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Marfan’s Syndrome

INTRODUCTION

Marfan’s syndrome represents a clinically diverse group of
patients classically characterized by tall stature; long, thin
limbs; long, thin “spider-like” digits (arachnodactyly); dislo-
cation of the ocular lens; and cardiacanomalies. In 1896, Mar-
fan, a French pediatrician, described to his Parisian colleagues
the clinical features of Gabrielle, a 5-year-old girl with long,
thin limbs (leading him to describe the girl’s condition as doli-
chostemelia, meaning long, thin limbs), spider-like digits, and
joint contractures that prevented her from walking.* Achard
in 1902 named the syndrome arachnodactyly,’ although Mar-
fan himself considered this characterization too limited.
Boerger in 1914 identified the characteristic ocular anomaly
of lens dislocation (ectopia lentis).” Weve in 1931 demon-
strated that this syndrome was an autosomal dominant condi-
tion.” It was only after the identification of associated cardiac
anomalies by Baer and colleagues in 1943 that the description
of the major features of Marfan’s syndrome was complete.’
Ironically, the diagnosis of Marfan’s patient has been chal-
lenged by Hecht and Beals,™ who believe that Gabrielle’s con-
dition more likely represented Beals’ syndrome,’ since she ap-
parently lacked the typical ocular and cardiac anomalies
associated with Marfan’s syndrome.* A comparison of Mar-

* See references 21, 22, 25, 33, 44, 54-56, 59, 70.
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fan’s drawing of Gabrielle’s limb and digital anomalies (Fig.
30-1) with the features of Beals’ syndrome suggests the
strength of Beals and Hecht’s argument. A thorough and de-
tailed description of this entity is given by Godfrey,” and an
entertaining review of the history of the evolution of the de-
scription is provided by Steel.”

HEREDITY AND INCIDENCE

Marfan’s syndrome is transmitted as an autosomal dominant
disorder. There is great variability in the nature and severity
of clinical manifestations, and the unwary physician may
not recognize the syndrome in mildly affected patients. Al-
though a family history of Marfan’s syndrome is an impor-
tant diagnostic criterion, the incidence of spontaneous mu-
tations is thought to be between 15 and 30 percent. The
lack of a specific laboratory test to confirm the diagnosis
of Marfan’s syndrome and the variable clinical expression,
including milder manifestations, of the disorder make it
difficult to estimate the incidence of the Marfan’s syndrome
with certainty. The prevalence is thought to be approxi-
mately 1 per 10,000 population in the United States.”

ETIOLOGY

Marfan’s syndrome is due to a defective gene, FBN1, located
on the long arm of chromosome 15.'%7**” This gene encodes
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Marfan’s

Arachnodactyly
FIGURE 30-1 Appearance of the extremities of Gabrielle, as drawn by
Marfan. Their appearance is remarkably similar to that of patients now
identified as having Beals’ syndrome (see Fig. 30-5), leading Hecht and
Beals to contend that Marfan’s patient actually had congenital con-
tractural arachnodactyly.

for fibrillin-1, a large glycoprotein closely associated with
elastin. In addition to the aortic media and suspensory liga-
ments of the lens, fibrillin microfibrils are found in skin,
tendon, cartilage, and periosteum.* In contradistinction, the
much rarer Beals syndrome is due to a defective gene, FBN2,
located on chromosome 5 that encodes for the glycoprotein
fibrillin-2.

Despite the identification of the specific gene whose defect
results in Marfan’s syndrome, no specific laboratory test
exists to categorically confirm or exclude the diagnosis of
Marfan’s syndrome. This is due in part to the fact that a
great many mutations of the gene have been identified,
apparently even within specific families known to harbor
the defect. Thus, the diagnosis is based on the presence and
severity of the clinical manifestations of the disease.*

CLINICAL MANIFESTATIONS

Classic florid Marfan’s syndrome is easily recognized as an
unusually tall, lanky individual with arachnodactyly, dispro-
portionately long arms, chest wall deformity, extreme myo-
pia, and a loud cardiac murmur (Fig. 30-2).T Many patients
have much less florid manifestations, however, and the clini-
cian should rely on an awareness of the condition followed
by the strict fulfillment of specific criteria to make this
diagnosis. Some individuals may have subtle deformities
suggestive of the condition, such as a taller than average
appearance, ligamentous laxity, myopia, and minimal car-
diac abnormalities, such as mild mitral valve prolapse. In
the past, such patients were characterized as having forme
fruste Marfan’s syndrome.?**%*" However, as Pyeritz and
colleagues have pointed out,™ inclusion of such patients in
a vague category does not help elucidate the nature of the
condition or aid in the management of the condition, and
the use of this term and the categorization of patients in
this manner should be discouraged. Unfortunately, the large
number of FBN1 gene mutations that have been identified
in clear cases of the syndrome suggests that further apprecia-

* See references 10, 29, 38, 40—42, 48, 52, 53, 57, 77.
T See references 21, 22, 25, 33, 44, 54-56, 59, 70.

tion of the gene defects may not simplify the diagnosis of
Marfan’s syndrome.

A number of historical personages have been retrospec-
tively thought to have had Marfan’s syndrome. Perhaps the
most famous was Abraham Lincoln.** Although Lincoln was
tall and lanky with large hands, lending credence to this
suggestion, he had no known family history of the disorder
or cardiac anomaly, and he wore glasses for reading only
after the age of 50.° Thus, it is unlikely that Lincoln had
Marfan’s syndrome. Blood stains from Lincoln’s garments
have been preserved, and it is possible that the diagnosis will
be specifically confirmed or excluded by the identification of
the Marfan gene in these samples.”” More likely to have been
affected with Marfan syndrome were the violinist Nicolo
Paganini** and the composer Rachmaninov.’ Certain to
have had Marfan’s syndrome was US volleyball player Flo
Hyman,* whose tragic death on the volleyball court in 1986
emphasizes the importance of both identifying the presence
of the condition and screening for its sequelae.

CLINICAL FEATURES

Stature and Proportion. Patients with Marfan’s syndrome
typically have tall stature and disproportionately long, thin
limbs, usually attaining a height of over 6 feet in adult life.
The distal bones of the limbs exhibit the excess length most
strikingly, resulting in long, slender hands and feet with
“spider-like” digits (arachnodactyly). The ratio of the upper
body segment (US; measured from the top of the symphysis

&

FIGURE 30-2  Clinical appearance of a patient with Marfan’s syndrome.
Note extreme myopia (represented by thick corrective lens), severe pectus
excavatum, long limbs, and arachnodactyly. The patient also has scoliosis
and severe planovalgus feet. This appearance is typical of patients with
florid manifestations of the syndrome.
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FIGURE 30-3 Clinical signs suggestive of Marfan’s syndrome. These signs are suggestive of, but not pathognomonic
for, Marfan’s syndrome. Their presence results from a combination of joint laxity and long limbs or arachnodactyly.
A, The thumb sign. With the thumb opposed across the palm and the fingers flexed over the thumb, the distal phalanx
of the thumb protrudes beyond the ulnar border of the hand. B, The wrist sign. When the patient encircles the opposite
wrist with the thumb and small finger, these digits overlap at least to the distal interphalangeal joint of the small finger.

pubis to the top of the head, or by subtracting the lower
body segment measurement from the total height) to the
lower body segment (LS; measured from the sole to the top
of the symphysis pubis) is abnormally low. (The US/LS ratio
is 0.93 in the normal adult population.) In addition, the
arm span usually exceeds the patient’s total height.

Skull and Facies. Patients with Marfan’s syndrome often
have a high-arched palate, a long, narrow face, and progna-
thism. The increased height of the skull is associated with
enlargement of the frontal sinus.

Eyes. The hallmark of ocular involvement is ectopia lentis
(dislocated lens) due to lax or broken suspensory ligaments
(zonules). The lens typically dislocates upward and laterally,
and may be manifested as iridodensis (fluttering of the iris).
The dislocation is best seen on slit-lamp examination follow-
ing dilation of the pupil. There is usually extreme myopia
as a consequence of changes in the shape of the globe.
Strabismus, cataract, glaucoma, and detached retina also
may occur.

Cardiovascular System. Dilation of the ascending aorta
and mitral valve insufficiency are the most common associ-
ated cardiovascular anomalies.* Ascending aortic dilation
may result in aortic valvular incompetence and frequently
leads to a dissecting aneurysm formation. Aneurysms and
dissections may also occur in the descending or thoracoab-
dominal aorta. These cardiovascular anomalies are the most
frequent cause of death in patients with Marfan’s syndrome,
and their presence must be carefully sought.'»!>-26374

Other Skeletal Manifestations. Pectus excavatum is com-
mon and is caused by excessive longitudinal growth of the
ribs. The anteroposterior (AP) diameter of the thoracic cage
is reduced. Recurrence after surgical correction is more com-
mon than in the general population.’” Pectus carinatum is
also frequently seen in patients with Marfan’s syndrome.

* See references 4, 7, 12, 15, 20, 24-26, 28, 37, 42, 43, 46, 50, 58, 60,
61, 65, 66.

Joint laxity is another hallmark of the disease. Marked
pes planovalgus and genu recurvatum are typical. Disloca-
tions of the hip, either developmental® or presenting later,
and other joints can occur. Perilunate dislocations have been
reported and are due to excessive carpal ligamentous laxity.”
Extreme planovalgus deformity of the feet is a common
feature. The combination of joint laxity and long digits
results in several clinical signs indicative of but not patho-
gnomonic for Marfan’s syndrome (Fig. 30—3A). One of these
is the “thumb sign.” When present and diagnostic, the nail
of the flexed thumb extends beyond the ulnar border of the
clenched fist. Although first reported by Parker and Hare,”
this sign is often referred to as the Steinberg sign, since
Steinberg recommended that it become part of routine
screening for Marfan’s syndrome.” The “wrist sign”” is the
ability of the patient to encircle the opposite wrist with
the thumb and small finger, with the thumb overlapping
the terminal phalanx of the small finger (Fig. 30-3B). The
“cross-leg sign” is the ability of the patient to touch the
floor with the foot of the crossing-over leg.

The vertebral column is significantly affected in patients
with Marfan’s syndrome. Radiographs typically show tall
vertebral bodies with elongated transverse processes. The
position of the sacrum is low in relation to the iliac crests.
The spinal canal may appear widened in the lumbar region,
with concavity of the posterior borders of the vertebral
bodies. Increased localized kyphosis and evidence of liga-
mentous instability have been noted in the cervical spine.”
Scoliosis is very common, reported in 30 to 100 percent of
patients.* The curve pattern in Marfan’s syndrome is often
double or multiple. Pain is frequently associated with these
curves.'*7 Spondylolisthesis of L5-S1 is also relatively com-
mon in Marfan’s syndrome.”7*%!

Other Associated Anomalies. Other anomalies associated
with Marfan’s syndrome include polysyndactyly, myopathy,

* See references 8, 33, 45, 59, 62, 67, 68, 72, 73, 78, 82, 83.
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talipes equinovarus, muscular underdevelopment, and hy-
potonia.

Protrusio acetabuli can be seen radiographically, and may
manifest as hip pain and stiffness in patients with Marfan’s
syndrome.***%707 Inguinal, femoral, diaphragmatic, and in-
cisional hernias may be present. Subcutaneous fat is usually
sparse. The skin is relatively elastic, and striae may be
present.

DIAGNOSIS

Although the defective gene for Marfan’s syndrome has been
identified, the diagnosis remains a clinical one, based on
the affected individual fulfilling the criteria for this diagnosis.
In the past, an increased metacarpal length to width ratio
(metacarpal index) was thought to aid in the diagnosis of
Marfan’s syndrome. However, there is disagreement among
various authors regarding the usefulness and specificity of
this radiographic assessment, and this radiographic criterion
should probably not be used to make the diagnosis of Mar-
fan’s syndrome."***#7 These criteria have recently been up-
dated by De Paepe and colleagues' and are summarized in
Table 30-1. The attending physician must be alert to the
possibility of the existence of this condition. This is particu-
larly true in the scoliosis clinic and primary care physician’s
office, since the presenting anomalies are most likely to be
either scoliosis or a heart murmur. The physician should
seek a family history of the disorder or its manifestations,
especially tall stature, ligament laxity, poor vision, cardiac
anomalies, and sudden or premature death. The examiner
should check for the typical manifestations, specifically tall
stature, a reduced US/LS ratio, a high-arched palate, spinal
deformity, thumb and wrist signs, and a cardiac murmur.
Consultation should then be sought with an ophthalmologist
and a cardiologist. A slit-lamp examination should be per-
formed to identify the presence of a dislocated lens. Cardio-
logic evaluation should include echocardiography to assess
the diameter of the aortic root and look for evidence of
mitral valve prolapse.

