit.

The Charcot Foot

Neuropathic arthropathy was first described by
the famous French neurologist Jean-Martin Char-
cot, who originally described the condition in
syphilitics. Typically a dense peripheral neuropa-
thy must be present for approximately 10 to 15
years before the disorder is manifest. Concor-
dantly, the first cases in diabetics were described in
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the 1930s, approximately 10 years after the avail-
ability of insulin extended their lives long enough
to develop the complication.

The pathogenesis of neuropathic arthropathy re-
mains obscure. The neurotraumatic hypothesis is the
classic model. It holds that accumulated microtrauma
to the joint in an insensate limb causes breakdown
of the bony architecture. There are, however, well-
documented cases of Charcot arthropathy occurring
in completely bedridden individuals. In the 1960s, it
became clear that Charcot arthropathy is associated
with autonomic dysfunction. The neurovascular hy-
pothesis was developed to tie in this observation. It
proposed that a loss of the autonomic control of bone
blood flow occurs, leading to a “wash out” of bone
mineral. There is no causal mechanism to link the in-
crease bone blood flow in Charcot arthropathy to the
loss of bone mineral, however. Charcot had originally
proposed the neurotrophic hypothesis, theorizing
some important “trophic factor” from nerves was
critical in maintaining the health of the joints. He may
yet prove correct. Evidence from serum markers of
bone metabolism indicates a dramatic amount of os-
teoclastic activity without concordant elevations in
osteoblastic activity. A direct link between peripheral
nerve and the regulation of osteoclast activity re-
mains to be established.

Eichenholz described three temporal stages of the
Charcot joint that remain at least broadly useful for
communication, although no clear standards exist to
define the precise transitions from one phase to an-
other. Stage I disease represents the acute fracture-like
state with dramatic soft-tissue swelling and instability

(Figure 21-34). Stage II represents early coalescence
with a stable soft tissue envelope. In stage III, the joint
has coalesced and has developed mature calluses and,
usually, stability. Classically in the foot the entire
process takes approximately 18 months to fully
progress to the quiescent stage III, although the time
may vary. Approximately 30% of diabetic patients
who develop a Charcot foot on one side will eventu-
ally suffer the same fate on the contralateral extremity.

The goal of treatment of the Charcot foot is to
yield a stable, braceable foot that can be used for
ambulation. Any hope of a completely normal foot
must be abandoned, and patients must be made
aware of this early on. Midfoot Charcot arthropa-
thy accounts for roughly 60% of the cases, and the
majority of these can be treated conservatively.
During the early stages of the disease, total contact
casts are changed at very frequent intervals until
the patient’s volume status stabilizes. At this point
a fully custom clamshell ankle-foot orthosis or
Charcot Restrained Orthotic Walker (CROW) is
fabricated (Figure 21-35). This device should be
used until the foot achieves stability both clinically
and radiographically. A portion of patients with
midfoot neuropathic arthropathy will go on to de-
velop plantar prominences and ulcers from the col-
lapse of the arch. If the overall degree of collapse is
mild and the foot is stable, simple excision of the
plantar prominence can be undertaken. In more
advanced cases, the arch collapses to the point that
it actually reverses, creating a rocker-bottom foot.
These cases may require midfoot fusion and recon-
struction of the arch to achieve a successful result.

FIGURE 21-34. Diabetic Charcot foot. (A) Lateral radiograph demonstrating severe midfoot frac-
ture subluxation with midfoot collapse consistent with rocker-bottom deformity. (B) Clinical conse-
quence of ulceration secondary to plantar bony prominence associated with collapse.

A B
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FIGURE 21-35. (A and B) Orthotic management of Charcot deformity with a Charcot Restrained
Orthotic Walker (CROW) device.

A B

Neuropathic arthropathy of the ankle and hind-
foot is less common than in the midfoot but has a
much more grim prognosis. This pattern of disease
can present in both sporadic forms and after seem-
ingly simple rotational ankle fractures. It often goes
on to severe early deformity, ulceration, and os-
teomyelitis. Although stabilization surgery in the
early stages of Charcot arthropathy is usually best
avoided, it may be mandatory in the ankle if the
patient develops severe early deformity that places
the limb at risk. Special fusion techniques including
the use of retrograde intramedullary nails are some-
times necessary.

Once a Charcot joint has coalesced, all patients
require some form of orthosis. Patients without sig-
nificant swelling can use a polypropylene molded
AFO, but many obese patients find that the degree
of day-to-day volume change in the foot requires a
less confining brace. A conventional double metal
upright AFO attached to the shoe remains an attrac-
tive option in this group.

Annotated Bibliography
Mann RA. Biomechanics of the foot and ankle. In: Mann RA,

Coughlin MJ, eds. Surgery of the Foot and Ankle, 6th Ed. 
St. Louis: Mosby-Year Book, 1993:3–43.
This general review article describes the biomechanics of the foot
and ankle. 

Disorders of the First Metatarsophalangeal Joint

Coughlin MJ. Arthrodesis of the first metatarsophalangeal joint
with mini-fragment plate fixation. Orthopaedics 1990;
13:1037.
This article discusses the history of arthrodesis and the indica-
tions, surgical technique, results, and complications of this proce-
dure.

Leventen EO. The chevron procedure: etiology and treatment of
hallux valgus. Orthopaedics 1990;13:973.
This article discusses the indications, surgical technique, and re-
sults of the Chevron procedure.

Mann RA. Decision making in bunion surgery. AAOS Instr
Course Lect 1990;39:3.
This article discusses the basic concepts used and presents an algo-
rithm that is helpful in the decision-making process in hallux val-
gus surgery.

Mann RA. Hallux rigidus. Instr Course Lect 1990; 39:15.
This review article discusses the origin, physical findings, radi-
ographic findings, and treatment of hallux rigidus using various
techniques. It emphasizes cheilectomy and arthrodesis as the main
surgical procedures.

Mann RA, Coughlin MJ. The great toe. In: The Video Textbook of
Foot and Ankle Surgery. St Louis: Medical Video Productions,
1991:145.
This book chapter presents a concise overview of hallux valgus sur-
gery, including the indications, surgical technique, and complica-
tions of various surgical procedures.

Mann RA, Coughlin MJ. Hallux valgus: etiology, anatomy,
treatment and surgical considerations. Clin Orthop 1981;
157:31.
This article discusses treatment of the hallux valgus deformity
using the distal soft tissue procedure. It points out the technical as-
pects of the procedure, results, and complications.

Weinstein Ch21.qxd  3/21/05  1:28 PM  Page 705



706 CHAPTER 21 ● The Adult Ankle and Foot

Mann RA, Rudicel S, Graves S. Repair hallux valgus with a distal
soft-tissue procedure and proximal metatarsal osteotomy: a
long-term follow-up. J Bone Joint Surg 1992;74A:124.
This is a detailed analysis of the surgical technique, postoperative
results, and complications of a review of 109 operative procedures in
75 patients.

Plattner PF, Van Manten JW. Results of Akin type proximal pha-
langeal osteotomy for correction of hallux valgus deformity.
Orthopaedics 1990;13:989.
This article discusses results of the Akin procedure on a series of
patients. It points out the indications and complications of this
procedure.

Shereff MJ, Bejjani FJ, Kummer FJ. Kinematics of the first
metatarsophalangeal joint. J Bone Joint Surg 1986;68A:392.
This article describes the motion of the first metatarsophalangeal
joint in terms of its kinematics.

Lesser Toe Deformities

Mann RA, Coughlin MJ. Lesser toe deformities. In: The Video
Textbook of Foot and Ankle Surgery. St Louis: Medical Video
Productions, 1991:37.
This concise book chapter reviews the various lesser toe deformities.
It discusses the definition, evaluation, surgical treatment, and com-
plications of these various deformities.

Metatarsalgia

Mann RA. Intractable plantar keratosis. Instr Course Lect
1984;33:287.
This article reviews the various types of callus formation on the
plantar aspect of the foot. It outlines the conservative and operative
management of these problems.

Mann RA, Reynolds JC. Interdigital neuroma: a critical clinical
analysis. Foot Ankle 1983;3:238.
This article discusses the history, physical findings, and surgical
procedure for treatment of the interdigital neuroma. It then ana-
lyzes the results of this procedure.

Postural Problems

Mann RA, Coughlin MJ. Postural problems of the foot. In: The
Video Textbook of Foot and Ankle Surgery. St Louis: Medical
Video Productions, 1991:17.
This book chapter presents an overview of the various types of ac-
quired flatfoot deformities. It points out the physical findings, meth-
ods of treatment, and technical aspects of surgery. The chapter
further discusses the treatment of the cavus foot.

The Diabetic Foot

Wagner FW. The diabetic foot and amputations of the foot. In:
Mann RA, ed. Surgery of the Foot, 5th Ed. St Louis: CV
Mosby, 1986:421.
This book chapter presents the problem of the diabetic foot along
with a logical approach to treatment. It presents a series of algo-
rithms that enables the clinician to better understand the various
modalities of treatment of the diabetic foot.

Arthrosis of the Foot and Ankle

Mann RA, Coughlin MJ. Rheumatoid arthritis and arthrodesis
about the foot. In: The Video Textbook of Foot and Ankle
Surgery. St Louis: Medical Video Productions, 1991:105.
This chapter describes the surgical treatment of the rheumatoid fore-
foot, presenting the various types of surgical procedures and postop-
erative care. It further discusses arthrodesis about the foot, which
includes subtalar, talonavicular, and tarsometatarsal arthrodeses. It
presents a discussion on triple arthrodesis and double arthrodesis.

Miscellaneous

Baxter DE, Pfeffer GB, Thigpen M. Chronic heel pain: treatment
rationale. Orthop Clin North Am 1989;20:563.
This article discusses the various types of heel pain, methods of di-
agnosis, and conservative and operative management.

Weinstein Ch21.qxd  3/21/05  1:28 PM  Page 706



Index

Page numbers followed by “f” indicate fig-
ures; those followed by “t” indicate tables.

A1 pulley, in stenosing tenosynovitis, 435
A band, in muscle cells, 39f, 41f
ABCs (aneurysmal bone cysts), 277,

280f–281f
Abduction

of foot, 633, 635f
of forefoot, with pes planus, 687, 688f,

689
Abduction osteotomy, for developmental

cox vara, 468, 469f
Abduction stress test, for knee ligament

injuries, 597
Abductor pollicis longus (APL) muscle

in DeQuervain’s syndrome, 426
in intersection syndrome, 410, 412

ABI (ankle-brachial index), in diabetic
foot, 703

Abscess(es)
in diabetic foot, 703
eponychial, 429
of fingertip pulp pad, 428
with hematogenous osteomyelitis

acute, 126, 128–129
intrapelvic, 133, 134f
subacute, 138
treatment of, 130, 133

in olecranon bursitis, 407
palmar, 429
septic arthritis as, 144–146

Abuse, fractures related to, 93
Acanthosis nigricans, in achondroplasia,

259
Acceleration, in gait analysis, 78, 79f
Accessory navicular, pes planus in, 640,

640f
Accessory nerves, spinal, in spasmodic

torticollis, 326, 327f
ACE inhibitors, for systemic sclerosis,

190–191
Acetabulum

dysplasia of, 217, 531–533, 531f–532f
developmental, 443–452, 445f–452f

in proximal femoral focal deficiency,
248–249, 249f

fractures of, 115, 560, 560f
in hip anatomy, 521, 522f, 554

arthroscopy and, 537–538, 538f
dysplasia and, 217, 531–533,

531f–532f
rheumatoid arthritis and, 536–537

in Legg-Calvé-Perthes disease, 461–462
ossification of, 53f–54f
osteotomy of

for hereditary motor sensory
neuropathies, 236

for hip dysplasia, 528–529, 529f–530f
in cerebral palsy, 217

in pseudoachondroplasia, 258
in slipped capital femoral epiphysis,

468–474, 470f–472f
in total hip arthroplasty, 554

cemented components for, 544–545
cementless

components for, 545–548, 547f
principles of, 547–548

for dysplasia, 531–533, 531f–532f
fractures of, 560, 560f
indications for, 531, 535
prostheses for

historical, 539–541, 540f–541f
modern, 541–543, 542f

revision, 565–567, 565f, 567f–568f,
570–571

Acetaminophen
for osteoarthritis, 161
for rheumatoid arthritis, 164–165, 165f

Acetylcholine blockade, for cerebral palsy,
212

Achilles tendon
contractures of

with cerebral palsy, 219, 220–221
with congenital vertical talus,

650–651
idiopathic toe-walking vs., 662
in pes planus, 635, 638–639,

638f–639f, 645
disorders of, in heel pain, 699–700, 699f

gout in, 183
lengthening of

for Becker type muscular dystrophy,
233

for cerebral palsy, 219
in Duchenne muscular dystrophy,

232
release of

for cerebral palsy, 220–221
for hereditary motor sensory

neuropathies, 235
in Sever disease, 654
spondyloarthropathy of, 171
tightness of, in diabetic foot, 

702–703
Achondroplasia, 259–260

genetics of, 259
pseudoachondroplasia vs., 258–259
radiographs of, 260, 260f

ACI (autologous chondrocyte
implantation), for knee
cartilage lesions, 611–612, 612f

AC joint. See Acromioclavicular (AC) joint
ACL. See Anterior cruciate ligament

(ACL)
Acrocyanosis, in systemic sclerosis, 186,

187t
Acromelic dysplasia, 248
Acromioclavicular (AC) joint

anatomy, 24, 347
biomechanics of, 347
degenerative disease of, 347–351

clinical features of, 348, 349f
origins and mechanisms of, 348
radiographic features of, 348–349,

350f–351f, 372
treatment of, 349–350, 352f–353f

complications of, 351
menisci of, 24
ossification of, 51f–52f

Acromion, in rotator cuff disease, 368–369,
369f–370f, 372, 376f

Acromioplasty, for rotator cuff disease,
379, 379f–380f

Acrosclerosis, 188
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Acrylic cement
for total hip arthroplasty

disease from, 541, 543
first generation technique, 545
origin of, 540–541, 540f, 549
second generation technique, 545

for total knee arthroplasty, 622, 625
Actin filaments, in myofibrils, 38, 39f–40f
Action potential, in muscle cell

membrane, 40
Activities of daily living

leg pain with, 582
shoulder pain with, 348, 352, 369–371

Activity modification
for acromioclavicular joint

degeneration, 349
for foot deformities, in children, 645, 649
for glenohumeral joint pain, 355
for hallux rigidus, 680
for knee cartilage lesions, 610
for knee osteonecrosis, 609
for Köhler disease, 653
for lateral epicondylitis, 413, 413f
for nerve entrapment syndromes, in

elbow and forearm, 403–407
for osteoarthritis, 160

of knee, 618
for posttraumatic glenohumeral

arthritis, 364
for rotator cuff-tear arthropathy, 366

Actonel (risedronate), for osteoporosis,
206–207

Acupuncture, for fibromyalgia, 194
Acute respiratory distress syndrome

(ARDS), as fracture
complication, 94, 115

Adalimumab, for rheumatoid arthritis,
434

Adamantinoma, 313, 313f
Adams forward bend test, for spine

deformities, 480, 481f
Adaptation, in bone fatigue and failure,

88–89, 89f
Adduction

of foot, 633, 635f
of forefoot, with pes cavus, 692, 692f

Adduction stress test, for knee ligament
injuries, 597

Adhesions, scar, with tendon injuries, 67
Adhesive capsulitis, of shoulder, 383–387.

See also Frozen shoulder
ADI (atlantodental interval), in cervical

rheumatoid arthritis, 340
Adiposogenital syndrome, 470
Adolescent idiopathic scoliosis, 486–491

backache incidence with, 489, 490f
curve patterns in, 486, 488f

double, 486, 488f, 489
curve progression probabilities, 489,

489t
epidemiology of, 486
etiologies of, 231, 236
mortality rates, 489
pregnancy and, 489–490
psychosocial effects of, 489
radiography of, 486, 489
treatment of, 489–491

decision factors, 489–490, 489t
indications for, 490
nonoperative, 490, 491f
operative, 491, 492f–493f

Adolescents
bone development in, 200–201
cerebral palsy treatment decisions by,

222
congenital pseudarthrosis of tibia

management in, 580
disc space infections in, 140–141
genu varum in, 578–579, 578f–579f
hallux valgus deformity in, 676–677
juvenile idiopathic arthritis in, 172–175
multiple epiphyseal dysplasia in, 256
Osgood-Schlatter disease in, 582–583,

582f
scoliosis in, 231, 236. See also Adolescent

idiopathic scoliosis
idiopathic, 486–491

septic arthritis in, 143, 147
Adult foot, 671–706

ankle instability in, 696–699
lateral ligament laxity in, 696, 697f

diagnostic tests for, 697–698, 698f
surgical repair of, 698–699

peroneal tendons and, 696–698
arthrosis of, 693–696

ankle joint, 693–694, 694f–695f
hindfoot, 694–695, 696f–697f
midfoot, 691f, 696

diabetic, 701–705
Charcot foot, 703–705, 704f–705f
neuropathic ulceration, 702–703
pathology potential, 701–702

hallux rigidus, 678–681
management of, 680–681, 682f
pathophysiology of, 671–680, 680f

hallux valgus of, 671–677
conservative management of, 673
pathophysiology of, 671–673, 672f
surgical management of, 673–677,

673f–674, 676f–677f
heel pain in, 699–700, 699f
lesser metatarsophalangeal joint

disorders of, 683–686
conservative treatment of, 684–685
pathophysiology of, 683–685,

684f–685f
surgical treatment of, 685–686, 686f

lesser toe disorders of, 681–683
claw toe, 681–683, 683f
hammertoe, 681–682, 683f, 684
mallet toe, 681–682, 683f

nerve entrapment syndromes
interdigital neuroma, 700–701, 701f
tarsal tunnel syndrome, 701

pes cavus of, 692–693
pes planus of, 687–692

causes of, 688–689, 690f
clinical examination of, 687–688, 688f
posttraumatic acquired, 690, 691f, 693
stages of, 689–690
treatment of, 693

soft tissue disorders of, 686–687
Adult hip, 519–574

anatomical landmarks of, 520–521
acetabular, 521, 522f
femoral, 521
gluteal muscles, 520–521, 522f
surface, 520, 520f

arthroplasty of
primary, 539–554. See also Total hip

arthroplasty
revision, 565–571

arthroscopy of
indications for, 537–538
surgical dislocation for failed, 539
technique, 538, 538f

avascular necrosis of, 533–535
clinical assessment of, 533
etiologies of, 533
radiographic assessment of, 534–535
treatment of, 535

dislocation of, surgical, 539
dysplasia in, 528–533

clinical assessment of, 528
osteotomies for, 528–530, 529f–530f
radiographic assessment of, 528
total hip replacement for, 531–533,

531f–532f
elderly disorders, 528
embryology of, 521, 523f
examination of, 525–527
hemophilic arthropathy of, 537
middle age disorders, 527–528
osteoarthritis of, 527, 530, 534, 537, 539

health care costs of, 543–544, 549
osteoporosis of, transient, 535
pathology presentations, 527–528
rheumatoid arthritis of, 535–537, 536f

clinical evaluation of, 536, 536f
epidemiology of, 535
origins of, 535–536
pathology with, 536
treatment of, 536–537

surgical approaches to, 522–525
anterior, 522–523
antero-lateral, 523–524
direct lateral, 520–521, 524–525, 525f
posterior, 525, 526f

young adult disorders
management of, 537–539, 539f
presentations of, 527

Adult knee, 589–631
arthroplasty of, 621–625. See also Total

knee arthroplasty
revision, 626–629
unicompartmental, 620–621

articular cartilage lesions of, 610–613
clinical presentation of, 610
nonoperative treatment of, 610–611
operative treatment of, 611–613,

611f–612f
patellae involvement, 614–616
pathophysiology of, 610

chondromalacia patellae and, 614–616
infection of, postoperative, 626–629
ligament injuries of, acute, 595–600

anterior cruciate, 600–603, 601f–602f
general considerations for, 595–596
history taking for, 596–597
lateral collateral, 605–608
medial collateral, 605
origins of, 596
physical examination of, 596–600,

597f–600f
posterior cruciate, 603–604, 604f
posterolateral corner, 605–608,

607f–608f
rotatory instability with, 600
straight instability with, 599–600

meniscal injuries of, 589–595, 591f–592f,
594f–596f

osteoarthritis of, 616–621
clinical presentations of, 155, 157f, 617
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etiologies of, 617
nonoperative management of, 618
operative management of, 618, 619f,

620–621
patellofemoral, 614–616
pathoanatomy of, 616–617
radiography of, 154t, 617

osteonecrosis of, 608–609
radiographic staging of, 609
treatment options for, 609

patellofemoral disorders of, 613–616
arthritis, 614–616
biomechanics of, 613
bipartite patella, 613–614
chondromalacia, 614–616
excessive lateral patellar compression

syndrome, 614, 614f
osteochondritis dissecans, 613
radiographic evaluation of, 613, 613f

rheumatoid arthritis of, 617
Aerolar tissue, around fibrous tissues,

21–22, 21f
AFO. See Ankle-foot orthosis (AFO)
Age-related change

in acromioclavicular joint, 348
in bone, 88, 93, 201

fractures and, 93
in bone mass, 16, 199
in intervertebral disc, 32, 34, 36–37
in periosteum, 18

Aggregating proteoglycans, large
in connective tissue, 8–9, 9f
in fibrous tissue, 23
in intervertebral disc, 35–36
in skeletal dysplasias, 251, 257

AIDS. See also Human immunodeficiency
virus (HIV) infection

hemophilia and, 537
Airway management, with juvenile

idiopathic arthritis, 175
Akin procedure, for hallux valgus

interphalangeus, 677, 679f
Alcohol abuse

avascular necrosis of hip and, 533
bone development and, 200
humeral head osteonecrosis and, 357
septic arthritis and, 181

Alendronate (Fosamax), for osteoporosis,
206–207

Algodystrophy, 420
Alignment

external fixation limitations, 113
fibrous tissue role, 22
in first metatarsophalangeal joint

fusion, 681, 682f
of fractures, 95, 100, 100f
of hindfoot, with ankle instability, 696,

698, 698f
with internal limb fixation, 116–117
spinal, for cerebral palsy deformities,

213–215, 215f
in total knee arthroplasty, 622–623, 623f

computer-assisted, 625
valgus. See Valgus deformity
varus. See Varus deformity

Alkaline phosphatase, in neoplasms, 270
Allen’s test, for vascular insufficiency,

438–439
Allis sign, in congenital hip dysplasia,

446, 446f
Allodynia, 193, 420

Allografts
for meniscal tears, 594–595, 596f
osteochondral, for knee cartilage

lesions, 612
for posterolateral ligament

reconstruction, 607–608, 608f
for revision hip arthroplasty, 566,

567f–568f, 571
Allopurinol, for gout, 184–185
�-motor neurons, in muscle cells, 40
Alphavirus infections, in septic arthritis,

182
Alternative therapies, for fibromyalgia, 194
Ambulation potential

with cerebral palsy, 212
classification of, 218

in Duchenne muscular dystrophy,
231–232

in Friedreich ataxia, 231
with myelodysplasia, 223, 228
in myotonic dystrophy, 234–235
in spinal muscular atrophy, 229–230

Ambulatory aids, for knee osteoarthritis,
618

Amenorrhea, bone development and, 200
Amino acid chains

in collagen, 5, 6f
in elastin, 7

Aminoglycosides
for brucella arthritis, 180
for foot puncture wound infections, 143
for septic arthritis, 177

AML prosthesis, for total hip arthroplasty,
543, 552

Amoxicillin, for Lyme disease, 180
Amphotericin B, for fungal arthritis,

180–181
Amputation

for clostrial myonecrosis, 431
for congenital pseudarthrosis of tibia,

580
for fibular deficiency, 250–251
gait analysis for, 83
of ischemia digits, in systemic sclerosis,

191
for septic knee arthroplasty, 628
for tibial deficiency, 249–250

ANA. See Antinuclear antibodies (ANA)
Anaerobic infection, in diabetic foot, 703
Analgesics

for fibromyalgia, 194–195
for gout, 184
for hip dysplasia, 528
for knee cartilage lesions, 610
for knee osteonecrosis, 609
for osteoarthritis, 160–161
for rheumatoid arthritis, 164–165, 165f

of hip, 536
for systemic lupus erythematosus, 167

Anchorin CII, in hyaline cartilage, 31
Anesthetics, local injections of

for acromioclavicular joint pain, 348
for cervical disc disease, 334

Aneurysmal bone cysts (ABCs), 277,
280f–281f

Angiofibroblastic hyperplasia, 412
Angiogenesis, stimulation with bone

injury, 59–60
Angiosarcoma, 313
Angiotensin receptor blockers, for

systemic sclerosis, 190

Angulation force, fracture patterns with,
88, 89f, 92

Animal bites, hand infections with,
429–430

Animation industry, motion analysis for,
77, 82–83

Anisotropy, of bone, 88
Ankle and ankle joint

alignment, with limb fixation, 116
arthrodesis of, for arthrosis, 693–694,

695f
arthrosis of, posttraumatic, 693–694,

694f–695f
ball-and-socket, in tarsal coalition, 649
deformities of

in cerebral palsy, 219–221
in myelodysplasia, 228

formation and development of, 51,
53f–54f

gout in, 183
instability of, 696–699

lateral ligament laxity in, 696, 697f
diagnostic tests for, 697–698, 698f
surgical repair of, 698–699

peroneal tendons and, 696–698
ligaments of, stability role, 696–697, 697f
motion during gait cycle, 81, 82f
osteoarthritis in, 159
septic arthritis of, 144–145

Ankle arthroplasty, for arthrosis, 693–694,
695f

Ankle/brachial index, 98
Ankle-brachial index (ABI), in diabetic

foot, 703
Ankle-foot orthosis (AFO)

for ankle arthrosis, 693–694, 694f
for arthrogryposis, 238
for Becker type muscular dystrophy,

233
for cerebral palsy deformities, 220
for diabetic Charcot foot, 704–705
for myelodysplasia deformities, 226
for pes cavus, 693, 696
for pes planus, 692

Ankle moment, in gait cycle, 78, 78f, 81,
82f

Ankylosing spondylitis, 168–170, 169f
Ankylosis

of apophyseal joints, in juvenile
rheumatoid arthritis, 337

in juvenile idiopathic arthritis, 172–173,
175

Anlagen, cartilage, 246
Annulus fibrosis, of intervertebral disc,

32–33, 33f
age-related changes, 36
composition, 34–36, 35f
osteoarthritis of, 155–156, 157f, 158

Anorexia nervosa, bone development and,
200

Antalgic gait
with hip pain, 526–527, 530
with Köhler disease, 652–653
with slipped capital femoral epiphysis,

472
with tarsal coalition, 648, 648f

Anterior and posterior drawer test, for
glenohumeral joint instability,
390, 391f

Anterior approach, to hip surgery,
522–523

Index 709

Weinstein index.qxd  3/21/05  1:29 PM  Page 709



Anterior cruciate ligament (ACL)
injuries of, 600–603

biomechanics of, 600–601
bony avulsion with, 602
in children, 586

laxity following fractures, 585
history taking for, 601
menisci tear association, 590, 592–594
natural history of, 601–602
origins of, 596
physical examination of, 601, 601f
reconstructive surgery for, 602–603,

602f, 607
rehabilitation for, 601

in total knee arthroplasty, 621
Anterior drawer test

for ankle stability, 698, 698f
for knee ligament injuries, 597, 597f

Anterior interosseous nerve syndrome,
403–404

Anterior stress test, with inversion, for
ankle stability, 698, 698f

Anterior talofibular ligament (ATFL), in
ankle stability, 696, 697f, 699

Anterior tibialis tendon, in foot
deformities, with cerebral
palsy, 219–220

Antero-lateral approach, to hip surgery,
523–524

Anterosuperior spine, as hip landmark,
520, 520f

Antetorsion, femoral vs. tibial, in pediatric
foot, 663, 665f, 666

Anteversion
of femoral neck, in congenital hip

dysplasia, 451–452, 452f
of proximal femur, as developmental,

663
Antibiotics

for bone and joint infections, 123–124
for chronic multifocal osteomyelitis, 140
for disc space infection, 141
for foot puncture wound infections,

142–143
for gonococcal arthritis, 147–148, 177
for hand and wrist infections, 429–431
for hematogenous osteomyelitis

acute, 130–132
intravenous recommendations,

130–132, 131t
oral therapy cautions, 131–132, 132t

subacute, 139
for Lyme disease, 180
resistance to, 124, 129

methicillin, 129–132, 142, 407, 430
for septic arthritis, 145, 147, 177–180
for septic knee arthroplasty, 628, 629f
for spondyloarthropathies, 171
for systemic sclerosis, 191
for total hip arthroplasty infection,

558–559
Antibodies. See also Antinuclear

antibodies (ANA)
in rheumatoid arthritis, 162–163
in systemic lupus erythematosus,

166–167
Anti-citrullinated cyclic peptide (anti-

CCP), in rheumatoid arthritis,
163

Anticoagulation therapy, for Raynaud’s
phenomenon, 439

Anti-double stranded DNA (anti-
dsDNA), in systemic lupus
erythematosus, 166–167

Anti-inflammatory drugs
for acute lumbar radiculopathy, 512
for chondromalacia patellae, 616
for glenohumeral joint pain, 355
for hip dysplasia, 528
for humeral head osteonecrosis, 359
nonsteroidal. See Nonsteroidal anti-

inflammatory drugs (NSAIDs)
for posttraumatic glenohumeral

arthritis, 364
for spinal stenosis, 515
for spondyloarthropathies, 170–171
for transient synovitis, 466

Antimetabolites, for rheumatoid arthritis,
165, 165f

Antinuclear antibodies (ANA)
in juvenile idiopathic arthritis, 173–174
in rheumatoid arthritis, 163
in systemic lupus erythematosus,

166–167
in systemic sclerosis, 189–190, 189t

Anti-Scl-70 antibodies, in systemic
sclerosis, 189–190, 189t

Anti-Sm autoantibodies, in systemic
lupus erythematosus, 167

Anti-tumor necrosis factor therapy. See
Tumor necrosis factor (TNF)-
�-inhibitors

Anxiety
fibromyalgia association, 193
with rheumatoid arthritis, 165, 165f

Apatite crystals, 88
Aplasia, congenital, of radius, 420–421, 421f
Apley compression test, for meniscal

tears, 591
APL (abductor pollicis longus) muscle

in DeQuervain’s syndrome, 426
in intersection syndrome, 410, 412

Aponeurosis
palmar, in Dupuytren’s disease, 427
planter, in hallux valgus, 671–673, 672f

Apophyseal joints
ankylosis of, in juvenile rheumatoid

arthritis, 337
osteoarthritis of, 155, 158

Apophyses, slipped vertebral, with
herniated nucleus pulposus,
509

Apophysitis, calcaneal, in children,
654–655, 655t, 656f

Appendicular skeleton, formation and
development of, 50–51, 51f–54f

Apple core odontoid, juvenile rheumatoid
arthritis of, 337

Apposition, surgical
for ligament healing, 69
for tendon substance healing, 67

Appositional growth, of cartilage, 42, 45f
Apprehension test, for glenohumeral joint

instability, 390, 392f
Arachnodactyly, in Marfan’s syndrome,

254
Arcade of Frohse, 404, 412
Arcade of Struthers, 405
Arch

bony, formation and development of, 50
of foot. See Longitudinal arch
in shoulder joint. See Coracoacromial arch

Arcuate ligament, injury to, 605, 607
ARDS (acute respiratory distress

syndrome), as fracture
complication, 94, 115

Aredia (pamidronate), for osteoporosis,
206–207

Arm. See Upper extremity; specific anatomy
Arm elevation, shrugging with, in rotator

cuff disease, 371, 374f
Arteriogram, for vascular insufficiency, in

hand and wrist, 439, 439f
Arterioles, in bone, 18f
Artery(ies)

in bone, 16–18, 17f–18f
central, 48
injuries with fractures, 89–90, 91f, 92–94

evaluation of, 98
intersegmental, 46
medullary, 60
in menisci, 25, 590
musculoskeletal system formation role,

45–46, 47f, 48
Arthralgia. See Pain and pain control
Arthritis. See also specific type

crystal-induced, 182–186
degenerative. See Osteoarthritis (OA)
gouty, 423
infectious, 176–182. See also Septic

arthritis
inflammatory bowel disease, 168, 170
juvenile idiopathic, 172–175
patellofemoral, 614–616
psoriatic, 168, 170–171

with juvenile idiopathic arthritis,
173–174

reactive, 168, 170
with tuberculosis, 178

in Reiter’s syndrome, 170
rheumatoid, 162–166
secondary glenohumeral, 351, 354f

posttraumatic, 363–364
septic, 143–148

acute, 176–177, 431–432
synovium characteristics, 152–153, 153t
systemic, with juvenile idiopathic

arthritis, 173
Arthrodeses

of ankle and foot, for arthroses,
694–696, 695f–697f

C1-C2. See Cervical fusion
carpal bones, with juvenile idiopathic

arthritis, 175
for cerebral palsy deformities

flat foot, 221
of hip, 217
of spine and pelvis, 213–215, 215f
of upper extremity, 221, 223

of first metatarsocuneiform joint, in
hallux valgus, 675–676, 679f

of first metatarsophalangeal joint, for
hallux rigidus, 681, 682f

for fracture repair, 63
of glenohumeral joint

for birth palsy, 347
for degeneration, 356

of hand or wrist
for degenerative arthritis, 424–425
for Keinbock’s disease, 433

of knee
for osteoarthritis, 618
in septic arthroplasty, 628
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for lesser metatarsophalangeal joint
disorders, 685, 686f

for lesser toe deformities, 682–683, 683f
lumbosacral intertransverse process, for

spondylolisthesis, 507–508
for myelodysplasia deformities

of foot, 228
of spine and pelvis, 224–225

for pes planus, 688, 692
for rotator cuff-tear arthropathy, 367
subtalar, 221, 228

extra-articular, for congenital vertical
talus, 651

for swan neck deformity, 436
of thumb, in ulnar nerve palsy surgery,

434
triple

for clubfoot, 661
for hereditary motor sensory

neuropathies, 235
for hindfoot arthrosis, 695, 697f

Arthrography
for birth palsy, 346
of frozen shoulder, 384
of glenohumeral joint instability, 391
for hip disorders, 537

congenital dysplasia reduction
assessment, 450, 451f

of Legg-Calvé-Perthes disease, 463, 463f
for pseudoachondroplasia, 259
of rotator cuff tears, 372
for transient synovitis, 466

Arthrogryposis, 236–238
contracture etiologies, 236–237
deformities with, 237–238

of knee, 576, 576f
distal, 240
hip dysplasia with, 237
treatment goals, 237

Arthrogryposis multiplex congenita,
236–238

forearm deformities with, 401–402
Arthropathy

Charcot, in myelodysplasia, 228–229
crystalline, of hand and wrist, 423–424,

424f
cuff tear. See Rotator cuff-tear

arthropathy (RCTA)
degenerative. See Degeneration and

degenerative disorders
inflammatory. See Arthritis; Gout;

Synovitis
Jaccoud’s, with systemic lupus

erythematosus, 167
of spine. See Spondyloarthropathy(ies)

Arthroplasty. See also specific anatomy
prosthetics for. See Prosthetic

arthroplasty
reconstructive. See Reconstructive

surgery
resection. See Resection arthroplasty
revision. See Salvage procedures
for rotator cuff-tears, 367, 367f, 379, 379f
shelf, for Legg-Calvé-Perthes disease,

461f, 464
total. See Total joint replacement

Arthroscopic debridement
of elbow

for degenerative arthritis, 407
for osteochondritis dissecans, 409

for glenohumeral joint pain, 355–356

of knee
for cartilage lesions, 610–611
for osteoarthritis, 618
for osteonecrosis, 609
pediatric, for osteochondritis

dissecans, 582
of septic arthritis, 145

Arthroscopy
for biceps lesions, 382–383
for chondromalacia patellae

visualization, 616
for distal clavicle resection, 349–351,

352f–353f
for frozen shoulder, 385, 387
for glenohumeral joint instability, 394,

395f
of hip, 537–538, 538f

surgical dislocation for failed, 539
for juvenile idiopathic arthritis, 175
for meniscal tears, 593–594

all inside technique, 593
inside-out technique, 593–594, 594f
nonsuture technique, 594
outside-in technique, 594, 595f

for meniscus sculpturing, of discoid
meniscus, 581, 581f

for posterior cruciate reconstruction,
604, 604f

for subacromial decompression, in
rotator cuff disease, 379, 380f

for synovial biopsy, 153
Arthrosis

in acromioclavicular joint, 348
of ankle joint, 693–694, 694f–695f
of facet joints, in cervical disc disease,

328
Arthrotomy

for lower extremity contractures, in
cerebral palsy, 218

for septic arthritis, 123, 145
Articular cartilage

collagens in, 7
degeneration factors, 30

in glenohumeral joint, 351, 353–354,
354f, 361f

function of, 26, 55
healing potential of, 610
inorganic matrix in, 9
internal organization zones of, 26–27, 27f

calcified cartilage, 27
deep (radial), 27
middle (transitional), 27
superficial (gliding), 26–27

knee lesions of, 610–613, 611f–612f
chondromalacia patellae as, 614–616

matrix regions of, 27–28
interterritorial, 28
pericellular, 27–28
territorial, 28
zone-based composition, 26

menisci associations, 24, 590
tissue healing in, 63–65

failure of, 65
following surface damage, 64
following trauma

with disruption, 64–65, 66f
without disruption, 64

with meniscus tear, 69
Articular fractures, 90f, 107, 109f

cartilage healing with, 63–64, 66f
fixation techniques for, 113, 115–116

Articular (capsular) ligaments, 22. See also
Capsular (articular) ligaments

Aseptic necrosis. See Avascular necrosis
Aspiration

bone, for hematogenous osteomyelitis,
129–130, 135

fine needle, of neoplasms, 271
in Friedreich ataxia, 231
joint

for gonococcal arthritis, 147, 177
for rheumatoid hands and wrists, 

434
of septic arthritis, 145, 147, 432
for spondyloarthropathies, 171
for transient synovitis, 466

needle, of disc space infection, 140–141
for septic knee arthroplasty, 628, 629f
of synovial fluid, analysis components,

152
Aspiration irrigation, for septic arthritis

of hip, 146
of knee, 144–145, 147
of wrist, 432

Aspiration pneumonia, post-spinal fusion,
for cerebral palsy, 214

Aspirin, for gout, 184
Asymmetry

with spine deformities
body, 480, 481f
vertebral segmentation and, 492, 494f,

495
in total knee arthroplasty, 624

Ataxia, Friedreich’s, 230–231, 478t
ATFL (anterior talofibular ligament), in

ankle stability, 696, 697f, 699
Athetosis, 212
Athletes

acromioclavicular joint pain in, 348
back pain in, 497–498, 502, 505f
glenohumeral joint instability in,

387–388, 394
hallux rigidus in, 678
knee ligament injuries in, 596

anterior cruciate, 601–602
lateral epicondylitis in, 412–413, 413f
medial epicondylitis in, 414
nutrition for, 200
Osgood-Schlatter disease in, 582–583
spondylolisthesis in, 502, 505f, 507
stress fractures in, 90–91, 94f

Atlantoaxial spine. See Cervical spine
Atlantodental interval (ADI), in cervical

rheumatoid arthritis, 340
Atlas, formation and development of,

48–49, 49f
Atrophic nonunion, in fracture healing,

63, 63f
Atrophy

calf, with slipped capital femoral
epiphysis, 472

disuse
with fractures, 114, 117
with juvenile idiopathic arthritis,

172–175
in systemic sclerosis, 188

spinal muscular, 229–230, 478t
Sudeck’s, 420
thigh

with slipped capital femoral
epiphysis, 472

with transient synovitis, 465
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Augmentation
acetabular, for hip dislocations, 556,

557f, 558
for ankle instability, 699
for cerebral palsy deformities

hip dysplasia, 217
of thumb, 223
of wrist, 222

for myelodysplasia deformities, of hip,
225

Autoantibodies
in systemic lupus erythematosus,

166–167
in systemic sclerosis, 189–190, 189t

Autografts
osteochondral, for knee cartilage

lesions, 611–612, 611f–612f
tendon

for anterior cruciate ligament
reconstruction, 602–603, 602f,
607

for knee cartilage lesions, 607,
611–612, 611f–612f

for posterior cruciate ligament
reconstruction, 604, 604f

Autoimmune processes, in cervical disc
disease, 334

Autologous chondrocyte implantation
(ACI), for knee cartilage
lesions, 611–612, 612f

Autonomic dysfunction, in Charcot foot,
704

Avascular necrosis. See also Osteonecrosis
in congenital hip disorders, 451, 453
of femoral neck, 145, 146f
of hip, 533–535
of metatarsal head, in children, 653–654,

654f
as resembling neoplasm, 275
in slipped capital femoral epiphysis,

473–474
Avulsion fractures, in children

of patella, 584
of patella tendon-tibial tubercle

junction, 582–583, 582f
of tibial tubercle, 585

Avulsions
of cervical nerve roots, in birth palsy, 346
of dense fibrous tissue, 67–68, 68f
of glenohumeral joint capsule, stability

restoration, 394, 395f
of hamstring tendon, 67–68, 68f
with knee ligament injuries, 602–603

of posterolateral corner, 606–607, 607f
Axer, varus/derotation osteotomy of, for

Legg-Calvé-Perthes disease,
463, 465f

Axial loading test, for back pain, 511f
Axial “root” joint synovitis, 168
Axial skeleton. See also Cervical spine

formation and development of, 46,
47f–50f, 48–50

Axillary sympathetic blocks, for
Raynaud’s phenomenon, 439

Axis. See also Odontoid bone
formation and development of, 48–49,

49f
Azathioprine

for rheumatoid arthritis, 165, 165f, 434
for systemic lupus erythematosus, 167

Azithromycin, for gonococcal arthritis,
148

Babinski sign, in back pain, 510
Back kneeing in stance, in cerebral palsy,

219
Back pain

chronic, 511, 511t, 513–514
with idiopathic scoliosis

in adolescents, 489, 490f
in adults, 489

inflammatory, 168–170
low, 158

discogenic, 158
in Marfan’s syndrome, 254
thoracolumbar, 497–515

in adults, 509–515
acute, lumbar radiculopathy and,

511–513, 512f
chronic, 511, 511t, 513–514
disability with, 509, 512–514
examination of, 509–511, 510f,

510t–511t
herniated nucleus pulposus and,

512–513
nonorganic physical signs of, 511,

511t
as self-limiting, 509
spinal stenosis and, 514–515

in children, 497–509
causes of, 497–498, 497t
examination guidelines for,

497–498
herniated nucleus pulposus and,

509
Scheuermann kyphosis and,

498–500, 499f
spondylolisthesis and, 500–504,

501t, 503f–507f, 507–509, 508t
spondylolysis and, 500–504,

507–509
Baclofen, for cerebral palsy. See Intrathecal

baclofen (ITB) pump placement
Bacteria, causative

in infectious arthritis, 176–180. See also
Septic arthritis

in osteomyelitis
acute, 124, 126, 129–130
neonatal, 132
special sites, 133
subacute, 138
vertebral endplates, 140

in reactive arthritis, 170
in septic arthritis, 143, 145, 147

acute, 176–177
Bacterial infections, in hand and wrist,

428–429
Bacteroides, in hematogenous

osteomyelitis, 126
Baker’s cyst, with rheumatoid arthritis,

164
surgical excision of, 165–166

Balance disorders, in Friedreich ataxia,
231

Balance training
for fracture rehabilitation, 118
for osteoporosis, 208

Ball-and-socket ankle, in tarsal coalition,
649

Bankart lesion, in glenohumeral joint
instability, 393f, 394, 395f

Barlow maneuver, for congenital hip 
dysplasia, 445

Barometric pressure, avascular necrosis of
hip and, 533

Bartonella henselae, in hematogenous
osteomyelitis, 133

Basal lamina, of muscle cells, 37, 39f, 40
injuries and, 69

Basement membrane (class II) collagens,
in connective tissue, 5

Basic calcium phosphate (BCP) crystal
disease, 152

Basilar invagination, in rheumatoid
arthritis, 339–342, 342f

measurement lines for, 340, 341f
treatment of, 342

B-cells, in rheumatoid arthritis, 162
Beaded fixation

for total hip arthroplasty, 533, 542,
545–546, 546f

for total knee arthroplasty, 622, 625
Becker type muscular dystrophy, 232–233,

233f
Belly-press test, for rotator cuff disease,

372, 375f
Bending fractures, 89
Benign joint hypermobility syndrome, 698
Benign neoplasms, 268t, 286–304

of bone, 286–297
clinical evaluation of, 268–271, 318
disorders resembling, 267–268, 268t, 318

bone disorders, 271–282
soft tissue disorders, 281, 283–286

of hand and wrist, 436–438
of soft tissue, 297–304

in forefoot, 687
Benign Schwannoma, 300
Benzodiazepines, for post-spinal fusion

pain, with cerebral palsy, 215
�-blockers, for reflex sympathetic

dystrophy, 420
β-Lactamase inhibitors

for foot puncture wound infections, 142
for hematogenous osteomyelitis, 124,

130–132, 131t
�-motor neurons, in muscle cells, 40
Biceps femoris tendon, in knee ligament

injuries, 605, 607–608
Biceps muscle/tendon

anatomy of origins, 379
in birth palsy, 346
function of, 379, 387
lengthening of, for cerebral palsy

contractures, 222
lesions of, 379–383

clinical findings of, 380–381, 382f
pathogenesis of, 379–380, 380f–381f
treatment of, 382–383

in rotator cuff-tear arthropathy, 365,
379–380

Biceps tenodesis, 607, 608f
Bicipital groove, of humerus, in biceps

lesions, 379–380, 380f
Bicondylar prostheses, for total knee

arthroplasty, 621–622, 622f
Biochemical cascades, bone sensitivity to,

88
Biochemical disorders, in cervical disc

disease, 334
Biofeedback

for fibromyalgia, 194
for glenohumeral joint instability, 387

Biomechanics
of bone, 87–88

composition factors, 13, 15, 55
structure factors, 10–11, 55

712 Index

Weinstein index.qxd  3/21/05  1:29 PM  Page 712



of connective tissue, 4, 55
of diabetic foot, 702
of fibrous tissues, 19, 21–23, 55
of fractures, 88
of intervertebral disc, 32, 35–36
of knee

ligament role, 600–601, 603, 605–606
menisci role, 25, 589–590
patella role, 613

in longitudinal arch development,
634–635, 638f, 644

in motion analysis
animation applications of, 77, 82–83
measurement systems for, 75–77,