Requirements. Criteria for the diagnosis of Marfan’s syn-
drome as modified by de Paepe and colleagues' are summa-
rized in Table 30—1. For an individual with a definite family
history of Marfan’s syndrome (that is, a definite family history
of the disease or genetic confirmation in a first-order rela-
tive), one major criterion in one organ system and involve-
ment of a second organ system are required to make the
diagnosis. For an individual with a noncontributory family
history, the presence of major criteria in at least two different
organ systems and involvement of a third organ system are
required to make the diagnosis of Marfan’s syndrome.

Criteria for Involvement

SKELETAL SYSTEM. Major criteria: pectus carinatum; pectus ex-
cavatum requiring surgery; reduced US/LS ratio, or arm
span to height ratio greater than 1.05; wrist and thumb
signs; scoliosis of more than 20 degrees or spondylolisthesis;
reduced extension at the elbows (less than 170 degrees);
medial displacement of the medial malleolus causing pes
planus; protrusio acetabuli. Minor criteria: moderate pectus
excavatum; joint hypermobility; high-arched palate. For the
skeletal system to be involved, at least two of the major
criteria or one major plus two minor criteria must be present.

OCULARSYSTEM. Major criterion: ectopia lentis. Minor criteria:
abnormally flat cornea; increased axial length of the globe;
hypoplastic iris or hypoplastic ciliary muscle causing de-
creased miosis. For the ocular system to be involved, at least
two minor criteria must be present.

CARDIOVASCULAR SYSTEM. Major criteria: dilation of the as-
cending aorta; dissection of the ascending aorta. Minor crite-
ria: mitral valve prolapse, with or without mitral valve regur-
gitation; dilation of the main pulmonary artery without
obvious cause in a patient less than 40 years old; calcification
of the mitral annulus in a patient less than 40 years old;
dilation or dissection of the descending thoracic or abdomi-
nal aorta in a patient less than 50 years old. For the cardiac
system to be involved, one major or one minor criterion
must be present.

PULMONARY SYSTEM. Major criteria: none. Minor criteria:
spontaneous pneumothorax; apical blebs. For the pulmo-
nary system to be involved, one of the minor criteria must
be present.

SKIN AND INTEGUMENT. Major criteria: none. Minor criteria:
stretch marks; recurrent or incisional hernias. For the skin/
integument to be involved, one of the minor criteria must
be present.

DURA. Major criterion: lumbosacral dural ectasia identified
on computed tomography (CT) or magnetic resonance im-
aging (MRI). Minor criteria: none. For the dura to be in-
volved, the major criterion must be present.

FAMILY AND GENETIC HISTORY. Major criteria: having a parent,
sibling, or child who meets these diagnostic criteria indepen-
dently; presence of the FBNI mutation known to cause
Marfan’s syndrome; presence of a haplotype around FBN1
known to be associated with the unequivocal diagnosis of
Marfan’s syndrome in the family. Minor criteria: none. For
the family or genetic history to be contributory, one of the
major criteria must be present.

DIFFERENTIAL DIAGNOSIS

A number of conditions have clinical features suggestive of
Marfan’s syndrome and should be considered in the differ-
ential diagnosis. Principal among these for the orthopaedic
surgeon are homocystinuria, congenital contractural arach-
nodactyly (Beals’ syndrome), and juvenile ophthalmoar-
thropathy (Stickler’s syndrome).

Homocystinuria. Homocystinuria can closely resemble
Marfan’s syndrome clinically. Patients whose appearance
suggests Marfan’s syndrome and who have mental retarda-
tion or deficiency should be considered as possibly having
homocystinuria. This diagnosis can be confirmed by testing
the urine for the presence of excessive homocystine or its
by-products in the urine (see subsequent discussion under
Homocystinuria).

Congenital Contractural Arachnodactyly. Congenital
contractural arachnodactyly (Beals’ syndrome) also shares
some phenotypic similarities with Marfan’s syndrome in
that the patients have long extremities and usually quite
marked arachnodactyly. However, the condition appears to
always occur sporadically and is essentially obvious from
birth, and affected patients have joint contractures rather
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TABLE 30-1 Diagnostic Criteria for Marfan’'s Syndrome

Skeletal System

For the skeletal system to be considered involved, at least two major criteria or one major criterion plus two minor criteria must be
present.

Major Criteria Minor Criteria
*+ Pectus carinatum * Pectus excavatum of moderate severity
* Pectus excavatum requiring surgery * Joint hypermobility
* Reduced upper segment —1 lower segment ratio, or arm span to * Highly arched palate with crowding of teeth
height ratio >1.05 » Facial appearance (dolichocephaly, malar hypoplasia, enophthalmus,
= Wrist and thumb signs retrognathia, down-slanting palpebral fissures)

* Scoliosis of =20 degrees or spondylolisthesis
* Reduced extension at the elbows (<170 degrees)
* Medial displacement of the medial malleolus causing pes planus
* Protrusio acetabuli of any degree (ascertained on radiographs)
Ocular System
For the ocular system to be considered involved, in addition to the major criterion, at least two minor criteria must be present.
Major Criteria Minor Criteria
* Ectopia lentis * Abnormally flat cornea (as measured by keratometry)
« Increased axial length of globe (as measured by ultrasound)
* Hypoplastic iris or hypoplastic ciliary muscle causing decreased
miosis
Cardiovascular System
For the cardiovascular system to be considered involved, one major criterion or one minor criterion must be present.

Major Criteria Minor Criteria
+ Dilation of the ascending aorta with or without aortic regurgitation * Mitral valve prolapse with or without mitral valve regurgitation

and involving at least the sinuses of Valsalva + Dilation of the main pulmonary artery, in the absence of valvular or
= Dissection of the ascending aorta peripheral pulmonic stenosis or any other obvious cause, below the

age of 40 years
Pulmonary System
For the pulmonary system to be considered involved, at least one minor criterion must be present.

Major Criteria Minor Criteria

« None * Spontaneous pneumothorax
= Apical blebs (ascertained by chest radiography)

Skin and Integumentary System
For the skin and integument to be considered involved, at least one minor criterion must be present.

Major Criteria Minor Criteria

* None * Striae atrophicae (stretch marks)
* Recurrent or incisional herniae

Dura
For the dura to be considered involved, the major criterion must be present.
Major Criteria Minor Criteria
* Lumbosacral dural ectasia * None
Family/Genetic History
For the family/genetic history to be considered contributory, one major criterion must be present.

Major Criteria Minor Criteria
* Having a parent, child, or sibling who meets these diagnostic criteria * None
independently
* Presence of a mutation or FENI known to cause Marfan’s
syndrome; or

* Presence of a haplotype around FBNI1, inherited by descent, known
to be associated with unequivocally diagnosed Marfan’s syndrome in
the family

Requirements for Diagnosis of Marfan’s Syndrome

For the Index Case For a Relative of an Index Case

* If the family/genetic history is not contributory, major criteria in at * Presence of a major criterion in the family history, and one major
least two different organ systems and involvement of a third organ criterion in an organ system and involvement of a second organ
system must be present. system.

If a mutation known to cause Marfan’s syndrome in others is
detected, one major criterion in an organ system and involvement of
a second organ system must be present.




1590 -+ -+ + Orthopaedic Disorders

than ligamentous laxity and more problematic kyphoscolio-
sis rather than the scoliosis seen in Marfan’s syndrome.
Beals’ syndrome is caused by an abnormality of fibrillin-2
due to an abnormality in the FBN2 gene located on chromo-
some 5 (see subsequent discussion under Congenital Con-
tractural Arachnodactyly).

Hereditary Juvenile Ophthalmoarthropathy. (Stickler’s
syndrome) patients also have some phenotypic features simi-
lar to Marfan’s syndrome in that they tend to have long,
thin limbs (dolichostemelia). In addition, this condition is
autosomal dominant, so that a family history is frequently
found as well. However, Stickler’s syndrome has features of
a skeletal dysplasia radiographically. Furthermore, the ocular
manifestations are primarily a tendency to retinal detach-
ment, which also occurs in patients with Marfan’s syndrome
but much less frequently than lens dislocation (see subse-
quent discussion under Heriditary Progressive Arthro-
ophthalmopathy).

Other Conditions. Conditions sharing features of Marfan’s
syndrome that affect primarily organ systems other than the
skeletal system and that must be considered by the geneticist,
ophthalmologist, or cardiologist include familial thoracic
aortic aneurysm, familial aortic dissection, familial ectopia
lentis, familial Marfan-like habitus, MASS phenotype (myo-
pia, mitral valve prolapse, mild aortic regurgitation, skin
[striae] and skeletal [minor criteria for Marfan’s syndrome]
involvement), and Shprintzen-Goldberg syndrome (Mar-
fan-like skeletal changes, craniosynostosis, neurodevelop-
mental abnormalities, and occasionally aortic dilation).'**

TREATMENT

There is no specific treatment for patients with Marfan’s
syndrome. However, the physician should be alert to the
various manifestations which may be the first evidence of
the disorder. Orthopaedic surgeons should assure them-
selves that patients presenting with flatfeet, joint instability,
or scoliosis do not have other manifestations of Marfan’s
syndrome. If the skeletal features are consistent with Mar-
fan’s syndrome, a cardiologist and ophthalmologist should
be consulted.

Cardiovascular System. The most common cardiovascular
manifestations of Marfan’s syndrome are mitral valve pro-
lapse, with or without regurgitation, and aortic aneurysm.
Aortic aneurysm most commonly involves the ascending
aorta and in turn can lead to aortic valve incompetence or
dissection of the aortic wall. All patients suspected of having
Marfan’s syndrome should be evaluated by a cardiologist,
and echocardiography should be performed to evaluate for
the presence of these two conditions. Patients with con-
firmed Marfan’s syndrome should undergo serial echocardi-
ography to monitor for progressive dilation of the aortic
root. The aortic root normally measures approximately 3
cm in the adult, depending on body size. Prophylactic aortic
root resection is recommended when the dilation reaches 5
to 6 cm.* It is important to monitor for this condition in
confirmed cases of Marfan’s syndrome, since aortic aneu-
rysm rupture is the most common cause of death in patients
with the syndrome, 20244630386 and the perioperative mortal-

* See references 12, 15, 20, 24-26, 37, 61, 65, 66.

ity is much higher in urgent or emergency repairs than in
elective repairs.'>**#537 Another treatment to be consid-
ered is the use of beta-blockers, which slow the rate of aortic
root dilation in adults.?**#%5 Some authors recommend
their use in children. Finally, cardiologists often exclude
children with Marfan’s syndrome from contact or strenuous
sports because of the increased incidence of sudden death
related to the cardiac manifestations of the syndrome.

Skeletal System

scoriosis. Scoliosis is one of the most common and impor-
tant manifestation of Marfan’s syndrome from an Orthopae-
dic perspective and is a frequent presenting complaint in
patients with Marfan’s syndrome. The incidence of scoliosis
is stated to be 30 to 100 percent in different series,* with
the variation in incidence likely related to heterogenicity of
the study population. The treatment of scoliosis in patients
with Marfan’s syndrome parallels that in patients with idio-
pathic scoliosis. In general, curves less than 25 degrees should
be observed, bracing should be considered for progressive
curves greater than 25 to 30 degrees, and spinal fusion and
instrumentation should be considered for curves greater
than 45 to 50 degrees. However, the results of treatment of
scoliosis in patients with Marfan’s syndrome probably differ
from the results in patients with idiopathic scoliosis.T Spe-
cifically, most reports indicate poor patient tolerance of
bracing and a relatively high frequency of progression of
the deformity despite bracing. These facts should be known
to both family and physician. Patients undergoing spinal
fusion and instrumentation may have a higher likelihood
of pseudarthrosis, mandating secure instrumentation and
careful observation for the development of pseudarthrosis.

In addition to scoliosis, kyphotic deformities and spondy-
lolisthesis also occur regularly in patients with Marfan’s
syndrome. These deformities may require treatment along
the same guidelines as in patients without Marfan’s syn-
drome. Finally, patients with Marfan’s syndrome have a
higher incidence of back pain, with or without spinal defor-
mity, which may require symptomatic care.'%"773!

PROTRUSIO ACETABULL. One of the skeletal manifestations of
Marfan’s syndrome is protrusio acetabuli.*****7% This con-
dition is characterized clinically by hip joint stiffness and
pain and radiographically by collapse of the acetabular tear-
drop (Fig. 30—4). Steel has described surgical closure of the
triradiate cartilage in skeletally immature patients who were
symptomatic or in whom increasing acetabular deepening
was demonstrated radiographically. In his report on 19 hips
followed to skeletal maturity after surgical closure of the
triradiate cartilage,” radiographic indices normalized in 12,
improved in 4, and were unchanged in 3 (all in patients
operated on between the ages of 13 and 14 years); all hips
were asymptomatic. He recommended the procedure for
patients with the condition who were between 8 and 10
years old. Patients operated on at a later age had symptom-
atic relief but little improvement in the radiographic appear-
ance of their hips.