75f–77f
of rotator cuff disease, 368–369,

369f–370f
Biomet prostheses, for total hip

arthroplasty, 553
Biometrics

in juvenile idiopathic arthritis, 173–174
in skeleton dysplasia screening, 248

Biopsy(ies)
bone, for hematogenous osteomyelitis,

136, 138
needle

of disc space infection, 140–141
of septic arthritis, 145, 147, 432

of neoplasms, 270–271
in hand and wrist, 438

skin, for systemic sclerosis, 189
synovial

for juvenile idiopathic arthritis, 175
for rheumatoid diseases, 153
for septic arthritis, 181

Bipartite patella, 613–614
Birth defects. See Congenital abnormalities
Birth history

in birth palsy, 345–346
in congenital leg deformities, 576
in developmental dysplasia of hip,

444–445
in torticollis, 325

Birth palsy, traumatic, 345–347
clinical examination of, 346
complete injury, 346
outcome prediction, 346
radiographic examination of, 346
treatment of, 346–347

Bisphosphonates
bone sensitivity to, 88
for osteogenesis imperfecta, 253
for osteoporosis, 206–207
reconstructive, for metastatic bone

disease, 318
Bites, hand infections with, 429–430
Bladder function

with spinal fusion, for cerebral palsy,
213–214

in spinal muscular atrophy, 230
Blastomycosis dermatitidis, in septic

arthritis, 180–181
Bleck’s rating, of retained neonatal

reflexes, 212
Bleeding

with fractures, 92–94
definitive treatment of, 96–97
initial management of, 95–96

into synovium, 153
Blood culture

for hematogenous osteomyelitis, 129
for septic arthritis, 144

Blood supply
benign lesions of, 294–295, 295f,

298–300, 299f
of bone, 16–17, 17f–18f

in hematogenous osteomyelitis, 124,
125f, 126

in diabetic foot, 703
disruption with injuries, 58–60, 58f–60f

of bones, 89–90, 91f, 92–94, 96–98, 
105

avascular necrosis and, 533
of femoral head, 533
of muscles, 69–70, 70t

of fibrous tissues, 24
of intervertebral disc, 36
of menisci, 25, 590
of muscle, 40
of periosteum, 19
of synovium, 26
systemic sclerosis manifestations in,

186–187
tissue healing role, 60, 61f, 62, 69

Blount’s disease, of tibia, 578–579,
578f–579f

Blunt trauma
bone infection associations, 125
fracture patterns with, 90, 92, 92f
tissue healing and

in articular cartilage
with disruption, 64–65, 66f
without disruption, 64

in dense fibrous tissue, 65, 67
in muscles, 69–77, 70t

BMD. See Bone mineral density (BMD)
Body asymmetry, with spine deformities,

480, 481f
Body-fixed coordinate system, in gait

analysis, 75–76, 75f
Body mass, bone density and, 200
Body mass index, 200
Bone(s), 10–18

biomechanics of, 87–88
blood supply, 16–17, 17f–18f
collagens in, 7
composition of, 11–15

cells, 11–13, 12f–14f
osteoblasts, 11, 12f
osteoclasts, 11–13, 14f
osteocytes, 11, 13f
osteoprogenitor, 11
undifferentiated, 11

matrix, 13, 15, 15f
inorganic, 15, 15f
organic, 13, 15

control of cellular activity, 15–16
enchondral, formation of, 45, 46f–47f
fatigue of, 88–89, 89f
formation and development of, 42–47

childhood, 48–51, 48f–54f
in congenital hip dysplasia, 447, 447f,

451
control of, 11, 15–16
with juvenile idiopathic arthritis,

174–175
in Legg-Calvé-Perthes disease,

452–453, 453f–454f, 466
prenatal, 42, 42f–48f, 45–46, 48–50

functions of, 10, 87
genetic disorders of, 247
gross structure of, 10

cortical and cancellous, 10, 10f
shapes and sizes, 10

healing mechanisms, 58–63. See also
Bone healing; Bone
remodeling

infections of, 123–149. See also specific
infection

diagnosis and treatment of, 123–124
following foot puncture wounds,

142–143
osteomyelitis, 123–140

acute hematogenous, 124–135
chronic multifocal, 138–140, 139f
subacute hematogenous, 135–138

septic arthritis, 123, 132f, 133, 143–148
vertebral endplates, 133, 140–142,

141f
inorganic matrix in, 9
insertions of tendons, ligaments, and

joint capsules into, 23–24, 23f
intramembranous, formation of, 42, 45,

46f
loss of. See Bone loss
microscopic structure of, 10–11

mineralized and unmineralized
matrix, 10

woven and lamellar, 11
microstructural fatigue failure of, 88–89,

89f
neoplasms of. See Bone tumors
nerve supply, 17
resorption of. See Bone resorption
strength factors, 88
structure of, 10–11, 10f
tissue repair in, 57–63, 58f–63f

Bone aspiration, for hematogenous
osteomyelitis, 129–130, 135

Bone biopsy, for hematogenous
osteomyelitis, 136, 138

Bone culture, for hematogenous
osteomyelitis, 129

Bone cysts
aneurysmal, 277, 280f–281f
simple (unicameral), 276–277, 278f–279f

Bone formation, 42–47
childhood, 48–51, 48f–54f
in congenital hip dysplasia, 447, 447f,

451
control of, 11, 15–16
with juvenile idiopathic arthritis,

174–175
in Legg-Calvé-Perthes disease, 452–453,

453f–454f, 466
prenatal, 42, 42f–48f, 45–46, 48–50

Bone grafts
for Keinbock’s disease, 433
for osteochondritis dissecans, of

pediatric knee, 582
for wrist tendon release, in cerebral

palsy, 221, 222f
Bone healing, 58–63

with fractures
stable, 62–63
unstable, 60–62, 60f–62f

inflammation and, 58–60, 58f–60f
injury severity factor, 58, 60
primary, 62–63

Bone-implant constructs, for fracture
repair, 99, 99f, 117

Bone infarct, 275, 304, 313
Bone island, 275–276, 277f
Bone loss

accelerated, during menopause,
201–202
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Bone loss (continued)
metabolism-related, 200–202
in total hip arthroplasty, 541, 543, 562,

567, 569f
Bone loss fracture, 90f

reconstruction techniques for, 113
Bone marrow

diseases of, osteoporosis vs., 203
fracture impact on, 92, 94
injury to, 58–59, 59f–60f

Bone marrow transplantation
for mucopolysaccharidoses, 263
for osteogenesis imperfecta, 253

Bone mass
age-related, 16
factors influencing, 16, 199
in osteopenia definition, 202

Bone mineral density (BMD), 87–88, 201
nutrition and, 200–201
in osteoporosis, 202

treatment impact on, 206–207
Bone-patellar tendon-bone graft

for anterior cruciate ligament
reconstruction, 602–603, 602f

for posterior cruciate ligament
reconstruction, 604, 604f

Bone remodeling
with fractures, 60–63, 63f

stable, 62–63
unstable, 60–62, 60f–62f

during menopause, 201–202
microscopic features of, 10–11
in Paget’s disease of bone, 206
in slipped capital femoral epiphysis, 474

Bone resorption
control of, 15–16
cytokines and, 16, 200
developmental, 200–201
menopause and, 201–202
osteoclast role, 12–13, 14f, 199
repetitive loading and, 16, 201
in total hip arthroplasty, 541, 543, 562,

567, 569f
Bone scintigraphy

of disc space infection, 140
of hematogenous osteomyelitis,

128–129, 133, 134f, 135
of humeral head osteonecrosis, 359
of hyperparathyroidism, 204–205
of knee osteonecrosis, 609
of pelvic septic arthritis, 147
of septic arthritis, 180
of septic knee arthroplasty, 627, 629f
of spondylolisthesis, 504, 507
technetium. See Technetium-99m (99mTc)

bone scan
three-phase, of reflex sympathetic

dystrophy, 420
Bone spurs, 154

in rotator cuff disease, 368–369, 370f
Bone tumors

benign, 268t, 286–297
disorders resembling, 267–268, 268t,

271–282, 318
initial evaluation of, 268–271
malignant, 269t, 304–314
metastatic, primary sources of, 90, 92f,

269t, 313
pathologic fractures with, 90, 92f, 275,

277f, 288
primary, 90, 92f, 304

Bone turnover. See Bone resorption
Bony arch, formation and development

of, 50
Borrelia burgdorferi, in septic arthritis,

179–180
Bosentan, for Raynaud’s phenomenon,

190–191
Botulinum A toxin, for cerebral palsy, 212,

221
Bouchard’s nodes, 155, 156f
Boutonnière deformity, of digits, 164,

417–418, 418f, 436
Bowel function

with spinal fusion, for cerebral palsy,
213–214

in spinal muscular atrophy, 230
Bowleg. See Genu varum
Bow-string test, for back pain, 510–512
Braces and bracing

for achondroplasia, 260
for anterior cruciate ligament injury, 602
for chondromalacia patellae, 616
for congenital pseudarthrosis of tibia,

580
for congenital spinal deformity, 496
for Friedreich ataxia, 231
for idiopathic scoliosis, 484, 490–491,

491f–492f
for lateral epicondylitis, 413, 413f
for Legg-Calvé-Perthes disease, 463,

464f
for Marfan’s syndrome, 254
for medial collateral ligament injuries,

605
for myelodysplasia foot deformities,

227–228
for osteoarthritis, of knee, 618
for osteogenesis imperfecta, 253
for spinal muscular atrophy, 230
for spondylolisthesis, 507

Brachialis tendon, lengthening of, for
cerebral palsy contractures,
222–223

Brachial neuritis, 403
Brachial plexus block, interscalene, for

frozen shoulder, 385, 387
Brachial plexus trauma, during birth,

345–346
treatment of, 346–347

Brain injuries, fracture treatment
consideration of, 96, 104, 115

Brain stem compression
in achondroplasia, 260
in cervical rheumatoid arthritis, 340,

342
Breast carcinoma, metastatic bone disease

from, 316, 316f, 438
Breech presentations

birth palsy and, 345–346
congenital leg deformities and, 576
hip dysplasia association, 444–445
torticollis and, 325

Brittleness, of bone, 88
Broström procedure, for ankle stability,

698
Brown tumor of hyperparathyroidism,

271–272
Brucella arthritis, 180
Bryant traction, for congenital hip

dysplasia, 450, 450f
Buerger’s disease, 439

Bunion deformity
with great toe osteoarthritis, 159
with hallux valgus, 672–673, 672f

juvenile, 676–677
preoperative evaluation of, 673–675,

674f
surgical correction of, 675–677,

676f–679f
Bursa

fracture healing and, 63
of tendons, 21, 21f

Bursectomy, for rheumatoid arthritis of
shoulder, 363

Bursitis, of olecranon, 407
Buttressing, of femoral head, 155, 157f
Buttress plate, for fracture fixation, 117

C1-C2 rotatory displacement, subluxation
deformities, of childhood,
325–326, 326f

Caffey’s disease, as resembling neoplasm,
274, 275f

Calcaneal navicular coalition
in adults, pes planus and, 688–689, 

690f
in children

pes planus and, 640, 642, 644f
tarsal coalition with, 644f, 647–649

surgical excision of, 649–650
Calcaneocuboid joints, arthrosis of, 694

triple arthrodesis for, 695, 697f
Calcaneofibular ligament (CFL), in ankle

stability, 696, 697f
Calcaneus

apophysitis of, in children, 654–655,
655t, 656f

in clubfoot deformity, 658–660,
659f–660f

deformities of, in myelodysplasia, 227
equinus deformity of, with congenital

vertical talus, 641f, 650–651
fracture of

intra-articular, 694
pes planus with, 690, 691f, 692

malalignment of, in pes planus, 640,
642, 646f

ossification of, 53f–54f
osteotomy of

for club foot, 227
for flat foot

lengthening, 221
sliding, 221

for pes cavus, 693, 693f
for valgus foot, 228

talus coalition of, in pes planus, 640,
642, 644f–645f

traction of, for femur fractures, 104
valgus deformity of

in children, 651–652, 651f–652f
pes planus and, 640, 642, 644f–646f

in congenital posteromedial bowing
of tibia, 579, 579f

with congenital vertical talus, 641f,
650

in metatarsus adductus, 656, 658
pes planus with, 633–645, 636f–645f
with tarsal coalition, 648, 648f

varus deformity of, in children, 633,
635f

Calcified cartilage zone, of articular
cartilage, 27, 27f
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Calcinosis, in systemic sclerosis, 187t,
188–189

Calcitonin
bone turnover and, 16

Calcitonin, nasal (Miacalcin)
for osteoporosis, 207
for reflex sympathetic dystrophy, 420

Calcium and calcium intake
bone development and, 16, 200–201
for osteoporosis, 206

Calcium channel blockers
for Raynaud’s phenomenon, 439
for reflex sympathetic dystrophy, 420
for systemic sclerosis, 190

Calcium hydroxyapatite crystals, in
calcium pyrophosphate
dihydrate deposition disease,
186

Calcium ion, in muscle cell contraction, 40
Calcium phosphate

basic, in calcium pyrophosphate
dihydrate deposition disease,
186

in bone matrix, 15
in connective tissue, 5

Calcium pyrophosphate dihydrate
(CPPD) deposition disease,
185–186

basic calcium phosphate in, 186
clinical features, 185
crystals in synovial fluid, 152, 185

with osteoarthritis, 159–160
epidemiology, 185
in hand and wrist, 424, 424f
pathogenesis, 185
radiology for, 185
septic arthritis vs., 432
treatment of, 185–186

Callus formation
with fractures, 59f–61f, 60–61

absence of, 62–63
stages of, 61–62, 62f, 115

with tendon injuries, 67, 68f
Caloric intake, bone development and, 200
Camptomelic dysplasia, 251
Cancellous bone

blood supply, 17f
in fracture healing, 63
gross features of, 10, 10f

Candida albicans
in hand and wrist infections, 429
in septic arthritis, 180

Candida infection, in septic knee
arthroplasty, 626

Cantharone, for warts, 687
Capillaries

in bone, 17f–18f
nailfold, in systemic sclerosis, 186–187,

187t, 189
Capital femoral epiphysis, slipped, 468–474.

See also Slipped capital femoral
epiphysis (SCFE)

Capitellum
in osteochondritis dissecans, 409
osteochondrosis of, 409

Capsaicin, topical, for osteoarthritis, 161
Capsular (articular) ligaments, 22

in glenohumeral instability, 387, 391,
394

surgical restoration of, 394, 395f
release of, for frozen shoulder, 385, 387

Capsulorrhaphy, for glenohumeral
instability, 394, 395f

Capsulotomy, medial vs. lateral, for total
knee arthroplasty, 623–624

Carbonate, in bone matrix, 15
Carcinogenesis, “two-hit” theory of, 263
Carcinoma(s), metastatic bone disease

from, 316–317, 316f, 438
Cardiac system

muscular dystrophies impact on, 232,
234

spine deformities impact on
congenital, 492, 495
idiopathic scoliosis, 483, 489

systemic sclerosis manifestations in, 188
Cardiovascular system, in Marfan’s

syndrome, 256
Carpal bones

fusion of, with juvenile idiopathic
arthritis, 175

ossification of, 50, 51f–52f
in scapholunate advanced collapse

wrist, 424–425
sliding of, in rheumatoid hands and

wrists, 434
Carpal tunnel compression test, 419
Carpal tunnel syndrome, 403, 418–419

Keinbock’s disease vs., 432
Carpometacarpal (CMC) joints

osteoarthritis in, 155, 156f
in thumb hypoplasia, 421, 422f

Carpus, centralization on ulna, for radial
club hand, 421

Cartesian coordinate system, in gait
analysis, 77

Cartilage
benign lesions of, 289–291, 291f–292f
calcification of, in calcium

pyrophosphate dihydrate
deposition disease, 185

camptomelic dysplasia of, 251
collagens in, 6–7
formation and development of, 42–45,

45f–46f, 55
in appendicular skeleton, 50–51
in axial skeleton, 48–50, 48f, 50f
genetics of, 246

formation in fracture healing, 63
function of, 55
genetic disorders of, 247
healing of, in chondral fractures, 63–64,

66f
in hip embryology, 521, 523f
inorganic matrix in, 9
loss of, with osteoarthritis, 154–155
malignant lesions of, 309–311, 310f–311f
necrosis of, in slipped capital femoral

epiphysis, 474
thickening of hip, congenital, 445f,

446–447
Cartilage models, of bones, 246
Cartilage shaving, for chondromalacia

patellae, 616
CASH (cruciform anterior spinal

hyperextension) brace, for
osteoporosis, 208

Casts and casting
for arthrogryposis, 237
for calcaneal valgus, 651
for cerebral palsy deformities, 212, 218
for Charcot arthropathy, 228

for clubfoot, 227, 661
for congenital dislocation of knee, 576
for congenital hip dysplasia, 450–451,

451f
for congenital pseudarthrosis of tibia,

580
for congenital spinal deformity, 496
for congenital vertical talus, 651
for foot deformities, in children, 645,

649
for fractures, 95–96

application techniques, 100–103,
101f–102f

in pediatric tibia, 585–586
rehabilitation following, 117–118

for Freiberg infarction, 654
for idiopathic scoliosis, 484
for idiopathic toe-walking, 662
for Köhler disease, 653
for metatarsus adductus, 658
for radial club hand, 421
for Scheuermann kyphosis, 500
for spondylolisthesis, 507

Catterall groups, of Legg-Calvé-Perthes
disease, 456, 460t

group 1, 455f–456f, 456, 462
group 2, 456–457, 457f, 462
group 3, 457, 458f, 463–464
group 4, 457, 459f, 461f, 463–464, 463f
other prognostic, 458–459, 461f

Cauda equina syndrome, 502, 504, 513
Cavovarus foot deformity, in Friedreich’s

ataxia, 231
Cavus foot deformity

in hereditary motor sensory
neuropathies, 235–236

in myelodysplasia, 228
CBA (cost-benefit analysis), of total hip

arthroplasty, 543–544, 549
Cefazolin, for acute hematogenous

osteomyelitis, 130, 131t
Ceftazidime, for septic arthritis, 177
Ceftriaxone, for gonococcal arthritis, 147,

177
Celiac sprue, bone resorption and, 200
Cell differentiation

in bone, 11–13, 12f–14f
genetics of, 246–247
mesenchymal, 4–5

Cell processes
control of bone, 15–16

local factors, 16
systemic factors, 16

synovial, 25–26
Cellulitis

as acute hematogenous osteomyelitis
phase, 126

in diabetic foot, 703
with foot puncture wounds, 142

Cement, for joint replacements. See
Acrylic cement; specific joint

Cement disease, 541, 543
Central artery, 48
Central nervous system

myelodysplasia manifestations in, 223
systemic sclerosis manifestations in, 189
torticollis impact on, 325

“Central sensitization,” of fibromyalgia
pain, 193

Cephalexin, for acute hematogenous
osteomyelitis, 131t, 132
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Cephalosporins, 124
for Lyme disease, 180

Cephazolin, for disc space infection, 141
Ceramic prosthesis, for total hip

arthroplasty, 543
on ceramic, 549
on polyethylene, 548–549

Cerebral palsy (CP), 211–223
contracture biomechanics in, 211–212
early presentations of, 211–212
foot deformities with, 219–221
hip dysplasia with, 215–218, 216f
idiopathic toe-walking vs., 662
individualized interventions for,

212–213
lower extremity contractures with,

218–219, 220f
spine deformities with, 213–215,

214f–215f
upper extremity contractures with,

221–223, 221f
Cervical collars

for cervical disc disease, 334
for cervical rheumatoid arthritis, 339,

342
Cervical fusion

for atlantoaxial instability, in
rheumatoid arthritis, 342–343,
342f

for intervertebral disc disease, 334–335,
335f

in Klippel-Feil syndrome, 335–336
for rheumatoid arthritis, 342–343, 342f

juvenile, 339
Cervical nerve roots, avulsion of, in birth

palsy, 346
Cervical pseudoarthroses, 155
Cervical radiculopathy, in intervertebral

disc disease, 328–329, 330t
treatment of, 334–335

Cervical spine. See also Neck
evaluating for dysplasias, 248
formation and development of, 48–50,

49f
fractures of, torticollis from, 325
instability of, in pseudoachondroplasia,

258, 258f
intervertebral disc disease of, 327–335.

See also Intervertebral disc
disease

Klippel-Feil syndrome and, 335–337
osteoarthritis of, 155, 158
rheumatoid arthritis in, 339–343. See also

Rheumatoid arthritis (RA)
rotation of, torticollis with, 324
stenosis of, multilevel congenital,

336f–337f
subluxation of

in juvenile rheumatoid arthritis,
338–339

with rotatory displacement,
325–326, 326f

in rheumatoid arthritis, 339–342
torticollis of, 323–326, 324f, 326f–327f

Cervical sympathectomy, for Raynaud’s
phenomenon, 191

Cervical-thoracic-lumbar-sacral orthosis
(CTLSO)

for idiopathic scoliosis, 484, 490–491,
491f

for Scheuermann kyphosis, 500

Cervicomedullary angle, in cervical
rheumatoid arthritis
measurement, 340, 341f

CFL (calcaneofibular ligament), in ankle
stability, 696, 697f

Chamberlain line, for cervical rheumatoid
arthritis measurement, 340,
341f

Charcot arthropathy, in myelodysplasia,
228–229

Charcot foot, 159
diabetic, 703–705

hindfoot presentations of, 705
midfoot presentations of, 704, 704f
orthotic management of, 704–705,

705f
pathogenesis of, 704
temporal stages of, 704
ulcerations with, 702

Charcot-Marie-Tooth disease, 235
Charcot Restrained Orthotic Walker

(CROW), for diabetic Charcot
foot, 704, 705f

Charnley total hip arthroplasty, 540, 540f,
545

Elite prosthesis for, 542, 544
femoral stem prosthesis for, 550–551

surface finish of, 551
Cheilectomy

for hallux rigidus, 681
for Legg-Calvé-Perthes disease, 464

Chemonucleolysis, for acute lumbar
radiculopathy, 513

Chemotherapy
for Ewing’s sarcoma, 307
for extraosseous osteosarcoma, 309
for lymphoma, 307
for malignant fibrous histiocytoma, 

313
for malignant vascular tumors, 313
for multiple myeloma, 305
for osteosarcoma, 308–309
for soft tissue malignancies, 314–316

Chevron osteotomy, for hallux valgus,
675, 677f

closing-wedge modification of, 677
V-shaped, 675

Chiari osteotomy, supra-acetabular, for
hip dysplasia, 529

Children. See also Pediatric entries
back pain in, 497–509. See also Back pain
bone development factors, 200–201
cerebral palsy in

presentations of, 211–212
specific manifestations of, 213–223
treatment of, 212–213

idiopathic scoliosis in, 484, 485f–487f,
486

juvenile idiopathic arthritis in, 172–175
Legg-Calvé-Perthes disease in, 256–258,

452–465
mucopolysaccharidoses in, 261–263
muscular dystrophies in, 231–235
musculoskeletal system development

in, 48–51, 48f–54f
myelodysplasia in

presentations of, 223
specific manifestations of, 224–229
treatment of, 223–224

osteomyelitis in, 124–138. See also
Hematogenous osteomyelitis

acute, 124–135
subacute, 135–138

septic arthritis in, 143
spinal muscular atrophy in, 229–230
torticollis in, 323–325, 324f

rotatory subluxation and, 325–326,
326f

vitamin D-resistant rickets in, 261
Chlamydia trachomatis, in gonococcal

arthritis, 147–148
Chondral fractures, cartilage healing with,

63–64, 66f
Chondrification, in hip embryology, 521,

523f
Chondroblastoma, 291–292, 292f
Chondrocalcinosis

in calcium pyrophosphate dihydrate
deposition disease, 185

in pseudogout of wrist, 424, 424f
Chondrocytes

in hyaline cartilage, 28–30, 31f–32f
articular, 26–28
growth, 28

joint maintenance role, 29–30
musculoskeletal system formation role,

42, 44f
origin of, 5, 7
tissue healing role

in bone, 59–60
in cartilage, 64–65, 66f
in meniscus, 69

ultrastructural characteristics of, 31f–32f
Chondroitin sulfate

in connective tissue, 8–9, 9f
for knee cartilage lesions, 610
in mucopolysaccharidoses, 262
for osteoarthritis, 161–162
in pseudoachondroplasia, 257

Chondrolysis, in slipped capital femoral
epiphysis, 474

Chondroma, periosteal, 290–291
Chondromalacia patellae, 614–616

classification of, 615
etiology of, 615
nonoperative treatment of, 616
operative treatment of, 616
pain production with, 615
pathoanatomy of, 614–615

Chondromatosis, synovial, 304
Chondromyxoid fibroma (CMF), 292,

292f–293f
Chondronectin, in hyaline cartilage, 31
Chondroprotective agents. See also

Chondroitin sulfate
for knee cartilage lesions, 610
for osteoarthritis, 161–162

Chondrosarcomas, 309–311
in hand and wrist, 438
in hereditary multiple exostoses, 263,

309
histologic features of, 309, 310f
radiographic features of, 309, 311,

311f–312f
Chordoma, 314, 314f
Chromosome abnormalities, online

databases of, 247–248
Chronic arthritis, juvenile, 172
Chronic back pain, 511, 511t, 513–514
Chronic medical conditions, fracture

treatment decisions based on,
97–98
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Chronic multifocal osteomyelitis, 138–140,
139f

Chronic pain syndromes, fibromyalgia as,
192–195

Cineradiography, of Klippel-Feil
syndrome, 336

Ciprofloxacin, for foot puncture wound
infections, 143

Circumferential compression, with
fracture immobilization,
100–103

Clancy reconstruction technique, for
posterior cruciate ligament,
604, 604f

Claudication
neurogenic, 158
with osteoarthritis, 158
with spine disorders, 499, 502, 515

Clavicle
chronic multifocal osteomyelitis of, 139
cleidocranial dysplasia of, 252
deformities of, cox vara associated with,

468
fractures of

acromioclavicular joint pain with, 
348

in birth palsy, 346
ossification of, 50, 51f–52f
resection of distal, for acromioclavicular

joint pain, 349–351, 352f–353f
Clawing

of fingers, in ulnar nerve compression,
405, 405f

of toes, with pes cavus, 692, 692f
Claw toe, in adults, 681–683, 683f
Clear cell sarcoma, 316
Cleft hand, 423, 423f
Cleidocranial dysostosis, cox vara

associated with, 468
Cleidocranial dysplasia, 251–252
Clindamycin

for acute hematogenous osteomyelitis,
131–132, 131t

for chronic multifocal osteomyelitis, 140
Clinical union, radiographic vs., 62
Closed chain kinetics, in knee ligament

rehabilitation, 601
Closed fractures, 95–96
Closed reduction

of hip dislocations, following total
arthroplasty, 556, 557f

for hip dysplasia, congenital, 450–451,
450f–451f

Closed reduction and percutaneous
pinning, of fractures, 110,
110f–112f

Clostridium perfringens, in hand and wrist
infections, 431

Clubfoot. See also Equinovarus foot
deformity

in children, 658–661
clinical presentation of, 658–659, 661f
incidence of, 659
management of, 658–661
origin of, 659
pathoanatomy of, 646f, 659f, 660
radiographic documentation of,

659–660, 660f
recurrences of, 661

congenital leg deformities with, 576
terms for, 658

CMC (carpometacarpal) joints
osteoarthritis in, 155, 156f
in thumb hypoplasia, 421, 422f

CMF (chondromyxoid fibroma), 292,
292f–293f

Coagulation, fracture impact on, 94–95
treatment considerations, 96–97

Coaptation splint, 100
Cobalt-chromium prostheses, for total hip

arthroplasty, 541–542, 542f,
548–549

coated, 552–553
tapered, 553

Cobb measurements, of spinal curve
deformities, 482–484, 482f, 489

congenital, 495
Coccidioidomycosis, septic arthritis from,

181
Coccygeal vertebrae, formation and

development of, 49
COL1A1 gene, encoding defects of,

251–252
COL1A2 gene, encoding defects of,

251–252
COL9A1 gene, encoding defects of, 256
COL9A2 gene, encoding defects of, 256
COL9A3 gene, encoding defects of, 256
Colchicine

for calcium pyrophosphate dihydrate
deposition disease, 185

for gout, 184
Coleman block tests, 235

for pes cavus, 692
Collagen(s)

class I (fibrillar), 5–6, 6f, 8f
in articular cartilage, 26–28, 27f

injury recovery, 65, 66f
in connective tissue, 5, 6f
in fibrous tissue, 19–24, 20f, 23f

injury recovery, 67, 68f
in growth cartilage, 28
in intervertebral disc, 32–33, 33f
in menisci, 24, 590
mineralization and, 11, 15

class II (basement membrane), in
connective tissue, 5

class III (short chain)
in connective tissue, 6–7
in intervertebral disc, 35

in connective tissue, 5–7, 6f–8f
in fibrous tissue, 19–24, 20f, 23f
function of, 5, 55
helical structure of, 5, 6f
in hyaline cartilage, 30

articular, 26–28, 27f
growth, 28

immobilization impact on synthesis of,
596

in intervertebral disc, 32–33, 33f, 34–36
in ligaments, of knee, 595–596
in menisci, 24–25, 590, 592
in muscle, 37, 40
type I

in bone matrix, 13, 15
in connective tissue, 5, 6f
in fibrous tissue, 20f, 22
in fibrous tissue healing, 65, 67
in intervertebral disc, 35
in knee cartilage lesions, 611
in menisci, 25, 590
in muscle, 40

type II
in articular cartilage healing, 65
camptomelic dysplasia and, 251
in connective tissue, 5
in hyaline cartilage, 30
in intervertebral disc, 35
in menisci, 25, 590

type III
in connective tissue, 5
in fibrous tissue, 22
in intervertebral disc, 35

type IV
in connective tissue, 5
in muscle, 40

type IX
in connective tissue, 6
in hyaline cartilage, 30
in intervertebral disc, 35
in pseudoachondroplasia, 257

type V
in connective tissue, 5
in intervertebral disc, 35
in menisci, 25, 590
in muscle, 40
in organic bone matrix, 15

type VI
in connective tissue, 6
in intervertebral disc, 35
in menisci, 25, 590

type VII, in connective tissue, 5
type VIII, in connective tissue, 5
type X

in connective tissue, 6
in hyaline cartilage, 30

type XI
camptomelic dysplasia and, 251
in connective tissue, 5
in hyaline cartilage, 30
in intervertebral disc, 35

Collagen matrix, in bone, 88
Combined forces, fracture patterns with,

88, 89f, 92
Comminuted fracture, 90f, 94f
Compartment syndrome

in congenital radioulnar synostosis, 403
with fractures, 98, 103, 105

COMP gene, encoding defects of, 256–257
Complex regional pain syndrome (CRPS),

420
Compression fracture, 88–89

with systemic lupus erythematosus, 167
Compression plates, for fracture fixation,

99, 109f, 117
Compressive strength

of bone, 88
of hyaline cartilage, 31
of intervertebral disc, 32, 35
musculoskeletal system design for, 55

Computed tomography (CT)
for back pain, 498, 500, 504, 513,

514–515
for birth palsy, 346
of cerebral palsy deformities, 216, 216f
of cervical disc disease, 331
of congenital spinal deformity, 495
of elbow osteochondritis dissecans, 409
of glenohumeral joint degeneration,

355, 356f
of glenohumeral joint instability, 390
of hematogenous osteomyelitis, 133,

134f
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Computed tomography (CT) (continued)
for hip pain, 527–528, 531–533
of Klippel-Feil syndrome, 336
of neoplasms, 270, 283f, 309, 314

benign, 286, 288f–289f, 293f
for neuromuscular disorders, 84, 84t
of pes planus, 642, 645f
of posttraumatic glenohumeral

arthritis, 364
quantitative, for bone density, 202
of recurrent patella instability, 584
of rheumatoid arthritis, 340, 361
for sacroiliac joint aspiration, 147
of septic arthritis, 180
of spinal osteoarthritis, 158
of tarsal coalition, 644f–645f, 649
of torticollis, 325

Computer animation software, motion
analysis for, 77, 82–83

Computer navigation, in total knee
arthroplasty, 625

Condylar surfaces, in total knee
arthroplasty, 621–623, 622f

Congenital abnormalities
of foot. See Pediatric foot
genetic classification of, 247–248
of hand and wrist, 420, 422–423, 423f
hematogenous osteomyelitis vs., 133
of hip, 443–452
idiopathic scoliosis association, 483
of spine, 492, 494–497, 494f–496f. See

also Kyphosis; Lordosis;
Scoliosis

in myelodysplasia, 223–224
in spine deformity examination, 480, 494
of talus

in myelodysplasia, 227
vertical, 650–651

Congenital cox vara, 467
Congenital metatarsus varus, 640, 646f
Congenital muscular torticollis, 324–325

clinical features of, 324–325
differential diagnosis, 324, 324t
natural history of, 325
pathoanatomy of, 325
radiographic features of, 324–325
treatment of, 325

Congenital radioulnar synostosis,
402–403, 402f

Congenital scoliosis, 492, 494–495, 494f
Congenital spinal deformity

cardiac examination for, 495
conservative treatment of, 496
etiology of, 492
genetics of, 492, 494
natural history of, 495–496
neurologic examination for, 494
progression of

curve probabilities, 495–496
prognosis for, 496
untreated, 494

radiography of, 495, 495f–496f
structural types of, 492, 494f
surgical stabilization of, 496–497, 496f
urologic examination for, 495

Congenital syphilis, septic arthritis from,
178–179

Congenital vertical talus
in children, 650–651

pes planus in, 640, 641f–642f
in myelodysplasia, 227

Conjunctivitis, in Reiter’s syndrome, 170
Connective tissue, 4–9

disorders of
osteoporosis vs., 203
vasospastic disorder association, 439

epithelial, mesenchymal vs., 4
in intervertebral disc, 34, 35f
joint formation and, 45–46
mesenchymal

cells, 4–5
epithelial vs., 4
inorganic matrix, 9
organic matrix macromolecules, 5–9

collagens, 5–7, 6f–8f
elastin, 7–8, 8f
noncollagenous proteins, 5
proteoglycans, 7f, 8–9, 9f

in muscles, 38
musculoskeletal system formation role,

42, 44f, 46f
Constrained arthroplasty. See Prosthetic

arthroplasty
Constraint, in total knee arthroplasty, 621
Contraceptive pills, bone development

and, 200
Contractile protein filaments, in muscle

cells, 38, 39f
injury repair and, 71

Contractions, muscle
in gait analysis, 79–80

intramuscular pressure and, 80–81
injury remodeling and, 71
molecular basis of, 38, 39f, 40
musculoskeletal system design for, 55

Contracture(s)
arthrogryposis syndrome, 236–237
in birth palsy, 347
in boutonnière deformity, 417–418, 418f
in cervical rheumatoid arthritis, 340
in clubfoot, 661
Dupuytren’s, 427–428, 427f
of fibrous tissues, 19

injury-related, 67
flexion

in systemic sclerosis, 188, 191
in total knee arthroplasty, 624

in glenohumeral joint, 353
idiopathic toe-walking and, 661–662
in Larsen’s syndrome, 238–239
in lesser toe deformities, 683, 683f
of muscles

in cerebral palsy, 212
hip, 213, 215, 217–219
knee, 218–219
lower extremity, 218–219, 220f
spinal deformities and, 213–215
upper extremity, 221–223, 221f

in muscular dystrophies, 231–233
in myelodysplasia

hip, 225–226
knee, 226

in spinal muscular atrophy, 229–230
of peroneal tendons, in tarsal coalition,

645, 648, 648f
with pes cavus, 692, 692f
in radial club hand, 421
in recurrent patella instability, 583–584
of soft tissue, in juvenile idiopathic

arthritis, 172–175
Contusions

of dense fibrous tissue, 65, 67

of muscle, as resembling neoplasm, 281,
283

Coonrad-Morrey implant, for total elbow
arthroplasty, 410, 412f

Coonse-Adams exposure, quad-
turndown–modified, in total
knee arthroplasty, 624

Coordinate systems, anatomical, for gait
analysis, 75–77, 75f

Coordination, neuromuscular, in gait
analysis, 79–80

Coracoacromial arch, in rotator cuff
disease, 368–369, 369f, 380

cuff-tear arthropathy, 367, 367f
Coracoid process, biceps origin from, 379
Cords, in Dupuytren’s disease, 427–428
Core biopsy, of neoplasms, 271
Core decompression, for osteonecrosis

of distal femur, 609
of humeral head, 359–360

Corns, of forefoot, 686–687
Coronary ligaments, injury to, 605
Corrective shoes. See Shoes and shoewear

modification
Cortical bone

biomechanics of, 88
blood supply, 17f–18f
in fracture healing, 61f, 62–63
gross features of, 10, 10f

Corticosteroids
for calcium pyrophosphate dihydrate

deposition disease, 185
epidural, for cervical disc disease, 334
exogenous, bone turnover and, 16
for gout, 184
for heel pain, 700
humeral head osteonecrosis from, 359
intra-articular injections of

for acromioclavicular joint pain, 349
for acute lumbar radiculopathy, 512
for calcium pyrophosphate dihydrate

deposition disease, 185
for carpal tunnel syndrome, 419
for epicondylitis, 413–414
for glenohumeral joint pain, 355
for gout, 184
for hand and wrist disorders, 425–426
for juvenile idiopathic arthritis, 175
for knee cartilage lesions, 610
for knee osteoarthritis, 618
for lesser metatarsophalangeal joint

disorders, 684
for osteoarthritis, 160–161, 161
for rotator cuff-tear arthropathy, 366
for shoulder rheumatoid arthritis, 

362
for spinal stenosis, 515
for spondyloarthropathies, 171
for stenosing tenosynovitis, 435

local injections of, for intersection
syndrome, 412

for rheumatoid arthritis, 164–165, 165f
of hand and wrist, 434
of hip, 536
of shoulder, 362

for systemic lupus erythematosus, 167
for systemic sclerosis, 191
topical, systemic sclerosis

contraindications, 191
Costal process, formation and

development of, 49–50
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Cost-benefit analysis (CBA), of total hip
arthroplasty, 543–544, 549

COX-2 inhibitors. See Cyclooxygenase-2
(COX-2) inhibitors

Cox magna, secondary, in transient
synovitis, 466

Cox vara
congenital, 467
developmental, 467–468, 467f–469f
in multiple epiphyseal dysplasia, 257
secondary, 468
in vitamin D-resistant rickets, 261

CP. See Cerebral palsy (CP)
CPPD crystals. See Calcium

pyrophosphate dihydrate
(CPPD) deposition disease

Crack initiation/propagation, in bone
fatigue and failure, 88–90, 89f

Craniosynostosis disorders, genetics of,
259

Cranium. See Skull
“Crankshaft phenomenon,” 496
C-reactive protein (CRP)

in disc space infection, 141
in rheumatoid arthritis, 163, 164
in septic arthritis of hand and wrist, 432
in septic knee arthroplasty, 626–627
in transient synovitis, 465–466

Crescentic (curved) osteotomy, for hallux
valgus, 675, 678f

Crescent sign, in Legg-Calvé-Perthes
disease, 455, 456f–458f

CREST syndrome, 187t, 189, 439
Crohn’s disease, inflammatory arthritis

with, 168, 170–171
Cross-body adduction test, 348, 349f
Cross-bridges, in myofibrils, 40f
Cross-linked polyethylene prostheses, for

total hip arthroplasty, 549–550
Crouch gait, in cerebral palsy, 219
Crouzon syndrome, with acanthosis

nigricans, 259
CROW (Charcot Restrained Orthotic

Walker), for diabetic Charcot
foot, 704, 705f

CRP. See C-reactive protein (CRP)
CRPS (complex regional pain syndrome),

420
Cruciate condylar knee prosthesis, 621
Cruciate ligaments

injuries of. See Anterior cruciate
ligament (ACL); Posterior
cruciate ligament (PCL)

in myelodysplasia deformities, 226
Cruciform anterior spinal hyperextension

(CASH) brace, for
osteoporosis, 208

Crush force, fracture patterns with, 88,
89f, 92

Crush injuries
in dense fibrous tissue, 65, 67
in muscles, 70

Cryoglobulinemia, with septic arthritis,
181–182

Cryosurgery, for giant cell tumors, of
hand and wrist, 437

Cryptococcus neoformans, in septic arthritis,
181

Crystal-induced arthritis, 182–186
calcium pyrophosphate dihydrate

deposition disease as, 185–186

gout as, 182–185
synovium characteristics, 152–153, 153t

Crystalline arthropathy, of hand and
wrist, 423–424, 424f

Crystalline hydroxyapatite, in bone
matrix, 15

Crystals, in synovial fluid
normal values, 152
with septic arthritis, 177

CTLSO (cervical-thoracic-lumbar-sacral
orthosis)

for idiopathic scoliosis, 484, 490–491, 491f
for Scheuermann kyphosis, 500

Cuboid bones, in clubfoot deformity,
658–660, 659f–660f

surgical procedures for, 661
Cuff tear arthropathy. See Rotator cuff-tear

arthropathy (RCTA)
Culture(s)

of chronic multifocal osteomyelitis,
139–140

of diabetic foot, 703
of disc space infection, 140–141
of foot puncture wound infections, 142
of hand and wrist infections, 428–430
of hematogenous osteomyelitis, 129, 138
of olecranon bursitis, 407
of septic arthritis, 144–147

false-negatives, 177
of synovial fluid

for rheumatoid diseases, 152–153, 183
for septic arthritis, 144, 180–181

Cuneiforms. See also Metatarsocuneiform
joint

ossification of, 53f–54f
Cup prostheses, for hip replacement, 249,

542f. See also Acetabulum
Cushing’s syndrome, osteoporosis vs., 205
Cutaneous psoriasis, arthritis with, 168,

170–171
Cyclooxygenase-2 (COX-2) inhibitors

for gout, 184
for knee cartilage lesions, 610
for osteoarthritis, 161

Cyclophosphamide
for systemic lupus erythematosus, 167
for systemic sclerosis, 191

Cysts and cyst formation
epidermal inclusion, 437
epidural, Scheuermann kyphosis

association, 499–500
ganglion

in rotator cuff, 372, 377f
in wrist, 426, 436

in meniscal tears, 591–592
in multiple epiphyseal dysplasia,

256–257
with osteoarthritis, 159m 155
patellar, 583
as resembling neoplasm, 276–277,

278f–281f
with rheumatoid arthritis, 164

of hip, 536–537, 536f
subchondral, in glenohumeral joint,

351, 354, 354f, 356f
synovial, in forefoot, 687

Cytokines
bone turnover and, 16, 200
release with bone injury, 59
in total hip arthroplasty failure, 561,

563f

Cytoplasmic filaments
in hyaline cartilage cells, 31f
in synovial cells, 25

Cytoplasmic membrane, in osteoclasts, 12,
14f

Darrach procedure, for ulnar impaction
syndrome, 426

DcSSc (diffuse cutaneous systemic
sclerosis), 186, 187t, 189

DDH. See Developmental dysplasia of hip
(DDH)

“Dead-arm syndrome,” 388
Debridement

arthroscopic. See Arthroscopic
debridement

of biceps lesions, 382–383
of diabetic foot, 703
of elbow and wrist infections, 429–430
of epicondylitis, 413–414
of eponychial abscess, 429
of foot puncture wound infections,

142–143
of fractures, 96, 105
of hematogenous osteomyelitis abscess,

130, 133, 138
of ischemia digits, in systemic sclerosis,

191
of osteoarthritis, in knee, 618
of septic arthritis, 144–145
for septic knee arthroplasty, with

prosthesis retention, 628, 629f
of septic olecranon bursitis, 407
surgical. See also Surgical drainage

for rotator cuff disease, 378
Decompression surgery

for hip avascular necrosis, 535
for lesser metatarsophalangeal joint

disorders, 685, 686f
for nerve compression

in cervical disc disease, 334–335,
335f–337f

in cervical rheumatoid arthritis,
342–343, 342f

for nerve entrapment syndromes, in
elbow and forearm, 403–404,
406–407, 406f

for spinal stenosis, 515
subacromial, for rotator cuff disease,

379, 380f
for tarsal tunnel syndrome, 701

Decubitus ulcers. See Pressure sores
Deep sea diving, avascular necrosis of hip

and, 533
Deep venous thrombosis, as fracture

complication, 95
Deep (radial) zone, of articular cartilage,

27, 27f
Deformity(ies). See also specific anatomy or

deformity
in arthritis

juvenile idiopathic, 174–175
psoriatic, 171
rheumatoid, 163–164
septic, 178–179

in cerebral palsy
foot, 219–221
lower extremity, 218–219
spine, 213–215, 214f–215f
upper extremity, 221–223, 221f

in fracture biomechanics, 88, 93
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Deformity(ies) (continued)
skeletal

gait analysis for, 83
in neurofibromatosis, 300–301,

302f–303f, 478t
spinal, congenital. See Congenital spinal

deformity
Dega osteotomy, for hip dysplasia, in

cerebral palsy, 217
Degeneration and degenerative disorders.