DEVELOPMENTAL DYSPLASIA OF THE HIP. Patients with Marfan’s
syndrome may present with developmental dysplasia of the

* See references 8, 21, 22, 33, 56, 59, 62, 67, 83.
t See references 1, 6, 8, 33, 59, 62, 68, 73, 82.
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FIGURE 30-4 Protrusio acetabuli in a 14-year-old boy with Marfan’s syndrome. A, Note the crossing or collapse
of the acetabular teardrop. Pain and stiffness of the hip were the presenting manifestations in this patient. B, Radiographic
appearance 1 year after surgical closure of the triradiate cartilage as described by Steel (see text). There was significant

resolution of pain and stiffness.

hip (DDH) as newborns or infants.* In one report, Pavlik
harness treatment was unsuccessful in obtaining reduction
of the hip, and closed reduction and spica cast immobiliza-
tion under anesthesia were required. However, the affected
hips stabilized in the usual amount of time, and further
treatment was not required.”

GENERALIZED JOINT LAXITY. The generalized joint laxity that
characterizes patients with Marfan’s syndrome may manifest
as severe planovalgus feet or joint dislocations,” especially
of the patellofemoral joint. In general, treatment of these
conditions should be as conservative as possible, since ob-
taining and maintaining joint stability can be difficult in
these patients.

INFANTILE MARFAN’S SYNDROME

A rare variant of Marfan’s syndrome is a relatively severe
form presenting in infancy and known as infantile or con-
genital Marfan’s syndrome."""*#4477 The clinical character-
istics as described by Morse and colleagues® include serious
cardiac pathology (often present at birth), congenital con-
tractures (64 percent of our cases, 47 percent of cases re-
ported in the literature), arachnodactyly, dolichocephaly, a
high-arched palate, micrognathia, hyperextensible joints, pes
planus, anterior chest deformity, iridodonesis, megalocor-
nea, and dislocated lenses. Cardiac anomalies include mitral
valve prolapse, valvular regurgitation, and aortic root dila-
tion. Three of the 22 patients identified in the series of
Morse and colleagues® died during the first year of life.
One-third of the survivors developed severe scoliosis and/
or joint dislocations. In the report by Sponseller and col-
leagues on 14 patients with infantile scoliosis (onset before
age 3) and Marfan’s syndrome,® four died during treatment.
It is likely that most cases are due to a sporadic mutation

in a single germ cell of one parent, as there was a positive
family history in only one patient in either series.*®

Prognosis. In 1972, the predicted average life span of pa-
tients with true Marfan’s syndrome was 45 years, with pre-
mature deaths (almost all due to cardiac complications)
occurring at an average age of 32 years.” Beginning with
the introduction of aortic root surgery by Bentall and De
Bono,’ the life span has substantially increased.>*"**% Peri-
odic screening with echocardiography, treatment with beta-
blockers, and early elective aortic root surgery have led to
an increase in predicted average life span to 72 years, with
premature deaths occurring at an average age of 41 years.”
These improvements and an appreciation for the potentially
tragic consequences of not identifying the condition should
serve to render the orthopaedist alert to the identification
of the presence of this syndrome and appropriate medical
evaluation.
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Hereditary Progressive
Arthro-ophthalmopathy
(Stickler’s Syndrome)

Hereditary progressive arthro-ophthalmopathy is an autoso-
mal dominant disorder that was first described in 1965 by
Stickler and associates, who named the condition hereditary
progressive arthro-ophthalmopathy.'""? However, it is much
more frequently referred to as Stickler’s syndrome. Genetic
linkage analyses in some families have suggested that the
disorder is due to a mutation of the COL2A1 gene, which
encodes for type II collagen."”"

CLINICAL FEATURES

Clinically, the condition is characterized by mild hereditary
spondyloepiphyseal dysplasia, premature degenerative ar-
thritis, and congenital myopia that is compounded over
time by chorioretinal degeneration and retinal detach-
ment.>'"**-' In addition, the patients often have micro-
gnathia or cleft palate, somewhat reminiscent of Pierre
Robin syndrome.*" Opitz and associates called attention to
Stickler’s syndrome, believing that it was underdiagnosed
and potentially confuseable with Pierre Robin syndrome.*’
Establishing a correct diagnosis is important because of the
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genetic implications and the need for periodic ophthalmo-
logic assessment.?

ORTHOPAEDIC MANIFESTATIONS

The orthopaedic manifestations are of a mild spondyloepi-
physeal dysplasia.® Coxa valga with or without acetabular
protrusion, acetabular dysplasia, and hip subluxation have
been described.? Typically, early degenerative changes occur
in the hip due to the dysplasia. The digits may have fusiform
enlargement. Vertebral body changes are similar to those of
Scheuermann’s kyphosis. End-plate irregularities are seen,
and scoliotic or kyphotic deformities can occur,

TREATMENT

Treatment includes genetic counseling concerning the au-
tosomal dominant trait of the condition and referral to
an ophthalmologist for management of eye complications.
Progressive scoliosis or kyphosis may require orthotic treat-
ment or spinal fusion. Total joint arthroplasty may be neces-
sary in midlife because of premature degenerative joint
disease.
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FIGURE 30-5 Infant with congenital contractural arachnodactyly (Beals’
syndrome). The “crumpled” appearance of the external ear is typical of
this disorder.

Congenital Contractural
Arachnodactyly (Beals’ Syndrome)

Congenital contractural arachnodactyly (Beals’ syndrome)
is a rare condition that resembles and has been confused
with Marfan’s syndrome,*®!%1213163519 T fact, the case Marfan
described in 1896 was actually congenital contractural arach-
nodactyly.”"* Epstein and associates described a case in 1968.°
In 1971, Beals and Hecht delineated this syndrome in a
report of two kindreds.?

Congenital contractural arachnodactyly is usually differ-
entiated from Marfan’s syndrome by the absence of lens
dislocation and aortic root dilation (although eye and heart
problems can occur?), and by the presence of joint con-
tractures (maximal at the knee) that spontaneously improve
with growth and walking.

Congenital contractural arachnodactyly is transmitted as
an autosomal dominant trait. Genetic linkage studies have
identified the defective gene as a mutation of the FBN2 gene
located on chromosome 5, which encodes for the protein
fibrillin-2."72* Marfan’s syndrome is due to a mutation of
FBN1 on chromosome 15, which encodes for fibrillin-1.
Fibrillin is a large glycoprotein and one of the structural
components of the elastin-associated microfibrils.

CLINICAL FEATURES

There is a tendency to retrognathia and a small mouth. The
crumpled appearance of the external ear is a distinctive
clinical feature. It is caused by extra and prominent crura
in the antihelix, partial obliteration of the concha, and flat-
tening of the helix (Fig. 30-5). There may be mild restriction
of range of motion of the temporomandibular joints. Intelli-
gence is normal.

The initial descriptions of congenital contractural arach-
nodactyly suggested that patients with this condition did
not exhibit eye or heart abnormalities. As more cases have
been described, it is now known that these patients can
have myopia' and milder cardiac abnormalities than seen
in Marfan’s syndrome (most typically mitral valve prolapse
with regurgitation).'**

The joint contractures in congenital contractural arach-
nodactyly are present at birth. Knee flexion contracture is
the most severe; it may be as great as 90 degrees and may
delay walking. The hips are normal. The ankles are in calca-
neus position, with limited plantar flexion and excessive
dorsiflexion. In the hands and feet, there are flexion con-
tractures of the proximal interphalangeal joints. The elbows
do not extend completely, and the forearms are restricted
in supination or pronation, or both. The joint contractures
tend to improve spontaneously with growth and develop-
ment. This restoration of joint motion may be nearly com-
plete, making the diagnosis of congenital contractural arach-
nodactyly somewhat difficult in the adolescent.

The limbs, fingers, and toes are long and gracile (Figs.
30—6 and 30-7). The long narrow foot may show metatarsus
varus. Progressive scoliosis develops in the spine and may
be mild or very severe (Fig. 30-8).

RADIOGRAPHIC FINDINGS

Radiographs show the elongated appearance of the diaphysis
of the long bones, especially of the digits.® Scoliosis will

FIGURE30-6 Congential contractural arachnodactyly. Very
long fingers (arachnodactyly) with crossing of some digits
and interphalangeal joint contractures are commonly seen in
this condition.



FIGURE 30-7 Congenital contractural arachnodactyly (Beals’ syn-
drome). In the lower extremities, digital anomalies of the feet are similar
to those of the hands. Flexion contractures of the knees, present at birth,
may improve with growth or require surgical release.

be evident, and slight osteopenia’ may also be present (Fig.
30-9).
DIFFERENTIAL DIAGNOSIS

Congenital contractural arachnodactyly should be distin-
guished from Marfan’s syndrome, homocystinuria, arth-

FIGURE30-8 Congenital contractural arachnodactyly (Beals’ syndrome).
This patient also developed severe, progressive, infantile-like scoliosis.
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rogryposis multiplex congenita, and Achard syndrome in
the diagnosis.

Homocystinuria is distinguished from congenital con-
tractural arachnodactyly by the presence of lens dislocation,
cardiovascular disease (especially thromboembolism), men-
tal retardation, and characteristic biochemical abnormalities
in the urine and tissues. These findings are usually not
observed in congenital contractural arachnodactyly.

Arthrogryposis is characterized by congenital joint con-
tractures that are usually more rigid than those seen in
congenital contractural arachnodactyly, have much less ten-
dency to resolve, and often are associated with other struc-
tural anomalies, such as talipes equinovarus, vertical talus,
dislocated hips, and dislocated or hyperextended knees.”

In Achard syndrome, arachnodactyly is present, but it
lacks the dolichostenomelia joint contractures that are pres-
ent in congenital contractural arachnodactyly. Achard syn-
drome is further differentiated from Marfan’s syndrome by
the absence of lens dislocation and cardiac abnormalities.

TREATMENT

A cardiac examination, including echocardiography, should
be performed, with periodic reassessment as indicated.” Con-
tracted joints are treated by gentle passive stretching exer-
cises and splinting to maintain and increase range of motion.
Surgical soft tissue release, particularly of the knee (where
the flexion contracture is the most severe), should be delayed

FIGURE 30-9 Radiographic appearance of the spine at the same age as
the child shown in Figure 30-8. The scoliosis proved refractory to brace
management and ultimately required spinal fusion and instrumenta-
tion.
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until late childhood or early adolescence."" Such releases
may not be required at all, since the contractures tend to
resolve spontaneously. The scoliosis, however, is usually pro-
gressive and is managed by orthosis. Progressive, severe
scoliosis can produce significant deformity, similar to infan-
tile or neuromuscular scoliosis, and may require substantial
treatment, including early anterior and posterior fusion.

REFERENCES

Congenital Contractural Arachnodactyly
(Beals” Syndrome)

1. Bard LA: Congenital contractural arachnodactyly and intraocular colo-
bomas. Birth Defects Orig Article Ser 1979;15:189.

2. Bawle E, Quigg MH: Ectopia lentis and aortic root dilatation in congeni-
tal contractural arachnodactyly. Am ] Med Genet 1992:42:19.

3. Beals RK, Hecht F: Congenital contractural arachnodactyly: a heritable
disorder of connective tissue. ] Bone Joint Surg 1971;53-A:987.

4. Bjerkreim I, Skoglund LB, Trygstad O: Congenital contractural arach-
nodactyly. Acta Orthop Scand 1976;47:250.

5. Epstein CJ, Graham CB, Hodgkins WE, et al: Hereditary dysplasia of
bone with kyphoscoliosis, contractures, and abnormally shaped ears.
J Pediatr 1968;73:379.

6. Hale MS, Rodman HD, Lipshin J: Congenital contractural arachnodac-
tyly. West ] Med 1974;120:74.

7. Hecht F, Beals RK: “New” syndrome of congenital contractural arach-
nodactyly originally described by Marfan in 1896. Pediatrics 1972
49:574.

8. Hernandez R, Poznanski AK, Hensinger R: Case report 16. Skeletal
Radiol 1977;1:175.

9. Ho N-K, Khoo T-K: Congenital contractural arachnodactyly: report
of a neonate with advanced bone age. Am | Dis Child 1979;133:
639.

10. Kontras SB: Congenital contractural arachnodactyly. Birth Defects Orig
Art Ser 1975;11:63.

11. Langenskiéld A: Congenital contractural arachnodactyly: report of a
case and of an operation for knee contracture. | Bone Joint Surg
1985;67-B:44.

12. Lowry RB, Guichon BC: Congenital contractural arachnodactyly: a
syndrome simulating Marfan’s syndrome. Can Med Assoc | 1972;
107:531.

13. MacLeod PM, Fraser FC: Congenital contractural arachnodactyly (a
heritable disorder of connective tissue distinct from Marfan’s syn-
drome). Am J Dis Child 1973;126:810.

14. MacNab AJ, D’Orsgoni L, Cole DE, et al: Cardiac abnormalities compli-
cating congenital contracture. Arch Dis Child 1991;66(special ed
10):1143.

15. Marfan M: Un cas de déformation congénitale des quatre membres,
plus prononcée aux extrémités, caracterisée par I'allongement des os
avec un certain degré d’amincissement. Bull Soc Med Hop Paris
1896;13:220.

16. McKusick VA: More speculation on Marfan syndrome. ] Pediatr 1972;
80:530.

17. Park ES, Putnam EA, Chitayat D, et al: Custering of FBN2 mutations
in patients with congenital contractural arachnodactyly indicates an
important role of the domains encoded by exons 24 through 34 during
human development. Am ] Med Genet 1998;78:350.

18. Passarge E: A syndrome resembling congenital contractural arachno-
dactyly. Birth Defects Orig Art Series 1975;11:53.

19. Penchaszadeh VB, Barreiro C, Groiso JA: Marfan syndrome with con-
genital contractures. Birth Defects Orig Art Ser 1975;11:109.

20. Poznanski AK, LaRowe PC: Radiographic manifestations of the arthro-
gryposis syndrome. Radiology 1970;95:353.

21. Putnam EA, Zhang H, Rameirez F, et al: Fibrillin-2 (FBN2) mutations
result in the Marfan-like disorder, congenital contractural arachnodac-
tyly. Nat Genet 1995;11:456.

22. Steg NL: Congenital contractural arachnodactyly in a black family.
Birth Defects Orig Art Ser 1975;11:57.

23. Tsipouras P, Del Mastro R, Sarfarzi M, et al: Genetic linkage of the
Marfan syndrome, ectopia lentis, and congenital contractural arachno-
dactyly to the fibrillin gene on chromosomes 15 and 5. The Internation-

al Marfan syndrome Collaborative Study. N Engl ] Med 1992;326:
905.

24. Viljoen D, Ramesar R, Behare O: Beals syndrome: clinical and molecu-
lar investigation in a kindred of Indian descent. Clin Genet 1991;39:
181.

Homocystinuria

Homocystinuria is an inborn error of methionine metabo-
lism, inherited as an autosomal recessive trait, that in its
classic form is caused by deficiency of the enzyme cystathio-
nine synthase (sometimes called cystathionine-B-synthase
or cystathionine synthetase).* Clinically the disorder is char-
acterized by mental retardation, a tendency to thromboem-
bolic complications, lens dislocation (ectopia lentis), and
various skeletal abnormalities that strongly resemble those
of Marfan’s syndrome. The condition was first described
by Field and associates” in 1962, and was later reported
independently by Gerritsen and Waisman." Prior to these
publications (and probably still), cases of homocystinuria
had been misdiagnosed as Marfan’s syndrome.”

The worldwide prevalence of homocystinuria is reported
to be approximately 1 in 335,000. This prevalence varies
regionally, from 1 in 65,000 in Ireland to 1 in 900,000 in
Japan. A bacterial inhibition assay or amino acid chromatog-
raphy can be used to screen children at birth for homo-
cystinuria; however, approximately 20 percent of docu-
mented cases are missed by these methods. Thus, because
of the relatively low prevalence of the disorder and the
inaccuracy of screening methods, routine screening for ho-
mocystinuria has been discontinued in many countries.”

BIOCHEMICAL DEFECT
AND PATHOPHYSIOLOGY

The deficiency in the enzyme cystathionine synthase (or
synthetase) blocks the conversion of homocysteine to cysta-
thionine (Fig. 30—10). The abnormally accumulated homo-
cysteine is converted to homocystine, and as a result, the
level of homocystine in the tissues and plasma is elevated,
and homocystine is excreted in large quantities in the urine."
The plasma concentration of methionine is also increased.
Cystathionine is normally present in brain tissue and is a
precursor to cysteine. In the homocystinuric patient, cysta-
thionine cannot be found in the brain, and cystine becomes
an essential amino acid for the patient.

There are other extremely rare causes of homocystinuria:
vitamin B, malabsorption syndrome (Imerslund-Grobeck
syndrome); vitamin B, depletion; 5-methyltetrahydrofolate-
homocysteine methyltransferase deficiency as a result of
defective production of cofactor methylcobalamin; and 5,10-
methylene tetrahydrofolate reductase deficiency. The latter
two causes of homocystinuria are inheritable metabolic de-
fects. In this text, only the “classic” homocystinuria is dis-
cussed.

CLINICAL FEATURES

The clinical features consist of a tendency toward venous
and arterial thrombosis,'** mental retardation,*"** disloca-

* See references 2, 6, 10, 18-20, 23, 24, 26, 27, 31, 33, 36.
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FIGURE 30-10 Scheme of the normal metabolic pathway of methionine
and homocysteine, and the consequences of cystathionine synthetase defi-
ciency (the enzymatic defect in homocystinuria). Homocysteine is con-
verted by cystathionine synthetase to cystathionine, which is a precursor
to cysteine and is normally present in the brain. In homocystinuria, cystathi-
onine synthetase deficiency results in decreased quantities of cystathionine,
which cannot be found in the brain; cystine becomes an essential amino
acid for these patients. The block in the metabolic pathway leads to increased
quantities of homocystine (converted from homocysteine) in plasma, tis-
sues, and urine.

tion of the lens,* and skeletal changes resembling those of
Marfan’s syndrome, with the additional findings of osteopo-
rosis and metaphyseal enlargement (particularly around
the knee) 342830343

Vascular Changes. The lesions in the blood vessels consist
of intimal fibrosis, abnormality of the elastic laminae, ath-
erosclerosis, and thrombosis. Homocysteine in itself is a
very toxic substance, causing endothelial lesions."”” Another
factor in the pathogenesis of thrombosis is platelet sticki-
ness.” Venous and arterial thrombosis can become life-
threatening. Death can occur because of myocardial in-
farction, pulmonary embolism, mesenteric thrombosis, or
cerebral vascular accident. About 20 percent of patients with
homocystinuria develop serious thrombosis. Following sur-
gery, the incidence of venous thrombosis is very high. Sur-
gery must be advised in the context of this risk, and anti-
thrombotic measures must be taken to minimize this threat.

Mental Retardation. Mental retardation is common but
not uniformly present; some patients with homocystinuria
have normal intelligence.”” In those who are retarded, the
1Q is usually about 50 and can deteriorate with age. Whether
the mental retardation is due to the biochemical abnormali-
ties or to intermittent cerebral thrombosis is not certain. In
general, homocystinuric patients who respond to pyridoxine
are less retarded. Adolescents with homocystinuria may ex-
hibit schizophrenia-like states. Patients may develop seizures
and have abnormal electroencephalograms.

Dislocation of the Lens. Dislocation is not observed in
infancy but develops later in childhood. It appears to be
caused by a defective suspensory ligament. Lens dislocation
can produce glaucoma.

Skeletal Changes. The limbs are excessively long and thin
(dolichostenomelia); the disproportionately long limbs
make the arm span exceed the height of the patient, and
the length from head to symphysis pubis is less than from
the symphysis pubis to heel. Arachnodactyly is present but
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is not as severe or frequent as in Marfan’s syndrome. There
may be fixed flexion deformity of the digits and flexion
deformity of the elbow with limited supination. The feet
and toes are long. Severe pes planovalgus is common; some
patients have cavus feet. Most patients have scoliosis—
usually a left lumbar, right thoracic curve, with the lumbar
curve greater than the thoracic curve. Osteoporosis, espe-
cially in the spine, is often a striking feature. The vertebral
bodies frequently exhibit biconcave end-plates, in addition
to the generalized osteopenia.

Widening of the metaphyses and enlargement of the
epiphyses of the long bones, particularly at the knees, are
important features in homocystinuria.® These are usually
not present in Marfan’s syndrome.

Associated anomalies are pectus carinatum or excavatum,
high-arched palate, a facial appearance characterized by ma-
lar flush, and light-colored hair.

DIAGNOSIS

Several studies indicate that a delay in diagnosis is frequent,
despite the presence of typical clinical features.”” The au-
thors emphasize that unusual myopia (high, abnormally
progressive, or occurring at a very young age), especially
when combined with skeletal manifestations, should alert
the attending physician to the possibility of homocystinuria.

Homocystinuria is apparently due to a number of poten-
tial genetic or biochemical abnormalities, as the spectrum of
clinical manifestations and variable response to pyridoxine
might suggest. Thus, confirmation of the diagnosis with
laboratory tests is not always simple.” The measurement
of sulfur amino acid concentrations (especially total homo-
cysteine) in plasma or urine is a good screening tool for this
condition. In patients whose clinical features and laboratory
screening suggest the diagnosis of homocystinuria, cystathi-
onine synthase assays can be done using fibroblasts cultured
from skin biopsy."

Features distinguishing homocystinuria from Marfan’s
syndrome are given in Table 30-2.

TREATMENT

Patients with the diagnosis of homocystinuria should have
a trial of treatment with pyridoxine (vitamin By), to which
approximately 50 percent of patients respond with reversal
of the biochemical abnormalities."”* This biochemical re-
versal may reduce the risk of thromboembolic complications
and prevent progression of the osteopenia or mental retarda-
tion, but to what extent is uncertain. Preservation of good
vision is enhanced if the diagnosis is made and treatment
is initiated within the first 6 weeks of life.”* In addition,
Wilcken and Wilcken* have demonstrated a significant re-
duction in thromboembolic events (myocardial infarction
and pulmonary edema) in a group of patients treated with a
combination of pyridoxine, folic acid, and hydrocobalamin.
About 50 percent of patients do not respond to pyridoxine
therapy, presumably because of individual variations of the
exact nature of the metabolic disorder.*"*

Progressive scoliosis in skeletally immature patients is
initially treated with a thoracolumbar orthosis. However,
this treatment often fails to prevent progression of the defor-
mity, and spinal fusion and instrumentation must be consid-
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TABLE 30-2 Features Discriminating Homocystinuria and Marfan's Syndrome

Feature Homocystinuria Marfan’s Syndrome
Inheritance Autosomal recessive Autosomal dominant
Etiology Deficiency in enzyme cystathionine synthase Defective fibrillin-1

Neurologic features
Convulsions; schizophrenia-like state
Vascular changes
High incidence of thromboembolism
Lens dislocation Present, usually downward
Not present at birth
Skeletal changes
Dolichostenomyelia

Flaring of metaphysis with enlargement of epiphysis at knee

Joint laxity, dislocation rare
Moderate arachnodactyly
Pectus excavatum carinatum
Scoliosis

Mental retardation present in most but not all

Tendency to thrombosis of veins and arteries

Osteoporosis with platyspondyly and biconcave vertebrae

Absent

Absent

Dissecting aneurysm

Rupture of aorta

Prolapse of mitral valve
Present, usually upward

Can be present at birth
Osteoporosis absent or minimal
Dolichostenomyelia

Epiphysis and metaphysis normal
Joint laxity typical

Severe arachnodactyly

Pectus excavatum carinatum
Scoliosis

Modified from Tachdjian MO: Pediatric Orthopedics, 2nd ed, p 889. Philadelphia, WB Saunders Co, 1990.

ered. Vertebral body osteopenia and the risk of thromboem-
bolic complications must be taken into consideration when
advising and proceeding with surgery.
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Nail-Patella Syndrome (Hereditary
Onycho-osteodysplasia)

In 1820, Chatelain described a patient with congenital anom-
alies of the nails, elbows, and knees—the earliest report of
nail dystrophy associated with skeletal dysplasia.* In 1897,
Little quoted a description by Sedgwick of a family of which
18 members in four generations had no thumbnails and
no patellae, thus suggesting the hereditary nature of this
disorder.” Involvement of the elbows was reported by Wrede
in 1909.” A detailed study of this triad of anomalies was
made by Osterreicher in 1931."

Turner in 1933 observed flaring of the iliac crests and
prominence of the anterior-superior iliac spines in some of
the affected patients.” Fong in 1946, during routine pyelog-
raphy, noted conical bony projections on the posterior ilia,
which he termed “iliac horns”; he did not, however, associate
them with any syndrome.® A few years later these iliac horns
were observed in association with knee, elbow, and nail
anomalies and reported by other authors.'®” Thus, iliac
horns were established as an important constituent of this
syndrome (Fig. 30-11).

The popular name of nail-patella syndrome has been
applied to this triad of anomalies, but Love and Beiler in
1957 proposed the term hereditary osteo-onychodysplasia
(HOOD)." It is also referred to as hereditary onycho-osteo-
dysplasia.*

The exact incidence of this syndrome is not known. Mino
and associates in 1948 collected over 100 cases from the
literature.'® Duncan and Souter in 1963 found reports in
the world literature of 44 families exhibiting the syndrome.*

FIGURE 30-11

AP pelvic radiograph of a 14-year-old girl with nail-
patella syndrome. Bilateral iliac horns are seen protruding from the iliac
wings.
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FIGURE 30-12 Dystrophic nails in a 10-year-old girl with nail-patella
syndrome. The ulnar digits are less affected than the thumb.

The entire series comprised over 400 affected persons, but
details were available on only 252 individuals. Wynne-Davies
and associates reported a birth incidence of 1 in 50,000 and
a probable prevalence of about 1 per 1 million population.”