See also specific anatomy
of acromioclavicular joint, 347–351, 372
of articular cartilage, 64–65
in congenital hip dysplasia, 448–449,

448f
with cox vara, 468
of elbow, 402, 407, 408f, 409, 413–414
in false acetabulum, 448, 448f
of first metatarsophalangeal joint,

678–681, 680f
of foot and ankle, 159
in foot and ankle arthrosis, 693–696
of glenohumeral joint, 351–357, 360–363
inorganic matrix association, 9
of intervertebral discs, 32, 34, 330f, 334.

See also Intervertebral disc
disease

of lesser metatarsophalangeal joints,
684

organic matrix processes and, 30
in rotator cuff-tear arthropathy, 351,

353–354, 356, 357, 363
in skeletal dysplasias, 257, 260
in slipped capital femoral epiphysis,

473
of spine. See also Back pain

in adults, 509–515
in children, 500–509

Degenerative arthritis. See Osteoarthritis
(OA)

Degloving injuries, with fractures, 98
Delayed union, in fracture healing, 63, 63f,

97, 105
Deltoid muscle, in rotator cuff-tear

arthropathy, 367, 367f, 369f
Demineralization, of bone matrix, 13, 15
Dens. See also Odontoid bone

formation and development of, 48–49,
49f

Density, of bone. See Bone mineral density
(BMD)

Depression, with rheumatoid arthritis,
165, 165f

DeQuervain’s syndrome, 426–427
Dermatan sulfate

in connective tissue, 8
in mucopolysaccharidoses, 262

Dermatomes, spinal, in back pain
assessment, 510–511, 512f

Derotation osteotomies
of Axer, for Legg-Calvé-Perthes disease,

463, 465f
for hip dysplasia, congenital, 451–452,

452f
Desmoid tumor, 301–302
Desmoplastic fibroma, 294
Desmosine, in elastin, 7
Developmental dysplasia of hip (DDH),

443–452
aseptic necrosis with, 451
causes of, 444

diagnostic test for, 444–445
disability with, 448–449
embryology of, 443–444
femoral ossific nucleus and, 446, 447f
incidence of, 444
natural history of, 447–448, 447f

after neonatal period, 448
bilateralness and, 448
degenerative process, 448–449
false acetabulum and, 448, 448f
secondary influences, 448

pathoanatomy of, 445f, 446–447
screening for, 445–446, 446f
secondary to adaptive changes,

445–446, 446f–447f
spontaneous stabilization of, 447–448,

447f
subluxation vs. dislocation in, 444, 446f,

447–449
terms for, 443
treatment of, 449–452

closed reduction, 450–451, 450f–451f
derotation osteotomies, 451–452, 452f
external stabilization, 449–450, 449f
open reduction, 451

DEXA (dual energy x-ray
absorptiometry), 202

Diabetes mellitus
adult foot pathology with, 701–705

Charcot foot, 703–705, 704f–705f
neuropathic ulceration, 702–703
potential for, 701–702

fracture complications with, 98
infection risks with, 428–431
type I, osteoporosis vs., 205

Diaphyses
acute hematogenous osteomyelitis of,

126
blood supply, 16–17, 17f–18f
fractures of, 89, 90f, 100
growth cartilage role, 26, 28, 30f

Diarthrosis joints
formation and development of, 45–46
glenohumeral joint as, 367–369,

368f–369f
Diastematomyelia, 496
Diathesis, Dupuytren’s, 427–428, 427f
Dicloxacillin, for acute hematogenous

osteomyelitis, 131t, 132
Diffuse cutaneous systemic sclerosis

(dcSSc), 186, 187t, 189
Diffuse idiopathic skeletal hyperostosis

(DISH), 158
Diffuse infiltrative lymphocytosis

syndrome (DILS), 182
Digit(s). See also Finger(s); Thumb

congenital anomalies of, 420, 422–423,
423f

deformities of
boutonnière, 164, 417–418, 418f, 436
in hereditary motor sensory

neuropathies, 236, 236f
Dupuytren’s contracture and, 427–428,

427f
flexion mechanics of, 21
giant cell tumor of, 437
infections of, 428–429
ossification of, 50, 51f–52f
“sausage,” in rheumatic diseases, 168,

169f, 170–171
vasospastic disorder of, 439

Digital artery, entrapment of, in
Dupuytren’s disease, 427

Digital nerve entrapment, in Dupuytren’s
disease, 427

Digital sympathectomy, for Raynaud’s
phenomenon, 191

DILS (diffuse infiltrative lymphocytosis
syndrome), 182

DIP joints. See Distal interphalangeal
(DIP) joints

Diplegia, in cerebral palsy, 212, 219, 221
Direct lateral approach, to hip surgery,

524–525
modification of, 524, 525f
original, 520–521

Disability(ies), functional
with back pain, 509, 512–514
with cerebral palsy, 212
with clubfoot, 660, 661f
with fibromyalgia, 195
with foot and ankle arthrosis, 693, 695
in fracture biomechanics, 93
fracture treatment decisions based on,

96–97
with hand and wrist disorders, 164,

424–428, 433, 436
with hip dysplasia, congenital, 448–449
with juvenile idiopathic arthritis, 174
with knee cartilage lesions, 610
with metatarsalgia, 683
with myelodysplasia, 223
with posterior cruciate ligament injury,

603
with rheumatoid arthritis, 164–165, 

165f
with septic flexor tenosynovitis, 429

Discoid meniscus, 581, 581f
Disc space infection, 140–141

clinical findings, 140
diagnosis of, 140–141
etiology, 133, 140
radiographic findings, 140, 141f
treatment of, 141

Disc space narrowing
in cervical disc disease, 328–329, 329t,

334
in Scheuermann kyphosis, 499–500, 501f
in spondylolisthesis, 504, 505f–507f

DISH (diffuse idiopathic skeletal
hyperostosis), 158

Diskectomy, for acute lumbar
radiculopathy, 513

Diskography
of cervical disc disease, 331, 333f, 334
for spondylolisthesis, 508

Dislocations. See also specific anatomy
congenital

of hip, 444, 447–448
adult dysplasia with, 53, 533

of knee, 575–576, 576f
of patella, 576, 577f

with fractures, 94
irreducible, operative treatment for,

105, 106f
joint, in Larsen’s syndrome, 238–239
of lens, in Marfan’s syndrome, 256
with lesser metatarsophalangeal joint

disorders, 684–685, 684f, 686f
Displaced fractures, 90, 91f

of knee, in children, 584–586, 585f–586f
treatment of, 100, 100f, 105, 107f
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Displacement
anterior, of lumbar vertebrae. See also

Spondylolisthesis
grades of, 502–504, 503f–504f, 506f
trapezoidal deformation and, 504,

505f
fibrous tissue role, 22
in gait analysis, 78, 79f
in slipped capital femoral epiphysis

classification, 473
Distal arthrogryposis, 240
Distal interphalangeal (DIP) joints

in boutonnière deformity, 418, 436
osteoarthritis in, 155, 156f
rheumatoid arthritis in, 163–164, 436
spondyloarthropathies of, 168, 169f, 171
in ulnar nerve palsy, 433–434

Distal metatarsal articular angle (DMAA),
in hallux valgus, 674f, 675, 677

Distal radioulnar joint (DRUJ),
rheumatoid arthritis of, 434

Distraction instrumentation
for congenital spinal deformity, 496
for idiopathic scoliosis, 484, 486, 486f

Distraction test, for meniscal tears, 591
DMAA (distal metatarsal articular angle),

in hallux valgus, 674f, 675, 677
DMARDS (disease-modifying anti-

rheumatic drugs), for
rheumatoid arthritis, 165, 165f

DMD (Duchenne muscular dystrophy),
231–232

DNA detection studies
in genetic disorders, 246
for septic arthritis, 177, 181

Doppler examination, of diabetic foot, 703
Doppler probe, for Allen’s test, 439
Dorsiflexion, during gait cycle, 81, 82f
Dorsiflexion deformity

of foot
in congenital posteromedial bowing

of tibia, 579, 579f
in hallux valgus, 671–673, 672f

in hallux rigidus, 678–679, 680f, 681, 682f
in lesser toe disorders, 681–682
with pes cavus, 692, 692f

Double hemivertebrae, as congenital
deformity, 492, 494f–495f, 496

Doxycycline
for brucella arthritis, 180
for chronic multifocal osteomyelitis, 140
for Lyme disease, 180

Drainage
pus as. See Exudate
surgical. See Surgical drainage

Drawer tests
for glenohumeral joint instability,

anterior and posterior, 390,
391f

for knee ligament injuries
anterior, 597, 597f
posterior, 597–598, 598f

Drug abuse, infections risks with, 431
disc space, 140–141
septic arthritis, 147, 176

Drugs and drug therapy. See also specific
drug

bone sensitivity to, 88, 201
fractures related to, 88, 97
genetic research and, 245
as osteoporosis risk, 202

DRUJ (distal radioulnar joint),
rheumatoid arthritis of, 434

Dual energy x-ray absorptiometry
(DEXA), 202

Dubousset instrumentation, for idiopathic
scoliosis, 492f

Duchenne muscular dystrophy (DMD),
231–232

Ductility, of bone, 88
Dupuytren’s contracture, 427–428, 427f
Dupuytren’s diathesis, 427–428, 427f
Dural ectasia, in Marfan’s syndrome,

254–255
Durkan’s test, for carpal tunnel syndrome,

419
Dwarfism. See also Short stature

achondroplasia, 258–260, 260f
Morquio’s syndrome, 262, 262f, 500
pseudoachondroplasia, 257–259,

258f–259f
spondyloepiphyseal dysplasia

congenita, 500
Dwyer calcaneal osteotomy, for pes cavus,

693, 693f
Dynamic examination, of neuromuscular

disorders, 84, 84t
Dysesthesias, in ulnar nerve compression,

405
Dysostoses

genetics of, 247
prenatal screening for, 248

Dysplasia. See specific anatomy

Eating disorders, bone development and,
200

Eburnation, in degenerative joint disease,
155

Ecchymoses, in rotator cuff-tear
arthropathy, 365

Echocardiogram, for vascular
insufficiency, in hand and
wrist, 439

ECRB. See Extensor carpi radialis brevis
(ECRB) muscle

ECRL (extensor carpi radialis longus)
muscle

in intersection syndrome, 410, 412
in lateral epicondylitis, 412–413

Ectoderm, 42
Ectopia lentis, in Marfan’s syndrome, 256
Ectopic bone formation, with juvenile

idiopathic arthritis, 175
EDC (extensor digitorum communus)

tendons, transfer of
for radial nerve palsy, 433
for rheumatoid arthritis, 434

Edema, medullary, with hematogenous
osteomyelitis, 128

EDQM (extensor digiti quinti minimi)
tendon, rupture of, in
rheumatoid arthritis, 434

Education. See Patient education
“Effective joint space,” in total hip

arthroplasty, 546, 547f
Ehlers-Danlos syndrome

ankle instability in, 698
osteoporosis vs., 203
pes planus with, 635

Eikenella infection, in bites, 429–430
Elastic cartilage, fibrous and hyaline

cartilage vs., 26

Elastin
in connective tissue, 7–8, 8f
in fibrous tissues, 22–23
in hyaline cartilage, 30
in intervertebral disc, 36
in menisci, 25
in synovium, 26

Elastofibroma, 302
Elbow

deformities of
in arthrogryposis multiplex

congenita, 238, 401
management of, 401–402

in cerebral palsy, 221–223, 221f
in congenital radioulnar synostosis,

402–403, 402f
in muscular dystrophies, 233

degenerative arthritis of, 402, 407, 408f,
409

dislocations of
congenital radial head, 402
in Larsen’s syndrome, 238

golfer’s, 414
limitations of, in achondroplasia, 260
nerve entrapments around, 403–407

of anterior interosseous nerve,
403–404

of median nerve, 403–404, 433
of radial nerve, 404–405, 404f
of ulnar nerve, 405–407, 405f–406f

olecranon bursitis of, 407
osteochondritis dissecans of, 409
pain in, 403, 407, 409, 412, 414
Panner’s disease and, 409
paralysis of, in birth palsy, 345–347
rheumatoid arthritis of, 409–410,

411f–412f
tendonopathies involving, 410–414

intersection syndrome, 410, 412
lateral epicondylitis, 412–413, 413f
medial epicondylitis, 414

tennis, 412–413, 413f
Elbow contour force brace, for tennis

elbow, 413, 413f
Elbow pad, ulnar nerve compression, 406
Elderly patients

fall risk reduction for, 203
fracture treatment decisions for, 96–97
hip pathology in, 528

total hip replacement costs for,
543–544, 566

Electrocautery, for warts, 687
Electrodes, neuromuscular, in gait

analysis, 79–80
Electrodiagnostic studies. See also specific

test
of back pain, 504, 508–509, 514
of carpal tunnel syndrome, 418–419
of cervical disc disease, 334
of idiopathic toe-walking, 662
of nerve entrapment syndromes, in

elbow and forearm, 403–405
in spine deformity examination, 480

Electromagnetic systems, in gait analysis,
77, 77f

Electromyography (EMG)
of carpal tunnel syndrome, 418–419
of cerebral palsy spasticity

in foot, 219
in upper extremity, 221–222

of cervical disc disease, 334
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Electromyography (EMG) (coninued)
in gait analysis, 79–80, 82f, 84, 84t

intramuscular pressure and, 80–81
of nerve entrapment syndromes, in

elbow and forearm, 403, 406
of shoulder

for birth palsy, 346
for traumatic arthritis, 363

of spine deformities, 480
ELISA (enzyme-linked immunosorbent

assay), for Lyme disease
confirmation, 179–180

ELPS (excessive lateral patellar
compression syndrome), 614,
614f

arthritis and, 615
Emboli, as fracture complication, 94–95,

98, 104
Embryology, of hip, 521, 523f
Embryonic skeleton, woven bone in, 11
Emery-Dreifuss muscular dystrophy, 233
EMG. See Electromyography (EMG)
Enchondral bone

formation of, 45, 46f–47f
in axial skeleton, 46, 48, 48f

ossification of, 26, 45, 46f–47f
with fracture healing, 61–62, 62f
in Legg-Calvé-Perthes disease, 453,

454f
in osteochondromas, 289
in Scheuermann kyphosis, 498

Enchondroma, 289–290, 291f
in hand and wrist, 437–438

Endochondral bone, ossification of, 45,
46f–47f

in fracture healing, 61–62, 62f
Endocrinopathy(ies)

bone development and, 16, 200–201
in calcium pyrophosphate dihydrate

deposition disease, 185
as osteoporosis risk, 202
osteoporosis vs., 203–204

Endoderm, 42
Endomysium, 21, 21f
Endoplasmic reticulum

in hyaline cartilage cells, 27, 31f–32f
in intervertebral disc cells, 34
in muscle cells, 38
in osteoblasts, 11, 12f
in synovial cells, 25

Endoscopy, for carpal tunnel release, 419
Endosteal bone surface, osteoclast role, 12
Endotendon, 20, 21f
Endothelial cells

in muscles, 38
in synovium, 26

Endothelial injury, venous, with fractures,
92, 94

Endothelin receptor blocker, for
Raynaud’s phenomenon,
190–191

Endplates
hyaline cartilage, 32, 34–37
irregularities of, in Scheuermann

kyphosis, 499–500, 501f
vertebral, infections of, 133, 140–142,

141f
Energy. See Force
Enthesitis-related arthritis

in juvenile idiopathic arthritis, 174
in spondyloarthropathies, 168, 171

Enthesopathy, in spondyloarthropathies,
168, 171

Entrapment neuropathies. See Nerve
entrapment syndromes

Enzymes, synovial cell synthesis of, 26
Eosinophilic granuloma

disorders resembling, 272
in Langerhans cell histiocytosis,

295–297
EPB. See Extensor pollicis brevis (EPB)

muscle/tendon
Epicondylectomy, medial

for epicondylitis, 414
for ulnar nerve decompression, 406

Epicondyles
calcium pyrophosphate dihydrate

deposition disease in, 186
ossification of, 50, 51f–52f

Epicondylitis
lateral, 412–413, 413f
medial, 414

Epidermal inclusion cyst, of hand, 437
Epidural cysts, Scheuermann kyphosis

association, 499–500
Epidural injections, corticosteroid, for

osteoarthritis, 161
Epidural pain control

for cervical disc disease, 334
post-spinal fusion

with cerebral palsy, 215
with spinal muscular atrophy, 230

Epimysium, 21, 21f, 37
Epiphyseal body, fracture healing in,

62–63
Epiphyseal plates

formation and development of, 46,
47f–48f, 48

growth and sex hormone impact on,
470, 471f

Epiphyses
chronic multifocal osteomyelitis of, 139,

139f
femoral, in Legg-Calvé-Perthes disease,

453, 453f, 455–457, 459,
461–462

growth cartilage role, 26, 28, 29f–30f
hematogenous osteomyelitis of

acute, 126
neonatal, 132, 132f

subacute, 135–136, 135f–136f, 138
ossification of

in appendicular skeleton, 50, 51f–54f
in pseudoachondroplasia, 258
as skeletal maturity indicator, 482,

482f, 490f
premature closure of, in juvenile

idiopathic arthritis, 172–174
Epitenon, 20–21, 21f
Epithelial cells, in synovial sarcoma, 315
Epithelial tissue, mesenchymal vs., 4
Epithelioid sarcoma, 316, 438
EPL (extensor pollicis longus) tendon,

transfer of, for radial nerve
palsy, 433

Eponychium. See Nailfold
Equilibrium, in gait analysis, 79
Equinovalgus foot deformity, with

congenital vertical talus, 650
Equinovarus foot deformity

in arthrogryposis, 237–238
in Becker type muscular dystrophy, 233

in cerebral palsy, 219–221
in children, 646f, 658–661, 659f–661f. See

also Clubfoot
in Duchenne muscular dystrophy, 232
gait analysis for, 83, 219
in Larsen’s syndrome, 239
in myelodysplasia, 226–227, 227f
talar. See Clubfoot

Equinus foot deformity
calcaneal, with congenital vertical talus,

641f, 650–651
with congenital hip dysplasia, 446
in fibular deficiency, 250, 251f
idiopathic toe-walking vs., 662
in muscular dystrophies, 233

Equinus gait, 83
in cerebral palsy, 219

Erosive osteoarthritis, 155, 156f
Erythema. See Inflammation
Erythrocyte sedimentation rate (ESR)

in disc space infection, 140
in foot puncture wound infections, 142
in hematogenous osteomyelitis

acute, 127, 129, 133
subacute, 136

in multifocal osteomyelitis, 138, 140
in neoplasms, 270, 307

disorders resembling, 270–271, 274
in rheumatoid arthritis, 163, 164
in septic arthritis, 144, 176, 180
in septic knee arthroplasty, 626–627
in transient synovitis, 465–466

Erythromycin, for spondyloarthropathies,
171

Escherichia coli, in septic arthritis, 176
Esophagus

carcinoma of, metastatic bone disease
from, 438

dysmotility of, in systemic sclerosis,
188–190

ESR. See Erythrocyte sedimentation rate
(ESR)

Estrogen
bone turnover and, 16
for osteoporosis, 207–208
slipped capital femoral epiphysis and,

469
Etanercept, for rheumatoid arthritis, 434
Ethnic factor, of osteoporosis, 202
Euler/Cardan angle system, in gait

analysis, 76–77, 76f
Eversion, of foot, 633, 634f
Ewing’s sarcoma, 307, 307f

disorders resembling, 270–272, 274, 305
subacute hematogenous osteomyelitis

vs., 136
Excessive lateral patellar compression

syndrome (ELPS), 614, 614f
arthritis and, 615

Exchange arthroplasty, two-stage, for
septic knee arthroplasty, 628,
629f

Exercise and exercise programs
for acute lumbar radiculopathy, 512
bone development and, 16, 201

nutrition for, 200–201
for chondromalacia patellae, 616
for fibromyalgia, 194–195
for fracture rehabilitation, 117–118
for glenohumeral joint pain, 355
for osteoarthritis, 160
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for osteoporosis, 208
for posttraumatic glenohumeral

arthritis, 364
for rotator cuff-tear arthropathy, 366
for Scheuermann kyphosis, 500
for spondyloarthropathies, 171
for spondylolisthesis, 507
for systemic lupus erythematosus, 168

Exeter femoral stem prostheses, for total
hip arthroplasty, 551, 571

Exostoses
of forefoot, 687
hereditary multiple, 263, 289, 309

Extended oligoarthritis, with juvenile
idiopathic arthritis, 173

Extension osteotomy, femoral, for lower
extremity contractures

in arthrogryposis, 238
in cerebral palsy, 218

Extension space, in total knee
arthroplasty, 621, 623, 623f, 624

Extension tests, for elbow tendonopathies,
412–413

Extensor carpi radialis brevis (ECRB)
muscle

in intersection syndrome, 410, 412
in lateral epicondylitis, 412–413
transfer of, for nerve palsies, 434

Extensor carpi radialis longus (ECRL)
muscle

in intersection syndrome, 410, 412
in lateral epicondylitis, 412–413

Extensor digiti quinti minimi (EDQM)
tendon, rupture of, in
rheumatoid arthritis, 434

Extensor digitorum communus (EDC)
tendons, transfer of

for radial nerve palsy, 433
for rheumatoid arthritis, 434

Extensor pollicis brevis (EPB)
muscle/tendon

in DeQuervain’s syndrome, 426
in intersection syndrome, 410, 412
transfer of, for nerve palsies, 434

Extensor pollicis longus (EPL) tendon,
transfer of, for radial nerve
palsy, 433

External fixation, of fractures
operative technique, 110–113, 111f–112f
to promote tissue healing, 57

External rotation lag sign, in rotator cuff
disease, 371, 374f

External rotation recurvatum test, for
knee ligament injuries,
599–600, 600f

EXT genes, mutations of, 263
Extra-articular (extracapsular) ligaments,

22
Extra-articular manifestations

of rheumatoid arthritis, 164
management of, 165–166

of spondyloarthropathies, 168, 170–171
Extracapsular (extra-articular) ligaments,

22
Extracellular matrix

in bone, 13, 15, 199
in muscles, 40

injury recovery and, 69–71, 70t
Extracellular structural proteins, genetic

defects in, 252–259
Marfan syndrome, 253–256, 255f

multiple epiphyseal dysplasia, 256–257,
257f

osteogenesis imperfecta, 252–253, 253f
pseudoachondroplasia, 257–259,

258f–259f
Extracorporeal shock wave therapy, for

heel pain, 700
Extraosseous osteosarcoma, 308–309
Exudate

with acute hematogenous osteomyelitis,
125–126

aspiration of, 129–130, 135, 138
with foot puncture wound infections,

142
with septic arthritis of hand and wrist,

432

Fabre test, for pelvic septic arthritis, 147
Facetectomy, for chondromalacia patellae,

616
Facet joints

in acute lumbar radiculopathy, 513
in cervical disc disease

arthrosis of, 328
local injections for, 334

degenerative disease of, 502, 514
juvenile rheumatoid arthritis of, 337
osteoarthritis of, 155, 158
of talus, congenital absence of, 650–651

Facioscapulohumeral muscular
dystrophy, 233–234

Fairbanks dysplasia, 256
Fall risks

with fracture treatments, 97
osteoporosis and, 203
screening for, 203

False acetabulum
in congenital hip dysplasia, 448, 448f
in total hip arthroplasty, for dysplasia,

531–533, 531f–532f
False joints. See Pseudarthroses
Fanconi’s anemia, 421
Fascicles

of muscle cells, 37, 39f, 40
of tendons, 20, 21f

Fasciectomy, for Dupuytren’s contracture,
428

Fasciitis
in heel pain, 700
necrotizing, of hand and wrist, 430–431,

431f
nodular, 284
plantar, 171

Fasciotomy, for compartment syndrome,
105

Fat cells
benign lesions of, 297–298, 298f
malignant lesions of, 315
in synovial fluid, 153
in synovium, 26

Fat embolism syndrome
as fracture complication, 94
knee osteonecrosis in, 609

Fatigue
bone, 88–89, 89f
with fibromyalgia, 192
muscle, in gait analysis, 80–81

Fatigue fractures, 88–91, 89f, 94f
Fat necrosis, traumatic, 284
Fat pad

of heel, atrophy of, 700

plantar
atrophy of, 687
in pes planus, in children, 634, 638f,

643
Fat saturation sequencing, of knee

articular cartilage lesions, 610
FBN1 gene, encoding defects of, 253–254
FCR (flexor carpi radialis) tendon

in radial nerve palsy, 433
removal of, for scapho-trapezial-

trapezoidal arthritis, 426
FCU (flexor carpi ulnaris) tendon, in ulnar

nerve compression, 405–406
FDPI (flexor digitorum profundus to the

index), in nerve entrapment
syndromes, 403, 433

Felon infections, of hand and wrist,
428–429

Felty’s syndrome, rheumatoid arthritis
and, 164, 166

Female athlete triad, 200
Femoral epiphysis, slipped capital,

468–474. See also Slipped
capital femoral epiphysis
(SCFE)

Femoral head
blood supply disruption of, avascular

necrosis and, 533, 535
buttressing of, with hip osteoarthritis,

155, 157f
in cox vara, 467–468, 467f–469f
in developmental dysplasia of hip,

443–452, 445f–452f
as hip landmark, 521

arthroscopy and, 537–538, 538f
in degenerative diseases, 531–532,

535–537
osteotomies and, 528–530, 529f–530f
surgical dislocation and, 539

juvenile idiopathic arthritis of, 175
in Legg-Calvé-Perthes disease

treatment strategies, 462–465,
463f–465f

vascular embarrassment, 453, 454f,
455–457

in proximal femoral focal deficiency,
248–249, 249f

in pseudoachondroplasia, 258
in total hip arthroplasty

cemented components, 545
for dysplasia, 531–533, 531f–532f
indications for, 531, 535
prostheses for

historical, 539–541, 540f–541f
modern, 541–543, 542f

revision, 565–569, 569f
Femoral neck

anteversion of, in congenital hip
dysplasia, 451–452, 452f

avascular necrosis of, 145, 146f
fractures of

avascular necrosis and, 533
with prostheses, 548, 554
treatment of, 99–100

septic arthritis of, 145–146, 146f
in total hip arthroplasty, 521, 533, 554

Femoral ossific nucleus, in hip dysplasia,
congenital, 446, 447f

Femoral stem prostheses, for total hip
arthroplasty

cemented, 550–552
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Femoral stem prostheses, for total hip
arthroplasty (continued)

cementless, 552–553
Charnley type cemented, 550–551
hybrid improvement of, 545
loosening of, 541, 543, 545, 546f, 554,

562, 563f, 568f
SLS, 541–542, 542f
surface finish of, 551
tapered, 553

Femoral stretch test, for back pain, 511
Femoral tunnel, in knee ligament

reconstruction
anterior cruciate, 602f, 603
posterior cruciate, 604

Femur
antetorsion of, pediatric foot and, 663,

665f
camptomelic dysplasia of, 251
chronic multifocal osteomyelitis of, 139
in congenital dislocation of knee, 576,

576f
dysplasia of, in proximal femoral focal

deficiency, 248–249, 249f
fractures of

distal epiphysis, in children, 584–586,
585f

intramedullary nailing for, 114–115,
114f

in myelodysplasia, 229
open reduction and internal fixation

for, 105, 106f, 116
with prostheses, 548, 554, 559–560,

561f
skeletal traction for, 103–104, 104f

graft placement on
in anterior cruciate ligament

reconstruction, 602f, 603
in posterior cruciate ligament

reconstruction, 604
in posterolateral ligament

reconstruction, 608, 608f
hematogenous osteomyelitis of, 132,

132f, 137f
length of, in skeleton dysplasia

screening, 248
medial torsion of, pediatric foot and,

663, 665f, 666–667
in multiple epiphyseal dysplasia,

256–257
ossification of, 51, 53f–54f
osteotomy of

distal, for knee osteoarthritis, 620,
620f

extension, for lower extremity
contractures

in arthrogryposis, 238
in cerebral palsy, 218

for hereditary motor sensory
neuropathies, 236

for hip dysplasia, in cerebral palsy,
216–217

for knee problems, in
myelodysplasia, 226

for Larsen’s syndrome, 239
proximal valgus, for multiple

epiphyseal dysplasia, 257
proximal varus-varus plus rotation,

for hip dysplasia, 530, 530f
proximal focal deficiency of, 248–249,

249f

proximal growth regions of, vascular
embarrassment of, 453,
453f–454f, 455–457

proximal resection of, for hip dysplasia,
in cerebral palsy, 217–218

in recurrent patella instability, 583–584
shaft of, in cox vara, 467–468, 467f–468f
shortening of, for congenital hip

dysplasia, 451
in total hip arthroplasty, 520–521, 533.

See also Femoral head; Femoral
stem

revision, 565–569, 569f, 571
in total knee arthroplasty, 621, 623, 623f
traction of, for calcaneal fractures, 104

Ferguson radiograph, of ankylosing
spondylitis, 170

Fetal life. See Intrauterine life
FGFR3 gene, mutation of, 259
Fiber length-isometric tension curve, 81,

81f
Fibrillar (class I) collagens, 5–6, 6f, 8f

in articular cartilage, 26–28, 27f
injury recovery, 65, 66f

in connective tissue, 5, 6f
in fibrous tissue, 19–24, 20f, 23f

injury recovery, 67, 68f
in growth cartilage, 28
in intervertebral disc, 32–33, 33f
in menisci, 24, 590
mineralization and, 11, 15

Fibrillin-1, in Marfan’s syndrome, 253–254
Fibrils, elastin, 7–8, 8f
Fibrin bits, in synovial fluid, 153
Fibroblasts

in intervertebral disc cells, 34
musculoskeletal system formation role,

44f–46f
origin of, 5
rheumatoid arthritis role, 162
in synovium, 26
tissue healing role, 59–60, 64, 65, 67, 68f

Fibrocartilage
calcification of, in calcium

pyrophosphate dihydrate
deposition disease, 185

formation with tissue healing, 63, 65,
66f

of intervertebral disc, 32–33, 36
in knee lesions, 611
in menisci, 24, 590
mineralized vs. unmineralized, 24

Fibrocartilage zone, 24
Fibroma, desmoplastic, 294
Fibromyalgia, 192–195

clinical features of, 192
laboratory, 194
radiologic, 194
signs, 192–193, 193f
symptoms, 192

definition of, 192, 192f
drug treatments of, 195
epidemiology of, 193
medical management of, 194
pathogenesis of, 193
patient education for, 194
physical therapy for, 194–195
synovium characteristics, 152–153, 153t

Fibronectin
in connective tissue, 9
in menisci, 25

Fibrosarcoma
of bone, 311, 313
of soft tissue, 315

Fibrous cartilage, elastic and hyaline
cartilage vs., 26

Fibrous cortical defect, as resembling
neoplasm, 279, 282f

Fibrous dysplasia
histologic features of, 282f
radiographic features of, 279, 282f–283f
as resembling neoplasm, 279, 281, 313

Fibrous histiocytoma, malignant, 313
Fibrous tissues, 19–24. See also specific type

benign lesions of, 294, 302
blood supply, 24
composition of, 22–23
contractures of, 19
insertions into bone, 23–24, 23f
malignant lesions of, 311, 313, 313f
nerve supply, 24
organic bone matrix vs., 13, 15
in periosteum, 18
structure of, 19–22, 20f–21f
tensile load capacity, 19
tissue healing in, 65, 67–69, 68f

failure of, 69
Fibrous union, in fracture healing, 63
Fibula

in achondroplasia, 260
in ankle stability, 696, 698
chronic multifocal osteomyelitis of, 139f
congenital hemimelia of, 580
deficiency of, 250–251, 251f
in hindfoot arthrosis, 694
ossification of, 51, 53f–54f
in tibial deficiency, 249–250

Fibular dimelia, 249
Fibular hemimelia, 250
Ficat-Arlet classification, of humeral head

osteonecrosis, 359
Ficat classification, of avascular necrosis,

of hip, 534
Fine needle aspiration, of neoplasms, 271
Finger(s). See also Thumb; specific joints

clawing of, in ulnar nerve compression,
405, 405f

deformities of
with arthrogryposis, 237, 240
with cerebral palsy, 221–223, 221f
with hereditary motor sensory

neuropathies, 236, 236f
with psoriatic arthritis, 171
with rheumatoid arthritis, 163–164

surgical repair of, 165
flexion mechanics of, 21

Fingertip, epidermal inclusion cyst of, 437
Fingertip pulp pad, infections of, 428
Finklestein’s test, for DeQuervain’s

syndrome, 426
First generation cement technique, 545,

547, 552
Fixation techniques. See also External

fixation; Internal fixation
for bone-patellar tendon-bone graft

in anterior cruciate ligament
reconstruction, 602f, 603

in posterior cruciate ligament
reconstruction, 604, 604f

for cerebral palsy deformities
spinal fusion and, 213–215, 215f
wrist tendons and, 221, 222f
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for congenital pseudarthrosis of tibia,
580

for fracture repair, 63
in pediatric knee, 584–585
with poor bone quality, 99, 99f

for Friedreich ataxia scoliosis, 231
for hip replacement. See Total hip

arthroplasty (THA)
for lesser metatarsophalangeal joint

disorders, 685, 686f
for ligament repair, 69
for myelodysplasia deformities, spinal

fusion and, 224–225
for posterolateral ligament

reconstruction, 608, 608f
for slipped capital femoral epiphysis,

470f, 474
for tendon repair, 67
for total knee arthroplasty, 622, 625
for ulnar impaction syndrome

correction, 426
Fixed-hinge arthroplasty, of knee, 621
Flat bones, examples of, 10
Flatfoot. See also Pes valgus

acquired, 690, 691f, 692
in adults, 687–692
arch lowering with. See Pes planus
in cerebral palsy, 220–221
in children, 633–645
congenital

hypermobile, 633–638, 688
with talonavicular dislocation,

650–651
congenital leg deformities with, 578
hypermobile (flexible), 633–638,

636f–638f, 688
with short Achilles tendon, 635,

638–639, 638f–639f
peroneal spastic, 645
rigid, 650–651

Flexibility
in back pain assessment, 498–499
musculoskeletal system design for, 55

Flexion deformities
of knee, in myelodysplasia, 226
of upper extremity, in cerebral palsy,

221–223, 221f
Flexion space, in total knee arthroplasty,

621, 623, 623f, 624
Flexor carpi radialis (FCR) tendon

removal of, for scapho-trapezial-
trapezoidal arthritis, 426

transfer of, for radial nerve palsy, 433
Flexor carpi ulnaris (FCU) tendon, in

ulnar nerve compression,
405–406

Flexor digitorum longus tendon, transfer
of, in lesser toe deformities,
683

Flexor digitorum profundus to the index
(FDPI), in nerve entrapment
syndromes, 403, 433

Flexor pollicis longus (FPL) muscle, in
nerve entrapment syndromes,
403, 433

Fluconazole, for fungal arthritis, 180–181
Fluid sign, in rotator cuff-tear arthropathy,

365, 371
Fluoroquinolones

for foot puncture wound infections, 143
for gonococcal arthritis, 147, 177

Fluoroscopy, for needle biopsy, of hip, 145
Fluoxetine, for systemic sclerosis, 190
Foot. See also Adult foot; Pediatric foot

deformities of. See also specific deformity
in arthrogryposis, 237–238, 240
cavus, with ankle instability, 696
in cerebral palsy, 219–221
in congenital posteromedial bowing

of tibia, 579, 579f
in Duchenne muscular dystrophy,

232
in Friedreich ataxia, 231
in hallux valgus, 671–673, 672f
in hereditary motor sensory

neuropathies, 235–236
in juvenile idiopathic arthritis, 175
in myelodysplasia, 226–228, 227f
in myotonic dystrophy, 235
pressure sores with, 226, 228
in rheumatoid arthritis, 164

gout in, 183
osteoarthritis in, 159
pain in

adult, 658, 673, 677, 678–679, 681–686,
690, 699–701

pediatric, 645, 647–648, 652–654, 655t
puncture wound infections of, 142–143
sections of. See Forefoot; Hindfoot;

Midfoot; Toe(s)
Foot progression angle, in pediatric foot

torsion, 663
Foot strike, in gait cycle, 81, 82f
Foramen magnum

in cervical rheumatoid arthritis, 340,
341f

stenosis of, in achondroplasia, 260
Force

capacity for compressive. See
Compressive strength

capacity for tensile. See Tensile strength
external vs. internal, 77–78
in fracture biomechanics, 88, 90, 92–93,

95f
injury severity association, 58
in knee ligament injuries, 600–601, 603,

605
measurement of, in gait analysis, 77–79,

78f–79f
as mechanical loading. See Load and

loading
Force plate, in gait analysis, 78, 78f, 80
Forearm

congenital radioulnar synostosis and,
402–403, 402f

deformities of, in arthrogryposis
multiplex congenita, 238, 401

management of, 401–402
pain in, 403, 407, 409, 412, 414
rheumatoid arthritis of, 409–410, 411f
tendonopathies involving, 410–414

intersection syndrome, 410, 412
lateral epicondylitis, 412–413, 413f
medial epicondylitis, 414

Forefoot
abduction of

in calcaneal valgus, 652
with congenital vertical talus, 641f,

650
with midfoot arthrosis, 696
with pes planus, 687, 688f, 689
with tarsal coalition, 648, 648f

adduction and inversion of, in clubfoot,
658, 659f, 660

adduction of
in metatarsus adductus, 655–656, 657f
with pes cavus, 692, 692f

anatomy of, 633
deformities of

in cerebral palsy, 219–221
hallux rigidus as, 678–681, 680f, 682f
hallux valgus as, 671–677, 672f–674f,

676f–679f
with lesser metatarsophalangeal joint

disorders, 683–686, 684f–686f
with lesser toe disorders, 681–683,

683f
diabetic ulcerations in, 702–703
soft tissue disorders of, 686–687

Forward bend test, for spine deformities,
480, 481f

Fosamax (alendronate), for osteoporosis,
206–207

FPL (flexor pollicis longus) muscle, in
nerve entrapment syndromes,
403, 433

Fracture(s), 87–120. See also specific
anatomy or type

avulsion
of patella, 584
patella tendon-tibial tubercle

junction, 582–583, 582f
of tibial tubercle, 585

biomechanics of, 88
in birth palsy, 346
bone biomechanics and, 87–88
bone healing with, 58–63

failure of, 63, 63f
inflammation and, 58–60, 58f–60f
injury severity factor, 58, 60
stable, 62–63
unstable, 60–62, 60f–62f

classifications of, 89–92, 90f
in congenital pseudarthrosis of tibia,

580, 580f
definitive treatment of, 96–109

evaluation of limb, 97–100, 99f
evaluation of patient, 96–97
nonoperative, 100–104, 100f–104f
operative, 104–117
rehabilitative, 117–118

effects of, 92–93
fatigue, 88–91, 89f, 94f
initial management of, 95–96

realignment, 95
splinting, 95–96

intra-articular, cartilage healing with,
63–65

matrix mineralization and, 13, 15
in myelodysplasia, 229
nonoperative treatment of, 100–104,

100f–104f
open vs. closed, 90, 91f, 95–96
operative treatment of, 104–117. See also

specific technique
anatomy considerations, 105
benefits of, 104–105
closed reduction and percutaneous

pinning, 110, 110f–112f
external fixation, 110–113, 111f–112f
immediate indications, 105,

106f–109f, 107
intramedullary nailing, 113–115, 114f
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Fracture(s) (continued)
open reduction and internal fixation,

115–117, 117f
perioperative management, 97, 105
priorities for, 104
risks of, 105

osteochondral, articular healing with,
63–65, 66f

in osteogenesis imperfecta, 252–253, 253f
osteomalacia-associated, 10
osteopenia-related, 90, 93, 93f
osteoporosis-related, 202
pathologic, 90, 92f–93f, 93

in neoplasms, 288
in Paget’s disease, 275, 277f
treatment of, 92f, 99, 107

periprosthetic, in total hip arthroplasty,
559–561, 560f–561f

rehabilitation of, 117–118
Segond, in posterolateral ligament

injury, 607, 607f
single vs. multiple, 93–95
stress, 90–91, 94f

heel pain with, 700
as resembling neoplasm, 271
with systemic lupus erythematosus,

167
with systemic lupus erythematosus, 167
traumatic, 90, 92, 92f
treatment goals for

definitive, 96, 104
initial, 95–96
operative, 105, 106f–109f, 107

weight-bearing and
immediate indications for, 105,

106f–108f, 115
restrictions with, 97, 100, 113

Fracture callus, 59f–61f, 60–61
absence of, 62–63
formation stages, 61–62, 62f, 115
with tendon injuries, 67, 68f

Freeman-Swanson knee prosthesis, 621
Freiberg infarction

in adults, 683–684, 685f
in children, 653–654, 654f

Friction rubs, tendon, in systemic
sclerosis, 188–189

Friedreich’s ataxia, 230–231
scoliosis with, 231, 478t

Froment’s sign, in ulnar nerve
compression, 405, 406f

Frozen shoulder, 383–387
clinical features of, 383–384, 384f–385f
origins of, 383
radiographic features of, 384
treatment of, 385, 386f, 387

Fulkerson osteotomy, for chondromalacia
patellae, 616, 617f

Fungal arthritis, 153, 176, 180–181
Fungal infections, in hand and wrist, 429
Fusion. See specific anatomy

physiological. See Arthrosis
surgical. See Arthrodeses

Gait analysis (GA), 73–86
applications of, 73–74, 84–85
in back pain assessment, 497, 502
complexity of human, 73–74, 81
data interpretation, 81–83
equipment and methods, 74–81

electromyography, 79–80

force measurement, 77–79, 78f–79f
intramuscular pressure, 80–81, 81f
movement measurement, 75–77,

75f–77f
observation, 74–75

in hip pain assessment, 526–527, 530
historical perspectives, 74
for idiopathic toe-walking, 662
for pathologic conditions, 83, 84t
rationale for, 83–84, 84t
in treatment planning, 83

Gait disturbances
with cerebral palsy, 212

ambulation classifications, 218
with congenital hip dysplasia, 446
with developmental cox vara, 467
with diabetic foot, 702
with Duchenne muscular dystrophy,

231
with foot disorders

congenital vertical talus, 650–651
Köhler disease, 652–653
metatarsus adductus, 656, 658
pes planus, 638, 638f
tarsal coalition, 648, 648f

with hallux rigidus, 678
with idiopathic toe-walking, 661–662,

662f
with juvenile idiopathic arthritis, 173
with lesser metatarsophalangeal joint

disorders, 685
with metatarsalgia, 683–684
with myelodysplasia, 223, 226
with slipped capital femoral epiphysis,

472
Gait training

for fracture rehabilitation, 118
for posterolateral rotation knee injury,

606
Galeazzi sign, in congenital hip dysplasia,

446, 446f
Galveston fixation

for muscular dystrophies, 232
for spinal deformities, 230–231

� motor neurons, in muscle cells, 40
Ganglion cyst

in rotator cuff, 372, 377f
in wrist, 426, 436

Gangrene, vascular, in diabetic foot, 702
Ganz osteotomy, of acetabulum, for hip

dysplasia, 528–529, 529f
Ganz procedure, for surgical dislocation

of hip, 539
Gas formation, in degenerative discs, 156,

158, 158f
“Gas gangrene,” of hand and wrist, 431
Gastrocnemius muscle

lengthening of, for cerebral palsy
contractures, 219–220

motion during gait cycle, 81, 82f
release of, in myelodysplasia

deformities, 226
Gastrointestinal disorders

bone development and, 200
with spondyloarthropathies, 170

Gastrointestinal system, systemic sclerosis
manifestations in, 188–190

Gaucher’s disease, 357
avascular necrosis of hip and, 533

GCTs. See Giant cell tumors (GCTs)
Gene encoding defects, 251–254, 256–257

Gene mutations, disorder classifications
based on, 247, 259, 261t

Gene therapy, 245
Genetics and genetic defects, 246–266

bases of, 246–247
cell differentiation, 246–247
pattern formation, 246

in cervical disc disease, 334
clinical application of, 245–246
clinical evaluation of, 248
of clubfoot, 659
of congenital spinal deformity, 492, 494
disorder classifications, 247–248
in extracellular structural proteins,