GENETICS

Onycho-osteodysplasia is transmitted as an autosomal dom-
inant trait’ There is a linkage between the locus of the
nail-patella gene and that of the ABO blood groups on
chromosome 9."!%192

CLINICAL FEATURES

Dystrophy is greatest in the thumbnails and becomes less
severe in the more ulnar digits (Fig. 30—12). The little finger
is rarely affected. Abnormalities of the toenails have been
noted in some patients. The thumbnail may be absent, bifid,
or hemiatrophic (the ulnar side of the nail is usually the
part that is absent). The nails may be decreased in length
and show numerous longitudinal cracks. Nail deformity is
present in 98 percent of cases.

Bony abnormalities of the digits have not been demon-
strated. The mesodermal tissues of the fingers appear to be
involved to some extent. The terminal pulp may extend
around from the volar aspect onto the dorsal surface. The
dorsal skin creases over the distal interphalangeal joints may
be absent or poorly developed. There may be laxity of the
ligaments of the metacarpophalangeal and interphalangeal
joints.

This abnormality manifests as an absence or hypoplasia
of the patella. The hypoplastic patella may be ovoid, triangu-
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lar, or irregular in shape and may arise from several ossific
centers. It may be located more distally than in the normal
knee, superimposed on both the femoral and lateral tibial
condyles.

The presenting complaint may be recurrent lateral dislo-
cation of the patella caused by hypoplasia of the lateral
femoral condyle. Some degree of genu valgum is usually
present. The medial femoral condyle is frequently large and
prominent, while the lateral femoral condyle is underdevel-
oped (Fig. 30—13). The medial tibial plateau may slip down-
ward and medially, or it may even be grooved. The medial
margin of the proximal tibial metaphysis tends to sweep
upward and medially in a characteristic arc.

The carrying angle of the elbow joint is increased with
varying degrees of cubitis valgus. There is hypoplasia of
the lateral side of the elbow joint involving not only the
capitellum and lateral condyle but also the radial head. The
radial head may articulate normally with the capitellum, or
there may be subluxation or dislocation posteriorly. (Fig.
30-14)." There may be a pointed exostosis of the lateral
aspect of the coronoid process. Range of motion of the
elbow joints is usually limited.

RADIOGRAPHIC FINDINGS

Iliac horns" and flaring of the iliac crests with prominence
of the anterior superior iliac spines are the two types of
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FIGURE 30-13 A, Clinical appearance of the lower extremities of a 10-year-
old girl with nail-patella syndrome and patellofemoral instability. B, CT scan
of the patellofemoral joint reveals hypoplasia of the patella and a shallow femo-
ral groove.

pelvic abnormalities encountered. Iliac horns, one of the
most common characteristic features of onycho-osteodys-
plasia, are bilateral, are present in 75 percent of cases, and
may be visible, palpable, or impalpable, according to their
size. Secondary centers of ossification may occur at their
tips. They are present quite early in life. When outflaring
of the iliac crests, with prominence of the anterior superior
iliac spines, is combined with iliac horns, the appearance of
the pelvis has been likened to that of an elephant’s ear.

ASSOCIATED ANOMALIES

Other anomalies that may be found in association with the
foregoing main lesions include clubfoot and other congenital
foot abnormalities,”"® DDH, scoliosis, glenoid and acromial
dysplasia,”® and congenital contracture of the little finger.
Abnormal pigmentation of the iris occurs in about 50 per-
cent of cases. Plummer-Vinson syndrome (dysphagia, hypo-
chromic anemia, and koilonychia) has also been associated
with nail-patella syndrome.

Later in life, usually during the third or fourth decade,

nephropathy and proteinuria develop, with subsequent renal
failure .3'5'8'9'] 2,22,2426

TREATMENT

There is no specific treatment for the disorder. Recurrent
dislocation of the patella may occur, which, if disabling, is
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FIGURE 30-14 A, Bilateral radial head dislocations in a 15-
year-old girl with nail-patella syndrome. B, The radial head
is dislocated posteriorly. C and D, There is significant limita-
tion in both elbow flexion and extension in the girl's mother.
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treated by proximal and/or distal realignment. In a series
reported by Guidera and associates, approximately 50 per-
cent of children with nail-patella syndrome underwent knee
surgery to treat instability.” Foot deformities often require
posteromedial clubfoot releases.
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Larsen’s Syndrome

Of all the syndromes or conditions likely to be seen by
the pediatric orthopaedist, Larsen’s syndrome comes with
potentially so many orthopaedic deformities requiring treat-
ment that its management has been termed a Herculean
task,” owing to the number of dislocated joints, foot deformi-
ties, and spine deformities, including a potentially lethal
cervical kyphosis, which must be addressed. Once an infant
has been diagnosed, a thorough investigation of the entire
musculoskeletal system is necessary, with prioritization of
the management of these multiple deformities. Even with
optimal care of each individual deformity, the functional
outcome at maturity may be guarded at best, owing to the
additive morbidity and possible complications of manage-
ment of bilateral dislocations of the hips and knees, indepen-
dent of any spinal deformities and foot surgeries that might
be also required. The magnitude of the task of managing
these patients has been noted since the first description of
the syndrome by Larsen and associates in 1950."

CLINICAL FEATURES

An initial evaluation is often required soon after birth, be-
cause the orthopaedic manifestations are so dramatic. The
lower extremities most frequently exhibit bilateral hyperex-
tension deformities of the knees and fairly rigid clubfeet.
The knee deformity spans a spectrum from simple congenital
hyperextension deformity to complete (type C) anterior dis-
location of the tibia on the femur (Fig. 30-15), with the
more severe dislocation being common. The hips are often
teratologically dislocated, with obvious foreshortening of the
thighs, but often with remarkable mobility, reflecting the
generalized ligamentous laxity seen in Larsen’s syndrome.
Other obvious skeletal manifestations include deformities
of the hands and elbows. The elbows frequently demonstrate
radiohumeral dislocation with lateral prominence of the
radial heads even in the infant, and there may be more
extensive dislocation with a total disruption of the radiocapi-
tellar and the humeroulnar joints (Fig. 30—-16). In the latter
case the elbow will be fixed by webbing in the antecubital
space, with a flexion contracture varying from 60 to 90
degrees.'” The fingers are usually long and cylindrical, with
a series of shortened metacarpals, and a spatulate thumb
where the terminal phalanx is short and wide. Dislocation
of the metacarpal joint of the thumb can occur (Fig. 30-16).
The appearance of the fingers is distinctly different from
classic arthrogryposis, one of the possible diagnoses to be
considered in this setting,.

Facial dysmorphia aids in the immediate identification
of patients with Larsen’s syndrome, who characteristically
have a flattened nasal bridge, relatively widely spaced eyes,
and a prominent forehead (hypertelorism). The depression
of the nasal bridge is a universal characteristic that makes
the facial findings, in conjunction with the orthopaedic
deformities, pathognomonic. Other nonorthopaedic in-
volvement includes elasticity of the thoracic cage and tra-
cheo- and laryngomalacia. Indeed, respiratory failure or
early respiratory death have been reported as part of the
syndrome.*"** Acquired lesions of the mitral valve and aorta,
similar to those found in Marfan’s syndrome and other
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hyperelasticity conditions, can further complicate the surgi-
cal management of these children."**

NEUROLOGIC EVALUATION

The neurologic evaluation of children with suspected Lar-
sen’s syndrome is critical. These patients are often described
as being hypotonic, a condition associated with hyperelastic-
ity syndromes and often implicated in the delay of achieve-
ment of certain motor skills such as the ability to walk. In
infants who are “floppy” or who have delay in reaching
milestones, it may be a dangerous oversimplification to attri-
bute such delay to the syndrome per se or to the presence
of multiple joint dislocations or foot deformities, for the
possibility of cervical cord compression must always be en-

FIGURE 30-15 Larsen’s syndrome. A, A newborn infant

with obvious dislocated knees and clubfeet. B and C, Radio-

graphs of type C complete dislocation of the knee.
Hlustration continued on following page

tertained in any infant with hypotonicity. In patients with
a known associated cervical kyphosis, the presence of this
deformity must be determined as early as possible to avoid
chronic myelopathy and neurologic morbidity. Should cer-
vical cord compression occur prior to complete myeliniza-
tion, the classic signs of spasticity and/or hyperactive deep
tendon reflexes indicating spinal cord compression are likely
to be absent, and the patient will exhibit a flaccid-type paresis
(hypotonicity). Although the tracheo- or bronchomalacia
observed in patients with Larsen’s syndrome”** can be
responsible for pulmonary compromise or death in infancy,
patients with cord compression and flaccid paresis will also
suffer respiratory weakness and failure. Thus, the impor-
tance of early neurologic evaluation and radiographic identi-
fication of cervical kyphosis cannot be overemphasized in
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FIGURE 30-15 Continued. D, Type B subluxation of the knee in another patient. E and F, Incomplete reduction
following cast correction. Both knees subsequently underwent open reduction.

this patient population to avoid chronic myelopathy and
irreversible neurologic morbidity." A review of the literature
strongly suggests the probable underdiagnosis of cervical
kyphosis and cord impingement, as the cervical spine de-
formities were not emphasized in the original description
of the syndrome,” and except for sporadic reports,'*!>!%
there has been little emphasis on this most critical and
potentially catastrophic lesion in patients with the syndrome.

DIFFERENTIAL DIAGNOSIS

Other entities that share features with Larsen’s syndrome
and must be excluded in the diagnosis include other hyper-
elasticity syndromes, such as Marfan’s syndrome or Ehlers-
Danlos syndrome, and, because of the contractures and
extremity deformities, arthrogryposis multiplex congenita
and Beals’ syndrome (congenital contractural arachnodac-
tyly). The latter are usually differentiated by the fact that
patients with Larsen’s syndrome have a relatively normal
muscle mass. Patients with Beals’ syndrome or classic arthro-
gryposis may suffer birth fractures as a result of rigid joints.
Arthrogrypotic patients lack normal flexion creases, and,
with the exception of the elasticity of the chest cage in
patients with Larsen’s syndrome, which may manifest in the
newborn as paradoxical motion on inspiration and stridor,
infants with Larsen’s syndrome are generally more robust
and are actively moving. Patients with hyperelasticity syn-
dromes do not exhibit the multiple joint dislocations typical
of Larsen’s syndrome. A milder form of Larsen’s syndrome
lacking full-blown joint dislocations may be confused with
other hyperelasticity syndromes. The dysmorphic facies of

Larsen’s syndrome should then be the physical finding that
settles the issue.

Larsen’s syndrome is classically inherited by an autosomal
dominant pattern,”'® and so a family history of the disorder
would be an important additional feature in a patient with
an otherwise uncertain diagnosis.

RADIOGRAPHIC FINDINGS

An unusual radiographic finding, a separate, additional ossi-
fication center for the calcaneus (Fig. 30-17), may aid in
the diagnosis.*” The additional calcaneal apophysis is a quite
consistent finding, and its absence would cast doubt on a
diagnosis of classic Larsen’s syndrome. Extra carpal ossifica-
tion centers have also been observed®”? as another con-
firming radiographic finding (Fig. 30-18).

TREATMENT

Because of the multiple deformities presenting simultane-
ously, the order of treatment should be prioritized as early
as possible.

Cervical Kyphosis. To minimize morbidity from unsus-
pected or undiagnosed cervical kyphosis, definitive manage-
ment should be planned first for this deformity. The actual
surgical stabilization of a cervical kyphosis need not precede
treatment of other deformities, but the presence of cervical
kyphosis must be acknowledged even if spinal cord impinge-
ment is not present, and appropriate anesthetic precautions
must be taken during surgical procedures for other deformi-
ties to avoid possible catastrophic complications."*"
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FIGURE 30-16 Larsen's syndrome. A, Right elbow in a
newborn. Note complete radiocapitellar and humeroulnar dis-
location. The thumb is also dislocated at the metacarpopha-
langeal joint. B and C, Radiographic appearance at age 6.
Marked webbing and a 90-degree flexion contracture accom-
pany the untreated deformity.
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FIGURE 30-17 Unusual radiographic findings that may
aid in the diagnosis of Larsen’s syndrome. A, Accessory calca-
neal apophyses in a 2-year-old with clubfeet. B, The accessory
calcaneal apophysis has fused to the main calcaneus at age 5.

FIGURE 30-18 Larsen’s syndrome: extra carpal bone ossific nuclei in a 9-year-old.



In a patient with the full-blown syndrome, we recom-
mend the following prioritization of treatment in the infant:
cervical kyphosis (or other threatened instability); congenital
dislocation of the knee; congenital dislocation of the hip;
and last, foot deformities requiring correction to reach plan-
tigrade position. The treatment of cervical kyphosis may not
be required early in the absence of objective signs of spinal
cord compression. Early MRI evaluation is crucial to deter-
mine the urgency of stabilization (Fig. 30-19). Posterior
cervical fusion in infants less than 1 year old is associated
with a definite risk of pseudarthrosis and therefore failure,
and it has been our experience that delay of posterior cervical
fusion to around the age of 18 months, if neurologically
feasible, may result in a higher rate of fusion and subsequent
correction of the deformity by continued anterior growth."
The details of treatment of cervical kyphosis can be found
in Chapter 10, Disorders of the Neck.