252–259
of idiopathic scoliosis, 482–483
in metabolic macromolecular

degradation, 261–262, 261t
in neurofibromatosis, 300
in nuclear proteins, 251–252
in signal transduction mechanisms,

259–261
in skeletal patterning, 248–251,

249f–251f
of slipped capital femoral epiphysis,

471
of spondylolisthesis, 502
in transcription factors, 251–252
in tumor suppressor genes, 263

Geniculate arteries, of knee
hemostasis during arthroplasty, 625
ligament supply, 600
menisci supply, 25, 590

Genu recurvatum, of knee
at birth, 576, 576f
developmental, 578–579, 578f–579f
with total arthroplasty, 624
traumatic, 585

Genu valgum, 258
physiologic in children, 577–578, 577f
in vitamin D-resistant rickets, 261

Genu varum, 258
in achondroplasia, 258–260
in adolescents, 578–579, 578f–579f
in children

developmental, 578–579, 578f–579f
physiologic, 258, 577–578, 577f

congenital tibial
anterolateral, 579–580, 580f
posteromedial, 579, 579f

in vitamin D-resistant rickets, 261
Gerber lift-off test, for rotator cuff disease,

372, 375f
Giant cell tumors (GCTs)

disorders resembling, 272, 286
of hand and wrist, 437, 437f
histologic features of, 292, 293f, 294
radiographic features of, 294, 294f–295f
of tendon sheath, 302, 437
treatment of, 272, 286, 294

Gibbous deformity, 178
Girdlestone flexor tendon, transfer of, in

lesser toe deformities, 683
Glass prostheses, for total hip

arthroplasty, 540, 540f
Gledhill classification, of hematogenous

osteomyelitis, 135–136
Glenohumeral joint

arthroplasty of. See Total shoulder
arthroplasty

biceps origin from, 379, 380f
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degenerative disease of, 351–357
epidemiology of, 351
origins of, 351
pathoanatomy of, 351, 354f
posttraumatic arthritis, 363–364
radiographic examination of,

354–355, 355f
rheumatoid, 360–363, 362f–363f
treatment of, 355–356

complications of, 356–357
frozen, 383. See also Frozen shoulder
functional structure of, 8
instability of, 387–395

anatomy in, 387
with avulsion, surgical restoration of,

394, 395f
with biceps lesions, 379–383
biomechanics of, 387
clinical features of, 387–390, 388f–392f
with posttraumatic arthritis, 363–364
radiographic features of, 390–391,

392f–393f
treatment of, 391, 393–394, 395f

in rotator cuff disease, 367–369,
368f–369f

subluxation complications of, in birth
palsy, 347

Glenohumeral ligaments
functional structure of, 8
in glenohumeral joint instability, 387,

391, 394, 395f
Glenoid bone

in glenohumeral joint instability, 387,
390, 394

rim of. See Glenoid labrum
in rotator cuff-tear arthropathy, 364,

367, 367f–368f
in shoulder degeneration, 351, 354–355,

354f, 357
replacement of, 364
resurfacing of, 360, 363

Glenoid cavity, ossification of, 51f–52f
Glenoid labrum

in biceps lesions, 376f, 378f, 379–380,
383

fraying of, 381f, 383
in glenohumeral joint instability, 387,

391
surgical restoration of, 394, 395f

Gliding (superficial) zone, of articular
cartilage, 26–27, 27f

Glomus tumor, 300
Glucocorticoids

bone sensitivity to, 88
fractures related to, 93
for systemic lupus erythematosus, 167

complications of, 167
for viral arthritis, 182

Glucosamine sulfate, for osteoarthritis,
161–162

Glucose, synovial fluid normal values, 152
Gluteal muscles, in hip anatomy, 520–521,

522f
arthroplasty approaches to, 522–525,

525f–526f, 554
Glycogen

in articular cartilage cells, 27
in intervertebral disc cells, 34

Glycoproteins, in connective tissue, 9
Glycosamine, for knee cartilage lesions,

610

Glycosaminoglycans. See also specific type
in connective tissue, 8–9, 9f
in mucopolysaccharidoses, 262

Golfer’s elbow, 414
Golgi membranes

in hyaline cartilage cells, 27, 31f–32f
in intervertebral disc cells, 34
in osteoblasts, 11, 12f
in synovial cells, 25

Golgi tendon organs, in muscle cells, 40
Gonococcal arthritis, 143, 147–148, 177
Gout, 182–185

clinical features of, 183
crystal examination for, 152, 182
epidemiology of, 183
of hand and wrist, 423–424, 424f
in lesser metatarsophalangeal joints,

684–685
pathogenesis of, 182
radiology for, 183–184
synovium characteristics, 152–153, 153t,

183
treatment of, 184–185

Gower’s sign, 231–232
Gracilis tendon, autografts of, for anterior

cruciate ligament
reconstruction, 602–603, 602f

Grafts and grafting
allograft. See Allografts
for ankle instability, 699
bone. See Bone grafts
bone-patellar tendon-bone

for anterior cruciate ligament
reconstruction, 602–603, 602f

for posterior cruciate ligament
reconstruction, 604, 604f

for nerve reconstruction, in birth palsy,
347

tissue cell. See Autografts
Gram-negative organisms

in disc space infection, 141
in hematogenous osteomyelitis, 126, 132
in septic arthritis, 143, 145, 176–177
in septic knee arthroplasty, 626

Gram-positive organisms
in foot puncture wound infections, 142
in septic arthritis, 176–177
in septic knee arthroplasty, 626, 628

Gram’s stain
of clostrial myonecrosis, 431
of septic arthritis, 144–146, 147, 177
of synovial fluid, for rheumatoid

diseases, 144–146, 152, 183
Granulation tissue, proliferative, in

rheumatoid diseases, 162, 167
Granuloma, eosinophilic

disorders resembling, 272
in Langerhans cell histiocytosis,

295–297
Gravity, in gait analysis, 78, 78f
Grayson’s ligament, in Dupuytren’s

disease, 427
Greater trochanter, as hip landmark,

520–521, 520f
arthroplasty approaches to, 522–525,

525f–526f, 554
fractures of, 559
in revision arthroplasty, 569–571, 570f

Greater tuberosity, ossification of, 51f–52f
Great toe, osteoarthritis in, 159
Greenstick fractures, 89

Grisel syndrome, 326
Ground reaction force (GRF), in gait

analysis, 78, 78f
Ground substance, around tendons, 21,

21f
Group B Streptococcus

in hematogenous osteomyelitis, 126, 132
in septic arthritis, 143
in transient synovitis, 466

“Growing pains,” 172
“Growing rods,” spinal, for idiopathic

scoliosis, 484
Growth and development

achondroplasia and, 259
of bones, 11, 15–16, 42–47

prenatal, 42, 42f–48f, 45–46, 48–50
cerebral palsy impact on, 212
disturbances of, in juvenile idiopathic

arthritis, 172–175
genetic disorders of, 247. See also

Congenital abnormalities
clinical evaluation of, 248

hyaline cartilage role, 26, 28
metabolic bone disease and, 199–202
of muscle cells, 38

Growth cartilage
formation and development of, 49f, 78
function of, 28, 29f–30f
matrix regions of, 28

hypertrophic (maturing), 28
proliferative, 28
reserve (resting), 28

Growth factors, in bone healing, 60
Growth hormone

bone turnover and, 16
slipped capital femoral epiphysis and,

470, 471f
Growth plates

formation and development of, 49f, 78
growth cartilage role, 26, 28, 30f

Guanethidine, for reflex sympathetic
dystrophy, 420

Gunston knee prosthesis, 621

Haemophilus influenzae
in hematogenous osteomyelitis, 126
type B, in septic arthritis, 143–145

Haglund deformity, 700
Hallux rigidus, 678–681

conservative management of, 680–681
with osteoarthritis, 159
pathophysiology of, 678–679, 680f
radiography of, 680, 680f
with rheumatoid arthritis, 164
surgical management of, 681, 682f

Hallux valgus, 671–677
conservative management of, 673
instability with, 674–676, 674f, 679f
with osteoarthritis, 159
pathophysiology of, 671–673, 672f
radiography of, 673–674, 673f–674f
with rheumatoid arthritis, 164
surgical management of, 673–677

Chevron osteotomies for, 675, 677,
677f

distal soft tissue procedure in, 675,
676f

with first metatarsocuneiform
instability, 675–676, 679f

with interphalangeal deformity, 677,
679f
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Hallux valgus (continued)
with juvenile bunion, 676–677
with long second metatarsal, 677,

679f
preoperative evaluation, 673–675,

673f–674f
proximal osteotomies for, 675, 678f

Hallux valgus interphalangeus, 677, 679f
Hammertoe, in adults, 681–682, 683f, 684
Hamstring tendon

avulsions of, 67–68, 68f
contracture of, in cerebral palsy,

217–219
lengthening of, for cerebral palsy

deformities, 218–219
quadrupled autografts of, for knee

ligament reconstruction,
602–603, 602f, 607

tightness of, in back pain, 499, 502, 503f
transfer of, for myelodysplasia

deformities, 226
Hand(s). See also Finger(s); Thumb

benign tumors of, 436–438
bites of, human and animal, 429–430
cleft, 423, 423f
complex regional pain syndrome and,

420
congenital digit anomalies and, 420,

422–423, 423f
crystalline arthropathy of, 423–424, 424f
deep spaces of, 429
deformities of

with arthrogryposis, 240
with cerebral palsy, 221–223, 221f
with hereditary motor sensory

neuropathies, 236, 236f
with juvenile idiopathic arthritis, 175
with psoriatic arthritis, 171
with rheumatoid arthritis, 163–164

surgical repair of, 165
degenerative arthritis of, 155, 156f,

424–426, 425f
DeQuervain’s syndrome and, 426–427
Dupuytren’s contracture and, 427–428,

427f
infections of, 428–434

chronic multifocal, 139
malignant tumors of, 438
nerve palsies of, 433–434
pain in, 420, 424–426, 429, 432, 438
puncture wounds in, 429

osteomyelitis with, 430, 430f
radial club, 420–421, 421f
rheumatoid arthritis of, 409–410,

434–436, 435f–436f
vascular insufficiency in, 438–439, 439f

Hand-Schuller-Christian diseases, 295
HAQ (health assessment questionnaire),

164
Hardinge approach, to hip surgery,

524–525
modification of, 524, 525f
original, 520–521

Harris-Galante prosthesis, for total hip
arthroplasty, 543, 547, 547f,
552, 563f

revision requirements, 566
Harris Hip Score, for primary THA

outcomes, 544
Hauser procedure, chondromalacia

patellae and, 615

Haversion system
osteoclast role, 12
tissue healing role, 62

Hawkins sign, in rotator cuff disease, 371,
372f

HBO (hyperbaric oxygen) treatment
of clostrial myonecrosis, 431
for diabetic foot, 703

Head injuries, fracture treatment
consideration of, 96, 104, 115

Head-shaft (HS) angle, in developmental
cox vara, 467, 467f

Health assessment questionnaire (HAQ),
164

Health Related Quality of Life Index
(HRQOL), for total hip
arthroplasty, 543–544

HE (Hilgenreiner epiphyseal) angle, in
developmental cox vara,
467–468, 467f

Heart, systemic sclerosis manifestations
in, 188

Heat therapy, for acromioclavicular joint
pain, 349

Heberden’s nodes, 155, 156f
Heel

inversion of, with pes planus, 687, 688f
varus deformity of, with pes cavus, 692,

692f
Heel bisector, in metatarsus adductus,

656, 657f
Heel disorders. See Calcaneus
Heel pad, atrophy of, 700
Heel pain

in adults, 699–700
in children, 654, 655t

“Heel spurs,” 700
Helical structure, of collagen, 5, 6f
Hemangioendotheliomas, 313
Hemangioma

of bone, 294–295, 295f
of soft tissue, 298–300, 299f

Hemangiopericytomas, 313, 316
Hemarthrosis

in knee articular cartilage lesions, 610
in knee ligament injuries, 597, 601
in pediatric knee, 586

Hematogenous osteomyelitis, 124–138
acute, in children, 124–135

classification of, 124, 125t
diagnosis of, 126–129

bone aspiration, 129–130, 135
bone scan, 128–129, 133, 134f, 135
criteria, 126–127
history and physical examination,

127, 133
laboratory data, 127, 129, 133
radiographic findings, 127–128, 128f

neonatal, 125f, 126, 132–133, 132f
pathogenesis of, 124–126, 125f
sickle cell disease and, 129, 133, 135
special sites of, 133, 134f
treatment of, 129–132

antibiotics for, 130–132
intravenous 

recommendations, 130–132,
131t

oral therapy cautions, 131–132,
132t

controversies about, 129–130
surgical, 130

in septic knee arthroplasty, 626
subacute, in children, 135–138

classification of, 125t, 135–136,
135f–137f

diagnosis of, 138
treatment of, 138

antibiotic recommendations, 138
surgical, 138

Hematomas
with bone injury, 58–60, 58f–60f
with cartilage injury, 64–65
with fractures, 98
of muscle, as resembling neoplasm, 281,

283
with muscle injury, 70–71
in septic knee arthroplasty, 626–627
with tendon injury, 68f

Hemiarthroplasty
for glenohumeral joint degeneration,

356, 357f
of hip, for avascular necrosis, 533
for humeral head osteonecrosis, 360
of shoulder, for rheumatoid arthritis,

363, 364f
Hemiepiphyseal stapling, anterior, for

arthrogryposis, 238
Hemimelia, congenital fibular, 580
Hemiplegia, in cerebral palsy, 22f,

211–213, 219, 221
Hemivertebrae, as congenital deformity,

492, 494f–495f, 495–496
Hemodynamics, with fractures, 93–94, 96
Hemoglobinopathies, avascular necrosis

of hip and, 533
Hemophilia

hip arthropathy with, 537
synovial fluid characteristics with, 153

Hemorrhage. See Bleeding
Hemosiderin, in synovial fluid, 153
Hemostasis, in total knee arthroplasty, 

625
Heparin sulfate proteoglycan

in mucopolysaccharidoses, 262
in muscle, 40

Hepatitis B infection, in septic arthritis,
181

Hepatitis C infection, in septic arthritis,
181–182

Hereditary motor sensory neuropathies
(HMSN), 235–240

arthrogryposis, 236–238
Charcot-Marie-Tooth disease, 235
deformity presentations with, 235–236
distal arthrogryposis, 240
Larsen’s syndrome, 238–240, 239f
muscle imbalance in, 235
treatment options for, 235

Hereditary multiple exostoses (HME),
263, 289, 309

Herniation, of nucleus pulposus, 327,
331f, 333f, 334

in adults, 512–514
in children, 509

Heterotopic ossification (HO), in total hip
arthroplasty, 558, 559f

Hilgenreiner epiphyseal (HE) angle, in
developmental cox vara,
467–468, 467f

Hill-Sachs lesion, on humeral head, 364
in glenohumeral joint instability, 390,

392f, 394
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Hindfoot. See also Calcaneus
anatomy of, 633
arthrosis of, 694–695, 696f–697f

subtalar arthrodesis for, 694, 696f
triple arthrodesis for, 695, 697f

biomechanics of, 634
Charcot foot presentations in, 705
diabetic ulcerations in, 702–703
equinovalgus deformity of, with

congenital vertical talus, 650
valgus deformity of

in cerebral palsy, 219–221
with congenital fibular hemimelia,

580
in fibular deficiency, 250, 251f
in myelodysplasia, 227–228
with pes planus, 687, 688f, 689

varus deformity of
with ankle instability, 696
in clubfoot, 658, 659f, 660

Hinged arthroplasty. See Prosthetic
arthroplasty

Hip and hip joint. See also Adult hip;
Pediatric hip

asymmetry of, with spine deformities,
480, 481f

contractures of
in cerebral palsy, 213, 215, 217–219
in myelodysplasia, 225–226

dislocation and subluxation of
in cerebral palsy, 216–217
congenital, 237, 443–452, 445f–452f,

576
adult dysplasia with, 531, 533

in dysplasia
congenital, 444, 446f, 447–449
multiple epiphyseal, 256–257

following total arthroplasty, 556, 557f,
558

in hereditary motor sensory
neuropathies, 236

in myelodysplasia, 226
in spinal muscular atrophy, 230
surgical, 539

dysplasia of
in adults, 528–533
in arthrogryposis, 237
in cerebral palsy, 215–218, 216f
congenital, 443–452, 445f–452f

bone formation and development
in, 447, 447f, 451

pediatric foot torsion vs., 664, 666
in myelodysplasia, 225–226
in proximal femoral focal deficiency,

248–249, 249f
fractures of

operative treatment of, 105
risk screening for, 203

fusion of, in cerebral palsy, 217
hematogenous osteomyelitis of, 124,

125f, 132f, 133
juvenile idiopathic arthritis of, 175
menisci of, 24
osteoarthritis in, 154t, 155, 157f
pain in

adult, 525–528, 530, 533, 537
pediatric, 454, 465–466, 470f, 472

pseudoachondroplasia of, 258–259, 259f
reconstruction

for mucopolysaccharidoses, 263
total. See Total hip arthroplasty

rotation of, in pediatric foot torsion,
663, 665f

septic arthritis of
differential diagnosis, 133
neonatal, 132f
treatment of, 123, 144–146, 146f

trauma to, avascular necrosis with,
533–535

weakness of, in muscular dystrophies,
233–234, 234f

Hip orthoses, reciprocating, for
myelodysplasia deformities,
225

Hip pain
differential diagnosis of, 462, 462t, 466
limb length discrepancy, 526–527, 532

following total arthroplasty, 555–556
surgical consideration of, 533, 534f, 542

Hip protectors, for osteoporosis, 208
Histiocytoma, malignant fibrous, 313
History taking

for ankylosing spondylitis, 168–169
for back pain

in adults, 509–510
in children, 497

for fibromyalgia, 192–193
for glenohumeral joint instability,

387–388
for hematogenous osteomyelitis

diagnosis, 127
for knee ligament injuries, 596–597

anterior cruciate ligament, 601
for neoplasms, 268–269
for skeletal dysplasias, 248
for spine deformities, 477, 479–480

HIV (human immunodeficiency virus)
infection, septic arthritis risks
with, 176, 178

HLA-B27
back pain and, in children, 498, 500
in juvenile idiopathic arthritis, 174
in septic arthritis, 176

HLA-DRB4, in rheumatoid arthritis,
162–163

HLA-genes
in juvenile idiopathic arthritis, 172, 174
in rheumatoid arthritis, 162–163, 172

HME (hereditary multiple exostoses), 263,
289, 309

HMSN. See Hereditary motor sensory
neuropathies (HMSN)

HO (heterotopic ossification), in total hip
arthroplasty, 558, 559f

Hoffmann’s reflex, in neck disorders, 329,
340

Holt-Oram syndrome, 421
Hook fixation

for idiopathic scoliosis correction, 493f
in spinal fusion

for cerebral palsy, 213–215, 215f
for spinal muscular atrophy, 230

Hormones
bone turnover and, 16
disorders of

fibromyalgia vs., 194
in myelodysplasia, 223

in Legg-Calvé-Perthes disease, 452
in slipped capital femoral epiphysis,

469–470
Hornblower’s sign, in rotator cuff disease,

371, 374f

Horner’s syndrome, in birth palsy, 346
Hourglass constriction, with

pseudarthroses, 580
Howmedica prosthesis, for total hip

arthroplasty, 543, 547, 553–554
Howship’s lacuna, in osteoclasts, 13
HRQOL (Health Related Quality of Life

Index), for total hip
arthroplasty, 543–544

HS (head-shaft) angle, in developmental
cox vara, 467, 467f

Human bites, hand infections with,
429–430

Human Genome Project, 245
Human immunodeficiency virus (HIV)

infection, septic arthritis risks
with, 176, 178

Human locomotion. See Gait analysis
Humeral head

biceps origin from, 379, 380f
disruption of, 380, 381f

fractures of, glenohumeral arthritis
with, 364

osteonecrosis of, 357–360, 358f–360f
clinical presentation of, 358
natural history of, 359
origins of, 357–358
radiographic examination of, 359,

359f–360f
treatment of, 359–360, 361f

posterolateral impression fracture of,
364

in glenohumeral joint instability, 390,
392f, 394

in rotator cuff disease, 368–369,
368f–369f

in shoulder degeneration, 351, 354,
354f–355f

replacement of, 356–357, 357f, 363
Humerus

in achondroplasia, 260
bicipital groove of, in biceps lesions,

379–380, 380f
formation and development of, 43f, 50,

51f–52f
fractures of

neck, 105, 107f
proximal physeal, in birth palsy, 346
shaft, 107
splints for, 101
traumatic, 90, 92f

osteotomy of
for arthrogryposis, 238
for birth palsy, 347

Hurler’s syndrome, 262
Hyaline cartilage, 26–31. See also Articular

cartilage; Growth cartilage
benign lesions of, 289–290, 291f
calcification of, in calcium

pyrophosphate dihydrate
deposition disease, 185

collagens in, 6–7
composition of, 28–31

chondrocytes, 28–30, 31f–32f
matrix, 30–31

fibrous and elastic cartilage vs., 26
functional organization of, 26–27, 27f, 55
in Legg-Calvé-Perthes disease, 453,

453f–454f
proteoglycans in, 8
structure of, 26–28, 27f, 29f–30f
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Hyaline cartilage endplate, of
intervertebral disc, 32

composition, 34–36
mineralization impact, 36–37

Hyaluronate
in connective tissue, 8, 9f
synovial cell production of, 26

Hyaluronic acid
derivatives of, for intra-articular

osteoarthritis, 161
for knee cartilage lesions, 610

Hydrocephalus, in achondroplasia, 260
Hydrostatic pressure, with external

immobilization, 100
Hydroxyapatite coated prostheses

for total hip arthroplasty, 553–554
for total knee arthroplasty, 622

Hydroxychloroquine, for rheumatoid
arthritis, 165, 165f

Hylamer prosthesis, for total hip
arthroplasty, 543, 549

Hyperandrogenism, bone development
and, 200

Hyperbaric oxygen (HBO) treatment
of clostrial myonecrosis, 431
for diabetic foot, 703

Hyperextension, of knee
in idiopathic toe-walking, 662, 662f
ligament resistance to, 600–601

Hyperextension body cast, for
Scheuermann kyphosis, 500

Hyperextension brace, cruciform anterior
spinal, for osteoporosis, 208

Hyperextension deformity
of knee

congenital, 576, 576f
in myelodysplasia, 226

in lesser toe disorders, 681–682
Hyperextension test

for glenohumeral joint instability, 389,
389f

for swan neck deformity, 436, 436f
Hypermobile (flexible) flatfoot, 633–638,

636f–638f
congenital, 688
with short Achilles tendon, 635,

638–639, 638f–639f
Hypermobility

benign joint syndrome of, 698
in cervical disc disease, 328

Hyperostosis, infantile cortical, as
resembling neoplasm, 274,
275f

Hyperparathyroidism
brown tumor of, 271–272
primary, osteoporosis vs., 203–204
secondary, osteoporosis vs., 204
tertiary, osteoporosis vs., 204–205

Hyperthyroidism, osteoporosis vs., 205
Hypertrophic nonunion, in fracture

healing, 63, 63f
Hypertrophic (maturing) zone, in growth

cartilage, 28
Hypertrophy, physeal zone of, in slipped

capital femoral epiphysis, 469,
471f

Hyperuricemia, in gout, 183–184
Hypocalcemia, osteoporosis and, 204
Hypochondroplasia, genetics of, 259
Hypoestrogenism, bone development

and, 200

Hypogonadism, bone development and,
200

Hypokyphosis, 489
Hypoplastic deformities

of talus, 650–651
of vertebrae, congenital, 492, 494–497,

494f
Hypothenar hammer syndrome, 439, 439f
Hypotonia, in cerebral palsy, 211
H zone, in muscle cells, 39f, 41f

I band, in muscle cells, 39f, 41f
Idiopathic scoliosis, 477, 478t, 482

adolescent, 231, 236, 486–491. See also
Adolescent idiopathic scoliosis

curves similar to, 213, 231, 236
genetic predisposition of, 482–483
infantile, 483–484, 483f, 485f
juvenile, 484, 485f–487f, 486

secondary curve development, 175,
484, 485f

subclassifications of, 483–491
Idiopathic toe-walking, in children,

661–662, 662f
ILAR (International League of

Associations for
Rheumatology) classification,
of juvenile idiopathic arthritis,
172, 174

ILD (interstitial lung disease), with
systemic sclerosis, 188, 189t,
190

Iliac crest, asymmetry of, with spine
deformities, 480, 481f

Iliotibial band
in knee ligament injuries, 604–605, 607
tightness of, in myelodysplasia

deformities, 226
Iliotibial track, as hip landmark, 520, 520f
Ilium, ossification of, 51, 53f–54f
Ilium crest, as hip landmark, 520, 520f
Imaging. See also specific modality

of neuromuscular disorders, 84, 84t
Immobilization

for bipartite patella, 614
bone development and, 16, 201
for Charcot arthropathy, 228
for epicondylitis, 413–414, 413f
for fractures

definitive, 97, 100–104, 101f–104f
initial, 96
operative, 104–117
rehabilitation following, 117–118
risks of, 94–95, 103–104

for glenohumeral joint instability, 391,
393

postoperative, 394
for heel pain, 700
impact on collagen synthesis, 596
for knee ligament injuries, 596, 602, 605
for mucopolysaccharidoses, 263
for nerve entrapment syndromes, in

elbow and forearm, 403–406
for osteochondritis dissecans, of

pediatric knee, 582
spinal, for disc space infection, 141

Immunoblot, for Lyme disease
confirmation, 179–180

Immunocompromised states
infection risks with, 428–431
septic arthritis risks with, 176, 178, 182

Immunoglobulins
in gout, 182
IgG, in Lyme disease, 180
IgM

in Lyme disease, 180
in viral arthritis, 181

in rheumatoid arthritis, 162
in septic arthritis, 180–181

Immunomodulators, for rheumatoid
inflammation, 165, 165f

Immunosuppression, septic knee
arthroplasty and, 626–627, 629f

Immunosuppressive drugs. See also
Methotrexate

for rheumatoid arthritis, of hand and
wrist, 434

for systemic lupus erythematosus, 167
complications of, 167

for systemic sclerosis, 191
IMP (intramuscular pressure), in gait

analysis, 80–81, 81f
Impact loading. See also Blunt trauma

articular cartilage disruption and,
64–65, 66f

Impingement mechanisms
compression with. See Nerve

compression syndromes
outlet-related. See Outlet impingement

syndromes
Impingement test, for rotator cuff disease,

371
Implants

bone, for fracture repair, 99, 99f, 117
for meniscal tear repair, 594
micro

for total hip arthroplasty, 533, 542,
545–546, 546f

for total knee arthroplasty, 622, 625
reconstructive

for metastatic bone disease, 318
for total elbow arthroplasty, 410, 412f
for total hip arthroplasty

historical, 539–541, 540f–541f
modern, 541–543, 542f

Silastic trapezial, for scapho-trapezial-
trapezoidal arthritis, 426

Swanson, for rheumatoid hands and
wrists, 434–435

Impression fracture, posterolateral, of
humeral head, 364

in glenohumeral joint instability, 390,
392f, 394

Inclusion cyst, epidermal, of hand, 437
Incomplete fractures, 89
Indirect force, fracture patterns with, 92,

95f
Indolent infections, in septic knee

arthroplasty, 626
Indomethacin, for gout, 184
Inertial forces, in gait analysis, 78, 78f
Infantile cortical hyperostosis, as

resembling neoplasm, 274,
275f

Infantile idiopathic scoliosis, 483–484, 483f
Infection(s)

in diabetic foot, 703
diagnosis and treatment of, 123–124
of disc space, 133, 140–141, 141f
of external fixation pin tract, 112–113
foot puncture wounds and, 142–143
of joints, 143–148

730 Index

Weinstein index.qxd  3/21/05  1:29 PM  Page 730



juvenile idiopathic arthritis association,
172, 174

nonarticular, bacterial seeding of joints,
176

olecranon bursitis from, 407
osteomyelitis, 123–140. See also

Osteomyelitis
trauma-associated, 125, 176

with total knee arthroplasty, 626–628
amputation for, 628
antibiotic suppression for, 628
arthrodesis for, 628
aspiration of, 628
causes of, 626
clinical presentation of, 626–627
debridement with prosthetic

retention for, 628
laboratory tests for, 626–627, 629f
management algorithm for, 628, 629f
microbiology of, 626
radiography of, 627
radionuclide imaging of, 627
reimplantation for, 628

woven bone association, 11
Infectious arthritis. See Septic arthritis
Inferior patella pole-superior patellar

ligament junction, chronic
tensile stress at, 583

Inflammation
in acromioclavicular joint, 348, 360
with bone injury, 58–60
with calcium pyrophosphate dihydrate

deposition disease, 185
with cartilage injury, 64–65
with cervical disc disease, 328–329
with Charcot arthropathy, 228
with elbow tendonopathies, 410,

412–414
with foot puncture wound infections,

142
with gout, 183
with juvenile rheumatoid arthritis, 337
in lesser metatarsophalangeal joint

disorders, 683–685
with muscle injury, 69–70, 70t
with rheumatoid arthritis, 162–163

of elbow, 409–410
management of, 164–165, 165f

with rotator cuff-tear arthropathy, 365,
369

with septic arthritis, 143, 146
with systemic lupus erythematosus, 166
with tendon injury, 67, 68f

Inflammatory bowel disease arthritis, 168,
170

management of, 171
Inflammatory diseases

rheumatoid, 151–197. See also
Rheumatoid diseases; specific
disease

woven bone association, 11
Inflammatory enthesitis

in juvenile idiopathic arthritis, 174
in spondyloarthropathies, 168, 171

Inflammatory mediators
of anterior cruciate ligament injury, 601
of bone injury, 58–60
release with fractures, 92–93

Infliximab, for rheumatoid arthritis, 434
Infraspinatus musculotendinous unit, in

rotator cuff disease, 368, 371

Injury(ies). See Trauma; specific anatomy or
injury

Innervation. See Nerve(s)
Innominate osteotomies

Salter
for congenital hip dysplasia, 451, 452f
for Legg-Calvé-Perthes disease, 452f,

463
triple, for hip dysplasia

in cerebral palsy, 217
in pseudochondroplasia, 259

Inorganic matrix
in bone, 15, 15f
in connective tissue, 9

Inorganic pyrophosphate (PPi), in calcium
pyrophosphate dihydrate
deposition disease, 185

Insall-Burstein knee prosthesis, 621
Insertions, of tendons, ligaments, and

joint capsules into bone
direct, 23–24, 23f
indirect, 23f, 24

Instability. See Stability; specific joint
Instrumentation

distraction
for congenital spinal deformity, 496
for idiopathic scoliosis, 484, 486, 

486f
for idiopathic scoliosis, 484, 491,

492f–493
rod. See Rod instrumentation
in spinal fusion

for cerebral palsy, 213–215, 215f
for muscular dystrophies, 232
for myelodysplasia, 224–225
for spinal muscular atrophy, 230

Insufficiency fractures, 90, 93f
Insulin, bone turnover and, 16
Insulin-like growth factor-I, bone

development and, 200
Insurance benefits, gait analysis impact

on, 83
Integumentary system. See Skin entries
Intercondylar notch, in anterior cruciate

ligament injury, 601, 603
Intercritical period, of gout inflammation,

183
Interdigital neuroma, in foot, 700–701,

701f
Interdigitation, of muscle cells and

tendons, 21, 21f
Interferon, for viral arthritis, 182
Interleukin-1, bone turnover and, 16
Intermediate zone, of articular cartilage,

27, 27f
Intermetatarsal angle, in hallux valgus,

674, 674f, 676
Internal fixation. See also specific type

for fractures
anatomic reduction with, 107, 109f
with intramedullary screws, 99, 99f,

106f
open reduction with. See Open

reduction and internal fixation
with plates, 99, 109f
to promote tissue healing, 57
with screws, 99, 99f, 106f, 109f

International League of Associations for
Rheumatology (ILAR)
classification, of juvenile
idiopathic arthritis, 172, 174

Interphalangeal (IP) joints
fractures of, 115
hallux valgus deformity of, 677, 679f
in lesser toe disorders, 681–683, 683f
thumb, in median nerve palsy, 433

Intersection syndrome, of forearm, 410,
412

Intersegmental artery, 46
Inter-segmental forces, in gait analysis, 78,

78f
Interstitial growth, of cartilage, 42, 45f–46f
Interstitial lung disease (ILD), with

systemic sclerosis, 188, 189t,
190

Interterritorial matrix, in articular
cartilage, 28

Intertransverse process fusion,
lumbosacral, for
spondylolisthesis, 507–508

Intertrochanteric osteotomy, varus, for hip
dysplasia, 530, 530f

Intervertebral (osteo) chondrosis, 156, 
157f

Intervertebral disc(s), 31–37
age-related changes, 32, 34, 36–37
composition of, 34–37, 34f–35f

blood supply, 36
cells, 34, 34f–35f

connective tissue, 34, 35f
notochordal, 34, 34f

matrix, 34–36
nerve supply, 36

degeneration of, 32, 34, 330f, 334,
514–515. See also Intervertebral
disc disease

elastin in, 8
function of, 31–32, 55
infections of, 133, 140–141, 141f
mycobacterial arthritis involvement,

178
structure of, 31–34, 33f

annulus fibrosis, 32–33, 33f
hyaline cartilage endplate, 32
nucleus pulposus, 33–34, 33f
transition zone, 33, 35, 36

Intervertebral disc disease
cervical, 327–335

clinical features of, 328–329
CT scan of, 331
differential diagnosis of, 328–329,

329t
diskography of, 331, 333f, 334
electrodiagnostic studies of, 334
electromyography of, 334
incidence of, 328
local injection for, 334–334
MRI of, 331, 332f
myelography of, 328, 331, 331f
myelopathy with, 329
pathoanatomy of, 334
radiculopathy with, 328–329, 330t

treatment of, 334–335
radiographic features of, 328–329,

330f, 331
terms for, 327–328
treatment of, 334–335, 335f

as degenerative, 32, 34, 330f, 334,
514–515

as herniation, 327, 331f, 333f, 334
in adults, 512–514
in children, 509
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Intervertebral disc disease (continued)
nerve compression syndromes with,

328–329, 330t
decompression surgery for, 334–335,

335f–337f
with rheumatic diseases, 155–156,

157f–158f, 164, 166
Intima, of synovium, 25–26
In-toeing gait, in children

foot torsion with, 663–664, 666
with metatarsus adductus, 656, 658

Intra-articular fractures, 89
cartilage healing with, 63–65
internal fixation for, 107, 109f
treatment of, 115

Intra-articular (intracapsular) ligaments,
22

Intra-articular therapies. See
Corticosteroids

Intracapsular (intra-articular) ligaments,
22

Intramedullary hip screw, 99, 99f, 106f
Intramedullary nailing, of fractures,

operative technique, 113–115,
114f

Intramedullary rod
for osteogenesis imperfecta fractures,

253, 253f
for vitamin D-resistant rickets, 261

Intramedullary rotational osteotomy, for
pediatric foot torsion, 667

Intramembranous bone, formation of, 42,
45, 46f

Intramuscular pressure (IMP), in gait
analysis, 80–81, 81f

Intraosseous abscess
with hematogenous osteomyelitis, 130
with septic arthritis, 146

Intrapelvic abscess, with hematogenous
osteomyelitis, 133, 134f

Intraspinal pathology
back pain and, 498, 500, 504, 508, 513
with spine deformities, 480, 482, 483,

486
congenital, 494, 496–497

Intrathecal baclofen (ITB) pump
placement, for cerebral palsy,
212–213, 214f

Intrauterine life
foot deformity molding during, 647,

651, 655, 659
hip dysplasia association, 444
idiopathic scoliosis association, 483
musculoskeletal system formation

during, 42, 42f–48f, 45–50
genetics of, 246–247
screening of, 248

Invasive examination. See also
Arthrography

for birth palsy, 346
of neuromuscular disorders, 84, 84t
for systemic sclerosis, 190

Inverse dynamics problem, in gait
analysis, 78, 79f

Inversion
of foot, 633, 634f
of forefoot, in clubfoot, 658, 659f, 660

Inversion deformity, of heel, with pes
planus, 687, 688f

Inversion stress test, for ankle stability,
698, 698f

Involucrum, 126
Ion concentrations, bone turnover and, 

16
IP. See Interphalangeal (IP) joints
Ischemia

digital, in systemic sclerosis, 186–187,
187t, 189

treatment of, 190–191
with fractures, 98

Ischium, ossification of, 51, 53f–54f
Isodesmosine, in elastin, 7
Isometric force, in gait analysis, 80–81, 81f
ITB (intrathecal baclofen) pump

placement, for cerebral palsy,
212–213, 214f

IV drug abuse
infection risks, 431
septic arthritis risks, 176, 431

Jaccoud’s arthropathy, with systemic
lupus erythematosus, 167

Jewett brace, for osteoporosis, 208
JIA. See Juvenile idiopathic arthritis (JIA)
Jobe’s relocation test, for glenohumeral

joint instability, 390, 392f
Job site factor assessment

for back pain, 509
for rheumatoid arthritis, 165, 165f

Joint(s). See also specific joint
bacterial seeding of, 176. See also Septic

arthritis
benign hypermobility syndrome of, 698
degeneration of. See Degeneration and

degenerative disorders
dislocations of, in Larsen’s syndrome,

238, 239f
dynamics of, in gait analysis, 78–79, 

78f
false, fracture healing and, 63
formation and development of, 45–46
peripheral

in juvenile idiopathic arthritis,
173–175

spondyloarthropathy involvement,
168, 170

inflammation control for, 171
protection of, for Charcot arthropathy,

228
Joint aspiration

for gonococcal arthritis, 147, 177
for rheumatoid hands and wrists, 434
of septic arthritis, 145, 147, 432
for spondyloarthropathies, 171
for transient synovitis, 466

Joint capsules. See also specific joint
blood supply, 24
composition of, 22–23

cell, 22
matrix, 22–23

insertions into bone
direct, 23–24, 23f
indirect, 23f, 24

nerve supply, 24
periosteal attachment, 18, 23–24
structure of, 21–22
synovium role, 22, 25
tissue healing in, 68–69

Joint disease. See Arthropathy
Joint laxity. See Ligamentous laxity
Joint motion. See Mobility; Motion
Joint proprioception, of menisci, 25, 590

Joint replacement
partial. See Hemiarthroplasty
prosthetic. See Prosthetic arthroplasty
resected. See Resection arthroplasty
total. See Total joint replacement

Joint space narrowing. See also Disc space
narrowing

with calcium pyrophosphate dihydrate
deposition disease, 185

with glenohumeral joint degeneration,
353–354, 355f, 356

with hallux rigidus, 680
in knee disorders, 591, 610
with osteoarthritis, 154–155, 156f, 158,

161
with septic arthritis, 176–177

Joint space widening, in
acromioclavicular joint, 348,
351f

JRA. See Juvenile rheumatoid arthritis
(JRA)

Judet glass mold, of hip, 540, 540f
Jumper’s knee, 583
Juvenile idiopathic arthritis (JIA), 172–175

bone formation and development in,
174–175

clinical characteristics of, 172–174
enthesitis-related arthritis, 174
extended oligoarthritis, 173
other arthritis, 174
persistent oligoarthritis, 173
psoriatic arthritis, 173–174
rheumatoid factor, 172–174
systemic arthritis, 173

complications of, 174–175
differential diagnosis of, 172
disease course with, 174–175
disorders included in, 172
ILAR classification of, 172
management of, 175

multidisciplinary approach to, 172
physical therapy importance, 174

pathogenesis of, 172
pauciarticular, 173
prognosis of, 174–175
synovium characteristics, 152–153, 153t,

174
Juvenile idiopathic scoliosis, 484,

485f–487f, 486
secondary curve development, 175, 484,

485f
Juvenile rheumatoid arthritis (JRA), 172

of cervical spine, 337–339
clinical features of, 338
incidence of, 337–338
natural history of, 338–339
origins of, 338, 339f
treatment of, 339

of hip, 535–537, 536f

Kalamchi and Dawe classification, of
tibial deficiency, 249

Kanaval signs, in septic flexor
tenosynovitis, 429

Keinbock’s disease, 432–433, 432f
Keller procedure, for hallux rigidus, 681
Keratan sulfate

in connective tissue, 8, 9f
in mucopolysaccharidoses, 262

Keratotic lesions, of forefoot, 686–687
Ketoconazole, for fungal arthritis, 180–181
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Kidneys. See also Renal entries
systemic sclerosis manifestations in,

188, 189t
Kinematics, in gait analysis, 77–80
Kinetics

for chondromalacia patellae, 616
closed chain, in knee ligament

rehabilitation, 601
in gait analysis, 77–79, 78f–79f
open chain, for lateral epicondylitis

rehabilitation, 413
Kingella kingae

in hematogenous osteomyelitis, 126
in septic arthritis, 143–144

Kirschner wires
for lesser toe deformities, 683, 683f
for percutaneous pinning, of fractures,

110, 110f–112f
Klein line, in slipped capital femoral

epiphysis, 470f
Klippel-Feil syndrome and, 335–337

associated conditions, 337
causes of, 335
clinical findings of, 335
incidence of, 335
multisystem risks with, 335
radiographic findings of, 336
treatment of, 337

Klumpke’s paralysis, in birth palsy, 346
Knee and knee joint. See also Adult knee;

Pediatric knee
alignment of, with limb fixation, 116
capsule

functional structure of, 8
injuries to, 605

contracture of, in cerebral palsy,
218–219

deformities of
in achondroplasia, 260
flexion

in arthrogryposis, 237–238
in muscular dystrophies, 234, 234f

in hereditary multiple exostoses, 263
dislocations of, in Larsen’s syndrome,

238, 239f
fractures of, in children, 584–586,

585f–586f
genu recurvatum of

at birth, 576, 576f
developmental, 578–579, 578f–579f
traumatic, 585

hyperextension of, in idiopathic toe-
walking, 662, 662f

juvenile idiopathic arthritis of, 175
menisci of, 24, 589–590
in multiple epiphyseal dysplasia, 257
myelodysplasia impact on, 226
osteoarthritis in, 154t, 155, 157f
pain in

adult, 155, 160, 606, 608, 610, 614–615,
617

pediatric, 581–583
pseudoachondroplasia of, 258–259
septic arthritis of, 144–145
stability of, menisci role in, 24, 589

tears impact on, 599–600, 600f
Knee-ankle-foot orthoses, for

myelodysplasia deformities,
226

Knee ligaments
acute injuries of, 595–600

anterior cruciate, 600–603, 601f–602f
in children, 584, 586
general considerations for, 595–596
history taking for, 596–597
lateral collateral, 605–608
medial collateral, 605
origins of, 596
physical examination of, 596–600,

597f–600f
posterior cruciate, 603–604, 604f
of posterolateral corner, 605–608,

607f–608f
rotatory instability with, 600
straight instability with, 599–600

in total arthroplasty, 621, 623–625
Knock knee. See Genu valgum
Knudson theory, of carcinogenesis, 263
Köhler disease, in children, 652–653, 653f

pes planus in, 640
Kugelberg-Welander disease, 229
Kyphoplasty, for osteoporosis, 208
Kyphoscoliosis, 492, 496–497
Kyphosis

in achondroplasia, 260
congenital, 492, 494–496

treatment of, 496–497, 496f
in Klippel-Feil syndrome, 337
in Larsen’s syndrome, 238–240
in Marfan’s syndrome, 254
in mucopolysaccharidoses, 262, 262f
in myelodysplasia, 224–225
normal thoracic, idiopathic scoliosis

impact on, 489
Scheuermann, 498–500, 499f
SRS classification of, 477, 478t

Laboratory data
for back pain, in children, 498, 500
for chronic multifocal osteomyelitis,

138, 140
for disc space infection, 140–141
for fibromyalgia, 194
for foot puncture wound infections, 142
for hematogenous osteomyelitis

acute, 127, 129, 133
subacute, 136

for juvenile idiopathic arthritis, 172, 174
for Legg-Calvé-Perthes disease, 462
for neoplasms, 270, 307, 318

disorders resembling, 270–271, 274
for osteoarthritis, 159–160
for rheumatoid arthritis, 163–164
for septic arthritis, 143–147, 177–181
for septic knee arthroplasty, 626–627,

629f
for skeletal dysplasias, 248
for systemic lupus erythematosus,

166–167
for systemic sclerosis, 189–190, 189t
for transient synovitis, 465–466

Labra, 24. See also specific bone or joint
Lacerations

of articular cartilage, 65–66
of dense fibrous tissue, 65, 67, 68f
of muscles, 70, 70t