Congenital Dislocation of the Knee. Congenital disloca-
tion of the knee in Larsen’s syndrome is occasionally amena-
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ble to nonoperative treatment. The full spectrum of knee
dislocation has been observed. If the knee is merely hyperex-
tended (Curtis 2, type A), it may be possible, with serial
casting and quadriceps stretching, to achieve reduction by
flexion. More often than not, however, the quadriceps con-
tracture is more severe and obliteration of the suprapatellar
pouch complete.” Spurious reduction may occur with per-
sistent manipulation and casting (Fig. 30—15). Once recog-
nized, this leaves operative treatment as the only method
for achieving reduction and concentric knee flexion. There-
fore, an early attempt at closed reduction by flexion and
serial casting should be made in the newborn, and if the
reduction is successful, it can be maintained by splintage,
which may include the use of a Pavlik harness to maintain
the knees in a flexed position.”’ In a relatively mild case,
knee hyperextension and hip dislocation may be treated
simultaneously by a Pavlik harness in the neonatal period,*
provided that knee flexion greater than 40 to 45 degrees can
be achieved (Fig. 30-20).

FIGURE 30-19 Imaging findings in an infant
with Larsen’s syndrome. A, Initial cervical radio-
graph obtained at age 2 months. B, MR image
obtained at age 6 months. The epidural space
anterior to the cord at the kyphotic apex was
adequate to allow proceeding with lower extremity
surgery. C, Radiographic appearance at age 12
months. The kyphosis has progressed to 49 de-
grees. The patient was placed in a brace temporar-
ily. Posterior cervical fusion was performed 4
months later. c
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FIGURE 30-20 Simultaneous treatment of dislocated hips and knees
with a Pavlik harness in Larsen’s syndrome. The patient had recently
undergone posterior cervical fusion as well.

Open reduction of congenital dislocation of the knee is
probably the second most important operative procedure
performed, after cervical spine stabilization, if the patient
is to have good functional outcome and ambulatory ability
as an adult. The best results are obtained when the knees
are reduced by the age of 2.2*** The traditional treatment
of congenital dislocation of the knee involves extensive
quadriceps mechanism lengthening to achieve flexion, as
well as an anterior arthrotomy to release intra- and extra-
articular adhesions preventing knee flexion and to mobilize
the patellofemoral joint. However, the end result of an exten-
sive V-Y quadriceps lengthening is a relatively incompetent
quadriceps mechanism, producing extensor weakness and
poor ambulatory function. If the knee is in addition unstable
due to existing ligamentous insufficiency (particularly cruci-
ate), or if extensive intra-articular release is required to
achieve reduction, the quadriceps weakness further reduces
function, and severe valgus or frank subluxation may result,
making the patient brace dependent. Marked instability at
the time of reduction, requiring temporary transarticular
fixation, is an ominous sign for the later development of
valgus, subluxation, and fixed flexion contracture due to re-
subluxation of the tibia. In such a clinical scenario, the
impaired knee function becomes the most significant dis-
ability (Fig. 30-21).

Experience with arthrotomy and primary femoral short-
ening to gain reduction and flexion of the knee has been
more encouraging (Fig. 30-22). The purpose of the femoral
shortening is to gain length of the quadriceps mechanism
without extensive dissection and lengthening of the muscle-
tendon unit itself. With shortening of the femur, the exten-

sion contracture is decompressed, and with a more limited
arthrotomy, intra-articular and extra-articular obstructions
to reduction of the knee can be released or excised without
damage to the suprapatellar quadriceps mechanism itself.
The patellofemoral joint can be realigned by extending the
arthrotomy proximally on the lateral side of the knee, freeing
the patella from its laterally dislocated position and re-
aligning it in its appropriate intercondylar groove, again
aided by the femoral shortening. The bony shortening is
stabilized by an appropriately small or mini DCP plate.
Following bony healing, the knees are splinted in a flexed
position and gradually brought to full extension as the child
grows and ambulatory status develops.

Late angular deformity, primarily valgus, is common fol-
lowing the earlier knee reduction surgery. If the valgus is
associated with marked anterolateral instability, ligamentous
reconstruction can be attempted. We have utilized the ilio-
tibial band transfer to substitute for the anterior cruciate
combined with imbrication of the posteromedial corner to
stabilize such knees, with definite short-term improvement.
Longer-term resubluxation may occur due to gradual
stretching of the ligamentous replacement. As always, any
cruciate ligamentous transfer in the immature knee risks
growth disturbance of the proximal tibial physis (Fig. 30—
22). Bony realignment by varus osteotomy may also be
appropriate for valgus alignment. Although not addressing
directly the pathologic ligamentous and articular structures,
realignment may improve symptomatic valgus adequately
by preventing further stretching of medial and posterior cap-
sules.'

Congenital Dislocation of the Hip. Congenital dislocation
of the hip may be amenable to closed treatment in the
newborn. Congenital dislocation of the hip may seem terato-
logic in patients with Larsen’s syndrome, but closed reduc-
tion and stabilization have been successfully performed.
Knee hyperextension and congenital dislocation of the hip
can be treated simultaneously in the neonate by means of
a Pavlik harness. If hip stability is not achieved with the
harness, maintaining the knees in flexion is still beneficial
for subsequent formal closed or open reduction of the hips,
which will then be immobilized in a spica cast. Knee flex-
ion obviously is helpful in applying an appropriate spica
cast.

Failure to achieve closed reduction should not be unex-
pected. The dislocations are teratologic in many instances,
and one attempt at anterior open reduction and capsulor-
rhaphy should be planned if teratologic dislocation persists
following closed treatment in infancy. Because hyperlaxity
is usually a contributor to the hip instability, capsulorrhaphy
should be planned, and this is best done through a traditional
anterior ilioinguinal approach. We have no experience with
medial open reduction without capsulorrhaphy in patients
with Larsen’s syndrome.

Anterior open reduction and capsulorrhaphy of the hip
is best performed around the age of 1, and if both ipsilateral
knee and hip are dislocated, the surgical treatment of both
joints in the same extremity should be combined. Because
femoral shortening may be required to achieve a stable hip
reduction without risking avascular necrosis, we have per-
formed a middiaphyseal femoral shortening to aid reduction
simultaneously of both the hip and knee (Fig. 30-22). Both
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FIGURE 30-21 Larsen’s syndrome. A, Following bilateral open reduction of dislocated knees at age 14 months, both
tibias have resubluxated anteriorly due to incomplete release and decompression by femoral shortening. B, Two years
later, frank dislocations are present in spite of bracing. Quadriceps function was good, and further surgery was refused.
C, By age 11, unstable dislocated knees required full-time bracing, and function was poor.
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joints of the same extremity undergo open reduction, aided
by the diaphyseal shortening. With the knee flexed, the
quadriceps realigned, and the incision closed, clearing of
the acetabulum, capsulorrhaphy, and wound closure of the
hip follow. The involved extremity is then immobilized in
a spica cast for an appropriate period of time, and the
contralateral extremity with one or both joints dislocated
can be approached in 2 to 3 months. Simultaneous reduction
of both the hip and the knee, aided by a single diaphyseal
femoral shortening, has proved to be the most efficacious
method of achieving joint reduction with a minimum of
surgical procedures (Fig. 30-22).

If a patient presents late with dislocated hips or if open
reduction has failed, leaving the hips unreduced is a viable
option. Indeed, Larsen and colleagues did not treat the dislo-
cated hips in some of their patients because of the excellent
motion and absence of hyperlordosis."

FIGURE 30-22 Simultaneous reduction of con-
genital hip and knee dislocation in Larsen’s syn-
drome. A, Radiograph obtained after age 1 year
showing bilateral congenital dysplasia of the hip.
B, Unstable left knee in the same patient following
closed reduction and casting. C, Appearance fol-
lowing open reduction of ipsilateral left hip and
knee with diaphyseal shortening. The right hip and
knee had undergone a similar treatment 3
months earlier.

Foot Deformities. Foot deformities in Larsen’s syndrome
usually include equinovarus or equinovalgus position of the
foot. In order of priority of treatment, foot deformities are
usually addressed after the knee and hip have been stabilized,
and, as with other congenital foot problems involving sig-
nificant equinus, waiting until the patient is ambulatory
and fully weightbearing is beneficial in helping to maintain
correction. Although operative treatment is frequently re-
quired for equinovarus deformities, it is not unreasonable
to attempt closed correction with casting or other stretching
techniques during the treatment period for hip and knee
joints. The equinus of Larsen’s syndrome tends to be quite
resistant, however, and judicious tendo Achillis lengthening
and posterior release will likely be required to achieve a
plantigrade foot. Because of the overall ligamentous laxity,
caution is recommended on releasing other components
of the clubfoot, as hyperpronated/valgus overcorrection is



FIGURE 30-22 Continued. D, Hip reduction 2 years postoperatively. E, Appear-
ance 5 years postoperatively. The left knee is unstable and has subluxated into valgus
and recurvatum. The right knee was treated by cruciate ligament reconstruction and
posteromedial capsular imbrication 2 years later, and is stable but has suffered
proximal tibial growth arrest.

common. An apparently rigid clubfoot in an infant may
later become pathologically flexible. Minimal release of the
equinus and hindfoot varus in the 1-year-old who has com-
pleted treatment for other joint dislocations may be all that
is required.

Equinovalgus deformities may not require treatment at
all, or may simply require a tendo Achillis lengthening."
Patients with Larsen’s syndrome also tend to develop serpen-
tine or Z-foot deformities, in which hindfoot valgus is com-
bined with forefoot adductus (Fig. 30-23). Because of the
ligamentous laxity, therapeutic intervention is rarely re-
quired, and supportive shoe wear or orthotics may be all
that is needed. On occasion it may be necessary to correct
the hyperpronated portion of the deformity by hindfoot
stabilization. Because of the ligamentous laxity, the feet of
patients with Larsen’s syndrome frequently appear to have
significant deformity in the weightbearing position but re-
main asymptomatic (Fig. 30-23).

Congenital Dislocation of the Elbow or Radial Head.
Congenital dislocation of these structures is a fairly frequent
finding in patients with Larsen’s syndrome but rarely re-
quires treatment (see Fig. 30-16).' Patients with radial head
dislocation are treated as any other patient with this congeni-
tal dislocation: excision of the radial head is performed at
maturity in the patient who is symptomatic. The arms re-
main functional, with an adequate range of motion of the
elbow, and thus the skeletal anomaly is generally ignored.
In the more severe humeroulnar dislocations, the deformity
would appear to require treatment, in that the elbows are
frequently in a flexed position, with webbing and significant
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contracture (see Fig. 30—16)."” Because of the bizarre absence
of the distal humerus in these patients, treatment has gener-
ally been declined, owing to the inability to restore a normal
articulation by open reduction. Proximal radioulnar synos-
tosis, although reported in two-thirds of the patients in
Laville’s series," is an uncommon elbow abnormality, again
with little therapeutic implication because of lack of symp-
toms or functional impairment.

Scoliosis. Scoliosis in patients with Larsen’s syndrome
manifests at a later age and is treated like any other juvenile
onset idiopathic deformity, with one caveat. Because of the
plasticity of the thoracic cage and the laxity of the costochon-
dral joints, bracing for scoliosis in this patient population
must be prescribed with caution, for the chest wall could
be significantly deformed with scoliosis pads. As with other
patients with hyperlaxity, there may be an absolute thoracic
lordosis that contraindicates bracing. Scoliosis has been re-
ported in 25 to 70 percent of patients with Larsen’s syn-
drome,'"*"® with approximately half of the patients subse-
quently undergoing operative stabilization. Because of the
earlier onset of the deformity, most patients with Larsen’s
syndrome will require anterior and posterior fusion to elimi-
nate the crankshaft phenomenon. In patients with sagittal
imbalance caused by cervical kyphosis, the lordosis of the
thoracic deformity caused by a cervical kyphosis above may
be an incipient feature which then allows the scoliosis to
progress (Fig. 30—-24). As with any juvenile onset deformity,
the condition can progress rapidly and dramatically. Fusion
of a progressive scoliosis is recommended as soon as the
deformity exceeds 60 degrees.
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FIGURE 30-23 Foot deformities in Larsen’s syndrome.
A and B, Equinovalgus feet. The hindfoot valgus is exacer-
bated by the extreme ligamentous laxity. Mild metatarsus
varus may be present on the left. C, AP radiographs showing
“rear” dislocation of the talocalcaneal joints. D, Lateral radio-
graphs showing marked hindfoot valgus and accessory calca-
neal apophyses. The patient was asymptomatic.