Lachman test, for knee ligament injuries,
597, 597f, 601

Lacuna, in osteoclasts, 13, 13f, 19f
Lagranian formula, in gait analysis, 78,

79f
Lag screws, for fracture fixation, 117

Lamellae
collagen, in intervertebral disc, 32–33,

33f
formation and development of, 42

Lamellar bone
injury-related, 62
microscopic features of, 11

Laminectomy
for acute lumbar radiculopathy, 513
decompression, for cervical rheumatoid

arthritis, 342–343, 342f
Laminin, in muscle, 40
Laminoplasty, cervical, for intervertebral

disc disease, 335, 336f–337f
Langenskiöld classification, of tibia vara,

578–579, 578f–579f
Langerhans cell histiocytosis (LCH),

295–297
clinical presentations of, 296–297
cytologic features of, 295, 296f
eosinophilic granuloma in, 295–297
overlapping disorders of, 295–296
pathologic fractures with, 295, 297f
radiographic features of, 295, 297f

Lapidus procedure, for hallux valgus, 676,
679f

Larsen’s syndrome, 238–240, 239f
congenital dislocation of knee with, 576

Lateral collateral ligament (LCL)
injuries to, 605–608
in total knee arthroplasty, 623–624

Lateral column lengthening, for flatfoot,
688

Lateral column shortening, for clubfoot,
661

Lateral epicondylitis, 412–413, 413f
Lateral pillar classification, of Legg-Calvé-

Perthes disease, 457–459, 460t,
461, 462–464

Lateral retinaculum
in excessive lateral patellar compression

syndrome, 614
release of, for chondromalacia patellae,

616
Lauenstein line, in slipped capital femoral

epiphysis, 470f
Laxity. See Ligamentous laxity
LCH. See Langerhans cell histiocytosis

(LCH)
LCL (lateral collateral ligament)

injuries to, 605–608
in total knee arthroplasty, 623–624

LCPD. See Legg-Calvé-Perthes disease
(LCPD)

LcSSc (limited cutaneous systemic
sclerosis), 186, 187t, 189

LeDamany test, for congenital hip
dysplasia, 444–445, 445f

Leflunomide, for rheumatoid arthritis,
165, 165f, 434

Leg. See Lower extremity; specific anatomy
Legg-Calvé-Perthes disease (LCPD),

452–465
bone formation and development in,

452–453, 453f–454f, 466
Catterall groups of, 456, 460t

group 1, 455f–456f, 456, 462
group 2, 456–457, 457f, 462
group 3, 457, 458f, 463–464
group 4, 457, 459f, 461f, 463–464, 463f
other prognostic, 458–459, 461f
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Legg-Calvé-Perthes disease (LCPD) 
(continued)

cause of, 452–453
clinical features of, 256–258, 453–454
diagnosis of, 454
differential diagnosis of, 462, 462t, 466
epidemiology of, 452
femoral head and neck in

deformities of, 455
prognosis and, 455–457
vascular embarrassment in, 453, 454f,

455
incidence of, 452
lateral pillar classifications, 457–459,

460t, 461, 462–464
pathoanatomy of, 453, 453f–454f
prognostic factors of, 455–456

acetabulum development, 461–462
age of onset, 461
femoral head involvement, 456–461,

460t
radiographic staging of, 454, 455f–461f,

456, 460t, 463f
Salter and Thompson classifications,

456–457, 457f–458f, 462–463,
463f

treatment of, 462–465, 463f
containment, 462–465, 464f–465f
contraindications to, 462
goals of, 462
motion restoration, 462–463

Leg length discrepancy. See Limb length
discrepancy

Leg pain, in spinal stenosis, 515
Leprosy, arthritis with, 178
Lesser tuberosity, ossification of, 51f–52f
Letterer-Siwe disorder, 295
Leukocytes

polymorphonuclear, in gout, 182–183
release with bone injury, 59
in septic arthritis, 176–177

Leukotrienes, release with fractures, 92
LHRH (luteinizing hormone-releasing

hormone) agonists, bone
development and, 200

Lifestyle factors, of osteoporosis, 202
Ligament(s). See also specific ligament

of acromioclavicular joint, 347
of ankle, 696–697, 697f
blood supply, 24
composition of, 22–23

cell, 22
matrix, 22–23

elastin in, 8
in glenohumeral joint disorders, 385,

387, 391, 394, 395f
insertions into bone

direct, 23–24, 23f
indirect, 23f, 24

of knee. See Knee ligaments
laxity of. See Ligamentous laxity
nerve supply, 24
periosteal attachment, 18, 23–24
in rotator cuff disease, 368–369, 369f
structural types, 21–22
tissue healing in, 68–69

failure of, 68–69
Ligament of Osborne, in ulnar nerve

compression, 405–406
Ligament of Wisberg, 603
Ligamentotaxis, 100, 100f

Ligamentous laxity
in ankle instability, 696, 697f

diagnostic tests for, 697–698, 698f
surgical repair of, 698–699

in children
with congenital leg deformities, 578
following tibial fractures, 585
foot torsion with, 663, 665f
hip manifestations of, 444
with recurrent patella instability,

583–585
with glenohumeral joint instability,

389–390, 389f
treatment of, 391, 393–394, 395f

in knee injuries
anterior cruciate ligament, 585
posterior cruciate ligament, 603–604,

604f
in Marfan’s syndrome, 254–255, 635
in physiologic pes planus, 635, 637–638

Ligamentum flavum
in cervical disc disease, 328, 334
elastin in, 23

Ligamentum teres
in congenital hip dysplasia, 447, 451
in hip disorders

dysplasia, 531–532
injuries, 537

in slipped capital femoral epiphysis,
468

Limb buds
in hand anomalies, 420
in hip embryology, 521, 523f
origin of, 42, 43f, 50

Limb-girdle muscular dystrophy, 234
Limb length discrepancy

in achondroplasia, 260
in congenital fibular hemimelia, 580
in congenital posteromedial bowing of

tibia, 579, 579f
in developmental cox vara, 467
following total hip arthroplasty,

555–556
in hip pain, 526–527, 532

following total arthroplasty, 555–556
surgical consideration of, 533, 534f, 542

with juvenile idiopathic arthritis,
173–174

in Keinbock’s disease, 432–433
in Legg-Calvé-Perthes disease, 454
from pediatric trauma, 584
in proximal femoral focal deficiency,

248–249, 249f
in spine deformity examination, 480
in ulnar impaction syndrome, 426

Limb lengthening procedure, for
congenital fibular hemimelia,
580

Limb prostheses, gait analysis for, 75
Limited contact compression plate, for

fracture fixation, 117
Limited cutaneous systemic sclerosis

(lcSSc), 186, 187t, 189
Limping, with hip disorders

pediatric, 454, 465, 467, 472
young adult, 527

Link proteins, in connective tissue, 8–9
Lipoma, 297–298, 298f

in forefoot, 687
Liposarcoma, 315
Liquid nitrogen, for warts, 687

Listhesis, in scoliosis, 482, 489, 490f
“Little League elbow,” 409
Load and loading

acromioclavicular joint pain with, 348
acute impact. See also Blunt trauma

articular cartilage disruption and,
64–65, 66f

anatomy perspectives of, 16, 24
in bone biomechanics, 87–88
bone turnover and, 16
compressive. See Compressive strength
fibrous tissue healing and, 67, 69
in fracture biomechanics, 88, 89f, 93

repetitive, 90–91, 94f
fracture healing and, 58, 60–62, 60f–62f
in knee ligament injuries, 600–601, 603,

605
in knee osteoarthritis, 617
menisci transmission of, 589–590
nerves for sensing, 24
tensile. See Tensile strength
in total hip arthroplasty, 546, 547f,

551–553
revision, 566, 568–569

Load-and-shift test, for glenohumeral
joint instability, 390, 391f

Local anesthetics, injections of
for acromioclavicular joint pain, 348
for cervical disc disease, 334

Localized scleroderma, systemic sclerosis
vs., 186, 187t

Locking mechanisms, in total hip
arthroplasty, 546–547, 562f

Locking plate
for fracture fixation, 117
for intramedullary hip screw, 99, 99f

Long bones
blood supply, 16–17, 17f–18f
cartilage elongation role, 26, 28, 29f–30f
examples of, 10
formation and development of

appendicular, 50–51, 51f–54f
intrauterine, 42, 43f–44f, 45, 46f–47f

metaphysis of, acute hematogenous
osteomyelitis of, 124, 125f

Longitudinal arch
biomechanical determinants of,

634–635, 638f, 644
in pes cavus, 692, 692f, 696
in pes planus, 687, 689f

Loose bodies
in Freiberg infarction, 653–654, 654f
in knee articular cartilage lesions, 610
in knee osteoarthritis, 618

Lordosis
in cerebral palsy, 213
congenital, 492, 495
in muscular dystrophies, 231–232,

233f–234f
in myelodysplasia, 224
secondary

in Scheuermann kyphosis, 498
in spondylolisthesis, 502–504,

503f–505f
SRS classification of, 477, 479t

Low back pain, 158
discogenic, 158
nonorganic physical signs of, 511, 511t

Lower extremity. See also specific anatomy
contractures of, in cerebral palsy,

218–219, 220f
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deformities of
in arthrogryposis, 236–238, 240, 576,

576f
in pseudoachondroplasia, 258–259,

259f
formation and development of, 51,

53f–54f
fractures of

rehabilitation of, 117–118
treatment of. See specific bone or

technique
pain in

nerve compression-related, 509–510,
513

pediatric, 581–583
pediatric disorders of. See Pediatric leg

Ludloff osteotomy, for hallux valgus, 675
Lumbar index, in spondylolisthesis, 504,

505f
Lumbar radiculopathy, with acute back

pain, 511–513, 512f
Lumbar spine

curve of, in adolescent idiopathic
scoliosis, 486, 488f, 489–491,
490f

evaluating for dysplasias, 248
formation and development of, 49–50,

49f
kyphosis of, Scheuermann, 498, 500
osteoarthritis of, 155, 158, 158f
slip of, in spondylolisthesis, 502–504,

503f–505f
measurement methods for, 504,

505f–507f, 506f
trapezoidal deformation and, 504,

505f
spondyloarthropathy involvement,

168–170, 169f
Lumbar sympathectomy, for Raynaud’s

phenomenon, 191
Lumbosacral intertransverse process

fusion, for spondylolisthesis,
507–508

Lumbosacral junction
radiculopathy of, acute back pain with,

511–512, 512f
spondylolisthesis of, 503–504, 503f,

505f–506f
Lunate, osteonecrosis of, 432–433, 432f
Lung carcinoma, metastatic bone disease

from, 438
Lungs. See also Pulmonary entries

systemic sclerosis manifestations in,
188, 189t, 190

Luteinizing hormone-releasing hormone
(LHRH) agonists, bone
development and, 200

Lyme disease, arthritis from, 179–180
Lymphangioma, 300
Lymphocytes, release with bone injury, 59
Lymphoma, 305, 306f, 307

disorders resembling, 272
Lysosomes

in muscle cells, 38
in synovial cells, 25

Macromolecules, matrix. See Organic
matrix

Macrophage activation syndrome (MAS),
juvenile idiopathic arthritis
association, 173–174

Macrophages
with muscle tissue injury, 71
release with bone injury, 59
rheumatoid arthritis role, 162
in synovium, 26

Madelung’s deformity, 421–422, 422f
Maffucci’s syndrome, 290, 304, 309

hand and wrist enchondroma in, 438
Magnesium, in bone matrix, 15
Magnetic resonance imaging (MRI)

of Achilles tendinosis, 699, 699f
for back pain, 498, 504, 513–514
of birth palsy, 346
of cervical disc disease, 331, 332f
of congenital spinal deformity, 495–496
of discoid meniscus, 581, 581f
of disc space infection, 140, 141f
of frozen shoulder, 384
of glenohumeral joint, 355, 390–391

for posttraumatic arthritis, 364
of hematogenous osteomyelitis,

127–128, 133, 135
of hip disorders, 534–535, 537
of humeral head osteonecrosis, 359,

360f
of Klippel-Feil syndrome, 336
of knee articular cartilage lesions, 610
of knee ligament injuries, 601, 601f, 605,

606
of knee osteonecrosis, 609
of Legg-Calvé-Perthes disease, 454, 

466
of meniscal tears, 591

common pitfalls in, 591–592
of myelodysplasia, 224
of neoplasms, 270, 318

benign, 298, 298f–299f, 303
disorders resembling, 275, 281f, 283,

286
malignant, 307f, 309, 314, 314f

of neuromuscular disorders, 84, 84t
of osteomyelitis, in diabetic foot, 703
of rheumatoid arthritis, 163

in neck, 340, 342f
in shoulder, 361

of rotator cuff disease, 372, 376,
376f–378f

of scoliosis, 252
of septic arthritis, 180
of spinal osteoarthritis, 158
of spine deformities, 480, 483, 486
of stiff neck, 327
of torticollis, 325

Major histocompatibility complex. See also
HLA entries

class II genes of, in rheumatoid
arthritis, 162

Malabsorption syndromes
bone development and, 200–201
systemic sclerosis and, 189

Malignancies
of bone, 269t, 304–314
clinical evaluation of, 268–271, 318
disorders resembling, 267–268, 268t, 

318
bone disorders, 271–282
soft tissue disorders, 281, 283–286

of hand and wrist, 438
in hereditary multiple exostoses, 263,

289, 309
of soft tissue, 269t, 308–309, 314–316

Malignant fibrous histiocytoma (MFH),
313, 315

in hand and wrist, 438
Malignant vascular tumors

of bone, 313
of soft tissue, 315–316

Mallet toe, in adults, 681–682, 683f
Malnutrition. See Nutrition
Managed care, gait analysis impact on, 83
Manipulation

for calcaneal valgus, 651, 652f
for clubfoot, 661
for congenital dislocation of knee, 576
for congenital vertical talus, 651
for frozen shoulder, 385, 387
for metatarsus adductus, 658

Maquet effect, reverse, in knee ligament
injury, 606

Maquet procedure, for chondromalacia
patellae, 616

Marfan’s syndrome, 253–256
dural ectasia in, 255–256
family history screening for, 254
fatal complications of, 254
foot deformities in, 255
genetics of, 253
ocular involvement, 256
osteoporosis vs., 203
pes planus with, 635
spinal deformities in, 254–255, 255f
stature and limb manifestations of, 254

Marker systems, in gait analysis
body-fixed reflective, 75–76, 75f
trajectory data in real time, 77

Marrow. See Bone marrow
Marsupialization, of eponychial abscess,

429
Martin-Gruber anastomosis, in ulnar

nerve compression, 405
MAS (macrophage activation syndrome),

juvenile idiopathic arthritis
association, 173–174

Mass(es)
in congenital muscular torticollis,

324–325
tumors as. See Neoplasms

Masse’s sign, in ulnar nerve palsy, 434
Mast cells, in synovium, 26
Matrix macromolecules. See Organic

matrix
Maturing (hypertrophic) zone, in growth

cartilage, 28
Maturity landmarks, spine growth

velocity relation to, 480, 480f
curvature progression and, 480, 482,

482f, 489, 489t, 490f
Maximum manual muscle test, in gait

analysis, 80
Maximum voluntary muscle contraction,

in gait analysis, 80
McBride procedure, modified, for hallux

valgus, 675, 676f
McCune-Albright syndrome, 281
McGregor lines, in cervical rheumatoid

arthritis measurement, 340,
341f

MCL. See Medial collateral ligament
(MCL)

McMurray test, for meniscal tears, 591
MCP joints. See Metacarpophalangeal

(MCP) joints
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McRae line, for cervical rheumatoid
arthritis measurement, 340, 341f

Mechanical load. See Load and loading
Mechanical properties. See Biomechanics
Mechanoreceptors, in fibrous tissue, 24
MED (multiple epiphyseal dysplasia),

256–257, 257f
Medial collateral ligament (MCL)

injuries of, 596, 605
in children, 584

in total knee arthroplasty, 623–624
Medial epicondylectomy

for epicondylitis, 414
for ulnar nerve decompression, 406

Medial epicondylitis, 414
Medial facet articular cartilage, in

chondromalacia patellae, 615
Medial patellar taping, for osteoarthritis,

160
Median nerve, entrapment of

around elbow, 403–404
palsy with, 433

Medical conditions, fracture treatment
consideration of, 97

Medical costs, of total hip arthroplasty,
543–544, 549

Medical Outcomes Study Short Form 32
(SF-36) Health Status Survey,
for quality of life post-THA,
544

Medicare coverage, for bone mineral
density testing, 202

Medrol dose packs, for reflex sympathetic
dystrophy, 420

Medullary artery, in fracture healing, 60
Medullary edema, with hematogenous

osteomyelitis, 128
Medullary vascular system

in bone, 16–17, 17f–18f
in periosteum, 19

Mendelian inheritance
online databases of, 247–248
of skeletal dysplasias. See specific

disorder
Menisci

composition of, 24–25
blood supply, 25
cell, 24–25
matrix, 25
nerve supply, 25

cysts of, 591–592
elastin in, 8
formation and development of, 46
of knee

anatomy of, 24, 26, 590
arthroscopic sculpturing of, of

discoid meniscus, 581, 581f
discoid, 581, 581f
function of, 589–590

removal impact on, 589–590
injuries of, 69, 589–595
stability role, 24, 589

structure of, 24, 26
tears of, 589–595

ACL-associated, 590, 592–594
biomechanical effects of, 589–590
diagnosis of, 590–591, 591f
healing response, 69
knee osteonecrosis vs., 609
treatment of, 592–595

considerations for, 592–593

meniscal repair techniques,
593–594, 594f–595f

meniscal transplant, 594–595, 596f
partial meniscectomy, 592–593, 592f

types of, 592, 592f
Meniscus arrow implant, 594
Menopause

bone mineral density testing and, 202
bone resorption and, 201–202

Menstruation
bone development and, 200
spine deformity relation to, 480, 480f,

489
MEN syndromes, osteoporosis vs., 204
Mental capacity/development

in achondroplasia, 259
in mucopolysaccharidoses, 262
in myelodysplasia, 223–224

Merchant radiograph
of meniscal tears, 591
of patella compression, 614, 614f

Merle d’Aubigne Hip Score, for primary
THA outcomes, 544

Mesenchymal cells
bone healing role, 60–61
differentiation of, 4–5

genetics of, 246
joint formation and, 45–46
musculoskeletal system formation role,

42, 44f, 47f, 50, 199
Mesenchymal matrices

inorganic, 9
organic macromolecules, 5–9

collagens, 5–7, 6f–8f
elastin, 7–8, 8f
proteoglycans, 7f, 8–9, 9f

Mesenchymal stem cells (MSC),
transplantation of, for
osteogenesis imperfecta, 253

Mesenchymal tissues
axial skeleton formation role, 46, 47f, 50
cells in, 4–5, 24
epithelial vs., 4
inorganic matrix in, 9
organic matrix macromolecules in, 5–9

collagens, 5–7, 6f–8f
elastin, 7–8, 8f
proteoglycans, 7f, 8–9, 9f

Mesh-like constructs
for diabetic foot, 703
for total hip arthroplasty, 533, 542,

545–546, 546f
for total knee arthroplasty, 622, 625

Mesomelic dysplasia, 248
Mesotendons, 21, 21f
Metabolic bone disease, 199–210

cox vara associated with, 467–468
diffuse osteopenia in, 271
growth and development perspectives,

199–202
osteoporosis, 202–208. See also

Osteoporosis
as resembling neoplasm, 271
vitamin D-resistant rickets, 260–261

Metabolic disorders
bone sensitivity to, 88
in calcium pyrophosphate dihydrate

deposition disease, 185
pathologic fractures with, 90, 93

Metabolic macromolecular degradation
genetics of, 261, 261t

presentations of, 262–263, 262f
treatment of, 263

Metabolism, bone turnover and, 16
Metabolites, matrix transport of, 5, 16, 25

diffusion changes in intervertebral disc,
36–37

Metacarpal phalangeal (MCP) joint
in boutonnière deformity, 418, 436
in Dupuytren’s disease, 427–428
rheumatoid arthritis of, 434, 436, 436f
in thumb degenerative arthritis,

425–426, 425f
Metacarpals

fractures of, splints for, 101, 102f
ossification of, 50, 51f–52f

Metacarpophalangeal hyperextension test,
for glenohumeral joint
instability, 389, 389f

Metacarpophalangeal (MCP) joints
fractures of, splinting technique, 101,

102f
gout in, 424
juvenile idiopathic arthritis of, 175
osteoarthritis in, 155
rheumatoid arthritis in, 163, 166

Metal prostheses
for total hip arthroplasty, 539–541,

539f–540f
cementless, 546–547, 546f
on cross-linked polyethylene, 549–550
on metal, 549

for total knee arthroplasty, 622
Metaphyseal-diaphyseal angle, in tibia

vara, 578–579, 578f–579f
Metaphyses

blood supply, 16–17, 17f–18f
chronic multifocal osteomyelitis of, 139,

139f
femoral, in Legg-Calvé-Perthes disease,

453, 453f, 455–457, 459, 461
fractures of, 89, 90f

healing in, 62–63
treatment of, 100, 113

growth cartilage role, 26, 28, 30f
hematogenous osteomyelitis of

acute, 124, 125f
neonatal, 132
progressive patterns, 125–126
surgical drainage of, 130

subacute, 135–136, 135f–136f, 138
in slipped capital femoral epiphysis

(SCFE), 468, 470f
Metastatic neoplasms, 269t

of bone, 316–318
clinical presentations of, 316–317,

317f
imaging features of, 317–318,

317f–318f
primary sources of, 90, 92f, 269t, 313
treatment of, 318

in hand and wrist, 438
of soft tissue, 314–316

Metatarsalgia, 683–684, 686, 686f
Metatarsal head, avascular necrosis of, in

children, 653–654, 654f
Metatarsals

fractures of
intramedullary nailing for, 116
treatment of, 99

long second
in hallux valgus, 677
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in lesser metatarsophalangeal joint
disorders, 685, 686f

malalignment of, with congenital
vertical talus, 641f, 650

ossification of, 51, 53f–54f
resection of head, for lesser

metatarsophalangeal joint
disorders, 685, 686f

Metatarsocuneiform joint, in hallux
valgus, 674–675, 674f

instability correction of, 675–676, 679f
Metatarsophalangeal (MTP) joints

calcium pyrophosphate dihydrate
deposition disease in, 185

first
arthrodeses of, for hallux rigidus, 681,

682f
degeneration of, 678–681, 680f
hallux valgus deformity of, 671–673,

672f–674f
treatment of, 673–677, 676f–677f

osteotomy of, for pes cavus, 693, 693f
gout in, 183
lesser, adult disorders of, 683–686

conservative treatment of, 684–685
pathophysiology of, 683–685,

684f–685f
surgical treatment of, 685–686, 686f

osteoarthritis in, 159
resection of, for Freiberg infarction, 654,

684, 685f
rheumatoid arthritis, 163–164

Metatarsus adductus, in children, 655–658
clinical evaluation of, 656–658, 657f
etiologies of, 655–656
foot torsion with, 663, 666
incidence of, 655
natural history of, 658
pathoanatomy of, 646f, 655
terms for, 655

Metatarsus primus varus, 673
Metatarsus varus, 655
Methicillin, for acute hematogenous

osteomyelitis, 130, 131t
Methicillin-resistant Staphylococcus aureus

(MRSA)
in foot puncture wounds, 142
in hand and wrist wounds, 430
in hematogenous osteomyelitis, 124,

129–132, 131t
in olecranon bursitis, 407

Methotrexate
for juvenile idiopathic arthritis, 175
for rheumatoid arthritis, 165, 165f

of hand and wrist, 434
of hip, 536

for spondyloarthropathies, 171
for systemic lupus erythematosus, 167
for systemic sclerosis, 191
for viral arthritis, 182

Methylmethacrylate, reconstructive, for
metastatic bone disease, 318

Metoclopramide, for systemic sclerosis, 191
Meyerding grading system, for

spondylolisthesis, 503, 506f
MFH (malignant fibrous histiocytoma),

313, 315
in hand and wrist, 438

MHE (multiple hereditary exostoses). See
Hereditary multiple exostoses
(HME)

Miacalcin (nasal calcitonin)
for osteoporosis, 207
for reflex sympathetic dystrophy, 420

Microarteriolysis, for Raynaud’s
phenomenon, 191

Microdamage
in bone fatigue and failure, 88–89, 89f
repetitive. See Repetitive microtrauma

Microfibrils, in collagen, 5–6, 6f, 8f
mineralization and, 11, 15

Microfracture, for knee cartilage lesions,
611

Microsensor, for intramuscular pressure,
80–81, 81f

Microstructure fatigue/failure, in bone,
88–89, 89f

Midcarpals, in scapholunate advanced
collapse wrist, 424–425, 425f

Middle age patients, hip pathology in,
527–528

Middle (transition) zone, of articular
cartilage, 27, 27f

Midfoot
anatomy of, 633
arthrosis of, 691f, 696

pes planus with, 690, 691f, 692
biomechanics of, 634
Charcot foot presentations in, 704, 704f
in clubfoot deformity, 660
diabetic ulcerations in, 702–703

Midtalar line, in pes planus, 640, 646f
Military recruits, stress fractures in, 90–91,

94f
Milwaukee brace

for idiopathic scoliosis, 484, 490–491,
491f

for Scheuermann kyphosis, 500
Milwaukee shoulder syndrome, 186, 365
Mineralization

of bone
with fracture healing, 61–62, 62f
inorganic matrix role, 9, 15
microscopic features of, 10
nutrition and, 200–201
organic matrix role, 13, 15
osteoblast role, 11, 12f
osteocyte role, 11, 13f
in rickets and osteomalacia, 205–206
stiffness association, 13, 15, 24
strength factor, 88
woven vs. lamellar forms, 11

of fibrocartilage, 24
during growth and development. See

Ossification
of hyaline cartilage endplate, 36–37

Minimal incision surgery (MIS)
in total hip arthroplasty, 544, 554
in total knee arthroplasty, 624

Minocycline
for rheumatoid arthritis, 165, 165f
for systemic sclerosis, 191

Mitchell osteotomy, for hallux valgus, 
675

Mitochondria
in articular cartilage cells, 27
in intervertebral disc cells, 34
in muscle cells, 38

MMC (myelomeningocele). See
Myelodysplasia

Mobile bearing knees, for total
arthroplasty, 621–622, 622f

Mobility. See also Motion
fibrous tissue role, 19, 21–22
muscle role, 37
musculoskeletal system design for, 55

Molecules, large aggregan. See
Aggregating proteoglycans

Moment, ankle, in gait cycle, 78, 78f, 81,
82f

Monocytes, bone healing role, 60
Monomers, proteoglycan

in connective tissue, 8–9, 9f
large. See Aggregating proteoglycans
small, 9, 23, 35–36

Monosodium urate (MSU) crystals, in
gout, 182–183, 424

Mood disorders, fibromyalgia association,
193

Moro reflex, in birth palsy, 346
Morquio’s syndrome, 262, 262f, 500
Morscher cup, for total hip arthroplasty,

541, 542f
Mortality rate

with adolescent idiopathic scoliosis, 489
with total hip arthroplasty, 554–555

Morton foot, 685, 686f
Mosaicplasty, for knee cartilage lesions,

611–612, 611f
Mosquitoborne viruses, in septic arthritis,

182
Motion. See also Mobility

biomechanical analysis of, 75–77,
75f–77f

complexity of human, 73–74, 81. See also
Gait analysis

fibrous tissue repair and, 67–69, 146
fracture healing and, 60–62, 60f–62f
limitations of. See Range of motion

Motor neurons, in muscle cells, 40
Motor strength deficits

with deformities. See specific anatomy or
deformity

with fractures, 98
with hand and wrist palsies, 433–434

“Movie sign,” 615
MPS genes, mutations of, 261, 261t
MRI. See Magnetic resonance imaging

(MRI)
MRSA. See Methicillin-resistant

Staphylococcus aureus (MRSA)
MSC (mesenchymal stem cells),

transplantation of, for
osteogenesis imperfecta, 253

MSU (monosodium urate) crystals, in
gout, 182–183, 424

MTP joints. See Metatarsophalangeal
(MTP) joints

Mucin, synovial fluid normal values, 152
Mucopolysaccharidoses, 261–263

genetics of, 261, 261t
presentations of, 262–263, 262f
treatment of, 263

Muenke coronal craniosynostosis, 259
“Mulder’s click,” in foot, 700–701, 701f
Muller incision, for total knee

arthroplasty, 624
Multifocal osteomyelitis, chronic, 138–140,

139f
Multipartite patella, 583
Multiple epiphyseal dysplasia (MED),

256–257
adolescent presentations of, 256
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Multiple epiphyseal dysplasia (MED)
(continued)

genetics of, 256
radiographs of, 256–257, 257f

Multiple hereditary exostoses (MHE). See
Hereditary multiple exostoses
(HME)

Multiple myeloma, 305, 305f, 317
osteoporosis vs., 203
pathologic fractures with, 90, 92f

Muscle(s), 37–41
atrophy of

with fractures, 114, 117
with juvenile idiopathic arthritis,

172–175
spinal, 229–230
in systemic sclerosis, 188

composition of, 38–41
blood supply, 40
cell, 38, 39f, 40, 40f–41f
matrix, 40
nerve supply, 40

contusions of, as resembling neoplasm,
281, 283

formation and development of, 42–44
functional organization of, 37, 37f–38f, 55
function potential of, with injuries,

69–71, 70t
hematomas of, as resembling neoplasm,

281, 283
interposition of, for hip dysplasia, in

cerebral palsy, 217
lengthening of, for cerebral palsy

contractures, 219, 222–223
proteoglycans in, 8
in rotator cuff, 367–369, 368f–369f
structure of, 37, 39f
tears of, as resembling neoplasm, 281,

283
tissue healing in, 69–71, 70t

failure of, 71
transfer of, for arthrogryposis multiplex

congenita, 402
transfers of, for myelodysplasia

deformities, 225–226
wasting of. See also Atrophy

in hip pain, 527
in ulnar nerve compression, 405,

433–434
Muscle cells. See Myofiber/myofibrils
Muscle contractions. See Contractions
Muscle force, in gait analysis, 80–81
Muscle injuries

acute types, 69–70, 70t
failure of healing, 71
inflammation with, 70–71
matrix remodeling, 71
repair physiology, 71
type I, 69–70, 70t
type II, 69–70, 70t
type III, 69–70, 70t

Muscle length, in gait analysis, 80–81, 81f
Muscle spasm

with fibromyalgia, 193–194
in stiff neck, 327

Muscle strength
with fibromyalgia, 193–194
in gait analysis, 80–81
with rotator cuff disease, 371, 373f
with shoulder disorders, 348, 352,

359–360, 363, 365

with systemic lupus erythematosus, 167
Muscle strengthening. See Strength

training
Muscle-tendon junctions

injury recovery in, 67, 68f
structure and composition of, 21, 21f, 37

Muscle tension, in gait analysis, 80–81
Muscular dystrophies, 231–235

Becker type, 232–233, 233f
Duchenne, 231–232
Emery-Dreifuss, 233
facioscapulohumeral, 233–234
limb-girdle, 234
myotonic, 234–235
scoliosis with, 232–233, 233f, 478t

Muscular torticollis, congenital, 324–326,
324t. See also Congenital
muscular torticollis

Musculoskeletal disorders. See also specific
disorder

classification of, 247–248
clinical evaluation of, 248
genetics of, 246–247. See also Genetics

and genetic defects
structural perspectives, 3–4

Musculoskeletal system. See also specific
component

formation and development of, 3, 42–53
appendicular skeleton, 50–54
axial skeleton, 46, 48–50
bone, 42–45, 46–47
cartilage, 42–45
joints, 45–46
muscle, 42–44

functional organization of, 3–4, 55
bone, 10–18
connective tissue, 4–9
fibrous tissues, 19–24
gait analysis for, 83
hyaline cartilage, 26–31
intervertebral disc, 31–37
menisci, 24–25, 590
muscle, 37–41
periosteum, 18–19
synovium, 25–26

systemic sclerosis manifestations in,
187–188, 189t

Musculoskeletal tissues. See also specific
tissue

disorders of, 3–4
genetics of, 246–247

function of, 3–4, 55
healing processes, 57–72
injury of

acute types, 69–70, 70t
with bone injury, 58
inflammation with, 70–71
matrix remodeling, 71
repair physiology, 71

organization of, 4–41, 55
origin and development of, 3, 42–53

Myalgia. See Pain and pain control
Mycobacterial arthritis, 178
Mycobacterium infection, in hand and

wrist, 430
Mycophenolate mofetil, for systemic

lupus erythematosus, 167
Mycoplasma infection

in chronic multifocal osteomyelitis,
139–140

in septic arthritis, 177

Myelodysplasia, 223–229
ambulation potential, 223
Charcot arthropathy with, 228–229
congenital dislocation of knee with, 576
early presentations of, 223
foot deformities with, 226–228, 227f
fractures with, 229
hip dysplasia with, 225–226
knee problems with, 226
spine deformities with, 224–225
treatment considerations of, 223–224

Myelography
for back pain

chronic, 514
with neurologic symptoms, 504, 513

for birth palsy, 346
for cervical disc disease, 328, 331, 331f
for stiff neck, 327

Myelomeningocele (MMC). See
Myelodysplasia

Myelopathy
in cervical disc disease, 329

decompression surgery for, 335,
335f–337f

in cervical rheumatoid arthritis, 340,
342

decompression surgery for, 342–343,
342f

Myoblasts, 38, 70
Myofiber/myofibrils

composition of, 38–41
blood supply, 40
cell, 38, 39f, 40, 40f–41f
matrix, 40
nerve supply, 40

healing potential of, 69–71, 70t
structure of, 37, 39f

Myofilaments, in muscle cells and
tendons, 21, 21f

Myonecrosis, clostrial, of hand and wrist,
431

Myopathic disorders, gait analysis for, 83
Myosin filaments, in myofibrils, 38,

39f–40f
Myositis ossificans

microscopic features of, 283, 284f
as resembling neoplasm, 283, 284f

Myotomes, 46, 47f
Myotonic dystrophy, 234–235
Myotubes, regeneration after injury, 71

Nafcillin, for acute hematogenous
osteomyelitis, 130–131, 131t

Nailfold capillaries, in systemic sclerosis,
186–187, 187t, 189

Nailfolds, infections involving, 428–429
Narcotic rebound pain, 195
Nasal calcitonin (Miacalcin)

for osteoporosis, 207
for reflex sympathetic dystrophy, 420

Navicular bones. See also Tarsals
accessory, pes planus in, 640, 640f
calcaneal coalition of

in pes planus, 640, 642, 644f
tarsal coalition with, 644f, 647–649

surgical excision of, 649–650
in clubfoot deformity, 660
osteochondrosis of, in children,

652–653, 653f
NCV. See Nerve conduction velocities

(NCV)
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Neck, 323–344. See also Cervical spine
disc disease of, 327–335. See also

Intervertebral disc disease
Klippel-Feil syndrome and, 335–337
pain in, 327–329, 330t, 331, 334, 338–340
rheumatoid arthritis in, 339–343

deformities with, 164, 166, 339
diagnostic studies of, 340, 340f–342f
incidence of, 339–340
juvenile, 337–339
natural history of, 337, 342
treatment of, 342, 342f

complication of, 343
stiff, 326–327, 337, 339
torticollis of, 323–326. See also Torticollis
wry, 323–326, 324f, 326f–327f. See also

Torticollis
Neck-shaft angle, in developmental cox

vara, 468
Necrotic tissue

aseptic. See Avascular necrosis
of bone

avascular. See Osteonecrosis
with injuries, 58–60, 58f–59f, 62

in muscle injuries, 69–77, 70t
traumatic fat, 284

Necrotizing fasciitis, of hand and wrist,
430–431, 431f

Needle aspiration
of disc space infection, 140–141
fine, of neoplasms, 271
joint. See Joint aspiration
of septic arthritis, 145, 147, 432

Neer impingement sign, in rotator cuff
disease, 371, 371f

Negative pressure wound closure assist
device, for septic olecranon
bursitis, 407

Neisseria gonorrhoeae, in septic arthritis,
143, 147, 177

Neolimbus, in hip cartilage, congenital,
445f, 446–447

Neonatal reflexes, retained, Bleck’s rating
of, 212

Neonates
cerebral palsy presentations in, 211–212
congenital scoliosis in, 492, 494–495,

494f
osteomyelitis in, 125f, 126, 132–133, 132f
septic arthritis in, 143
spinal muscular atrophy in, 229–230
torticollis in, 323–324

Neoplasms, 267–319
benign, 268t, 286–304

of bone, 286–297
of forefoot, 687
of hand and wrist, 436–438
of soft tissue, 297–304

biopsy of, 270–271, 438
clinical evaluation of, 268–270
computed tomography of, 270, 283f,

309, 314
benign, 286, 288f–289f, 293f

in congenital muscular torticollis,
324–325

disorders resembling, 267–268, 268t, 318
bone disorders, 271–282
soft tissue disorders, 281, 283–286

initial evaluation of, 270–271, 318
magnetic resonance imaging of, 270,

275, 281f, 283, 286, 318

benign, 298, 298f–299f, 303
malignant, 307f, 309, 314, 314f

malignant, 269t
of bone, 304–314
of hand and wrist, 438
in hereditary multiple exostoses, 263,

289, 309
of soft tissue, 269t, 308–309, 314–316

metastatic, 269t
of bone, 313, 316–318
in hand and wrist, 438
of soft tissue, 314–316

pain severity with, 269, 318
benign, 286, 291, 304
malignant, 311, 315–316
metastatic, 317

pathologic fractures with, 90, 92f
radiography of, 270. See also

Radiography
systemic factors, 16
technetium-99m bone scan of, 270, 289,

317
woven bone association, 11

Nerve(s)
of bone, 17
disruption with muscle injuries, 69–71,

70t
of fibrous tissues, 24
injuries of, with fractures, 95, 97–98, 103
of intervertebral disc, 36
irritability of, tension signs of, 510–511,

515
of menisci, 25
of muscle, 40
of periosteum, 19

Nerve blocks
for frozen shoulder, 385, 387
for reflex sympathetic dystrophy, 420

Nerve cells
benign lesions of, 300–301, 301f–303f
processes in muscle, 38

Nerve compression syndromes
in cervical disc disease, 328–329, 329t

decompression surgery for, 334–335,
335f–337f

in cervical rheumatoid arthritis, 340,
342

decompression surgery for, 342–343,
342f

entrapment-related. See Nerve
entrapment syndromes

outlet-related. See Outlet impingement
syndromes

root involvement. See Nerve root
compression

in spondylolisthesis, 508–509
Nerve conduction velocities (NCV)

in back pain, 504, 508–509, 514
in birth palsy, 346
in carpal tunnel syndrome, 418–419
in cervical disc disease, 334
in spine deformities, 480

Nerve entrapment syndromes
around elbow, 403–407

of anterior interosseous nerve,
403–404

of median nerve, 403–404
of radial nerve, 404–405, 404f
of ulnar nerve, 405–407, 405f–406f

in Dupuytren’s disease, 427–428
in foot, 700–701, 701f

in hand and wrist palsies, 433–434
with rheumatoid arthritis, 163–164

surgical repair of, 165
systemic sclerosis and, 189

Nerve gliding, for carpal tunnel
syndrome, 419

Nerve graft reconstruction, for birth palsy,
347

Nerve palsy(ies)
with birth trauma, birth palsy, 345–347
following total hip arthroplasty, 555
of hand and wrist, 433–434
peripheral, from immobilization, 103

Nerve root compression
in back pain, 497, 509–511, 510f

chronic, 514
lumbar, 511–513, 512f

cervical
with disc disease, 328–329, 330t

decompression surgery for,
334–335, 335f–337f

with rheumatoid arthritis, 340, 342
in spondylolisthesis, 508–509, 510f

Nerve root injuries, cervical, in birth
palsy, 346

Nerve terminal, in neuromuscular
junctions, 40

Neurilemmoma, 300
Neuritis, brachial, 403
Neuroborreliosis, 179
Neurofibroma, 304

solitary, 300
Neurofibromatosis, 300–301, 301f

congenital pseudarthrosis of tibia with,
580

skeletal deformities with, 300–301,
302f–303f, 478t

Neurofibrosarcoma, 315
Neuroforamen, compromise of, in cervical

disc disease, 328–329, 329t, 334
Neurogenic claudication, 158
Neurological evaluation

for fractures, 98
for hip pain, 527
for idiopathic toe-walking, 661–662
for knee ligament injuries, 606
for Scheuermann kyphosis, 499
for skeletal dysplasias, 248
in spine deformity examination, 480,

482, 486
congenital, 494

Neurologic deficits
with back pain, 498, 500, 504, 508, 513
in diabetic foot, 702
with fractures, 98
with spinal stenosis, 515
with spine deformities, 480, 482, 483,

486
congenital, 494, 496–497

Neurologic disorders, gait analysis for, 
83

Neuroma
interdigital, in foot, 700–701, 701f
traumatic, 284–285

Neuromuscular coordination, in gait
analysis, 79–80, 84t

Neuromuscular disorders
calcaneal valgus vs., 651
orthopaedic manifestations of, 211–244.