FIGURE 30-24 Scoliosis in Larsen’s syndrome.
A, Forty-degree scoliosis in a patient age 4 years
6 months who had already undergone anterior and
posterior cervical fusion and lower extremity re-
constructions (Fig. 30-22). B, Severe thoracic lor-
dosis in response to the residual cervical kyphosis
(arrow) was also noted. C, At age 8, the deformity
has progressed to 75 degrees. A Milwaukee brace
had been used intermittently. D and E, The patient
underwent anterior and posterior fusion with in-
strumentation. One year postoperatively the scolio-
sis was 30 degrees and the thoracic lordosis had im-
proved. D

Cervical spondylolisthesis or hyperlordosis may present
in the older child or adolescent. The deformity may be
clinically apparent, with a progressively protruding jaw, or
the child may present with neck pain (Fig. 30-25). Spondy-
lolisthesis at C6—7 or C7-T1 has been noted in younger
children, associated with the pars defects and incomplete
posterior elements of the cervical spine in Larsen’s syndrome
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(see Chapter 12, Kyphosis). The spondylolisthesis generally
does not progress and may be asymptomatic in the adoles-
cent. On the other hand, late presentation of cervicothoracic
spondylolisthesis with symptoms may require fusion (Fig.
30-25B). Hyperlordosis per se has not required treatment
unless there is dural impingement from posteriorly, as has
been seen in one patient who grew into hyperlordosis after
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A B
FIGURE 30-25 Spondylolisthesis in Larsen’s syndrome. A, Radiograph of a 15-year-old boy with spondylolysis at
C7-T1 (arrowhead). The patient had been followed for a presumed potential instability at C1-2, when the hypoplastic
ring of C1 and the synostosis of C2-3 were observed at an early age. No instability ever developed. The spondylolysis
was asymptomatic. B, Radiograph of an 18-year-old man with progressive throat protrusion and neck pain showing
spondylolisthesis at C6-7 and C7-T1. There was no neurologic deficit. Symptomatic relief with a four-poster brace
was achieved, but more definitive stabilization is likely to be required.

having undergone fusion 11 years earlier for kyphosis (see
Chapter 10, Disorders of the Neck).

SUMMARY

Patients with Larsen’s syndrome usually require treatment
for multiple orthopaedic deformities, which must be identi-
fied, prioritized, and managed in a staged fashion. Optimal
outcome depends on, in order of importance, stabilization
of cervical kyphosis and prevention of chronic myelopathy;
stable reduction of congenital knee dislocation(s) with quad-
riceps muscle—sparing surgery (i.e., femoral shortening); re-
duction of congenital hip dislocation(s) with maintenance
of good range of motion and functional hip musculature;
and creation of plantigrade feet. Scoliosis may have to be
addressed in the older child, while upper extremity (i.e.,
elbow) deformities have generally not required treatment.
Mistaking syndromic hypotonicity for the more sinister cer-
vical myelopathy in the infant and young child should be
avoided now that the predilection for cervical kyphosis in
Larsen’s syndrome is known.
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Apert’s Syndrome

Apert’s syndrome is one of a group of relatively rare deformi-
ties known as the acrocephalosyndactyly syndromes. In
1906, Eugene Apert described a group of children who had
“avery high skull, flattened at the back and sometimes on the
sides, while the upper frontal region bulges and syndactyly in
all four limbs.”" Apert’s syndrome is the most common
acrocephalosyndactyly syndrome to be seen by the pediatric
orthopaedic hand surgeon.’

Although the condition is said to be autosomal dominant,
it is almost always the result of a spontaneous genetic muta-
tion, since affected individuals rarely have offspring. Lack
of reproduction is likely due to the cosmetic aspect of their
severe facial anomalies, which until modern times could not
be reconstructed. The condition occurs in 1 in 100,000 (or
more) live births.” Upton feels strongly that at least initially,
affected children are normal mentally, and that modern
craniofacial reconstruction throughout childhood can yield
a normal functioning brain. Historically, many of these un-
fortunate people were institutionalized and their intellectual
potential was never realized. Even today, about half require
some special assistance in school.

CLINICAL MANIFESTATIONS

There are striking and characteristic facial features caused
by (1) premature closure of the basal portions of the coronal
and frequently the lambdoidal sutures, (2) shallow orbits,
causing a bulging-eyed appearance (exophthalmos), and
(3) failure of forward growth of the maxilla, which results
in a parrot-beaked nose, high-arched palate, and crowding
of maxillary teeth and tongue (the latter can lead to upper
airway difficulties). Other than the musculoskeletal anoma-
lies, there are no other associated abnormalities in these
children.

The musculoskeletal anomalies are most apparent in the
hands and feet. These deformities include symmetric, com-
plex, and complicated syndactyly. Skeletal dysplasia of the
glenohumeral joint and occasionally of the elbow joint can
also limit the positioning of these severely deformed hands.

The hand deformity is variably severe, but two general
hand patterns exist: the less severely affected, flat or “spade-
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like” hand, and the more severely affected, cupped or
“spoonlike” hand. Common to both patterns are (1) short,
radially deviated thumbs with a delta-shaped proximal pha-
lanx, (2) a complex osseous syndactyly of index, long, and
ring fingers, (3) symphalangism with little or no interphalan-
geal motion of the fingers, (4) a simple cutaneous syndactyly
in the fourth web space, and (5) a less severely affected fifth
digit. The fifth ray is the most normal digit these children
have; the metacarpal and distal interphalangeal joints are
usually functional, but a functioning proximal interphalan-
geal joint is lacking. A proximal IV-V metacarpal synostosis
is frequently present that limits the opposition of this “best
digit” with the thumb.

TREATMENT

The early treatment of hand deformities is essential for these
children. It is most important to coordinate the efforts of
the craniofacial team with the pediatric hand surgeon, since
the treatment of both head and hand anomalies must begin
in infancy. The long-term outcome for these children and
their ability to function independently as an adult depends
on protecting their brains with appropriate craniofacial sur-
gery and restoring whatever limited but important hand
function can be restored by carefully planned and timed
hand surgery early in life. Psychological evaluations of adults
with this condition show self-esteem, sense of mastery, and
competence to be highly correlated with hand function.?

The surgical reconstruction of the hands involves compli-
cated decision making that centers on (1) developing the
best possible thumb-index web space, (2) mobilizing the
“best digit” (always located on the ulnar border of these
hands), and (3) decision making regarding the optimum
number of digits to reconstruct from the remaining II, III,
IV synostotic digital mass. Hand surgery on these children
should be done in centers where teams of surgeons can
begin the reconstruction as early as possible and carry out
bilateral hand procedures, often beginning before age 1. The
challenging goal is to provide the child with useful hands,
with the bulk of the hand reconstruction completed by the
time the child enters school at age 5. The details of this
treatment are beyond the scope of this book and out of the
realistic realm of most general pediatric orthopaedic and
hand surgeons. These children should be referred to centers
where their anesthetic, craniofacial, and hand surgery chal-
lenges are managed on a more routine basis. A recent publi-
cation by Van Heest, House, and Reckling goes into the
details of decision making and provides an excellent bibliog-
raphy for further reading.’!
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Down Syndrome (Trisomy 21)
INTRODUCTION

Down syndrome is the most frequent and most readily
recognizable trisomy occurring in humans. It was reported
in 1866 by J. L. Down, who remarked that “a large number
of congenital idiots are typical mongols.”"® As recently as
the 1970s, patients with this syndrome were referred to as
mongoloid. It was not until 1959 that Lejeune and Turpin
identified an extra chromosome 21 as the cause of this
condition.”! All affected individuals have, in some form,
three copies of this chromosome. Most (nearly 95 percent)
have three free-standing copies, or full 21 trisomy. Approxi-
mately 4 percent of affected individuals have a translocation
involving chromosome 21. The majority of these transloca-
tions exist as fusions at the centromere between chromo-
somes 13, 14, 15, or 21 t(21q;21q). For children born of
mothers younger than 30 years of age, the incidence of
translocation is slightly higher (6 to 9 percent of affected
children).”* Because of this possibility, chromosome studies
should be done on every Down syndrome individual. If a
translocation is identified, parental studies should be done to
identify which normal-appearing parent is the translocation
carrier. This individual can then be counseled about the
higher risk of bearing future chromosomally abnormal off-
spring. The remaining 1 percent of patients with Down
syndrome are mosaic, with some normal cells.

Recent genetic studies have further localized the abnor-
mal regions on chromosome 21."%**! Many of the features
attributable to Down syndrome are found in the region
D21S55, or Down syndrome chromosome region (DCR),

FIGURE 30-26 Clinical appearance of a l4-year-old boy with Down syndrome.
A, Note the characteristic flat face with slanted palpebral fissures. B, His hands are short
and broad, with the appearance of clinodactyly in the little finger.

located on Q22.2 or the very proximal Q22.3. Further genetic
research is expected to provide greater insight into the ab-
normal regions on chromosome 21 responsible for the nu-
merous abnormalities seen in Down syndrome.

More than half of trisomy 21 conceptions abort early in
pregnancy. Nevertheless, the overall incidence is 1 in 600
to 800 live births.” The incidence increases with increasing
maternal age at the time of delivery: it is 1 in 1,500 at ages
15 to 29 years, 1 in 800 at ages 30 to 34 years, 1 in 270 at
ages 35 to 39 years, 1 in 100 at ages 40 to 44 years, and 1
in 50 at age 45 and older.”

Recommendations for prenatal screening for Down syn-
drome continue to evolve.” During pregnancy, the maternal
serum alpha-fetoprotein concentration is lower, unconju-
gated estriol decreases, and human chorionic gonadotropin
increases in the presence of a trisomy 21 fetus. A fourth
biochemical assay screening test, serum inhibin measure-
ments, has also been found useful. Ultrasonography provides
further noninvasive information. If the results of these tests
indicate an increased risk of Down syndrome, particularly
in women over 35 years of age, it is reasonable to consider
amniocentesis and chromosome analysis.

CLINICAL FEATURES

The prominent clinical features seen in Down syndrome
include hypotonia, a flat face with upward and slanted palpe-
bral fissures or epicanthic folds, a tendency to keep the
mouth open with the tongue protruding, hyperlaxity leading
to hyperflexibility of joints, relatively small stature with an
awkward gait, varying degrees of mental retardation, a high-
arched palate, short, broad hands with a simian crease, and



a hypoplastic middle phalanx of the fifth finger, leading to
a clinodactyly appearance (Fig. 30-26). Other less evident
findings include speckled irides, intestinal atresia, cardiac
malformations, and radiographically demonstrated dyspla-
sia of the pelvis.

Over time, muscle tone tends to improve, but joint hyper-
laxity remains. Improvement in mental development slows
with increasing age, and the mean IQ of older patients is 24.
The social performances of children with Down syndrome
usually extend beyond their mental age.

Physical growth is slow, and development of the second-
ary centers of ossification is often delayed. Thyroid dysfunc-
tion is common but often not readily noticeable. This should
lead the primary caretaker to periodically undertake thyroid
function studies.

The major cause of early mortality in Down syndrome
is congenital heart disease. With continued improvements
in surgical care for congenital heart defects, survival has been
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increasing. Nevertheless, life expectancy remains shorter for
those with congenital heart defects than for those without.

ORTHOPAEDIC ASPECTS AND TREATMENT

Instability of the Upper Cervical Spine in Down Syn-
drome. Atlantoaxial (C1-2) instability, first described
nearly 40 years ago, continues to be the primary orthopaedic
concern in individuals with Down syndrome. A study of
404 patients with Down syndrome reported an incidence of
14.6 percent (13.1 percent were asymptomatic, 1.5 percent
produced neurologic symptoms).* Others report incidences
ranging from 9 percent to 31 percent.”***%" The diagnosis
is confirmed with measurements taken from lateral radio-
graphs of the upper cervical spine obtained in flexion, exten-
sion, and neutral position (Fig. 30-27). The atlanto-dens
interval (ADI) is measured in millimeters. This is the shortest
distance between the posterior aspect of the anterior arch

FIGURE 30-27 A to C, Radiographic appearance of
Down syndrome in an 11-year-old girl who was neurologi-
cally normal. Flexion-extension radiographs of the cervical
spine demonstrated 4 to 5 mm of instability between C1
and C2. In addition, instability between the occiput and
C1 was considered present.
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of Cl and the adjacent anterior aspect of the odontoid
process of C2. If this interval is 5 mm or greater, atlantoaxial
instability is considered to be present.”*" Instability is usually
best demonstrated on the lateral radiograph obtained during
flexion. CT can show additional specific skeletal anomalies
of the C1-2 region but is not necessary in screening for insta-
bility.*

The neurologic manifestations of symptomatic atlanto-
axial instability may be difficult to identify. Subtle findings
may include easy fatigability, difficulties in walking, abnor-
mal gait, neck pain, limited neck mobility, torticollis or head
tilt, incoordination, and clumsiness. More definite findings
include sensory deficits, spasticity, hyperreflexia, clonus, ex-
tensor plantar reflex, and other motor neuron and posterior
column signs and symptoms. These signs and symptoms
often remain stable for months or years. Occasionally, they
progressively worsen. Trauma rarely is responsible for the
initial appearance or progression of these symptoms. At the
present time, no studies have been able to provide helpful
information to identify asymptomatic patients at risk for
developing neurologic symptoms.