See also specific disease
cerebral palsy, 211–223
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Neuromuscular disorders (continued)
current examinations and treatments

for, 83–84, 84t
Friedreich ataxia, 230–231
gait analysis for, 83
hereditary motor sensory

neuropathies, 235–240
muscular dystrophies, 231–235
myelodysplasia, 223–229
spinal muscular atrophy, 229–230

pes cavus association, 692
Neuromuscular junctions

blockade of, for cerebral palsy, 212
disruption with muscle injuries, 69–71,

70t
principal parts of, 40

Neurontin, for reflex sympathetic
dystrophy, 420

Neuropathic ulceration, in diabetic foot,
702–703

evaluation of, 702–703
pathophysiology of, 702
treatment of, 703

Neuropathy(ies)
compressive. See Nerve compression

syndromes
entrapment. See Nerve entrapment

syndromes
of foot and ankle, 159

diabetic, 702–703
fracture treatment consideration of, 98,

103
impingement. See Outlet impingement

syndromes
peripheral, in cervical rheumatoid

arthritis, 340
with septic arthritis, 182

Neurosyphilis, 179
Neurotransmitter receptors, in

neuromuscular junctions, 40
Neurotransmitters

fibromyalgia pain and, 193
in neuromuscular junctions, 40

Neurovascular examination
for hallux rigidus, 681
for hallux valgus, 673–674

Newton’s laws, in gait analysis, 78, 78f–79f
Nicotine

humeral head osteonecrosis and, 357
systemic sclerosis and, 190
thromboangiitis obliterans from, 439

Nifedipine, for systemic sclerosis, 190
Ninomiya osteotomy, of acetabulum, for

hip dysplasia, 528–529
Nitroglycerine, topical, for systemic

sclerosis, 190
Nodular fasciitis, as resembling neoplasm,

284
Nodules

in gout, 183–184
with rheumatoid arthritis, 163–164

management of, 164–165
Non-acetylated salicylates, for

osteoarthritis, 161
Nonaggregating proteoglycans, small

in connective tissue, 9
in fibrous tissue, 23
in intervertebral disc, 35–36

Noncollagenous proteins
in connective tissue, 5, 9
in fibrous tissues, 22–23

in hyaline cartilage, 27, 30–31
in intervertebral disc, 36
in menisci, 25
in muscle and muscle cells, 37, 40

Noninvasive vascular studies, for
vascular insufficiency, 439

Nonossifying fibroma, as resembling
neoplasm, 279, 282f

Nonsegmented vertebrae, as congenital
deformity, 492, 494–497, 494f

Nonspecific synovitis, of lesser
metatarsophalangeal joint
disorders, 683–684

Nonsteroidal anti-inflammatory drugs
(NSAIDs)

for acromioclavicular joint pain, 349
for biceps lesions, 382
for calcium pyrophosphate dihydrate

deposition disease, 185
for carpal tunnel syndrome, 419
for chronic multifocal osteomyelitis, 139
for elbow degenerative arthritis, 407
for elbow osteochondritis dissecans, 409
for epicondylitis, 413–414
for foot deformities, in children, 645,

649
for gout, 184
for hallux rigidus, 681
for hand and wrist disorders, 425–426
for heel pain, 700
for intersection syndrome, 412
for juvenile idiopathic arthritis, 175
for lesser metatarsophalangeal joint

disorders, 684
for nerve entrapment syndromes, in

elbow and forearm, 403–405
for osteoarthritis, 161

of knee, 618
for rheumatoid arthritis, 164–165, 165f

of hand and wrist, 434
of hip, 536
of shoulder, 362

for rotator cuff-tear arthropathy, 366
for spondyloarthropathies, 171
for spondylolisthesis, 507
for stenosing tenosynovitis, 435
for systemic lupus erythematosus, 167

Nonunion, in fracture healing, 63, 63f
treatment considerations, 97, 105

Nosology, 246
Notch index, in anterior cruciate ligament

injury, 601
Notochord, formation and development

of, 46, 47f–50f, 48–50
Notochordal cells, in intervertebral disc,

34, 34f, 36
Nuchal ligament, elastin in, 23
Nuclear imaging. See also specific technique

for neuromuscular disorders, 84, 84t
Nuclear proteins, genetic defects in,

251–252
Nucleus pulposus

formation and development of, 46, 48f
of intervertebral disc, 33–34, 33f

age-related changes, 36
composition, 34–36, 34f
herniation of, 327, 331f, 333f, 334

in adults, 512–514
in children, 509

osteoarthritis of, 155, 157f–158f
proteoglycans in, 8

“Nursemaid’s elbow,” 402
Nutrients, matrix transport of, 5, 16, 25

diffusion changes in intervertebral disc,
36–37

Nutrition
bone development and, 16, 200
fracture treatment impact on, 95, 97, 104
as osteoporosis risk, 202
post-spinal fusion, for cerebral palsy,

214–215
Nutritional supplements

for osteoarthritis, 160–162
for systemic sclerosis, 191

OA. See Osteoarthritis (OA)
Ober test, in Duchenne muscular

dystrophy, 231
Obesity

osteoarthritis and, 160
of knee, 617–618, 622, 626

in slipped capital femoral epiphysis,
468–470

Oblique fracture, 90f
Oblique ligament, posterior, functional

structure, 8
Oblique talus, 640
O’Brien’s test, for biceps lesions, 381
Observation

for congenital spinal deformity, 496
for infantile idiopathic scoliosis, 484
for pediatric foot torsion, 666

Observational gait analysis (OGA), 74–75,
218

Occipital nerve, in cervical disc disease,
329

Occupational therapy
for cerebral palsy, 212, 221–222
for osteoarthritis, 160
for rheumatoid arthritis, 165, 165f
for systemic lupus erythematosus, 168

OCD. See Osteochondritis dissecans
(OCD)

Ocular disorders
with juvenile idiopathic arthritis,

173–174
with Marfan’s syndrome, 256
with rheumatoid arthritis, 164–165
with spondyloarthropathies, 170

management of, 171
torticollis association, 326

Odontoid bone
in cervical rheumatoid arthritis

measurements, 340, 341f
fractures of, torticollis from, 325
juvenile rheumatoid arthritis of, 337
process of, rheumatoid deformities of,

164
OGA (observational gait analysis), 74–75,

218
OI. See Osteogenesis imperfecta (OI)
Olecranon

bursitis of, 407
ossification of, 50, 51f–52f

Oligoarthritis, with juvenile idiopathic
arthritis, 173–175

Oligomenorrhea, bone development and,
200

Ollier’s disease, 290, 304, 309
hand and wrist enchondroma in, 438

Omnifit prostheses, for total hip
arthroplasty, 553
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One-stage arthroplasty, for septic knee
arthroplasty, 628, 629f

Online Mendelian Inheritance in Man
(OMIM), 247–248

Open chain shoulder rehabilitation, for
lateral epicondylitis, 413

Open fractures, 90, 91f, 96
operative treatment of, 105, 106f

Open reduction, for hip dysplasia,
congenital, 451

Open reduction and internal fixation
of fractures

hip, 105, 107f
indications for, 107, 107f–109f, 115
operative technique, 115–117, 117f

for hip dislocation, in myelodysplasia,
226

for posterior cruciate ligament injury,
603–604

Opioid agonists
for fibromyalgia, 195
for osteoarthritis, 161
for rheumatoid arthritis, 164–165, 165f

Oral cavity, cleidocranial dysplasia of, 252
Oral contraceptives, bone development

and, 200
Organelles, in osteoblasts, 11, 12f
Organic matrix

in bone, 13, 15, 199
camptomelic dysplasia and, 251
in connective tissue, 5–9

collagens, 5–7, 6f–8f
elastin, 7–8, 8f
proteoglycans, 7f, 8–9, 9f

in fibrous tissues, 22–23
in hyaline cartilage, 30–31

articular, 27–28
growth, 28

in intervertebral disc, 34–36
mechanical properties role, 55
in menisci, 25
in muscle, 40
musculoskeletal system formation role,

42, 45f
in pseudoachondroplasia, 257
tissue healing role

in bone, 59–60, 62
in cartilage, 64, 65, 66f
in fibrous tissue, 65, 67, 68f

Orthoses
abduction, for Legg-Calvé-Perthes

disease, 463, 464f
for ankle arthrosis, 693–694, 694f
for arthrogryposis, 237–238
for cerebral palsy deformities, 212

foot, 220
spinal, 213

for diabetic Charcot foot, 704–705, 705f
fixed-abduction, for congenital hip

dysplasia, 450
foot

for Freiberg infarction, 654, 684
for hallux valgus, 673
for idiopathic toe-walking, 662
for Köhler disease, 653
for lesser metatarsophalangeal joint

disorders, 684–686
for lesser toe disorders, 682
for pes planus, 645, 688, 692
for tarsal coalition, 649

for heel pain, 700

for hereditary motor sensory
neuropathies, 235

for muscular dystrophies, 232
for myelodysplasia deformities

knee-ankle-foot, 226
reciprocating hip, 225

for osteoarthritis, 160
of knee, 618

for osteoporosis, 208
for pes cavus, 693
for Scheuermann kyphosis, 500
spinal

for idiopathic scoliosis, 484, 486f,
490–491, 491f–492f

thoracolumbosacral, 231–232, 486f
for spinal muscular atrophy, 230
for spondyloarthropathies, 171
for spondylolisthesis, 507
thoracolumbosacral spinal, for

Friedreich ataxia, 231
for vitamin D-resistant rickets, 261

Ortolani sign, in congenital hip dysplasia,
444–445, 447

Osgood-Schlatter disease, in adolescents,
582–583, 582f

Ossification
appendicular, 50–51, 51f–54f
of calcaneal apophysis, 655
enchondral, 26, 45, 46f–47f

with fracture healing, 61–62, 62f
in Legg-Calvé-Perthes disease, 453,

454f
in osteochondromas, 289
in Scheuermann kyphosis, 498

of epiphysis, as skeletal maturity
indicator, 482, 482f, 490f

femoral, in Legg-Calvé-Perthes disease,
453, 454f, 455–457

heterotopic, in total hip arthroplasty,
558, 559f

in hip embryology, 521
intramenbranous, 42, 45, 46f
in myositis ossificans, 283, 284f
perichondral, 45, 46f–47f
periosteal, 42, 45, 46f
of tarsals, 647, 652–653
of tibial tubercle, in Osgood-Schlatter

disease, 582–583, 582f
vertebral, 46, 48–50, 48f–50f

Osteitis deformans
osteoporosis vs., 206
radiographic features of, 274, 276f–277f
as resembling neoplasm, 270, 274–275,

277f
Osteoarthritis (OA), 154–162

of acromioclavicular joint, 348
of ankle, 159
clinical manifestations of, 154
of elbow, 402, 407, 408f, 409
erosive, 155, 156f
of foot, 159
functionality questionnaire for, 544
of glenohumeral joint, 351, 353,

354f–355f, 355
of hand and wrist, 424–426, 425f
of hands, 155, 156f
of hips, 154t, 155
joint space narrowing with, 154–155,

156f, 158, 161
of knees, 154t, 155, 157f, 616–621
laboratory features of, 159–160

medical management of, 160–162
nonpharmacologic, 160
pharmacotherapy, 160–162

pathogenesis of, 154
posttraumatic, 65

of acromioclavicular joint, 348
of glenohumeral joint, 360, 363–364

in pseudoachondroplasia, 259
radiographic features of, 154–155, 154t
regional variations of, 154–159
of sacroiliac joint, 159
of spine, 155–156, 157f–159f, 158
surgical management of, 162
synovium characteristics, 152–153, 153t,

159
of wrists, 155

Osteoblastoma, 286, 288, 288f–289f
Osteoblasts

bone healing role, 60, 62
bone turnover role, 15–16, 199
characteristics of, 11, 12f
differentiation of, 5

genetics of, 246, 251
growth and remodeling role, 10, 28, 45
musculoskeletal system formation role,

42, 44f
Osteochondral allografts, for knee

cartilage lesions, 612
Osteochondral autografts, for knee

cartilage lesions, 611–612, 611f
Osteochondral injuries

articular cartilage healing with, 63–65,
66f, 610

in knee, articular cartilage lesions of,
610–613, 611f–612f

Osteochondritis dissecans (OCD)
of elbow, 409
of patella, 613
of pediatric knee, 581–582, 582f

Osteochondrodysplasias
genetics of, 247
prenatal screening for, 248

Osteochondromas, 288–289, 290f, 304
in hereditary multiple exostoses, 263

Osteochondrosis
of capitellum, 409
of metatarsal head, in children, 653–654,

654f
of tarsal navicular, in children, 652–653,

653f
Osteoclasis, for lesser

metatarsophalangeal joint
disorders, 685, 686f

Osteoclasts
bone healing role, 60, 62
bone turnover role, 16, 199
characteristics of, 11–13, 14f
in growth cartilage, 28
in Paget’s disease of bone, 206

Osteocytes. See also specific cell
bone healing role, 60–62
characteristics of, 11, 13f
origin of, 5

Osteogenesis, during fracture healing,
60–61

Osteogenesis imperfecta (OI), 252–253
clinical features of, 252
genetics of, 252
intramedullar rodding of, 252, 253f
organic matrix defect, 15
osteoporosis vs., 203
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Osteogenesis imperfecta (OI) (continued)
radiographic classification of, 252
Sillence classification of, 252, 253f
treatment of, 252–253

Osteoid
growth and remodeling role, 10
organic matrix in, 15

Osteoid osteoma, 286, 287f–288f
disorders resembling, 272
transient synovitis vs., 466

Osteolysis
in acromioclavicular joint degeneration,

348, 351f
in total hip arthroplasty, 546, 548,

553–554
wear and, 561–564, 562f–564f

Osteoma, 286
osteoid, 286, 287f–288f

disorders resembling, 272
transient synovitis vs., 466

Osteomalacia
impaired mineralization association, 10
osteoporosis vs., 205–206
systemic factors, 16

Osteomyelitis, 123–140
chronic multifocal, 138–140, 139f
in diabetic foot, 702–703
of hand and wrist, 430, 430f
hematogenous. See also Hematogenous

osteomyelitis
acute, 124–135
subacute, 135–138

as resembling neoplasm, 271–272,
272f–274f, 274, 304

with septic arthritis, 177
trauma-associated, 125, 176
of vertebral endplates, 133, 140–142,

141f
Osteon, blood supply, 17f
Osteonecrosis

of humeral head, 357–360, 358f–360f
of knee, 608–609
of lunate, 432–433, 432f
with systemic lupus erythematosus, 167

Osteopenia
in acromioclavicular joint, 348, 351f
in adolescents, 200–201
diffuse, in metabolic bone disease, 271
disuse, 117
pathologic fractures with, 90, 93, 93f

treatment of, 92f, 99, 107
in slipped capital femoral epiphysis,

472–474, 472f
systemic factors, 16
WHO definition of, 202

Osteophytes, formation of, 154–155, 156f,
158–159, 159f

in acromioclavicular joint, 348, 350f
in cervical disc disease, 328, 334
in glenohumeral joint, 351, 354f
in hallux rigidus, 680–681, 680f
in knee osteoarthritis, 617–618

Osteoporosis, 202–208
in adolescents, 200–201
bone mineral density testing, 202
differential diagnosis of, 203–206
falls and, 203
fractures etiology, 202
medical treatment of, 206–208
nonmedical management of, 208
risk factors for, 202

Osteoprogenitor cells, in bone, 11
Osteosarcoma

of bone, 304, 307–309
classic intramedullary, 307–308, 307f
disorders resembling, 272
in hand and wrist, 438
parosteal, 308–309, 309f
periosteal, 308
radiographic features of, 308, 308f

of soft tissue, 308–309
Osteotomy(ies). See also specific anatomy

abduction, for developmental cox vara,
468, 469f

for birth palsy, 347
for cerebral palsy deformities

of foot, 221
of hip, 217–218

derotation
of Axer, for Legg-Calvé-Perthes

disease, 463, 465f
for hip dysplasia, congenital,

451–452, 452f
extra-articular, for pes cavus, 693, 693f
for fracture repair, 63
for hallux valgus, 675, 677f–678f
for hip avascular necrosis, 535
for hip dysplasia, 528–530, 529f–530f

congenital, 451–452, 452f
innominate. See Innominate

osteotomies
for juvenile idiopathic arthritis, 175
for Legg-Calvé-Perthes disease, 452f,

463–465, 465f
as salvage, 464–465

for myelodysplasia deformities,
225–228

for pseudoachondroplasia, 259
rotational, for pediatric foot torsion, 667
supramalleolar, for pediatric foot

torsion, 667
for ulnar impaction syndrome

correction, 426
Outlet impingement syndromes

with glenohumeral joint instability, 388
in rotator cuff disease, 368–369, 369f,

371f, 376f–377f
acromioplasty for, 379, 379f–380f
biceps lesions and, 380, 383

Ovarian carcinoma, metastatic bone
disease from, 438

Oxacillin
for acute hematogenous osteomyelitis,

130–131, 131t
for disc space infection, 141

Oxford Hip Score, for primary THA
outcomes, 544

Oxygen tension, bone turnover and, 16

PADI (posterior atlanto-dens interval), in
cervical rheumatoid arthritis,
340, 342

Paget’s disease of bone
malignancies occurring with, 304, 313
osteoporosis vs., 206
radiographic features of, 274, 276f–277f
as resembling neoplasm, 270, 274–275,

277f
PAH (pulmonary arterial hypertension),

with systemic sclerosis, 188,
189t, 190

treatment of, 190–191

Pain and pain control. See also Back pain
with disc space infection, 140
with fibromyalgia, 192–195, 192f–193f
with foot puncture wound infections,

142
with fractures, 95–97
with gonococcal arthritis, 147
with gout, 183–184
with juvenile idiopathic arthritis, 172,

175
with multiple epiphyseal dysplasia, 257
with neoplasms, 269, 318

benign, 286, 291, 304
malignant, 311, 315–316
metastatic, 317

with osteoarthritis, 158, 160–162
with osteomyelitis

chronic multifocal, 138, 139f
hematogenous, 127, 129, 133

post-spinal fusion, for cerebral palsy,
215

with regional disorders. See also specific
disorder

adult foot, 658, 673, 677, 678–679,
681–686, 690, 699–701

adult hip, 525–528, 530, 533, 537
adult knee, 155, 160, 606, 608, 610,

614–615, 617
elbow and forearm, 403, 407, 409, 412,

414
hand and wrist, 420, 424–426, 429,

432, 438
neck, 327–329, 330t, 331, 334, 338–340
pediatric foot, 645, 647–648, 652–654,

655t
pediatric hip, 454, 465–466, 470f, 472
pediatric leg and knee, 581–583
shoulder, 348–358, 363, 365, 369, 371,

380, 383–388
spine. See Back pain

with rheumatoid arthritis, 164–165, 165f
with septic arthritis, 143–144, 147, 179,

181
with systemic lupus erythematosus,

166–167
with systemic sclerosis, 188, 191

Pain receptors, in fibrous tissue, 24
Palmar abscess, 429
Palmar aponeurosis, in Dupuytren’s

disease, 427
Palmar fascia bands, in Dupuytren’s

disease, 427–428
surgical release of, 428

Pamidronate (Aredia), for osteoporosis,
206–207

PAN (polyarteritis nodosa), with septic
arthritis, 181

Panner’s disease, 409
Pannus, in rheumatoid arthritis, 162
Paralysis, in birth palsy, 346
Paraplegia, in myelodysplasia, 223–224,

226, 229
Parathyroid hormone (PTH)

bone turnover and, 16
osteoporosis and, 203–205, 207

Paresthesias
in carpal tunnel syndrome, 418–419
in spinal stenosis, 515
in ulnar nerve compression, 405

Paronychial infections, of hand and wrist,
428–429
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Parosteal osteosarcoma, 308–309, 309f
Pars interarticularis defect, in children,

500, 502–503, 505f, 507
Parsonage-Turner syndrome, 403
Parvovirus B19 infections, in septic

arthritis, 181
Passive motion examination

for frozen shoulder, 383–384, 384f–385f
for swan neck deformity, 436, 436f

Passive motion exercises
for arthrogryposis multiplex congenita,

401
for birth palsy, 346–347
for epicondylitis, 413–414
for idiopathic toe-walking, 662
for reflex sympathetic dystrophy, 420

Pasturella multocida, in bites, 429
Patella

adult disorders of
bipartite, 613–614
chondromalacia, 614–616
dislocation of, with articular cartilage

lesions, 610
osteochondritis dissecans, 613

component, for total knee arthroplasty,
621–622

pediatric disorders of
congenital dislocation, 575–576, 577f
cysts, 583
fractures, 584
lesions, 583
recurrent instability, 583–584, 584f

restraint of, for recurrent patella
instability, 584

resurfacing of, for chondromalacia
patellae, 616

Patellar buttons, in total knee
arthroplasty, 621

Patellar tendon, autografts of
for anterior cruciate ligament

reconstruction, 602–603, 602f
for posterior cruciate ligament

reconstruction, 604, 604f
Patella tendon-tibial tubercle junction,

avulsion fractures of, 582–583,
582f

Patellectomy, for chondromalacia patellae,
616

Patellofemoral joint
arthritis of, 614–616
biomechanics of, 613
bipartite, 613–614
chondromalacia of, 614–616
excessive lateral patellar compression

syndrome of, 614, 614f
osteochondritis dissecans of, 613
radiographic evaluation of, 613, 613f
in recurrent patella instability, 583–584
resurfacing of, in total knee

arthroplasty, 621
Patellofemoral ligament, injury to, 605,

607–608
Patellofemoral pain syndrome, 583
Patellofemoral syndrome

with chondromalacia, 615
with osteoarthritis, 155, 160

Pathologic fractures
in neoplasms, 288
in osteopenia, 90, 92f–93f, 93

treatment of, 92f, 99, 107
in Paget’s disease, 275, 277f

Patient education
for fibromyalgia, 194
for knee cartilage lesions, 610
for pes planus, in children, 644–645
for rheumatoid arthritis, 164–165, 165f
for spondyloarthropathies, 171
for systemic sclerosis, 190

Pattern formation. See Skeletal patterning
Pauciarticular juvenile idiopathic arthritis,

173–174
Pavlik harness, 237

for congenital dislocation of knee, 576
for congenital hip dysplasia, 449–450,

449f
PCA. See Porous-coated anatomic (PCA)

prostheses
PCL. See Posterior cruciate ligament (PCL)
PCR (polymerase chain reaction), in septic

arthritis, 177, 181
Peak bone mass

accumulation of, 201
factors influencing, 16, 199
in osteopenia definition, 202

Pectoralis muscle, transfer of, for
arthrogryposis, 238

Pectus excavatum, in Marfan’s syndrome,
254

Pediatric foot, 633–670
calcaneal valgus of, 651–652, 651f

pes planus and, 640, 642, 644f–646f
clubfoot and, 658–661, 659f–661f
Freiberg infarction and, 653–654, 654f
idiopathic toe-walking and, 661–662,

662f
Köhler disease and, 652–653, 653f

pes planus in, 640
metatarsus adductus of, 655–658, 657f

pediatric foot torsion in, 663, 666
motion anatomy of, 633, 646f
pes planus of, 633–645, 636f–645f
Sever disease and, 654–655, 655t, 656f
tarsal coalition of, 645–650, 646f–649f

pes planus in, 640, 642, 644f–645f
torsional problems of, 662–667,

664f–666f
vertical talus and, congenital, 650–651

pes planus in, 640, 641f–642f
Pediatric hip, 443–476

dysplasia in, congenital, 443–452. See
also Developmental dysplasia
of hip (DDH)

laxity of, 444
Legg-Calvé-Perthes disease and,

452–465. See also Legg-Calvé-
Perthes disease (LCPD)

subluxation of, 444–449, 446f
with cerebral palsy, 216–217
congenital, 237, 443–452, 445f–452f,

576
Pediatric knee, 575–587

congenital subluxation and dislocation
of, 575–576, 576f

discoid meniscus and, 581, 581f
fractures of, 584–586, 585f–586f
hyperextension of, 226, 576, 576f

with idiopathic toe-walking, 662, 662f
ligamentous injury to, 586
Osgood-Schlatter disease and, 582–583,

582f
osteochondritis dissecans of, 581–582,

582f

patellar dislocation of
congenital, 575–576, 576f
recurrent, 583–584, 584f

patellar lesions and, 583
patellofemoral pain syndrome, 583
trauma to, 584–586, 585f–586f

Pediatric leg, 575–587. See also Pediatric
knee

fibular hemimelia and, 580
genu valgum, 258, 261, 577–578, 577f
genu varum

congenital
anterolateral, 579–580, 580f
posteromedial, 579, 579f

developmental, 578–579, 578f–579f
physiologic, 258–261, 577–578, 577f

tibial pseudarthrosis and, 579–580, 580f
tibia vara and, 578–579, 578f–579f

Pedicles, in congenital spinal deformity,
494f, 495

Pedicle screws, for idiopathic scoliosis
correction, 493f

Pelvic compression test, for pelvic septic
arthritis, 147

Pelvic reconstruction plate, for revision
hip arthroplasty, 566–567

Pelvis
in achondroplasia, 260
backward tilt, in spondylolisthesis, 502,

503f
cleidocranial dysplasia of, 252
formation and development of, 51,

53f–54f
fusion of

for cerebral palsy, 213–214
for myelodysplasia, 224–225
for spinal muscular atrophy, 230

hematogenous osteomyelitis of, 133,
134f

obliquity of
in cerebral palsy, 213
in Friedreich ataxia, 231
in muscular dystrophies, 232
in spinal muscular atrophy, 230

osteotomy of
for hip dysplasia, in cerebral palsy,

216–217
for Larsen’s syndrome, 239

in pediatric foot torsion, 663, 665f
Pemberton osteotomy, for hip dysplasia,

in cerebral palsy, 217
Penetrating trauma

in dense fibrous tissue, 65, 67
fracture patterns with, 92, 94f
in muscles, 70, 70t

Penicillamine, for systemic sclerosis, 191
Penicillin(s)

for foot puncture wound infections, 142
for gonococcal arthritis, 147
for hand and wrist infections, 430–431
semisynthetic, for hematogenous

osteomyelitis, 124, 130–132,
131t

Penicillin resistance, 124
Percutaneous pinning, with closed

reduction, of fractures, 110,
110f–112f

Periacetabular osteotomy, for hip
dysplasia, 528–529, 529f

Periarticular plate, for fracture fixation,
117
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Pericellular matrix
in articular cartilage, 27–28
in intervertebral disc, 36

Perichondrium, 42, 45, 45f
ossification of, 45, 46f–47f

Perimysium, 21, 21f, 37
Perioperative management, with fracture

treatments, 97, 105
Periosteal chondroma, 290–291
Periosteal osteosarcoma, 308
Periosteum

acute hematogenous osteomyelitis
involvement, 126, 130

abscesses, 126, 128–130
attachment of tendons, ligaments, and

joint capsules to, 18, 23–24
blood supply, 16–18, 18f, 19
bone formation and, 45, 47f
injury to, with bone injury, 58, 58f–60f,

60
joint formation and, 46
nerve supply, 19
ossification of, 42, 45, 46f
osteoclast role, 12
structure of, 18, 19f

Peripheral joints
in juvenile idiopathic arthritis, 173–175
spondyloarthropathy involvement, 168,

170
inflammation control for, 171

Peripheral neuropathy, in cervical
rheumatoid arthritis, 340

Peripheral vascular disease, fracture
complications with, 98

Peritendonous structures, 21, 21f
Peritenon, 21, 21f
Peroneal spastic flatfoot, 645
Peroneal tendons

in ankle instability, 696–698
in calcaneal valgus, 651
contracture of, in tarsal coalition, 645,

648, 648f
in metatarsus adductus, in children,

655–656
Peroneus longus tendon, transfer of, for

hereditary motor sensory
neuropathies, 235

Persistent oligoarthritis, with juvenile
idiopathic arthritis, 173

Personality inventory, in back pain
assessment, 510

Pes cavus, in adults, 692–693, 692f
surgical correction of, 693, 693f

Pes planus
in adults, 687–692

causes of, 688–689, 690f
clinical examination of, 687–688, 688f
congenital, 688
conservative treatment of, 688, 692
mild (stage 1), 687, 689–690
moderate (stage 2), 687, 690
posttraumatic acquired, 690, 691f, 692
rigid (stage 4), 690
severe (stage 3), 687, 690
stages of, 689–690
surgical management of, 688, 692
tarsal coalition with, 688–689, 690f

in children, 633–645
Achilles tendon contractures and,

635, 638–639, 638f–639f
congenital convex, 641f, 650

imaging of, 638f–644f, 639–640, 642,
646f

natural history of, 642–643
pathologic, 640–645, 640f–645f
physiologic, 633–638, 636f–639f
treatment of, 643–645

Pes valgus. See also Flatfoot
in children, congenital convex, 641f, 

650
PET scans. See Positron-emission

tomography (PET)
PFFD (proximal femoral focal deficiency),

248–249, 249f
pH, bone turnover and, 16
Phagocytic cells, in synovial fluid, 153
Phagocytosis

in acute hematogenous osteomyelitis,
124

with muscle tissue injury, 71
by synovial cells, 26

Phalanges
in Freiberg infarction, 653–654
in lesser toe surgery, 682, 683f
ossification of

lower, 51, 53f–54f
upper, 50, 51f–52f

proximal, in hallux rigidus, 678–681,
680f

Phalen’s test, for carpal tunnel syndrome,
419

Pharyngitis, torticollis from, 325
Phenotype, in genetic disorders, 246–247,

254, 259
Philadelphia collar, 96

for cervical disc disease, 334
for cervical rheumatoid arthritis, 342

Phonophoresis, steroid
for carpal tunnel syndrome, 419
for lateral epicondylitis, 413

Phosphate diabetes, 261
Phosphodiesterase inhibitors, for systemic

sclerosis, 190–191
Physeal plate

in developmental cox vara, 467–468,
467f

in Legg-Calvé-Perthes disease, 453,
454f, 459

in slipped capital femoral epiphysis,
468, 470f–471f, 474

Physes
arrest of

for posteromedial tibia bowing, 579
in tibia vara, 578–579, 578f–579f

chronic multifocal osteomyelitis of, 139,
139f

femoral, in Legg-Calvé-Perthes disease,
453, 453f, 455–457, 459, 461

growth cartilage role, 26, 28, 29f–30f
hematogenous osteomyelitis of

acute neonatal, 132, 132f
subacute, 135–136, 135f–136f, 138

Physical examination
of acromioclavicular joint, 348, 349f
for ankylosing spondylitis, 169–170
for back pain

in adults, 510–511, 510f, 510t–511t
in children, 497

for disc space infection, 140
for elbow tendonopathies, 412–414
for fibromyalgia, 192–193, 192f–193f
for frozen shoulder, 383–384, 384f–385f

for glenohumeral joint instability,
387–390, 388f–389f

for hematogenous osteomyelitis
diagnosis, 127, 133

for knee ligament injuries, 596–600,
597f–600f

anterior cruciate ligament, 601, 601f
for neoplasms, 269–270
for nerve entrapment syndromes, of

elbow and forearm, 403–405
for neuromuscular diseases. See specific

disease
for osteoarthritis, 154
for pediatric foot torsion, 663–664, 665f
for recurrent patella instability, 583–584
for rotator cuff disease, 371–372,

371f–375f
for septic arthritis, 143–144, 147
for skeletal dysplasias, 248
for spine deformities, 477, 480, 481f, 482

Physical therapy
for acromioclavicular joint pain, 349
for ankle sprains, 696–697
for arthrogryposis, 237–238
for biceps lesions, 382
for birth palsy, 346–347
for cerebral palsy, 212
for fibromyalgia, 194–195
for fracture rehabilitation, 117–118
for hip dysplasia, 528
for humeral head osteonecrosis, 359
for juvenile idiopathic arthritis, 174–175
for knee cartilage lesions, 610
for osteoarthritis, 160, 618
for osteoporosis, 208
for reflex sympathetic dystrophy, 420
for rheumatoid arthritis, 164–165, 165f

of shoulder, 362
for spinal muscular atrophy, 230
for systemic lupus erythematosus, 168

“Piano key sign,” 163
Pigmented villonodular synovitis (PVNS),

153, 303–304
radiographic features of, 303, 304f

Pillows, for fracture immobilization, 96
PIN (posterior interosseous nerve),

entrapment syndrome of,
404–405, 404f

Pin failure, 112
Pin fixation

external, of fractures, 110–113, 111f–112f
internal, for slipped capital femoral

epiphysis, 470f, 474
Pin tract infections, 112–113
PIP joints. See Proximal interphalangeal

(PIP) joints
Pivot shift test, for knee ligament injuries,

598, 599f
anterior cruciate, 601
posterior, 598, 600f, 606

Plagiocephaly, 323
Planovalgus foot deformity, in Marfan’s

syndrome, 255–256
Plantar, fat pad, in pes planus, 634
Plantar fascia release

for heel pain, 700
for pes cavus, 693, 693f

Plantar fasciitis, 171
Plantar fat pad

atrophy of, 687
in pes planus, in children, 634, 638f, 643
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Plantar plate, degeneration of, in lesser
metatarsophalangeal joint
disorders, 684

Plantar warts, of forefoot, 686–687
Planter aponeurosis, in hallux valgus,

671–673, 672f
Plasma membrane, in synovial cells, 25
Plaster slabs, padded, for fractures, 96

application techniques, 100–103,
101f–103f

Plastic prostheses, for total hip
arthroplasty, 541, 542f

Plate fixation
for first metatarsophalangeal joint

fusion, 681, 682f
for fracture repair, 99, 109f, 117
for wrist tendon release, in cerebral

palsy, 221, 222f
Platelets, fracture impact on, 94
Platelet serotonin, in Raynaud’s

phenomenon, 190
Plates, growth

formation and development of, 49f, 78
growth cartilage role, 26, 28, 30f

PLRI. See Posterolateral rotation injury
(PLRI)

Pluripotential cells, in knee osteonecrosis,
611

PMN (polymorphonuclear) leukocytes, in
gout, 182–183

Pneumococcus, in hematogenous
osteomyelitis, 126

Podagra, 183
Point bending, three vs. four, fracture

patterns with, 88, 89f, 92
Pollicus longus tendons, release of, for

cerebral palsy contractures,
223

Pollock’s sign, in ulnar nerve palsy, 434
Polyarteritis nodosa (PAN), with septic

arthritis, 181
Polyarthralgia, with gonococcal arthritis,

147
Polydactyly, 422–423

anomalies associated with, 420, 423
in tibial deficiency, 249, 250f

Polyethylene prostheses
for total hip arthroplasty, 540–543, 540f

cementless, 546–547, 547f
ceramic on, 548–549
complications of, 561–562, 562f–563f,

564–565, 565f, 566, 567f
cross-linked, metal on, 549–550
hybrid, 545

for total knee arthroplasty, 622–623
Polymerase chain reaction (PCR), in septic

arthritis, 177, 181
Polymorphonuclear (PMN) leukocytes, in

gout, 182–183
Polysaccharide chains, in connective

tissue, 8–9, 9f
Poly-Two prosthesis, for total hip

arthroplasty, 543, 549
Poncet’s disease, 178
Popeye muscle, 371, 381, 382f
Popliteofemoral ligament, injury to, 608
Popliteofibular ligament, injury to, 605
Popliteus tendon, injury to, 605, 607–608
Porous-coated anatomic (PCA)

prostheses, for total hip
arthroplasty, 546–547, 546f, 552

coated, 552–553
complications of, 562f, 564f, 565
removal techniques for, 553
revision, 568–569

Positron-emission tomography (PET)
FDG, of neoplasms, 270
of fibromyalgia, 193

Posterior approach, to hip surgery, 525,
526f

Posterior atlanto-dens interval (PADI), in
cervical rheumatoid arthritis,
340, 342

Posterior column reconstruction plate, for
revision hip arthroplasty, 567,
568f

Posterior cruciate ligament (PCL)
injuries of, 603–604

biomechanics of, 603
laxity grades with, 603–604, 604f
natural history of, 603
origins of, 596
reconstruction of, 604, 604f, 607

pitfalls of, 604
in total knee arthroplasty, 621

Posterior drawer test, for knee ligament
injuries, 597–598, 598f

Posterior interosseous nerve (PIN),
entrapment syndrome of,
404–405, 404f

Posterior meniscofemoral ligament, 603
Posterior pivot shift test, for knee

ligament injuries, 598, 600f, 606
Posterior substituting (PS) knees, 621, 625
Posterior tibialis tendon

deformities of, in hereditary motor
sensory neuropathies, 235

in foot deformities, with cerebral palsy,
219, 221

lateral release of, for club foot, 227, 227f
medial release of, for club foot, 227, 227f
in metatarsus adductus, in children,

655–656
transfer of

for congenital vertical talus, 642f, 651
for Duchenne muscular dystrophy,

232
Posterior tibialis tendon dysfunction

(PTTD), in pes planus,
687–690, 688f

Posterior tibial nerve, entrapment
neuropathy of, 701

Posterolateral rotation injury (PLRI), of
knee, 605–608

acute, 607
biomechanics of, 606
causes of, 607
chronic, 607–608
clinical presentation of, 606
imaging of, 606, 607f
nonoperative treatment of, 606
operative treatment of, 607
pathoanatomy of, 605

Postjunctional sarcoplasm, in
neuromuscular junctions, 40

Postsynaptic membrane, in
neuromuscular junctions, 40

Posttraumatic glenohumeral arthritis,
363–364

clinical features of, 363
radiographic examination of, 363–364
treatment of, 364

Posttraumatic osteoarthritis, 65
in acromioclavicular joint, 348
in glenohumeral joint, 363–364
in humeral head, 360

Posture, in back pain assessment, 497, 
502

Posture(s), pediatric foot torsion
association, 663, 666

Posture training support, for osteoporosis,
208

Pott’s disease, 178
PPi (inorganic pyrophosphate), in calcium

pyrophosphate dihydrate
deposition disease, 185

Prednisone
for rheumatoid arthritis, 165
for systemic lupus erythematosus, 167

Prefabricated immobilizers, for fractures,
96

application techniques, 100–103,
101f–102f

Pregnancy, idiopathic scoliosis and,
489–490

Prenatal life. See Intrauterine life
Pre-scleroderma, 186, 187t
Press-fit arthroplasty, of knee, 625
Pressure points, for fibromyalgia

diagnosis, 192–193, 192f–193f
Pressure sores

as fracture complication, 95, 97
with nonoperative treatment,

101–102, 104
as myelodysplasia complication, 223,

226, 228
in spinal muscular atrophy, 230

Primary bone healing, 62–63
Primary hyperparathyroidism,

osteoporosis vs., 203–204
Probenecid, for gout, 184
Procollagen, 12f
Prokinetic drugs, for systemic sclerosis,

191
Proliferative matrix zone, in growth

cartilage, 28
Pronation, of foot, 633, 634, 634f
Pronator syndrome, 403–404
Proprioception, menisci role in, 25, 590
Proprioception training, for fracture

rehabilitation, 118
Proprioceptive training, for ankle sprains,

697
Prostacylins, for systemic sclerosis,

190–191
Prostaglandins, release with fractures, 92
Prostate carcinoma, metastatic bone

disease from, 316, 316f, 438
Prostheses

for congenital fibular hemimelia, 580
for fibular deficiency, 250–251
limb, gait analysis for, 75
Silastic, for hallux rigidus, 681
for tibial deficiency, 249–250
for total joint reconstruction. See

Prosthetic arthroplasty
Prosthetic arthroplasty

of elbow, for rheumatoid arthritis, 410,
412f

of first metatarsophalangeal joint, 681
of glenohumeral joint

for birth palsy, 347
for degeneration, 355–356, 357f–358f
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Prosthetic arthroplasty (continued)
of hip

alternate bearing surfaces, 548
for avascular necrosis, 535
cemented, 544–545
cemented femoral stems, 550–551

technique, 551–552
cementless, 545–548, 546f–547f

principles of, 547–548
cementless femoral stems, 552–553
ceramic on ceramic, 549
ceramic on polyethylene, 548–549
complications and failure of, 554–565

related mechanisms, 541, 543, 545,
546f, 548, 554

cost-benefit analysis of, 543–544, 549
for dysplasia, 533
fractures related to, 559–561,

560f–561f
historical, 539–541, 540f–541f
hybrid, 545
hydroxyapatite coatings of, 553–554
metal on cross-linked polyethylene,

549–550
metal on metal, 549
in minimally invasive technique, 

554
modern era, 541–543, 542f
in surface replacement, 554
tapered femoral stems, 553

for humeral head osteonecrosis, 360
for juvenile idiopathic arthritis, 175
of knee, 621–622, 622f
for rotator cuff-tear arthropathy, 367,

367f
septic arthritis risks with, 176–177
of shoulder, for rheumatoid arthritis,

363
Protein(s)

in connective tissue, 5, 6f, 7–9
noncollagenous, 9

in menisci, 25
in muscle cells, 37
synovial cell synthesis of, 26
synovial fluid normal values, 152

Protein deficiency, bone turnover and, 16
Protein intake, bone development and,

200
Proteoglycans

aggregans and aggregates, 8–9, 9f
in articular cartilage injuries, 64–65
in connective tissue, 7f, 8–9, 9f
in fibrous tissues, 22–23
heparin sulfate, in muscle, 40
in hyaline cartilage, 27, 30–31
in intervertebral disc, 35–36
large aggregating. See Aggregating

proteoglycans
in menisci, 25
in muscle cells, 37
small nonaggregating, 9, 23, 35–36

Proteus infection, in septic arthritis, 176
Proton density imaging, of knee articular

cartilage lesions, 610
Proton pump inhibitors, for systemic

sclerosis, 191
Protrusio acetabuli, 155

revision hip replacement for, 566–567
in rheumatoid hip, 536, 536f

Provisional calcification zone, in growth
cartilage, 28

Provocative testing
for ankle stability, 698, 698f
for back pain, 497, 509–512, 510f, 511t
for biceps lesions, 380–381
for birth palsy, 346
for carpal tunnel syndrome, 419
for congenital hip dysplasia, 444–445,

445f, 447
for DeQuervain’s syndrome, 426
for elbow tendonopathies, 412–413
for glenohumeral joint instability,

387–390, 389f–392f
for hip pain, 527
for knee ligament injuries, 597–600,

597f–600f
anterior cruciate, 601
medial collateral, 605

for meniscal tears, 591
for rotator cuff disease, 371
for spondylolisthesis, 502

Proximal femoral focal deficiency (PFFD),
248–249, 249f

Proximal forearm compression test, for
nerve entrapment syndromes,
403

Proximal interphalangeal (PIP) joints
in boutonnière deformity, 417–418
in Dupuytren’s disease, 427–428
gout in, 183
osteoarthritis in, 155, 156f
rheumatoid arthritis in, 163–164, 166,

436
Proximal osteotomies, for hallux valgus,

675, 678f
Pseudarthroses

of cervical spine, 158
congenital, of tibia, 579–580, 580f
fracture healing and, 63
for rheumatoid hands and wrists, 434

Pseudoachondroplasia, 257–259
achondroplasia vs., 258–259
angular deformities with, 258–259, 259f
cell-matrix pathology of, 257
genetics of, 257–258
premature osteoarthritis with, 259
radiographs of, 258, 258f–259f

Pseudoclaudication, 158
Pseudogout. See Calcium pyrophosphate

dihydrate (CPPD) deposition
disease

Pseudomonas aeruginosa
antibiotics for, 142–143, 177
in diabetic foot, 703
in foot puncture wounds, 142

treatment of, 142–143
PS (posterior substituting) knees, 621, 

625
Psoas muscle, transfer of, for hip

deformities, 225
Psoas tendon, lengthening of, for hip

deformities, 217
Psoriatic arthritis, 168, 170–171

with juvenile idiopathic arthritis,
173–174

Psychological testing, for back pain, 504,
509

Psychophysiology
of cervical disc disease, 334
of fibromyalgia, 193
of fracture recovery, 118
of glenohumeral joint instability, 387

Psychosocial effects, of adolescent
idiopathic scoliosis, 489

Psychosomatic disorders, fibromyalgia as,
193–194

Pterygium syndromes, in arthrogryposis,
236–237

PTH (parathyroid hormone)
bone turnover and, 16
osteoporosis and, 203–205, 207

Puberty, spine growth velocity relation to,
480, 480f

Pubis, ossification of, 51, 53f–54f
Pulleys, around tendons, 21, 21f

injury recovery and, 67
Pulmonary arterial hypertension (PAH),

with systemic sclerosis, 188,
189t, 190

treatment of, 190–191
Pulmonary embolus, as fracture

complication, 94–95
Pulmonary function

fracture treatment and, 95–96, 97, 104,
115

idiopathic scoliosis impact on, 483, 489
muscular dystrophies impact on, 232
in spinal muscular atrophy, 230

Pulmonary function tests, for systemic
sclerosis, 190

Pulmonary system, systemic sclerosis
manifestations in, 188, 189t,
190

Pulse evaluations, for back pain, 511, 515
Puncture wound infections

of foot, P. aeruginosa in, 142
clinical presentation, 142
treatment of, 142–143

of hand, 429
osteomyelitis with, 430, 430f

Pus. See Exudate
PVNS. See Pigmented villonodular

synovitis (PVNS)

Q angle, of recurrent patella instability,
583–584

QSART (quantitative sudomotor axon
reflex test), 420

Quadriceps active test, for knee ligament
injuries, 598, 598f

Quadriceps muscle
fibrosis of, in congenital leg deformities,

576
lateral malalignment of, in recurrent

patella instability, 583–584
strengthening program

for chondromalacia patellae, 616
for posterior cruciate injury, 604

VY plasty of
for arthrogryposis, 237
for myelodysplasia deformities, 226

Quadriceps retinaculum, in knee ligament
injuries, 605

Quadriceps tendon, snip, in total knee
arthroplasty, 624

Quadriplegia, in cerebral palsy, 212, 220
Quad-turndown–modified Coonse-

Adams exposure, in total knee
arthroplasty, 624

Quality of life, post-THA
Health Related Index of, 543–544
medical Outcomes Study Short Form 32

Health Status Survey, 544
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Quantitative sudomotor axon reflex test
(QSART), 420

Quinolones, for gonococcal arthritis, 147,
177

RA. See Rheumatoid arthritis (RA)
Radial club hand, 420–421, 421f
Radial nerve

entrapment syndrome of, 404–405, 404f
palsy of, 433
superficial, caution with DeQuervain’s

surgery, 427
Radial tunnel syndrome, 404–405, 412
Radial (deep) zone, of articular cartilage,

27, 27f
Radiation protection, measures for, 489
Radiation therapy

for benign tumors, 302
for Ewing’s sarcoma, 307
for extraosseous osteosarcoma, 309
humeral head osteonecrosis and, 357
for lymphoma, 307
malignancies resulting from, 313
for malignant vascular tumors, 313
for metastatic bone disease, 318
for multiple myeloma, 305
for rhabdomyosarcoma, 315
for synovial sarcoma, 315

Radiculopathy
with back pain, 497, 508–511, 510f

lumbar, 511–513, 512f
cervical

in intervertebral disc disease,
328–329, 330t

treatment of, 334–335, 335f–337f
in rheumatoid arthritis, 340

in spondylolisthesis, 508–509, 510f
Radiofrequency ablation (RFA), for

osteoid osteoma, 286
Radiographic union, clinical vs., 62
Radiography

of achondroplasia, 260, 260f
of acromioclavicular joint degeneration,

348–349, 350f–351f, 372
for back pain, 498, 513
of cerebral palsy deformities, 214f–216f,

220f, 222f
of cervical disc disease, 328–329, 330f, 331
of chronic multifocal osteomyelitis, 139,

139f
of clubfoot, 659–660, 660f
of congenital deformities. See specific

anatomy or deformity
of congenital spinal deformity, 495,

495f–496f
of congenital vertical talus, 641f, 650
of degenerative arthritis, in hand and

wrist, 424–426, 425f
of developmental cox vara, 467–468,

467f–469f
of disc space infection, 140
of elbow osteochondritis dissecans, 409
of fibromyalgia, 193–194
of fractures, 91f–95f, 106f–112f, 114f,

116f–117f
of frozen shoulder, 384
of glenohumeral joint

for birth palsy, 346
for degeneration, 354–355, 355f
for instability, 390–391, 392f–393f
for posttraumatic arthritis, 363–364

of gout, 183–184
of hallux rigidus, 680, 680f
of hallux valgus, 673–674, 673f–674f
of hematogenous osteomyelitis

acute, 127–128, 128f, 132f, 133, 134f
subacute, 135f–136f, 138

of hip dysplasia
in adults, 528
congenital, 446, 446f–448f, 448–449,

451, 451f
of hip necrosis, 534, 537
of humeral head osteonecrosis, 359, 359f
of hyperparathyroidism, 204–205
of Klippel-Feil syndrome, 336
of knee articular cartilage lesions, 610
of knee osteonecrosis, 609
of Köhler disease, 653, 653f
of Larsen’s syndrome, 238–239
of Legg-Calvé-Perthes disease, 454,

455f–461f, 460t, 463f
of meniscal tears, 591, 591f
of metatarsus adductus, in children,

657–658
of multiple epiphyseal dysplasia,

256–257, 257f
of myelodysplasia deformities, 228–229
of neoplasms, 270

benign, 286, 287f–288f, 289–292,
290f–292f, 294, 294f–295f, 297f,
298, 302f–304, 304f

disorders resembling, 272f–273f, 274,
276f–284f

malignant, 305f–309f, 307–308, 311,
312f–313f, 315

metastatic, 317–318, 317f–318f
of neuromuscular disorders, 84, 84t
of osteoarthritis, 154–155, 154t, 617
of osteogenesis imperfecta, 252, 253f
of Paget’s disease, 274, 276f–277f
of patellofemoral disorders, 613, 613f
of pes cavus, in adults, 692, 692f–693f
of pes planus

in adults, 687–688, 689f–691f
in children

pathologic, 640, 640f–644f, 642, 646f
physiologic, 638f–639f, 639–640

of posterolateral rotation knee injury,
606, 607f

of recurrent patella instability, 584
of rheumatoid arthritis, 163

in neck, 339–340, 340f, 342f
in shoulder, 361, 362f–363f

of rotator cuff
disease of, 372, 376, 376f–377f
tear arthropathy, 365, 366f

of Scheuermann kyphosis, 499–500, 501f
of septic arthritis, 146f, 147, 176–177,

179–180
of septic knee arthroplasty, 627
of skeletal dysplasias, 248–249, 250f
of slipped capital femoral epiphysis,

470f–472f, 472–473
of spine deformities, 480, 481f, 482
of spondyloarthropathies, 170–171
of spondylolisthesis, 503–504, 503f–506f
of stiff neck, 327
of systemic lupus erythematosus, 167
of systemic sclerosis manifestations,

189–190
of tarsal coalition, in children, 644f,

648–649

for tibia vara staging, 578–579,
578f–579f

of torticollis, 324–326, 326f
of transient synovitis, in pediatric hip,

466, 466f
of vitamin D-resistant rickets, 261

Radionuclide imaging. See Bone
scintigraphy

Radiostereometric analysis (RSA), of total
hip arthroplasty failure, 564

Radius
aplastic anomalies of, 420–421, 421f
fractures of, intramedullary nailing for,

116, 116f
head dislocations of

in achondroplasia, 260
congenital, 402

hematogenous osteomyelitis of, 136f
in Keinbock’s disease, 432–433
ossification of, 50, 51f–52f
osteotomy of, shortening, for

Keinbock’s disease, 433
physes of, in Madelung’s deformity,

421–422, 422f
Raloxifene, for osteoporosis, 208
Ranawat’s line, for cervical rheumatoid

arthritis measurement, 340,
341f

Range of motion
ankle arthroplasty positioning and, 693,

695f
in back pain assessment, 497, 510
with frozen shoulder, 383–384, 384f–385f
with glenohumeral joint instability,

387–390, 388f
with hallux rigidus, 678–679
with hand and wrist disorders, 424–428,

433
swan neck deformity staging, 436

with hip pain, 527, 533
with knee ligament injuries, 600–601,

603, 605–606
with Legg-Calvé-Perthes disease,

256–258, 453–454
restoration of, 462–463

with meniscal tears, 590–591
with pes cavus, 692, 692f
with pes planus, 687, 689–690
with physiologic pes planus, 637–638
with rotator cuff disease, 369, 371–372,

371f–375f
with shoulder disorders, 348, 352,

359–360, 363, 365
with slipped capital femoral epiphysis,

472
with tarsal coalition, 648, 648f–649f

Range of motion exercises
for fracture rehabilitation, 117–118
for hip septic arthritis, 146
passive. See Passive motion exercises

Rash, with septic arthritis, 178–179
Raynaud’s phenomenon (RP)

in hand and digits, 438–439
in systemic sclerosis, 186–187, 187t, 189

treatment of, 190–191
RCTA. See Rotator cuff-tear arthropathy

(RCTA)
Reactive arthritis, 168, 170

with tuberculosis, 178
Reciprocating hip orthoses, for

myelodysplasia deformities, 225

Index 747

Weinstein index.qxd  3/21/05  1:29 PM  Page 747



Reconstruction plate
for fracture fixation, 117
for revision hip arthroplasty

pelvic, 566–567
posterior column, 567, 568f

Reconstructive surgery. See also Salvage
procedures

for ankle instability, 699
for boutonnière deformity, 418
for fractures, 113, 117
for giant cell tumors, of hand and wrist,

437
for hip dysplasia, in cerebral palsy,

216–217
for knee ligament injury

anterior cruciate, 602–603, 602f, 607
posterior cruciate, 604, 604f, 607

for lesser metatarsophalangeal joint
disorders, 685–686, 686f

for metastatic bone disease, 318
for pseudochondroplasia, 259
for rheumatoid hands and wrists,

434–435
for rotator cuff-tear arthropathy, 367,

367f, 379, 379f–380f
for scapho-trapezial-trapezoidal

arthritis, 425
for swan neck deformity, 436

Recreational activities, acromioclavicular
joint pain with, 348

Rectal tone, back pain and, 509–510, 510t,
513

Reduction maneuvers
for fractures, 95, 100, 100f

anatomic, 107, 109f
open, 105, 107f

for hip dysplasia, congenital, 450–451,
450f–451f

Reflex(es). See also specific reflex
in back pain assessment, 510, 510t, 512
in birth palsy, 346
deep tendon, in idiopathic toe-walking,

661–662
fibrous tissue role, 24
in Friedreich ataxia, 230–231
in neck disorders, 329, 340
retained neonatal, Bleck’s rating of, 

212
in spondylolisthesis, 502

Reflex sympathetic dystrophy (RSD), 420
Regional pain syndrome

complex, 420
from immobilization, 103

Rehabilitation. See also Physical therapy
for acute lumbar radiculopathy, 512–513
for cerebral palsy, 212
for fractures, 117–118
for glenohumeral joint instability, 391,

393
postoperative, 394

for knee ligament injuries, 601, 604–606
for lateral epicondylitis, 413
for pediatric patella disorders, 583–584
to promote tissue healing, 57
for total knee arthroplasty, 625

Rehabilitation team, 118
Reimplantation, for septic knee

arthroplasty, 628, 629f
Reiter’s syndrome, 168, 170, 182
Relocation test, for glenohumeral joint

instability, 390, 392f

Renal cell carcinoma, metastatic bone
disease from, 316–317, 317f

Renal system, systemic sclerosis
manifestations in, 188, 189t

Repetitive loading, bone turnover and, 16
Repetitive microtrauma

in acromioclavicular joint injury, 348
in DeQuervain’s syndrome, 426
in diabetic foot, 702
in elbow and forearm disorders

intersection syndrome, 410, 412
nerve compression syndromes,

403–404
olecranon bursitis, 407

in osteochondritis dissecans, 581
Resection arthroplasty

distal clavicle, for acromioclavicular
joint pain, 349–351, 352f–353f

for glenohumeral joint degeneration,
356

of metatarsophalangeal joints, for
Freiberg infarction, 654

proximal femoral, for hip dysplasia,
217–218

Reserve (resting) matrix zone, in growth
cartilage, 28

Resiliency, of intervertebral disc, 35
Resisted longer finger extension test,

412–413
Resisted pronation test, 414
Resisted supination test, 413
Resisted wrist extension test, 413
Resistive exercises

for glenohumeral joint instability, 391,
393, 394

for medial collateral ligament injuries,
605

Respiratory insufficiency, as fracture
complication, 94–97, 104, 115

Rest
for cervical disc disease, 334
for lateral epicondylitis, 413
for nerve compression syndromes, of

elbow and forearm, 403,
405–406

for osteoarthritis, 160
of knee, 618

for transient synovitis, 466
Resting (reserve) matrix zone, in growth

cartilage, 28
Restoration surgery

for glenohumeral joint instability, 394,
395f

for Legg-Calvé-Perthes disease, 462–463
Resuscitation, of shock, with fractures, 96
Reticulum cell sarcoma, 305, 306f, 307
Retinacula, of tendons, 21, 21f
Retrolisthesis, 514–515
Revascularization procedures

for Keinbock’s disease, 433
for osteochondritis dissecans, of

pediatric knee, 582
for scapholunate advanced collapse

wrist, 424–425
for thumb hypoplasia, 421

Reverse Hill-Sachs lesion, on humeral
head, 364

“Reverse Maquet” effect, in knee ligament
injury, 606

Reverse pivot shift test, for knee ligament
injuries, 598, 600f, 606

Reverse straight-leg raising test, for back
pain, 511–512

Revision arthroplasty. See Salvage
procedures

Reye syndrome, 175
RFA (radiofrequency ablation), for osteoid

osteoma, 286
Rhabdomyosarcoma, 314–315
Rheumatoid arthritis (RA), 162–166

boutonnière deformity with, 417–418,
418f

of cervical spine, 339–343
clinical features of, 340
deformities with, 164, 166, 339
diagnostic studies of, 340, 340f–342f
incidence of, 339–340
juvenile, 337–339
natural history of, 337, 342
treatment of, 342, 342f

complication of, 343
clinical features of, 162–163
deformities with, 163–164
diagnosis of, 163
differential diagnosis of, 163
disability prevention with, 164–165,

165f
of elbow, 409–410, 411f–412f
extra-articular manifestations of, 164

management of, 165–166, 165f
of hand and wrist, 434–436, 435f–436f
of hip, 535–537, 536f
inflammation with, 162–165, 165f
juvenile, 172, 337–339
juvenile idiopathic arthritis vs., 172–173
of knee, 617
laboratory features of, 163
in lesser metatarsophalangeal joints,

684–685, 686f
management of, 164–166, 165f
of neck, 339–343
pain control for, 164–165, 165f
pathogenesis of, 162
prognosis of, 163
of shoulder, 360–363

acromioclavicular joint, 348
clinical features of, 360–361
radiographic evaluation, 361,

362f–363f
treatment of, 361–363, 364f

spontaneous remission of, 163
synovium characteristics, 152–153, 153t,

409
systemic factors, 16

Rheumatoid diseases, 151–197. See also
specific disease

crystal-induced arthritis, 182–186
fibromyalgia, 192–195
infectious arthritis, 176–182. See also

Septic arthritis; specific infection
juvenile idiopathic arthritis, 172–175
osteoarthritis, 154–162
rheumatoid arthritis, 162–166
spondyloarthropathies, 168–171
synovium characteristics, 152–153, 153t,

162
systemic lupus erythematosus, 166–168
systemic sclerosis, 186–191

Rheumatoid factor, 162–163
in juveniles, 172–174
in spondyloarthropathies, 168, 170

Rhizomelic dysplasia, 248, 258, 260
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Ribavirin, for viral arthritis, 182
Ribbing’s dysplasia, 256
Ribosomes

in hyaline cartilage cells, 32f
in muscle cells, 38

Ribs, formation and development of,
49–50

Rib-vertebral angle difference, in scoliosis,
483–484, 483f

Rickets
osteoporosis vs., 205–206
systemic factors, 16
vitamin D-resistant, 260–261

Rifampin
for acute hematogenous osteomyelitis,

131t, 132
for brucella arthritis, 180

Risedronate (Actonel), for osteoporosis,
206–207

Risser sign, in spine maturity, 482, 482f,
484, 489, 490f

Rocker-bottom deformity, 661
in children, 650, 652
in diabetic Charcot foot, 704

Rocker-bottom shoes, for ankle arthrosis,
693

Rod instrumentation
for congenital pseudarthrosis of tibia, 580
for idiopathic scoliosis, 493f

growing, 484
for myelodysplasia spine deformity, 225
for osteogenesis imperfecta fractures,

253, 253f
in spinal fusion

for cerebral palsy, 213–215, 215f
for muscular dystrophies, 232
for myelodysplasia, 224–225

for vitamin D-resistant rickets, 261
Rosenberg radiograph, of meniscal tears,

591, 591f
Rotation

birth palsy problems with, 347
of cervical vertebrae, torticollis with, 324
fracture patterns with, 88, 89f, 92
in pediatric foot

normal profile of, 663, 664f
torsional problems of, 662–667,

665f–666f
in total knee arthroplasty, 621, 623, 623f,

625
computer-assisted, 625

Rotation deformities
of foot, in myelodysplasia, 228
in rheumatoid arthritis, 163–164
of spine, 480

Rotation tests
for back pain, 511f
for knee ligament injuries, 603

external recurvatum test, 599–600,
600f

of posterolateral corner, 605–607
rotatory instability classifications, 600
straight instability classifications,

599–600
tibial external, 598, 599f

Rotator cuff
anatomy of, 367–368
disease of, 367–379

biceps lesions with, 379–380, 382
clinical features of, 369, 371–372,

371f–375f

natural history of, 376, 378f
pathogenesis of, 368–369, 369f–370f
radiographic features of, 372, 376,

376f–377f
treatment of, 378–379, 379f–380f

function of, 367–368, 368f
in glenohumeral joint instability, 387,

391
tears of. See Rotator cuff-tear

arthropathy (RCTA)
weakness of, in birth palsy, 347

Rotator cuff-tear arthropathy (RCTA),
364–367

clinical features of, 365, 376
degenerative disease with, 351, 353–354,

356, 357, 363
in glenohumeral joint instability, 389,

391, 393f
origins and mechanisms of, 364–365,

365f, 376
radiographic features of, 365, 366f, 372,

378f
rheumatoid arthritis and, 361
treatment of, 366–367, 367f, 378–379,

379, 379f–380f
Rotator interval, 379, 387
Rotatory subluxation of childhood

clinical features of, 327, 327f
treatment of, 326

RP. See Raynaud’s phenomenon (RP)
RSA (radiostereometric analysis), of total

hip arthroplasty failure, 564
RSD (reflex sympathetic dystrophy), 420
Rubefacients

for osteoarthritis, 160–161
for systemic sclerosis, 190

Rubella virus, in septic arthritis, 182
RUNX9 gene, transcription defects of,

251–252
Russel traction, split, for hip septic

arthritis, 146

“Saber shins,” with congenital syphilis,
178

SAC (space available for the cord)
in cervical disc disease, 328, 334
in cervical rheumatoid arthritis, 340

Sacral spine
formation and development of, 49, 51,

53f
spondylolisthesis involvement,

503–504, 503f, 505f–506f
Sacroiliac (SI) joint

osteoarthritis in, 159
septic arthritis of, 146–147

Sacroiliitis
ankylosing, 168–170, 169f

management of, 171
with inflammatory bowel disease

arthritis, 170
SADDAN (severe achondroplasia with

developmental delay and
acanthosis nigricans), 259

Salicylates, for juvenile idiopathic
arthritis, 175

Salmonella infection, in hematogenous
osteomyelitis, 126, 133

Salter and Thompson classifications,
Legg-Calvé-Perthes disease,
456–457, 457f–458f, 462–463,
463f

Salter-Harris fractures, in children
of femur, 584–585, 585f
of tibial tubercle, 585, 586f

Salter osteotomy
innominate

for congenital hip dysplasia, 451, 452f
for Legg-Calvé-Perthes disease, 452f,

463
for pseudochondroplasia, 259

Salvage procedures
for delayed fracture treatment, 97
for glenohumeral joint degeneration,

356–357
for hip dysplasia, in cerebral palsy,

216–218
for Keinbock’s disease, 433
for Legg-Calvé-Perthes disease, 464–465
for posttraumatic glenohumeral

arthritis, 364
for pseudochondroplasia, 259
for rotator cuff-tear arthropathy, 367
for scapholunate advanced collapse

wrist, 424–425
for spinal muscular atrophy, 230
for thumb hypoplasia, 421
for total hip arthroplasty, 565–571

acetabular component requirements,
566–567, 567f–568f

allograft role, 566, 567f–568f, 571
bony defect assessment for, 566
components needing, 565–566, 565f
for dislocations, 556, 558
femoral component requirements,

567–569, 569f
fixation method for, 570–571
for infection, 558–559
reasons for, 565
surgical approach for, 569–570, 570f
tumor prothesis for, 571

for total knee arthroplasty, 626–629
challenges of, 626
indications for, 626
for infection, 626–628

amputation, 628
antibiotic suppression for, 628
arthrodesis, 628
aspiration of, 628
causes of, 626
clinical presentation of, 626–627
debridement with prosthetic

retention, 628
laboratory tests for, 626–627, 629f
management algorithm for, 628,

629f
microbiology of, 626
radiography of, 627
radionuclide imaging of, 627
reimplantation, 628

Sandbags, for fracture immobilization, 96
San Diego osteotomy, for hip dysplasia, in

cerebral palsy, 217
Sarcoidosis, synovial fluid characteristics

with, 153
Sarcolemma, in muscle cells, 38, 39f
Sarcoma(s)

of bone, 304
clear cell, 316
epithelioid, 316, 438
Ewing’s, 307, 307f

disorders resembling, 270–272, 274,
305
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Sarcoma(s) (continued)
subacute hematogenous

osteomyelitis vs., 136
reticulum cell, 305, 306f, 307
of soft tissue, 305, 314–316, 314f
synovial, 315
synovial fluid characteristics with, 153,

438
Sarcomas, in hereditary multiple

exostoses, 263
Sarcomeres, in muscle cells, 38, 39f
Sarcoplasm, postjunctional, in

neuromuscular junctions, 40
Sarcoplasmic reticulum, in muscle cells,

38, 41f
action potential extension into, 40
injury repair and, 71

“Sausage digits,” 168, 169f, 170–171
Scaphoidectomy, with fusion, for

scapholunate advanced
collapse wrist, 424–425

Scapholunate advanced collapse (SLAC)
wrist, 424–425, 425f

Scapho-trapezial-trapezoidal (STT)
arthritis, 425–426, 425f

Scapula, ossification of, 50, 51f–52f
Scapular winging, 387–389
SCARF osteotomy, for hallux valgus, 675
Scars and scarring

with fibrous tissue injuries, 67, 69
with muscle injuries, 70–71, 70t
of soft tissue, in forefoot, 687

SCFE. See Slipped capital femoral
epiphysis (SCFE)

Scheuermann kyphosis, 498–500
diseases associated with, 500
incidence of, 498
lumbar, 498, 500
natural history of, 499
origin of, 498
radiographic diagnosis of, 499–500, 

501f
skeletal maturity and progression of,

500
thoracic, 498–500, 499f, 501f
treatment of, 500

Scheuermann’s disease, 48
Schmorl node, 499–500

osteoarthritis of, 158, 158f
Schwann cell, in neuromuscular junctions,

40
Schwannoma, benign, 300
Sciatica, 509–510, 513
Sciatic nerve, palsy of, following total hip

arthroplasty, 555
Sciatic notch, in total hip arthroplasty, for

dysplasia, 532
Sclerodactyly, in systemic sclerosis,

187–189
surgery for, 191

Scleroderma
localized, systemic sclerosis vs., 186,

187t
sine, in systemic sclerosis, 186, 187t

Scleroderma renal crisis, 188
Sclerotomes, 46, 47f
Scoliosis

in arthrogryposis, 238
in camptomelic dysplasia, 251
causes of, 482
in cleidocranial dysplasia, 252

congenital, 478t, 492, 494–495, 494f
in cerebral palsy, 213
in myelodysplasia, 224–225

curve measurements for, Cobb method,
482–484, 482f, 489, 495

curve progression potential
maturity landmarks relation to, 480,

480f, 482, 482f
in adolescents, 489, 489t, 490f

probabilities of, 482, 489, 489t
in Friedreich ataxia, 231, 478t
in hereditary motor sensory

neuropathies, 236
idiopathic, 477, 478t, 482

adolescent, 486, 486f–488f, 489
treatment of, 489–491, 489t,

490f–491f
curves similar to, 213, 231, 236
genetic predisposition of, 482–483
infantile, 483–484, 483f, 485f
juvenile, 484, 485f–487f, 486
subclassifications of, 483–491

in Klippel-Feil syndrome, 335, 337
in Marfan’s syndrome, 254–255, 255f
in muscular dystrophies, 232–233, 233f,

478t
natural history of, 482
in neurofibromatosis, 302f, 478t
neuropathic, 478t, 483
in osteogenesis imperfecta, 253
in pseudoachondroplasia, 258
radiographic examination of

for curve measurements, 482, 482f
for diagnosis, 480, 481f, 482

related terms for, 477, 479t, 482
secondary

with herniated nucleus pulposus, 509
with juvenile idiopathic, 484, 485f
with juvenile idiopathic arthritis, 175
in Scheuermann kyphosis, 500
in spondylolisthesis, 502

in spinal muscular atrophy, 230, 478t
SRS classification of, 477, 478t
structural vs. nonstructural, 478t, 482
treatment decisions, puberty relation to,

480, 480f
“Scratch fit,” in total hip arthroplasty, 548
Screening

for developmental dysplasia of hip,
445–446, 446f

for fall risks, 203
for skeleton dysplasias, 248, 254
for spine deformities, 477, 498

Screw fixation
in ankle arthroplasty, 693, 695f
of bone-patellar tendon-bone graft, in

anterior cruciate ligament
reconstruction, 602f, 603

for fracture repair, 99, 99f, 106f, 109f
in ORIF, 116–117, 116f–117f

for hip replacement. See Total hip
arthroplasty (THA)

for idiopathic scoliosis correction, 493f
for patellar osteochondritis dissecans,

613
for slipped capital femoral epiphysis,

470f, 474
in spinal fusion

for cerebral palsy, 213–215, 215f
for Friedreich ataxia, 231
for spinal muscular atrophy, 230

SDR (selective dorsal root rhizotomy), for
cerebral palsy, 212

Seating/sitting programs
for cerebral palsy, 212–213
for spinal muscular atrophy, 230

Secondary cox vara, 467–468
Secondary hyperparathyroidism,

osteoporosis vs., 204
Secondary sex characteristics, in spine

deformity examination, 480,
480f

Secondary syphilis, septic arthritis from,
179

Second generation cement technique, 545,
552

Sedentary lifestyle, bone development
and, 201

Sedimentation rate. See Erythrocyte
sedimentation rate

Seed corn, of forefoot, 686–687
Segmental fracture, 90f
Segmentation deformities

of tarsals, 647, 647f
of vertebrae, congenital, 492, 494–497,

494f
Segond fracture, in posterolateral

ligament injury, 607, 607f
Selective dorsal root rhizotomy (SDR), for

cerebral palsy, 212
Selective estrogen receptor modulators,

for osteoporosis, 207–208
Selective serotonin-reuptake inhibitors,

for systemic sclerosis, 190
Semitendinosis tendon, autografts of, for

anterior cruciate ligament
reconstruction, 602–603, 602f

Semmes-Weinstein monofilament test
for carpal tunnel syndrome, 419
for neuropathic ulceration, in diabetic

foot, 702
Sensory deficits. See Neurologic deficits
Sepsis. See also Infection(s)

deep, with total knee arthroplasty,
626–628, 629f

with flexor tenosynovitis, 429
with olecranon bursitis, 407

Septic arthritis, 143–148. See also Septic
arthritis

acute, 176–177
of hand and wrist, 431–432

of ankle joint, 144–145
brucella, 180
causative organisms, 143, 176
clinical features of, 176–177
diagnosis of, 143–144

differential, 133, 143
fungal, 180–181
gonococcal, 143, 147–148, 177
of hip joint, 123, 144–146
of knee joint, 144–145
laboratory findings of, 177
Lyme disease, 179–180
microbiology of, 176
mycobacterial, 178
neonatal, 132f
pathogenesis of, 143
as rheumatoid disease, 176–182
risk factors for, 176
of sacroiliac joint, 146–147
synovium characteristics, 152–153, 153t,

177, 180
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syphilis, 178–179
treatment of, 144–145, 177
viral, 181–182

Sequestrum
with hematogenous osteomyelitis, 126,

137f, 138
with septic arthritis, 143, 146f

Serotonin, platelet, in Raynaud’s
phenomenon, 190

Serratia infection, in septic arthritis, 176
Sesamoid bones

in pes planus, in children, 640, 640f
subluxation of, in hallux valgus, 673,

673f
Sever disease, in children, 654–655, 655t,

656f
Severe achondroplasia with

developmental delay and
acanthosis nigricans
(SADDAN), 259

Sever-L’Episcopo procedure, for birth
palsy, 347

Sex characteristics, secondary, in spine
deformity examination, 480,
480f

Sex hormones. See also Estrogen
bone turnover and, 16, 200
slipped capital femoral epiphysis and,

470, 471f
Sexual activity, gonococcal arthritis

association, 147, 177
Sexually transmitted infections, 147–148
Shear force

fracture patterns with, 88
in gait analysis, 78, 78f

Sheaths
around tendons, 21, 21f

injury recovery and, 67
of myofibrils, 37, 39f

Sheet immobilization, for fractures, 96
Shelf arthroplasty, for Legg-Calvé-Perthes

disease, 461f, 464
Shepherd’s crook deformity, in fibrous

dysplasia, 281, 283f
Shock, with fractures, 93–94

resuscitation of, 96
Shock absorption, by menisci, 24, 589
Shoes and shoewear modification

for diabetic foot, 702–703
for foot deformities

in children, 644–645, 649, 654
in myelodysplasia, 228

for Freiberg infarction, 654
hallux rigidus and, 678, 680
hallux valgus and, 672–673
for interdigital neuroma, 701
for Köhler disease, 653
in lesser metatarsophalangeal joint

disorders, 684–685, 685f
for lesser toe disorders, 682
for metatarsus adductus, 656, 658
for pes cavus, 692
for pes planus

in adults, 688
in children, 644–645

for tarsal coalition, 649
Short bones, examples of, 10
Short chain (class III) collagens

in connective tissue, 6–7
in intervertebral disc, 35

Short leg. See Limb length discrepancy

Short stature
in developmental cox vara, 467
genetic defects causing, 248–263
with Legg-Calvé-Perthes disease, 452
as skeletal dysplasia, 248, 578

Shoulder and shoulder joint. See also
Glenohumeral joint

arthroplasty of
for birth palsy, 347
for glenohumeral joint degeneration,

355–356, 357f–358f, 360
for humeral head osteonecrosis, 360
for rheumatoid arthritis, 363

arthroscopy of
for biceps lesions, 382–383
for distal clavicle resection, 349–351,

352f–353f
for frozen shoulder, 385, 387
for subacromial decompression, 379,

380f
atrophy of, in rotator cuff-tear

arthropathy, 365
in birth palsy, 345–347
calcium pyrophosphate dihydrate

deposition disease in, 186
cuff tears arthropathy of. See Rotator

cuff-tear arthropathy (RCTA)
deformities of

in arthrogryposis, 237–238
in cerebral palsy, 221–223, 221f

dislocations of, glenohumeral joint
instability and, 388–389, 392f

displaced fractures of, operative
treatment of, 105, 107f

frozen, 383–387. See also Frozen
shoulder

injuries of, in birth palsy, 346
instability of, 387–395. See also

Glenohumeral joint
menisci of, 24
pain in, 348–358, 363, 365, 369, 371, 380,

383–388
rheumatoid arthritis of, 360–363

acromioclavicular joint, 348
clinical features of, 360–361
radiographic evaluation, 361,

362f–363f
treatment of, 361–363, 364f

rotator cuff disorders of. See Rotator
cuff

Shoulder-hand syndrome, 420
Shrugging, with arm elevation, in rotator

cuff disease, 371, 374f
Sicca complex, with rheumatoid arthritis,

164–165
Sickle cell disease

acute hematogenous osteomyelitis with,
129, 133, 135

humeral head osteonecrosis and,
357–358

Signal transduction mechanisms, genetic
defects in, 259–261

achondroplasia group, 259–260, 260f
vitamin D-resistant rickets, 260–261

SI (sacroiliac) joint
osteoarthritis in, 159
septic arthritis of, 146–147

Silastic implants
for hallux rigidus, 681
for scapho-trapezial-trapezoidal

arthritis, 426

Sildenafil, for systemic sclerosis, 190–191
Sillence classification, of osteogenesis

imperfecta, 252, 253f
Simple bone cysts, 276–277, 278f–279f
Sinding-Larsen-Johansson syndrome, 583,

614
Sine scleroderma, 186, 187t
Sjögren’s syndrome

rheumatoid arthritis and, 163–164
management of, 165

in systemic sclerosis, 186, 187t
Skeletal maturity

Scheuermann kyphosis treatment and,
500

spine deformity progression and, 480,
480f, 482, 482f

in adolescents, 489, 489t, 490f
spondylolisthesis and, 502–503, 508

Skeletal muscle
composition of, 38, 39f, 40, 40f–41f
functional organization of, 37, 37f–38f,

55
injury of

acute types, 69–70, 70t
inflammation with, 70–71
matrix remodeling, 71
repair physiology, 71

structure of, 37, 39f
tissue healing in, 69–71, 70t

failure of, 71
Skeletal patterning

genetic bases of, 246
genetic defects in, 248–251

fibular deficiency, 250–251, 251f
proximal femoral focal deficiency,

248–249, 249f
tibial deficiency, 249–250, 250f

Skeletal survey, 248
Skeletal traction, for fractures, 103–104,

104f
Skeleton

appendicular, formation and
development of, 50–51, 51f–54f

axial, formation and development of,
46, 47f–50f, 48–50

deformities of
gait analysis for, 83
in neurofibromatosis, 300–301,

302f–303f, 478t
dysplasias of, 248, 500. See also specific

disorder
genetic disorders of, 246–247

screening for, 248
Skeletonizing, in total knee arthroplasty,

624
Skewfoot, 640. See also Metatarsus

adductus
Skin, systemic sclerosis manifestations in,

187–189
treatment of, 191

Skin biopsy, for systemic sclerosis, 189
Skin breakdown. See Pressure sores
Skin burning, for warts, 687
Skin examination

in back pain assessment, 497
in spine deformity examination, 480,

494
Skull

in achondroplasia, 259–250
cleidocranial dysplasia of, 252
evaluating for dysplasias, 248
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Skull (continued)
in mucopolysaccharidoses, 262
pseudoachondroplasia of, 258

SLAC (scapholunate advanced collapse)
wrist, 424–425, 425f

SLAP lesion, of biceps, 380–381, 381f
SLC26A2 gene, encoding defects of, 256
SLE. See Systemic lupus erythematosus

(SLE)
Sleep, shoulder pain during, 348, 352, 358
Sleep apnea

in achondroplasia, 260
in fibromyalgia, 192, 195

Sleep disorders, fibromyalgia association,
192–193

management of, 194–195
Sliding calcaneal osteotomy, for flat foot,

in cerebral palsy, 221
Slings, for fractures, 96
Slipped capital femoral epiphysis (SCFE),

468–474
acute on chronic slip phase of, 472
acute slip phase of, 471f, 472
aseptic necrosis with, 473–474
chronic slip phase of, 472
classifications of

clinical phase related, 472, 472f
displacement related, 473
stability related, 472

etiology of, 469–471
hormonal factors of, 469–470
incidence of, 468
in Legg-Calvé-Perthes disease, 464
minimal slip, 473
moderate slip, 473
natural history of, 473

bilateralness and, 469
obesity association, 468–470
osteopenia in, 472–474, 472f
pathoanatomy of, 468, 470f–471f
preslip phase of, 472, 472f
prognosis of, 473
radiographic diagnosis of, 470f–472f,

472–473
severe slip, 473
stable slip presentations, 472
synovitis with, 469
transient synovitis vs., 466
treatment of, 473–474

goals for, 473
pin or screw stabilization, 470f, 474
reduction, 473–474

unstable slip presentations, 472
SLS femoral stem, for total hip

arthroplasty, 541–542, 542f
Small vessel disease, diabetic, fracture

complications with, 98
Smith-Peterson approach, to hip surgery,

522–523
Smith-Peterson Vitallium mold

arthroplasty, of hip, 539–540,
539f

Sodium, in bone matrix, 15
Sodium urate crystals, in synovial fluid,

152
Soft cervical collar, for cervical disc

disease, 334
Soft tissue(s). See also specific tissue

abscess of, with hematogenous
osteomyelitis, 126, 128–130

intrapelvic, 133, 134f

in ankle arthroplasty, 694, 695f
contractures of, in juvenile idiopathic

arthritis, 172–175
disorders of

in diabetic Charcot foot, 704
in forefoot, 686–687
in heel pain, 700

in hip surface landmarks, 520, 520f
lateral retinaculum, in recurrent patella

instability, 583–584
lesions of. See Soft tissue neoplasms
osteosarcoma of, 308–309
pathology of, gait analysis for, 83
release of

for arthrogryposis, 238
for cerebral palsy deformities,

216–217, 221–222, 222f
for clubfoot, 661
for Friedreich ataxia, 231
for hallux valgus, 675, 676f
for juvenile idiopathic arthritis, 175
for Larsen’s syndrome, 238–239
for lesser toe deformities, 683, 683f
for myelodysplasia deformities,

227–228
as static stabilizers, in glenohumeral

joint, 387, 393
surgical repair of, 394, 395f

surgical revisions of. See also specific
procedure

for congenital vertical talus, 651
for pes planus, 645

Soft tissue injuries
with bone injury, 58–60, 58f–59f
with fractures, 89–90, 91f, 92–93

evaluation of, 97–98
in nonoperative treatments, 95, 100–101
in operative treatments, 105, 107

suturing cautions, 69
of synovial joints, cartilage healing

with, 64
Soft tissue neoplasms

benign, 268t, 297–304
in congenital muscular torticollis, 325
disorders resembling, 267–268, 268t,

281, 283–286
initial evaluation of, 268–271
malignant, 269t, 308–309, 314–316
metastatic, 269t, 314–316
sarcomas, 305

Soleus muscle, lengthening of, for cerebral
palsy contractures, 219–220

Solitary neurofibroma, 300
Somatomedin, with Legg-Calvé-Perthes

disease, 452
Southern approach, to hip surgery, 525,

526f
SOX9 gene, transcription defects of, 251
Space available for the cord (SAC)

in cervical disc disease, 328, 334
in cervical rheumatoid arthritis, 340

Spasmodic torticollis, 326, 327f
Spasticity

in cerebral palsy
biomechanics of, 212
hip, 215–218, 216f
lower extremity, 218–219
spinal, 213–215
upper extremity, 221–223, 221f

in cervical rheumatoid arthritis, 340
in myelodysplasia, 223

Spectron femoral stem prostheses, for
total hip arthroplasty, 551

Spect scan, of spondylolisthesis, 504
Speed’s test, for biceps lesions, 380
Spina bifida, 492, 502

in myelodysplasia, 225
Spinal accessory nerves, in spasmodic

torticollis, 326, 327f
Spinal canal

narrowing of, in cervical disc disease,
328, 331, 334

Torg ratio of width, 331
Spinal cord

in back pain assessment, 498, 500, 504,
513

compression of
in cervical disc disease, 328, 334–335

decompression surgery for,
334–335, 335f–337f

in cervical rheumatoid arthritis, 340,
342

decompression surgery for,
342–343, 342f

with rheumatoid arthritis, 166
gliosis changes in, with cervical disc

disease, 331, 332f
spine deformity involvement, 480, 482,

483, 486
congenital, 494, 496–497

Spinal fusion
for cerebral palsy, 213–215, 215f
cervical. See Cervical fusion
for Friedreich ataxia, 231
for idiopathic scoliosis

in adolescents, 491, 492f–493f
in children, 484, 486, 486f

for Marfan’s syndrome, 254–255
for mucopolysaccharidoses, 263
for myelodysplasia, 223–224
posterior, for congenital spinal

deformity, 496–497, 497f
for Scheuermann kyphosis, 500
for spinal muscular atrophy, 230
for spondylolisthesis, 507–508

Spinal muscular atrophy, 229–230
scoliosis with, 230, 478t

Spinal stenosis
with achondroplasia, 260, 514
in adults, 514–515
cervical, multilevel congenital,

336f–337f
with osteoarthritis, 158, 158f
with spondylolisthesis, 504

Spindle cells, in synovial sarcoma, 315
Spine

cervical. See Cervical spine; Neck
curvatures of. See Kyphosis; Lordosis;

Scoliosis
deformities of. See also specific deformity

in achondroplasia, 260
in cerebral palsy, 213–215

incidence of, 213
nonsurgical treatment of, 213, 214f
surgical treatment of, 213–214, 215f

complications of, 214–215
Cobb measurements of, 482–484, 482f,

489, 495
compensation symmetry assessment,

480, 481f
vertebral segmentation and, 492,

494f, 495
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congenital, 492, 494–497, 494f–496f
in Duchenne muscular dystrophy,

231–232
in Friedreich ataxia, 231, 478t
general considerations, 477, 478–480,

482
in hereditary motor sensory

neuropathies, 236
history taking for, 477, 479–480
in Klippel-Feil syndrome, 335–337
in Marfan’s syndrome, 254–255, 255f
in mucopolysaccharidoses, 262–263,

262f
in myelodysplasia, 224–225
natural history of, 482
physical examination for, 477, 480
radiographic measurement, 480, 481f,

482
related terms, 477, 479t
Risser grades of, 482, 482f, 484, 489
in spinal muscular atrophy, 230
SRS classification of, 477, 478t–479t
thoracolumbar. See Scoliosis;

Thoracolumbar spine
treatment decision factors, 480, 480f

dermatomes of, in back pain
assessment, 510–511, 512f

discs of. See Intervertebral disc(s)
dysraphism of, 494–495, 497
formation and development of, 46,

47f–50f, 48–50
growth velocity of, puberty and

maturity relation to, 480, 480f
curve progression and, 480, 482, 482f,

489t
hematogenous osteomyelitis of, 133
immobilization of, for disc space

infection, 141
infections of. See Disc space infection
lumbar. See Lumbar spine
mycobacterial arthritis involvement,

178
osteoarthritis in, 155–156, 157f–159f, 

158
pain in. See Back pain
Risser sign for maturity of, 482, 482f,

484, 489, 490f
sacral, 49, 51, 53f
spondyloarthropathies of. See

Spondyloarthropathy(ies)
thoracic. See Thoracic spine
thoracolumbar disorders. See

Thoracolumbar spine
Spiral cord, in Dupuytren’s disease, 427
Spiral fracture, 90f
Splints and splinting

for arthrogryposis multiplex congenita,
401

for carpal tunnel syndrome, 419
for cervical disc disease, 334
for clubfoot, 661
for DeQuervain’s syndrome, 426
for epicondylitis, 413–414, 413f
for fractures, 95–96

application techniques, 100–103,
101f–102f

rehabilitation following, 117–118
for hallux valgus, 673
for hand deformities, in cerebral palsy,

221
for intersection syndrome, 412

for juvenile idiopathic arthritis, 175
for metatarsus adductus, 658
for nerve entrapment syndromes, in

elbow and forearm, 403–406
for osteogenesis imperfecta, 253
for rheumatoid arthritis, 164–165, 165f

of hand and wrist, 434
for scapho-trapezial-trapezoidal

arthritis, 425
for stenosing tenosynovitis, 435
for swan neck deformity, 436
for systemic lupus erythematosus, 168

Split Russel traction, for hip septic
arthritis, 146

Spondyloarthropathy(ies), 168–171
ankylosing spondylitis, 168–170, 169f
in cervical disc disease, 328–329, 330f,

336f–337
clinical hallmarks of, 168
disorders included in, 168
extra-articular manifestations of, 168,

170–171
control of, 171

inflammation control for, 171
inflammatory, 158, 159f

control of, 171
inflammatory bowel disease arthritis,

168, 170
management principles for, 171
osteoarthritis vs., 158, 159f
psoriatic arthritis, 168, 170–171
reactive arthritis, 168, 170, 178
synovium characteristics, 152–153, 153t,

168
undifferentiated, 168, 171

Spondyloepiphyseal dysplasia congenita,
500

Spondylolisthesis, 158
in adults

degenerative, 502, 514
treatment of, 508–509

in children, 500–509
classification of, 501, 501t
degenerative, 504
genetics of, 502
lumbar slip grades in, 502–504,

503f–504f
measurement methods for, 504,

506f–507f
trapezoidal deformation and, 504,

505f
pathoanatomy of, 500–501
physical examination for, 502
progression of, risk factors for, 508,

508t
radiography of, 503–504, 503f–505f

importance of standing, 504, 506f
scoliosis with, 502
treatment of, 507–508

type I, 504, 504f, 508
type II, 504, 505f, 508
type III, 502, 508

Spondylolysis
in children, 500–504

spondylolisthesis with, 502–503
treatment of, 507–509

isthmic, 502–503
Spondyloptosis, 504
Spondylosis deformans, 157f, 158
Sporothrix schenckii, in septic arthritis, 181
Sporotrichosis, septic arthritis from, 181

Sports. See Athletes
Sprain(s)

acromioclavicular joint, 348
ankle, 696

Spurling’s sign, 329
SSc. See Systemic sclerosis (SSc)
Stability

of acromioclavicular joint, 347
atlantoaxial, in rheumatoid arthritis,

339–342, 340f
C1-C2 arthrodesis for, 342–343, 342f

disorders affecting. See specific anatomy
fibrous tissue role, 19, 22, 67
fracture healing and, 60–63, 60f–62f

with internal fixation, 117
intervertebral disc role, 32
menisci role in, 24, 589

tears impact on, 599–600, 600f
muscle role, 37
in slipped capital femoral epiphysis

classification, 472
static shoulder anatomy and, 387, 393,

394, 395f
Stabilization

definitive. See Immobilization
external, for hip dysplasia, congenital,

449–450, 449f
for fractures

initial, 96, 105, 107
risks of, 94–95

of glenohumeral joint instability
conservative, 391, 393
surgical, 394, 395f

of pes planus, in adults, 688
rigid mechanical. See Fixation

Stains and staining
of clostrial myonecrosis, 431
for septic arthritis, 144–147, 177
of synovial fluid

for infectious diseases, 144–147
for rheumatoid diseases, 152–153

Stance phase, of gait cycle, 81, 82f
Standing protocols, for myelodysplasia

deformities, 228
Stanmore prostheses, for total hip

arthroplasty, 570f
Staphylococcus aureus

in disc space infections, 140
in foot puncture wounds, 142
in hand and wrist infections, 428–379
in hematogenous osteomyelitis

acute, 126, 129, 132, 133
subacute, 138

methicillin-resistant, 129–132, 142, 407,
430

in olecranon bursitis, 407
in septic arthritis, 143, 145, 147, 176
in septic knee arthroplasty, 626

Staphylococcus epidermidis
in septic arthritis, 176
in septic knee arthroplasty, 626
in subacute hematogenous

osteomyelitis, 138
Startle reflex, in birth palsy, 346
Static examination, of neuromuscular

disorders, 84, 84t
Stellate ganglion blockade, for reflex

sympathetic dystrophy, 420
Stem cell transplantation, mesenchymal,

for osteogenesis imperfecta,
253
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Stenosing tenosynovitis, 427, 435
Stereophotogrammetric principles, in gait

analysis, 75
Sternoclavicular joint, menisci of, 24
Sternocleidomastoid muscle, in congenital

muscular torticollis, 324–325
Sternum, formation and development of,

50, 51f–52f
Steroid crystals, in synovial fluid, 152
Steroid hormones, sex, bone resorption

and, 16, 200
Steroid-induced osteonecrosis, of knee,

609
Steroid phonophoresis

for carpal tunnel syndrome, 419
for lateral epicondylitis, 413

Steroids, therapeutic. See Corticosteroids
Steroid use/abuse, avascular necrosis of

hip and, 533
Stiff-kneed gait, in cerebral palsy, 219
Stiff neck, 326–327

in rheumatoid arthritis, 337, 339
Stiffness

of bone, 88
with fracture healing, 62, 103, 107, 117
mineralization and, 13, 15
zones of increasing, 24

with fibromyalgia, 192
with frozen shoulder, 383–384,

384f–385f
juvenile idiopathic arthritis association,

172, 175
with knee articular cartilage lesions, 610
with osteoarthritis, 154–155, 160

of knee, 617, 624
with rheumatoid arthritis, 162–163

of elbow, 409–410
management of, 164–165

with rotator cuff disorders, 369
with shoulder disorders, 348, 352,

359–360, 363, 365
with systemic lupus erythematosus, 166
of tendons, with injuries, 67

Still’s disease, 173
Straight-leg raising test

for back pain, 497, 510, 511f, 512
for spondylolisthesis, 502

Strength. See Compressive strength;
Tensile strength; specific
anatomy

Strength training
for ankle sprains, 697
for chondromalacia patellae, 616
for fracture rehabilitation, 118
for glenohumeral joint instability, 393
for knee cartilage lesions, 610
for knee ligament injuries, 604–606
for lateral epicondylitis, 413
for osteoarthritis, 160
for osteoporosis, 208
for recurrent patella instability, 583–584
for rheumatoid arthritis of shoulder, 362
for rotator cuff disease, 378

Streptococcus infection, group B
in hematogenous osteomyelitis, 126, 132
in septic arthritis, 143
in transient synovitis, 466

Stress, in chondromalacia patellae, 615
Stress fracture, 90–91, 94f

heel pain with, 700
as resembling neoplasm, 271

with systemic lupus erythematosus, 167
Stress shielding, in total hip arthroplasty,

552–553, 568–569
Stress test, posterior, for glenohumeral

joint instability, 390
Stretching exercises

Achilles tendon, for pes planus, 645
for arthrogryposis multiplex congenita,

401
for calcaneal valgus, 651
for fibromyalgia, 194–195
for frozen shoulder, 385, 386f
for idiopathic toe-walking, 662
for lateral epicondylitis, 413
progressive of knee, for arthrogryposis,

238
for torticollis, 325

Stretch receptors, in fibrous tissue, 24
Striated muscle, cell structure of, 38, 40f
STT (scapho-trapezial-trapezoidal)

arthritis, 425–426, 425f
Suave-Kapandji procedure, for

rheumatoid hands and wrists,
434

Subchondral bone
articular cartilage association, 27

tissue healing and, 63–64
destruction of, with septic arthritis,

176–177
drilling of, for chondromalacia patellae,

616
in osteochondritis dissecans, in

children, 581–582
sclerosis of, 155

Subchondral cysts, in glenohumeral joint
degeneration, 351, 354, 354f,
356f

Subintima, of synovium, 26
Subluxation deformities

with ankle instability, 696–698, 698f
atlantoaxial

in juvenile rheumatoid arthritis,
338–339

in rheumatoid arthritis, 339–342
C1-C2 rotatory displacement, of

childhood, 325–326, 326f
of glenohumeral joint, in birth palsy, 347
in hallux valgus, 673, 673f, 675, 679f
of hip

in cerebral palsy, 216–217
congenital, 237, 443–452, 445f–452f,

576
adult dysplasia with, 531, 533

in congenital dysplasia, 444–449, 446f
in hereditary motor sensory

neuropathies, 236
in multiple epiphyseal dysplasia,

256–257
in myelodysplasia, 226
in spinal muscular atrophy, 230

of knee
congenital, 575–576, 576f
recurrent patellar, 583–584, 584f

with lesser metatarsophalangeal joint
disorders, 684–685, 684f, 686f

with rheumatoid arthritis, 163–164
with systemic lupus erythematosus,

166–167
Subscapularis musculotendinous unit

in rotator cuff disease, 368, 371, 375f
rotator interval of, 379

Substance P, 161
Subtalar joint

arthrodesis of
in cerebral palsy, 221
for congenital vertical talus, 651
in myelodysplasia, 228

biomechanics of, in tarsal coalition, 644,
649, 651

degeneration of, in hindfoot arthrosis,
694

arthrodesis for, 694–695, 696f
triple, 695, 697f

release of circumferential, for clubfoot,
227

Sudden death, from cord compression, in
cervical rheumatoid arthritis,
342

Sudeck’s atrophy, 420
Sugar tong splint, 100–101
Sulcus sign, with glenohumeral joint

instability, 389–390, 390f
Sulfasalazine

for rheumatoid arthritis, 165, 165f
for spondyloarthropathies, 171

Sulfinpyrazone, for gout, 184–185
Sunlight, bone development and, 201
Superficial palpation test, for back pain,

511f
Superficial (gliding) zone, of articular

cartilage, 26–27, 27f
Supination, of foot, 633, 634f
Supramalleolar osteotomy, for pediatric

foot torsion, 667
Suprascapular nerve, impingement of, in

rotator cuff disease, 368–369,
369f, 371f, 376f–377f

Supraspinatus musculotendinous unit
in rotator cuff disease, 368–369, 369f,

371–372
rotator interval of, 379

Surface landmarks, around hip joint, 520,
520f

Surgical drainage. See also Debridement
of gonococcal arthritis, 147, 177
of hematogenous osteomyelitis abscess,

129–130, 133, 138
of septic arthritis, 144–147, 432
of septic flexor tenosynovitis, 429

Surgical excision
of calcaneonavicular bar, for tarsal

coalition, 649–650
for congenital pseudarthrosis of tibia,

580
for congenital spinal deformity, 495f,

496
of giant cell tumors, in hand and wrist,

437
of osteochondritis dissecans, in

pediatric knee, 582
of patellar osteochondritis dissecans,

613
of rheumatoid Baker’s cyst, 165

Surgical interventions
for acromioclavicular joint pain,

349–350, 352f–353f
for arthrogryposis, 237–238
for back pain

in adults, 513–515
in children, 500

for biceps lesions, 382–383
for birth palsy, 347
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for boutonnière deformity, 418
for carpal tunnel syndrome, 419
for cerebral palsy deformities

of foot, 219–221
hip dysplasia, 216–218
of lower extremity, 219
of spine, 213–214, 215f
of upper extremity, 221–223, 222f

for cervical disc disease, 334–335,
335f–337f

for chondromalacia patellae, 616, 617f
for clubfoot, 661
for congenital spinal deformity,

496–497, 497f
for congenital vertical talus, 651
in Duchenne muscular dystrophy,

231–232
for elbow degenerative arthritis, 407,

408f, 409
for epicondylitis, 413–414
for excessive lateral patellar

compression syndrome, 614
for Freiberg infarction, 654
for Friedreich ataxia, 231
for glenohumeral joint degeneration,

355–357, 357f
for glenohumeral joint instability, 394,

395f
for hallux valgus, 673–677, 676f–679f
for heel pain, 700
for hereditary motor sensory

neuropathies, 235–236
for hereditary multiple exostoses, 263
for hindfoot arthrosis, 694–695,

696f–697f
for hip avascular necrosis, 535
for hip dysplasia, 528–530, 529f–530f
for humeral head osteonecrosis,

359–360, 361f
for idiopathic scoliosis, 484, 486, 486f,

491, 492f–493f
for juvenile idiopathic arthritis, 175
for knee cartilage lesions, 611–613,

611f–612f
for knee ligament injury

anterior cruciate, 602–603, 602f
posterior cruciate, 604, 604f
posterolateral, 607–608, 608f

for Legg-Calvé-Perthes disease,
462–465, 464f–465f

for lesser metatarsophalangeal joint
disorders, 685–686, 686f

for lesser toe deformities, 682–683, 683f
for metatarsus adductus, 658
for myelodysplasia deformities

of foot, 227–228
of hip, 225–226
of spine, 224–225

for neoplasms. See specific tumor
for nerve compression. See

Decompression surgery
for nontuberculous mycobacterial

arthritis, 178
for osteoarthritis, of knee, 618, 619f,

620–621
for pediatric foot torsion, 666–667
for pes cavus, in adults, 693, 693f
for pes planus, in adults, 688, 692
for rheumatoid arthritis, 165–166

of hands and wrists, 434–435
of shoulder, 363, 364f

for rotator cuff disease, 378–379,
379f–380f

for spinal muscular atrophy, 230
for spinal stenosis, 515
for systemic lupus erythematosus, 168
for systemic sclerosis manifestations,

191
for tarsal coalition, 649–650
for torticollis, 325

Swan-neck deformity, 164, 166, 436, 436f
in cerebral palsy, 221, 223
postoperative, 335

Swanson implants, for rheumatoid hands
and wrists, 434–435

Swelling
with Charcot arthropathy, 228
with foot puncture wound infections,

142
with fractures, 101–102, 101f

acute interstitial, 98
with gout, 183–184
with hematogenous osteomyelitis, 129
with juvenile idiopathic arthritis, 172,

174
with knee ligament injuries, 597
with rheumatoid arthritis, 163

management of, 164–165
with rotator cuff-tear arthropathy, 365
with septic arthritis, 144, 176, 179, 432
with systemic lupus erythematosus,

166–167
with systemic sclerosis, 187–188

Swing phase, of gait cycle, 81, 82f
Syme’s amputation

for congenital fibular hemimelia, 580
for congenital pseudarthrosis of tibia,

580
Sympathectomy(ies), for Raynaud’s

phenomenon, 191
peripheral arterial, 439

Synaptic space, in neuromuscular
junctions, 40

Synarthroses joints, formation and
development of, 45–46

Synchondrosis, of tarsals, 646–647
Syndactyly, 422, 423f

anomalies associated with, 420, 423
Syndesmophytes, 158, 159f

with ankylosing spondylitis, 169f, 170
Syndesmosis, of tarsals, 646–647
Synostosis, 646
Synovectomy

for juvenile idiopathic arthritis, 175
for lesser metatarsophalangeal joint

disorders, 684
for rheumatoid arthritis

of elbow, 410
in hands and wrist, 434
of shoulder, 363

Synovial chondromatosis, 304
Synovial fluid

analysis of
for juvenile idiopathic arthritis, 172
normal laboratory values, 152
for rheumatoid disease, 152
for septic arthritis, 143–144

white blood cell count, 143–147
culture of

for rheumatoid diseases, 152–153, 
183

for septic arthritis, 144, 180–181

normal characteristics of, 152
in rheumatoid diseases. See also specific

disease
crystal examination, 152–153, 153t
of elbow, 409

in rotator cuff-tear arthropathy, 365
white blood cell count

with inflammatory diseases, 143–145,
153t

normal, 152
Synovial joints

acromioclavicular joint as, 347
cervical, in juvenile rheumatoid

arthritis, 337
formation and development of, 45–46
menisci associations, 24, 289
soft tissue injuries, cartilage healing

with, 64
Synovial membrane

biopsy of
for juvenile idiopathic arthritis, 175
for rheumatoid diseases, 153
for septic arthritis, 181

blood supply, 26
cell types, 25–26
cysts of, in forefoot, 687
disruption of, with articular cartilage

injuries, 63–64
in hip embryology, 521
hypertrophy of, in rheumatoid hip,

535–536
joint capsule role, 22, 25
joint formation and, 21, 46
normal characteristics of, 152
structure of, 25–26

intima, 25–26
subintima, 26

thickening of, in hallux rigidus, 679,
680f

Synovial sarcoma, 315
Synovitis. See also Tenosynovitis

axial “root” joint, 168
in knee osteoarthritis, 616, 618
nonspecific, of lesser

metatarsophalangeal joint
disorders, 683–684

pigmented villonodular, 153, 303–304
radiographic features of, 303, 304f

in rheumatoid arthritis, of hands and
wrist, 434

in slipped capital femoral epiphysis,
469

toxic, Legg-Calvé-Perthes disease
association, 452–453

transient, in pediatric hip, 465–466, 466f
Synovium. See Synovial membrane
Syphilis, in septic arthritis, 178–179
Systemic arthritis, with juvenile idiopathic

arthritis, 173
Systemic lupus erythematosus (SLE),

166–168
clinical features of, 166–167
laboratory features of, 167
management of, 167–168
pathologic features of, 167
radiologic features of, 167
synovium characteristics, 152–153, 153t,

167, 188
Systemic sclerosis (SSc), 186–191

classification of, 186, 187t
disease variation by, 189
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Systemic sclerosis (SSc) (continued)
clinical presentations of, 186–189

cardiac, 188
by disease classification, 189
gastrointestinal, 188
miscellaneous, 188–189
musculoskeletal, 187–188
pulmonary, 188
renal, 188
skin, 187–188
vascular, 186–187

diagnostic evaluation of, 189–190, 189t
localized scleroderma vs., 186, 187t
pathogenesis of, 186
synovium characteristics, 152–153, 153t
treatment of, 190–191

surgery in, 191

Tai Chi
for fibromyalgia, 194
for osteoporosis, 208

Talectomy, for clubfoot, 227, 238
Talipes equinovarus. See Clubfoot
Talocalcaneal angle

in clubfoot deformity, 660, 660f
in pes planus

in adults, 687–688, 689f
in children, 640, 646f

Talocalcaneal coalition. See also Calcaneal
navicular coalition

pes planus and, 640, 642, 644f–645f
Talonavicular joint

arthrosis of, 694
triple arthrodesis for, 695, 697f

dislocation of, in pes planus
in adults, 688, 689f
congenital, 650–651

Talus
in clubfoot deformity, 658–660,

659f–660f
fracture of, pes planus with, 690, 691f,

692
malalignment of, in pes planus, 640,

642, 646f
vertical, congenital, 650–651

in myelodysplasia, 227
pes planus in, 640, 641f–642f

Talus first metatarsal angle
in clubfoot, 660, 660f
in pes planus, 640, 646f

Tanner scale, of secondary sex
characteristics, 480

Taperloc prostheses, for total hip
arthroplasty, 553

Tarsal coalition
in adults, pes planus and, 688–689, 690f
in children, 645–650

with congenital fibular hemimelia, 580
etiology of, 647, 647f
imaging of, 644f, 648–649
incidence of, 647
management of, 649–650
natural history of, 647
pathoanatomy of, 645–646
pes planus in, 640, 642, 644f–645f
physical examination of, 648,

648f–649f
Tarsals

ossification of, 51, 53f–54f, 647, 652–653
osteochondrosis of, in children,

652–653, 653f

Tarsal tunnel syndrome, 701
TAR syndrome, 421
Tear injuries

of dense fibrous tissue, 65, 67–68, 68f
of meniscus, 69
of muscle, as resembling neoplasm, 281,

283
of rotator cuff. See Rotator cuff-tear

arthropathy (RCTA)
Technetium-99m (99mTc) bone scan

of acromioclavicular joint degeneration,
348–349

of hematogenous osteomyelitis,
128–129, 133, 134f, 135

of hip disorders, 537
of hyperparathyroidism, 204–205
of Legg-Calvé-Perthes disease, 454
of neoplasms, 270, 289, 317
of pelvic septic arthritis, 147
of septic knee arthroplasty, 627

Teenagers. See Adolescents
Teflon prostheses, for total hip

arthroplasty, 540, 540f
Telangiectasia, in systemic sclerosis, 186,

187t, 189
Telemetry systems, for electromyography,

in gait analysis, 80
Tenascin, in connective tissue, 9
Tender points, with fibromyalgia,

192–193, 192f–193f
Tendinosis, of Achilles tendon, 699–700,

699f
Tendoachilles muscle. See Achilles tendon
Tendon(s). See also specific tendon

allografts of, for ankle instability, 699
autografts of

for anterior cruciate ligament
reconstruction, 602–603, 602f,
607

for knee cartilage lesions, 607,
611–612, 611f–612f

for posterior cruciate ligament
reconstruction, 604, 604f

blood supply, 24
composition of, 22–23

cell, 22
matrix, 22–23

friction rubs of, in systemic sclerosis,
188–189

insertions into bone
direct, 23–24, 23f
indirect, 23f, 24
injury recovery in, 67, 68f

lengthening of, for cerebral palsy
contractures, 217–223

nerve supply of, 24
periosteal attachment of, 18, 23–24
reconstruction of, for rheumatoid hands

and wrists, 434
release of

for biceps lesions, 382–383
for intersection syndrome, 412
for myelodysplasia deformities,

227–228
repair vs., for epicondylitis, 413–414

rheumatoid arthritis and, 163–165
in rotator cuff, 367–369, 368f–369f
structure of, 20–21, 21f

muscle-tendon junctions, 21
peritendonous structures, 21
substance, 20–21

systemic lupus erythematosus and, 167
tissue healing in, 67, 68f

failure of, 69
transfers of

for arthrogryposis multiplex
congenita, 401–402

for birth palsy, 347
for cerebral palsy deformities, 213,

217, 219–221
for hand and wrist palsies, 433–434
for hereditary motor sensory

neuropathies, 235
in lesser toe deformities, 683
for myelodysplasia deformities, 226,

227–228
for radial club hand, 421
for recurrent patella instability, 584
for rotator cuff disease, 379, 379f

Tendonopathies, of elbow and forearm,
410–414

intersection syndrome, 410, 412
lateral epicondylitis, 412–413, 413f
medial epicondylitis, 414

Tendon sheath, giant cell tumor of, 302
in digits, 437

Tendon substance
injury recovery in, 67, 68f
structure of, 20–21

Tennis elbow, 412–413, 413f
Tennis shoes, P. aeruginosa in, 142

puncture wound infections and,
142–143

Tenodesis, for biceps lesions, 383
Tenosynovectomy, extensor, for

rheumatoid hands and wrists,
434

Tenosynovitis
of posterior tibialis tendon, 689
with rheumatoid arthritis, 163
septic flexor, 429
stenosing, 427, 435
with systemic lupus erythematosus, 167

TENS. See Transcutaneous electrical nerve
stimulation (TENS)

Tensile strength
of bone, 88
of fibrous tissues, 19
of hyaline cartilage, 30
of intervertebral disc, 35
of menisci, 24–25, 590
musculoskeletal system design for, 55

Tensile stress, chronic, at inferior patella
pole-superior patellar
ligament junction, 583

Tension
in excessive lateral patellar compression

syndrome, 614
fracture patterns with, 88, 92
in knee ligament injuries, 600–601, 603,

605, 607
Tension signs, of neural irritability,

510–511, 515
Teratogens, environmental, 247
Territorial matrix, in articular cartilage, 28
Tertiary hyperparathyroidism,

osteoporosis vs., 204–205
Tertiary syphilis, septic arthritis from, 

179
Testosterone, bone turnover and, 16
Tetracycline, for spondyloarthropathies,

171
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TFCC (triangular fibrocartilage complex)
in ulnar impaction syndrome, 426
of wrist, chondrocalcinosis in, 424, 424f

THA. See Total hip arthroplasty (THA)
Thanatophoric dysplasia, 259
Thermal capsulorrhaphy, for

glenohumeral instability, 394
Thermography, for reflex sympathetic

dystrophy, 420
Thigh-foot angle, in genu varum, 577–578,

577f
Thigh-foot axis, in pediatric foot torsion,

663
Third generation cement technique, 552
Thomas test, for hip pain, 527
Thompson classifications, Salter and, Legg-

Calvé-Perthes disease, 456–457,
457f–458f, 462–463, 463f

Thoracic outlet syndrome, cervical disc
disease vs., 329, 329t

Thoracic spine
curve of, in adolescent idiopathic

scoliosis, 486, 488f, 489–491
evaluating for dysplasias, 248
formation and development of, 49–50,

49f–50f
kyphosis of, Scheuermann, 498–500,

499f, 501f
osteoarthritis of, 155
spondyloarthropathy involvement,

168–170, 169f
Thoracolumbar spine, 477–517

back pain and, 497–515. See also Back
pain

in adults, 509–515
in children, 497–509

curve of, in adolescent idiopathic
scoliosis, 486, 488f

deformities of, 477–491. See also specific
deformity

congenital, 492, 494–497, 494f–496f
general considerations, 477, 479–480,

480f–481f, 482
related terms for, 477, 478t
scoliosis as, 482–491
SRS classification of, 477, 478t

Thoracolumbosacral spinal orthosis (TLSO)
for scoliosis, 231–232, 486f, 491, 492f
for spondylolisthesis, 507

Thorax, asymmetry of, with spine
deformities, 480, 481f

THR (total hip replacement). See Total hip
arthroplasty (THA)

Thromboangiitis obliterans, 439
Thromboemboli, venous, as fracture

complication, 94–95, 98, 104
Thumb

deformities of
with cerebral palsy, 221–223, 221f
in hereditary motor sensory

neuropathies, 236, 236f
flexion mechanics of, 21
hypoplasia of

congenital, 421, 422f
in radial club hand, 421

median nerve palsy and, 433
muscles of, in intersection syndrome,

410, 412
Thumb base, degenerative arthritis of,

425–426, 425f
Thumb sign, in Marfan’s syndrome, 254

Thumb-spica casting, indications for,
425–426

Thumb-to-forearm hyperextension test,
for glenohumeral joint
instability, 389, 389f

Thyroid carcinoma, metastatic bone
disease from, 316, 317f, 438

Thyroid disorders, osteoporosis vs.,
203–205

parathyroid hormone and, 207–208
Thyroid gland, fibrosis of, with systemic

sclerosis, 188–189
Thyroid hormone, bone turnover and, 16
Tibia

in achondroplasia, 260
Blount’s disease of, 578–579, 578f–579f
bone-patellar tendon-bone graft to, in

anterior cruciate ligament
reconstruction, 602f, 603

camptomelic dysplasia of, 251
chronic multifocal osteomyelitis of, 139
in congenital fibular hemimelia, 580
in congenital leg deformities

genu varum, 577–578, 577f, 579f
knee dislocation, 576, 576f
patella dislocation, 576, 577f

deficiency of, 249–250, 250f
in fibular deficiency, 250–251, 251f
fractures of

in children, 585–586, 586f
internal fixation for, 109f
intramedullary nailing for, 114, 114f
in myelodysplasia, 229
treatment of, 115–116

hematogenous osteomyelitis of, 136f
lateral torsion of, pediatric foot and,

663, 665f–666f, 667
medial antetorsion of, pediatric foot

and, 663, 665f–666f, 666
metaphysis fractures of, in children, 585
ossification of, 51, 53f–54f
posteromedial bowing of, congenital,

579, 579f
proximal osteotomy of

for knee osteoarthritis, 618, 619f, 620
for knee osteonecrosis, 609

proximal physis fractures of, in
children, 585

pseudarthrosis of, congenital, 579–580,
580f

rotation of, knee ligament resistance in,
600–601

in total knee arthroplasty, 623, 623f, 624
Tibial eminence, fractures of, in children,

584–586, 586f
Tibial external rotation test, for knee

ligament injuries, 598, 599f
Tibialis tendon, in foot deformities, with

cerebral palsy, 219–221
Tibial tubercle

fractures of, in children, 585, 586f
ossification of, in Osgood-Schlatter

disease, 582–583, 582f
osteotomy of

oblique, for chondromalacia patellae,
616, 617f

in total knee arthroplasty, 624
rotational realignment of, for recurrent

patella instability, 584
transfer of, chondromalacia patellae

and, 615–616, 623f

Tibia vara, 578–579, 578f–579f
Tibio-femoral angle

in genu varum, 577–578, 577f
in total knee arthroplasty, 623–624, 623f

Ticks, arthritis from, 179–180
Tinel’s sign

in carpal tunnel syndrome, 419
in nerve entrapment syndromes, of

elbow and forearm, 403–404
Tissue engineering, 245
Tissue healing, 57–72

with blunt trauma
to articular cartilage, 63–64

with disruption, 64–65, 66f
without disruption, 64

in dense fibrous tissue, 65, 67
in muscles, 69–77, 70t

in bones, 58–63, 58f–63f
in dense fibrous tissue, 65, 67–68, 68f
with fractures, 98
in joint capsules, 68–69
in ligaments, 68–69
process of, 57–58, 71–72
in skeletal muscle, 69–71, 70t

Titanium prostheses
for total hip arthroplasty, 542, 542f,

547–548, 547f
coated, 552, 554
complications of, 563f, 565f, 566
revision, 569
tapered, 553

for total knee arthroplasty, 622
TLSO (thoracolumbosacral spinal

orthosis)
for scoliosis, 231–232, 486f, 491, 492f
for spondylolisthesis, 507

TMJ involvement, with juvenile
idiopathic arthritis, 173–174

TNF-� inhibitors. See Tumor necrosis
factor (TNF)-� inhibitors

Toe(s). See also specific joints
clawing of, with pes cavus, 692, 692f
lesser, adult disorders of, 681–683, 683f
“sausage,” in rheumatic diseases, 168,

169f, 170–171
“too many,” in pes planus, 687, 688f

Toe-walking, idiopathic, in children,
661–662, 662f

“Too many toes,” in pes planus, 687, 688f
Tophi, in gout, 183–184
Topical therapies. See Rubefacients
Torg ratio, of spinal canal width, 331
Torsion

fracture patterns with, 88, 89f, 92
in pediatric foot, 662–667

causes of, 663
clinical examination of, 663–666, 665f
natural history of, 666
normal rotation profile vs., 663, 664f

of tibia, in genu varum, 577–578, 577f
Torticollis

congenital hip dysplasia association,
444

of neck, 323–326
congenital muscular, 324–325, 324t
rotational deformity association,

323–324, 324f
rotatory subluxation of childhood,

325–326, 326f
spasmodic, 326, 327f
with stiff neck, 327
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Torus fractures, 89
Total elbow arthroplasty

for degenerative arthritis, 407, 408f, 409
for rheumatoid arthritis, 410, 411f

Total hip arthroplasty (THA), 539–554
anatomical landmarks for, 520–521

acetabular, 521, 522f
femoral, 521
gluteal muscles, 520–521, 522f
surface, 520, 520f

for avascular necrosis, 535
bone loss and resorption with, 541, 543,

562, 567, 569f
cemented

components of, 544–545
femoral stems, 550–552
origin of, 540–541, 540f
prosthesis for, 539–541, 539f–541f

cementing technique, 551–552
first generation, 545, 547, 552
second generation, 545, 552
third generation, 552

cementless
components of, 545–548, 546f–547f
cost savings with, 544
for dysplasia, 532–533
femoral stems, 552–553
principles of, 547–548
prosthesis for, 541–543, 542f

complications and failure of, 554–565
death, 554–555
dislocation, 556, 557f, 558
heterotopic ossification, 558, 559f
infection, 558–559
leg length inequality, 555–556
nerve palsy, 555
osteolysis, 561–564, 562f–564f
periprosthetic fractures, 559–561,

560f–561f
prosthesis-related mechanisms, 541,

543, 545, 546f, 548, 554
revision for, 556, 558–559, 565–571
wear, 561–564, 562f–564f

mechanism vs. mode, 562
cost of primary, 543–544, 549
for dysplasia, 531–533, 531f–532f
hemophilia and, 537
for hip dysplasia

in cerebral palsy, 217
in pseudochondroplasia, 259

history of, 539–541, 539f–540f
leg length discrepancy and, 533, 534f,

542, 555–556
micro implants for, 533, 542, 545–546,

546f
minimal incision for, 544, 554
pre-Charnley, 539–540, 539f
primary, outcome measurements of, 544

joint-specific instruments for, 544
prostheses for

alternate bearing surfaces, 548
cemented, 539–541, 539f–541f
cemented femoral stems, 550–552

Charnley type, 550–551
surface finish of, 551
technique, 551–552

cementless, 545–548, 546f–547f
principles of, 547–548

cementless femoral stems, 552–553
with circumferential porous

coating, 552

with extensively coated stems,
552–553

with proximally coated stems, 553
ceramic on ceramic, 549
ceramic on polyethylene, 548–549
cost-benefit analysis of, 544
historical, 539–541, 540f–541f
hybrid, 545
hydroxyapatite coatings of, 553–554
metal on cross-linked polyethylene,

549–550
metal on metal, 549
in minimally invasive technique, 554
modern, 541–543, 542f
in surface replacement, 554
tapered femoral stems, 553

revision, 565–571
acetabular component requirements,

566–567, 567f–568f
allograft role, 566, 567f–568f, 571
bony defect assessment for, 566
components needing, 565–566, 565f
for dislocations, 556, 558
femoral component requirements,

567–569, 569f
fixation method for, 570–571
for infection, 558–559
reasons for, 565
surgical approach for, 569–570, 570f
tumor prothesis for, 571

for rheumatoid arthritis, 536–537
Smith-Peterson Vitallium mold,

539–540, 539f
surface, 554
surgical approaches to, 522–525

anterior, 522–523
antero-lateral, 523–524
direct lateral, 520–521, 524–525, 525f
posterior, 525, 526f
for revision, 569–570, 570f
single- or double-incision, 544, 554

Total joint replacement
of ankle, for arthrosis, 693–694, 695f
of elbow

for degenerative arthritis, 407, 408f,
409

for rheumatoid arthritis, 410, 411f
of hip. See Total hip arthroplasty (THA)
for juvenile idiopathic arthritis, 175
of knee. See Total knee arthroplasty (TKA)
of shoulder. See Total shoulder

arthroplasty
of wrist, for rheumatoid arthritis, 434

Total knee arthroplasty (TKA), 621–626
alignment with, 622–623, 623f
cemented, 622, 625
cementless, 622, 625
closure importance, 625
complications of, 623, 626
components for

materials, 622, 622f
size importance, 622

computer navigation for, 625
constraint and, 621
deformity balancing and, 624
evolution of types of, 621
exposure techniques for, 623–624

with stiff knee, 624
fixation methods for, 622
gap balancing and, 624
hemostasis with, 625

minimal incisions for, 624
for osteoarthritis, 620–621
for osteonecrosis, 609
postoperative rehabilitation for, 625
revision, 626–629

for infection, 626–628
amputation, 628
antibiotic suppression for, 628
arthrodesis, 628
aspiration of, 628
causes of, 626
clinical presentation of, 626–627
debridement with prosthetic

retention, 628
laboratory tests for, 626–627, 629f
management algorithm for, 628, 629f
microbiology of, 626
radiography of, 627
radionuclide imaging of, 627
reimplantation, 628

Total parenteral nutrition, for systemic
sclerosis, 191

Total protein, bone development and, 200
Total shoulder arthroplasty

for birth palsy, 347
for glenohumeral joint degeneration,

355–356, 357f–358f, 360
for humeral head osteonecrosis, 360
for rheumatoid arthritis, 363

Total wrist replacement, for rheumatoid
hands and wrists, 434

Toxic synovitis, Legg-Calvé-Perthes
disease association, 452–453

Trabecular bone
biomechanics of, 88
blood supply, 17f–18f
in rickets and osteomalacia, 205

Traction
Bryant, for congenital hip dysplasia,

450, 450f
for cervical disc disease, 334
for fractures

longitudinal, 95, 100, 100f
skeletal, 103–104, 104f

split Russel, for hip septic arthritis, 146
for transient synovitis, 466
“traveling,” 111

Transcription factors, genetic defects in,
251–252

Transcutaneous electrical nerve
stimulation (TENS)

for fibromyalgia, 194–195
for idiopathic scoliosis, 491
for osteoarthritis, 160
for reflex sympathetic dystrophy, 420

Transfer lesion, 685
Transforming growth factor �, bone

turnover and, 16
Transient synovitis, in pediatric hip,

465–466, 466f
Transition (middle) zone

in articular cartilage, 27, 27f
of intervertebral disc, 33, 35, 36

Translation/translatory shift
in knee, 601, 605–606
in lumbar vertebrae. See also

Spondylolisthesis
grades of, 502–504, 503f–504f, 506f

trapezoidal deformation and, 504,
505f

in scoliosis, 482, 489, 490f
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Transmalleolar axis, in pediatric foot
torsion, 663, 666f

Transplantations
bone marrow

for mucopolysaccharidoses, 263
for osteogenesis imperfecta, 253

meniscal, 594–595, 596f
mesenchymal stem cells, for

osteogenesis imperfecta, 253
tissue cell, for knee cartilage lesions,

611–612, 611f–612f
Transverse carpal ligament, transection of,

for carpal tunnel syndrome,
419

Transverse foramen, 50
Transverse fracture, 90f

with butterfly, 90f
Transverse tubules, in muscle cells, 38,

39f, 41f
Trapezium

deformation of, in spondylolisthesis,
504, 505f

removal of, for scapho-trapezial-
trapezoidal arthritis, 425–426

Trauma. See also specific anatomy or injury
blunt. See Blunt trauma
bone infection associations, 125, 176
hand and wrist palsies from, 433–434
neoplasms resembling, 284–285
penetrating. See Penetrating trauma
recovery from. See Tissue healing
repetitive. See Repetitive microtrauma
to soft tissue, in forefoot, 687

Traumatic fat necrosis, as resembling
neoplasm, 284

Traumatic fractures, 90, 92, 92f
Traumatic neuroma, as resembling

neoplasm, 284
“Traveling traction,” 111
Treatment planning, gait analysis in, 83
Trendelenburg gait, 231

in hip pain, 526–527, 530
in myelodysplasia, 226

Trendelenburg test, for developmental cox
vara, 467

Treponema pallidum, in septic arthritis,
178–179

Triangular fibrocartilage complex (TFCC)
in ulnar impaction syndrome, 426
of wrist, chondrocalcinosis in, 424, 424f

Triceps muscle, transfer of, for
arthrogryposis, 238

Tricyclic antidepressants, for
fibromyalgia, 195

Trigger finger, 427, 435
Triple diapers, for congenital hip

dysplasia, 449
Triradiate cartilage, in congenital hip

dysplasia, 447, 447f
Trochanteric osteotomy

flip, for surgical dislocation of hip, 539
for revision hip arthroplasty, 569–570,

570f
Trochanters

calcium pyrophosphate dihydrate
deposition disease in, 186

ossification of, 53f–54f
Tropocollagen, 5, 6f
Tuberculosis

arthritis with, 178
synovial fluid characteristics with, 153

Tumor necrosis factor (TNF)-� inhibitors
for rheumatoid arthritis, 165, 165f
septic arthritis risks with, 178
for spondyloarthropathies, 171
for systemic lupus erythematosus, 167

Tumor prosthesis, for revision hip
arthroplasty, 571

Tumors. See Neoplasms; specific anatomy
Tumor suppressor genes, genetic defects

in, 263
“Two-hit” theory, of carcinogenesis, 263
Two-stage exchange arthroplasty, for

septic knee arthroplasty, 628,
629f

Type A synovial cells, 25–26
Type B synovial cells, 25–26

Ulceration, neuropathic, in diabetic foot,
702–703

evaluation of, 702–703
pathophysiology of, 702
treatment of, 703

Ulcerative colitis, inflammatory arthritis
with, 168, 170–171

Ulna
carpus centralization on, for radial club

hand, 421
deviation of, in rheumatoid hands and

wrists, 434, 435f
fractures of, intramedullary nailing for,

116, 116f
in Keinbock’s disease, 432–433
in Madelung’s deformity, 421–422, 

422f
ossification of, 50, 51f–52f
shortening of, for ulnar impaction

syndrome, 426
Ulnar artery, reconstruction of, for

occlusive disease, 439, 439f
Ulnar impaction syndrome, 426
Ulnar nerve

anterior transposition of, for
decompression, 406–407, 406f

compression of, 405–407, 405f–406f
palsy of, 433–434

Ulnohumeral arthroplasty, for elbow
degenerative arthritis, 407

Ultrasonography
of birth palsy, 346
of carpal tunnel syndrome, 419
for fibromyalgia, 194
of hip dysplasia and dislocations,

congenital, 446, 451
in prenatal screening, 248
of rheumatoid cysts, 164
of rotator cuff disease, 372
of transient synovitis, in pediatric hip, 466

Uncovertebral joints, osteoarthritis in, 155,
158

Undifferentiated cells, in bone, 11
Unhappy triad of O’Donoghue, 596
Unicameral bone cysts, 276–277, 278f–279f
Unicompartmental knee arthroplasty, for

osteoarthritis, 620–621
Unilateral unsegmented bar, as congenital

deformity, 492, 494f, 495–496
Union

coalition as, 645–646
in fracture healing

clinical vs. radiographic, 62
failure of, 63, 63f, 97, 105

Unmineralized bone matrix, microscopic
features of, 10

Upper extremity. See also specific anatomy
birth palsy of, 345–347
deformities of

in arthrogryposis, 236–238, 240
in cerebral palsy, 221–223, 221f
in hereditary multiple exostoses, 263

formation and development of, 50,
51f–52f

fractures of
rehabilitation of, 117–118
treatment of. See specific bone or

technique
Urethritis, in Reiter’s syndrome, 170
Uric acid, in gout, 183–184, 423
Uricosuric drugs

for calcium pyrophosphate dihydrate
deposition disease, 185

for gout, 184–185
Urinary incontinence, back pain and,

509–510, 510t, 513
Urinary tract infections

as fracture complication, 95, 104
myelodysplasia risks for, 223

Urologic system
congenital spine deformities impact on,

492, 495
spondyloarthropathies and, 170

Uterine carcinoma, metastatic bone
disease from, 438

Uveitis, with juvenile idiopathic arthritis,
173–174

UV radiation, bone development and, 201

Vacuum sign, in degenerative discs, 156,
158, 158f

Valgus deformity
calcaneal

in children, 651–652, 651f–652f
pes planus and, 640, 642, 644f–646f

in congenital posteromedial bowing
of tibia, 579, 579f

with congenital vertical talus, 641f, 650
in metatarsus adductus, 656, 658
with pes planus, 633–635, 636f–637f
with tarsal coalition, 648, 648f

of foot, 633, 634f
in hereditary multiple exostoses, 263
of hindfoot

in cerebral palsy, 219, 221
with congenital fibular hemimelia,

580
in fibular deficiency, 250, 251f
in myelodysplasia, 227–228
with pes planus, 687, 688f, 689

of knee
in myelodysplasia, 226
in osteoarthritis, 155, 617, 620

total arthroplasty and, 621–624
with limb fixation, 116
with lower extremity contractures, 219
in Marfan’s syndrome, 255–256
recurrent, in tibia fractures in children,

585–586
in slipped capital femoral epiphysis,

468
Valgus osteotomy

for hip dysplasia, in cerebral palsy, 218
of proximal femur, for multiple

epiphyseal dysplasia, 257
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Valgus stress test, for knee ligament
injuries, 597, 605

Vancomycin, for acute hematogenous
osteomyelitis, 130–132, 131t

Vancouver classification, of periprosthetic
hip fractures, 559–560

Varus deformity. See also Equinovarus foot
deformity

calcaneal, in children, 633, 635f
in clubfoot, 658, 659f, 660
in excessive lateral patellar compression

syndrome, 614
of foot, 633, 634f
of forefoot, in children, 655
of heel, with pes cavus, 692, 692f
of hind foot

in achondroplasia, 260, 260f
in cerebral palsy, 219
in myelodysplasia, 227

of knee, in osteoarthritis, 155, 617
total arthroplasty and, 621–624

with limb fixation, 116
of metatarsus, 655
in metatarsus adductus, 656, 657f
in slipped capital femoral epiphysis, 468

Varus/derotation osteotomy of Axer, for
Legg-Calvé-Perthes disease,
463, 465f

Varus stress test, for knee ligament
injuries, 597, 606–607

Vascular gangrene, in diabetic foot, 702
Vascular injuries, with fractures, 89–90,

91f, 92–95
evaluation of, 97–98
treatment of, 96, 105

Vascular insufficiency
in diabetic foot, 703
in hand and wrist, 438–439, 439f
in Legg-Calvé-Perthes disease, 453,

453f–454f
Vascular occlusive disease, of hands and

digits, 439, 439f
Vascular system. See also Blood supply;

specific component
benign lesions of, 294–295, 295f,

298–300, 299f
medullary

in bone, 16–17, 17f–18f
in periosteum, 19

systemic sclerosis manifestations in,
186–187

Vascular tumors, malignant
of bone, 313
of soft tissue, 315–316

Vasomotor efferent receptors, in fibrous
tissue, 24

Vasospastic disorder. See also Raynaud’s
phenomenon (RP)

of digits, 439
Vastus medialis insufficiency, in recurrent

patella instability, 583–584
Vastus medialis obliqus (VMO), in

chondromalacia patellae, 616
VATER syndrome, 421, 492, 494
Vaughan-Jackson sign, 434
Vein(s), injuries with fractures, 93–95
Velocity, in gait analysis, 78, 79f
Venous stasis, fracture complications

with, 95, 98
Venous thromboembolism, as fracture

complication, 94–95, 98, 104

Vertebrae
anterior displacement of. See

Spondylolisthesis
canal narrowing of, 328, 331, 334
discs of. See Intervertebral disc(s)
diseases and deformities of. See Spine;

specific segment
formation and development of, 46,

47f–50f, 48–50
failure of, 492, 494–497, 494f–496f
sacral, 49, 51, 53f

fusion of. See Spinal fusion
ossification of, 46, 48–50, 48f–50f
stenosis of. See Spinal stenosis
wedging of

in Scheuermann kyphosis, 499–500,
501f

in spondylolisthesis, 504, 505f–507f
Vertebral artery

compression of, in cervical disc disease,
328–329

insufficiency of, in cervical rheumatoid
arthritis, 340

Vertebral body(ies)
congenital absence of, 492, 494f
fracture healing in, 62–63

Vertebral endplates, osteomyelitis of, 133,
140–142, 141f

Vertebra plana, in Langerhans cell
histiocytosis, 295, 297f

Vertebroplasty, for osteoporosis, 208
Vertical talus, congenital

in children, 650–651
pes planus in, 640, 641f–642f

in myelodysplasia, 227
Vibrometry, for carpal tunnel syndrome,

419
Video cameras

for functional analysis, with upper
extremity deformities, 221–222

for gait analysis, 74–75
motion measurement systems, 75–77,

75f
Villonodular synovitis, pigmented, 153,

303–304
radiographic features of, 303, 304f

Viral arthritis, 176, 181–182
Viral infections

back pain association, 497
juvenile idiopathic arthritis and, 172,

174–175
Paget’s disease of bone and, 206
torticollis from, 325–326

Visceral injuries, with fractures, 94, 96
Viscoelasticity, of bone, 88
Viscosupplementation

for knee cartilage lesions, 610
for osteoarthritis, 161

Vision disturbances. See Ocular disorders
Vitallium mold arthroplasty, of hip,

539–540, 539f
Vitamin A, infantile cortical hyperostosis

and, 274
Vitamin B6, for carpal tunnel syndrome,

419
Vitamin C, infantile cortical hyperostosis

and, 274
Vitamin D

bone development and, 16, 200–201
for osteomalacia, 205–206
for osteoporosis, 206

for rickets, 205–206
secondary hyperparathyroidism and, 204

Vitamin D-resistant rickets, 260–261
VMO (vastus medialis obliqus), in

chondromalacia patellae, 616
von Recklinghausen’s disease, 300–301,

301f
neurofibrosarcoma with, 315

V-shaped (proximal Chevron) osteotomy,
for hallux valgus, 675

VY plasty, of quadriceps
for arthrogryposis, 237
for myelodysplasia deformities, 226

Wadell tests, for low back pain, 511, 511t
Wartenberg’s syndrome, 404, 405
Warts, plantar, of forefoot, 686–687
Water concentration

in hyaline cartilage, 30
in articular zones, 26–27, 27f
in bone matrix, 13

in intervertebral disc, 34, 36
in menisci matrix, 25

Water exercise, for fracture rehabilitation,
118

Watson-Jones approach, to hip surgery,
523–524

WBC. See White blood cell (WBC) count
Weakness

of muscles. See Muscle strength;
Strength training

as symptom. See Neuromuscular
disorders

Wear, in total hip arthroplasty, 561–564,
562f–564f

mechanism vs. mode of, 562
Weight-bearing and weight-bearing, in

diabetic foot, 702
Weight-bearing and weight-bearing

exercise
in biomechanics. See Load and loading
in bipartite patella evaluation, 614
bone development and, 201
foot patterns of. See also Gait entries

with arthrosis, 693, 695–696
normal, 634–635, 638f
with pes cavus, 692–693
with pes planus

in adults, 687–688, 688f–689f, 692
in children, 638–639, 638f

fracture treatments and
immediate indications for, 105,

106f–108f, 115
rehabilitation for, 117–118
restrictions with, 97, 100, 113, 117

in hallux valgus, 674–677, 674f
knee osteonecrosis and, 608–609
in lesser toe deformities, 682, 685
by menisci, 24–25, 589, 592
for osteoporosis, 208
septic arthritis and, 176

Weight-lifting, acromioclavicular joint
injury with, 348

Weight loss, for osteoarthritis, 160, 618
Weil osteotomy, for lesser

metatarsophalangeal joint
disorders, 686, 686f

Werdnig-Hoffmann disease, 229
Western Ontario and McMaster

Universities (WOMAC)
Osteoarthritis Index, 544
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West Nile virus, in septic arthritis, 182
White blood cell (WBC) count

with disc space infection, 140
with foot puncture wound infections, 142
with hematogenous osteomyelitis

acute, 127, 129, 133
subacute, 136

with multifocal osteomyelitis, 138
with neoplasms, 270

disorders resembling, 270–271
with septic arthritis

joint aspirates, 146–147, 432
peripheral, 143, 176, 432
synovial fluid, 143–145

in septic knee arthroplasty, 626–627
of synovial fluid

inflammatory diseases, 143–145, 153t
normal, 152

with transient synovitis, 466
Windlass mechanism, 671
WOMAC (Western Ontario and McMaster

Universities) Osteoarthritis
Index, 544

Worker’s compensation claims
for carpal tunnel syndrome, 419
for chronic back pain, 513–514

Work site evaluation
for back pain, 509
for rheumatoid arthritis, 165, 165f

World Health Organization (WHO),
osteopenia definition, 202

Wound care, for septic olecranon bursitis,
407

Wound closure
for Dupuytren’s contracture, 428

in total knee arthroplasty, 625
Wound gels, for diabetic foot, 703
Wound healing. See Tissue healing
Wound infections, puncture

of foot, 142–143
of hand, 429
osteomyelitis with, 430, 430f

Woven bone
injury-related, 59f, 62, 62f
microscopic features of, 11

Wrisberg discoid meniscus, 581, 581f
Wrist

benign tumors of, 436–438
carpal tunnel syndrome and, 418–419,

432
crystalline arthropathy of, 423–424, 424f
deformities of

in arthrogryposis multiplex
congenita, 402

in cerebral palsy, 221–223, 221f
with juvenile idiopathic arthritis, 175

degenerative arthritis of, 155, 424–426,
425f

DeQuervain’s syndrome and, 426–427
flexion/extension mechanics of, 21
formation and development of, 50,

51f–52f
infections of, 428–434

chronic multifocal, 139
Keinbock’s disease and, 432–433, 432f
Madelung’s deformity and, 421–422,

422f
malignant tumors of, 438
menisci of, 24
nerve palsies and, 433–434

pain in, 420, 424–426, 429, 432, 438
rheumatoid arthritis of, 409–410,

434–436, 435f–436f
scapholunate advanced collapse,

424–425, 425f
ulnar impaction syndrome and, 426
vascular insufficiency in, 438–439, 439f

Wrist cock-up brace, for tennis elbow, 413
Wry neck

of childhood, 324–326, 326f
congenital, 324–325, 324f
spasmodic, 326, 327f

XLY sex reversal, 251

Yergason’s test, for biceps lesions, 380–381
Young adults, hip pathology in, 527

Z-foot, 640. See also Metatarsus adductus
Zirconia prothesis, for total hip

arthroplasty, 549
Z-lengthening

for cerebral palsy contractures
of hamstring, 219
of upper extremity tendons, 221–223

for Duchenne muscular dystrophy, of
tendoachilles muscle, 232

for Dupuytren’s contracture, 428
Z lines, in muscle cells, 39f
Zolendronate (Zometa), for osteoporosis,

206–207
Zone of hypertrophy, physeal, in slipped

capital femoral epiphysis, 469,
471f

Zygote, cell types from, 246–247
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