The atlantoaxial instability is due primarily to laxity of
the transverse ligament of C1 and joint capsules. This local-
ized laxity does not necessarily correlate with patients’ gener-
alized ligamentous laxity." In addition, abnormal develop-
ment of the odontoid process of C2 (such as persistent
synchondrosis, ossiculum terminali, or hypoplasia) may pre-
dispose the individual to instability.” The reported preva-
lence of odontoid dysplasia approximates 7 percent, but this
figure may underestimate the actual frequency of odontoid
dysplasia, because most screening studies involve only lateral
radiographs of the upper cervical spine.”* If AP radiographs
and other imaging procedures were also obtained, more
skeletal anomalies would likely be detected in the Cl1-2
region. Children with Down syndrome and atlantoaxial in-
stability are more likely to have spina bifida of C1 than
those without instability.

Special Olympics. Orthopaedists and pediatricians are of-
ten asked to evaluate children with Down syndrome prior
to them becoming eligible to participate in the Special Olym-
pics. In 1983, the Special Olympics organization introduced
a requirement that lateral neck radiographs be obtained
before individuals with Down syndrome would be allowed to
participate in the nationwide Special Olympics competitive
program. Down children with radiographic evidence of
C1-2 instability were then excluded from certain activities
which were thought at the time to be associated with an
increased risk of injury to the cervical spine. In 1984, the
American Academy of Pediatrics (AAP) published a position
statement that supported the Special Olympics’ require-
ment.! However, at present, participation in sports by the
asymptomatic child with atlantoaxial instability has not been
shown to be a significant risk factor for the development of
neurologic symptoms.'" Based in part on this information,
the AAP Committee on Sports Medicine and Fitness decided
that there is insufficient evidence supporting the value of
cervical spine radiographs in screening for possible cata-
strophic neck injuries in children with Down syndrome,
and in 1995 the committee retracted its statement of support
for routine screening for Special Olympics.”> The Special
Olympics has not removed its requirement that radiographs

of the cervical spine be obtained in all athletes with Down
syndrome prior to participation. Therefore, orthopaedists
and pediatricians will continue to be called on to order
these tests.

The arguments for continued screening of patients with
Down syndrome include the theoretical possibility of pre-
venting the rare occurrence of sports-related catastrophic
spinal cord injury among individuals with asymptomatic
instability. Another purpose is to identify the rare, previously
unrecognized patient with symptomatic instability. Argu-
ments against screening include the rarity of symptomatic
instability, inaccuracy of the screening test, the fact that
some patients with abnormal radiographs initially will have
normal radiographs later on,” and the absence of evidence
that a screening program is effective in preventing symptom-
atic disease. Screening is also expensive, which may prevent
some individuals from being able to participate in the Spe-
cial Olympics.*

Occipital-Atlantal Instability. Over the past 20 years there
has been an increased awareness that instability that can
also exist at the occipital-atlantal joint.”'®"4% This finding
was first reported in 1981 by Hungerford, who described a
case of combined atlantoaxial instability with neurologic
compromise.”

The radiographic diagnosis of instability is much more
difficult to make at the occipital-atlantal joint than at the
C1-2 level. The reported incidence of occipital-atlantal hy-
permobility has ranged from 8.5 percent* to 71 percent of
patients with Down syndrome, reflecting the considerable
variation in techniques used to measure instability at the
occiput—Cl1 level.” Three popular techniques used to mea-
sure this instability are the Powers ratio,” the Weisel-Roth-
man technique,” and the basion-axial interval (BAI) (Fig.
30-28)." The advantage to using the Powers ratio is that it
is not influenced by radiographic magnification; it is a ratio
rather than a direct measurement. In addition, because the
Powers ratio is not referenced off the axis (C2), any accom-
panying atlantoaxial instability will not affect its value. Un-
fortunately, accurate localization of the opisthion, one of the
necessary radiographic landmarks, is difficult and negatively
affects the reproducibility and measurement of the Powers
ratio. The Weisel-Rothman technique for establishing ab-
normal motion of the occipital-atlantal joint appears to be
the most reproducible on lateral radiograph measurements.”
The BAI method is not applicable to children with Down
syndrome because it does not account for the multilevel
instability that is so often seen in this patient population.
Ultimately, in the neurologically symptomatic patient, the
clearest picture of instability and spinal cord compression
will be obtained with MRI.

It is important to be aware that hypermobility in the
upper cervical spine in Down syndrome can occur simulta-
neously in both the occipital-atlantal joint and the atlantoax-
ial joint.*® If an increase in motion is seen radiographically
between the occiput and C2, it will generally occur only in
the presence of an accompanying atlantoaxial instability.”
Other regions of cervical spine instability can occur (i.e.,
C2-3) and should always be sought during the evaluation.®
Ossification of the posterior longitudinal ligament has also
been described in a patient with Down syndrome and my-
elopathy.”
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FIGURE 30-28 Methods for measuring occipital-atlantal instability. A, Powers ratio measure-
ment. On a lateral extension radiograph of the cervical spine, the distance between the basion
(B) and the anterior aspect of the posterior ring of C1 (C) is divided by the distance between the
opisthion (O) and the posterior aspect of the anterior arch of C1 (A). The Powers ratio, BC/OA,
for this radiograph is 0.90. B, The Wiesel-Rothman technique, here used with flexion (1) and
extension (2) radiographs of the cervical spine. A transverse line is drawn from the anterior arch
of C1 to the most posterior aspect of the posterior ring. A perpendicular is constructed to this
line along the posterior aspect of the anterior arch of the atlas. The closest distance between this
line and the basion is measured (D), and the difference between this distance in flexion and
extension represents the amount of instability. C, The basion-axial interval (BAI), which is estab-
lished by measuring the distance between a line drawn along the posterior aspect of the body of
C2 and the basion. (From Karol LA, Sheffield EG, Crawford K, et al: Reproducibility in the
measurement of atlanto-occipital instability in children with Down syndrome. Spine 1996;21:2463.)

c

Treatment of Upper Cervical Spine Instability. Non-
operative treatment for upper cervical spine instability
in Down syndrome has never been shown to be effective
in preventing possible neurologic deterioration. Families
should be counseled that certain sports (gymnastics, diving,
high jump, and so on) can lead to excessive stress on the
neck.

At present, the indications for surgical stabilization re-
main relatively controversial."” In the past, some investiga-
tions recommended early fusion when atlantoaxial instabil-
ity was identified, with or without myelopathy. The purpose
was to prevent potential neurologic catastrophe.*'** How-
ever, with today’s recognition that the vast majority of
asymptomatic patients with C1-2 instability will remain
asymptomatic, the need for prophylactic surgical stabiliza-
tion has never been substantiated.

Some authors report that instability greater than 10 mm
should be stabilized with a posterior C1-2 arthrodesis, re-
gardless of the presence or absence of symptoms.” They cite
the lack of secondary soft tissue restraints (incompetent

transverse ligament, capsular structures, and alar ligaments)
as the reason to proceed. Because of the high risk of compli-
cations associated with attempts at surgical stabilization, I
recommend MRI evaluation for the rare individual without
neurologic symptoms or signs whose instability exceeds 10
mm. If the spinal cord is significantly impinged on when
the neck is in the flexed position (as demonstrated by MRI),
surgical stabilization should be undertaken. For those with-
out significant impingement (i.e., open posterior ring of
C1), close observation is warranted. Meticulous examination
must be carried out in this situation to identify the presence
of subtle neurologic findings. Others report that treatment
plans for these children should depend on the space available
for the cord rather than on absolute values of displacement.*

The one absolute indication for stabilization between C1
and C2 (with posterior arthrodesis) is the occurrance of
neurologic symptoms. Preoperative evaluation with flexion-
extension radiographs and MRI should be performed to
determine the exact location(s) of instability, the amount
of cord impingement, and whether normal alignment can
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be reestablished between C1 and C2. Instability may be seen
alone or in combination at the occiput—C1 level, C1-2 level,
or C2-3 regions.

Several surgical techniques have been proposed. The first,
in situ autogenous bone graft without internal fixation, con-
tinues to be effective, as reported in the literature.”’ Stable
fibrous union is common with this method. However, be-
cause it provides no inherent stability, postoperative halo-
vest immobilization is mandatory. In addition, if normal
alignment of C1 on C2 was reestablished at the time of
surgery, there is a greater risk of redisplacement in the
postoperative period with this method because of the lack
of internal fixation. On the other hand, this technique is
preferred if a fixed subluxation of C1 on C2 is recognized
preoperatively. If preoperative traction has been unsuccess-
ful in improving C1-2 alignment, attempts to operatively
achieve a reduction should not be made but rather the
subluxated C1-2 articulation should be fused in situ. Passage
of sublaminar wire underneath an intact ring at C1 in this
instance carries far too much neurologic risk, due to the

lack of available space. Once in situ fusion has been achieved
in the patient with fixed C1-2 subluxation, potential neuro-
logic compromise may necessitate future resection of the
dens.

The second, and most common, surgical technique uti-
lizes sublaminar wires for internal fixation. This method
requires that normal C1-2 alignment be restored, thus pro-
viding adequate space for the spinal cord before the wires
are passed. Autogenous bone graft is utilized, and use of a
halo vest is still required. The use of wires increases the
likelihood, but does not guarantee, that normal C1-2 align-
ment achieved at the time of surgery will be maintained
(Fig. 30-29). It also shortens the time needed for external
immobilization. Facet screws placed between Cl and C2
provide greater stabilization than sublaminar wiring,” and
this technique should be considered if normal C1-2 align-
ment is obtained intraoperatively.

Additional methods have been reported for arthrodesis
between the occiput and upper cervical spine. In one
method, a contoured autogenous iliac crest bone graft is

F

FIGURE 30-29 Treatment of upper cervical spine instability in Down syndrome. A, The patient in Figure 30-27
was treated by posterior fusion (with wire fixation) between the occiput and C2, with external immobilization provided
by a soft collar only. B and C, Six months later, the wires were noted to be broken, and motion was evident at C1-2.
D, The wires were removed, and in situ fusion between the occiput and C2 was repeated. External immobilization
with a halo vest was used postoperatively, E and F, Three years later, the occiput-Cl fusion was solid. Spontaneous
fusion between C2 and C3 had also occurred. Nonunion between C1 and C2 persisted but was accepted, as only a
3-mm difference in atlanto-dens interval was evident between flexion and extension.



secured with wires between the occiput and C2 (sometimes
C3).” A halo-vest device is used postoperatively. Another
method uses a Luque loop rod and wires to avoid rigid
postoperative external immobilization.” Both of these meth-
ods have the advantage of allowing decompression of spinal
cord impingement at C1 by removing its posterior ring.

Recent reports in the literature indicate a high rate (73
to 100 percent) of complications following attempts at upper
cervical spine arthrodesis in Down syndrome.”* Major
complications include nonunion, loss of reduction of C1
on C2 (even in the presence of sublaminar wire fixation),
late subaxial instability, infection, progressive neurologic
deterioration, resorption of autogenous bone graft, and
death in the postoperative period. The fact that sublaminar
wiring of the atlas may not protect against the potential
loss of reduction of C1 on C2 emphasizes the need for
postoperative halo-vest immobilization.

It bears reemphasizing that although upper cervical spine
instability in patients with Down syndrome can be progres-
sive and may have serious consequences, there are no data
with which to predict which asymptomatic patients will
progress or develop symptoms. Minor trauma rarely precipi-
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tates neurologic deterioration in previously asymptomatic
patients."” Therefore, attempts at fusion in those with asymp-
tomatic atlantoaxial instability or occipital-atlantal instabil-
ity should be approached with great caution. In myelopathic
patients with documented weakness or functional decline,
surgical stabilization should be attempted following preop-
erative radiographic and MRI evaluation.

Hip Disorders. Radiographs of the hip joint in Down syn-
drome often demonstrate a deep acetabulum, horizontal
acetabular roof, a deep-seated femoral head, a normal femo-
ral neck-shaft angle, and moderately increased femoral ante-
version. This orientation would be expected to create an
intrinsically stable joint. Despite this, hip dysplasia or dislo-
cation occurs in nearly 5 percent of children with Down
syndrome and is the most common hip disorder seen in
this population.” The dislocations are not congenital but
rather occur between the ages of 2 and 10 years. They can
progressively evolve into a chronic dysplasia or fixed disloca-
tion (Fig. 30—30).>1%20#

The etiology of these recurrent, usually painless disloca-
tions is related to joint hypermobility and ligamentous laxity.

D

FIGURE 30-30 A and B, AP and lateral radiographs of the pelvis in a 5-year-old child with Down syndrome.
C, The right hip was dislocatable with little effort. This did not cause pain. Surgical stabilization of the hip was
recommended, but the family refused. D, Ten years later, acetabular dysplasia of the right hip was radiographically
evident. The patient remained asymptomatic and the family elected to avoid any orthopaedic intervention.
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The hip capsule is thin, attenuated, and poorly developed.
Increased femoral neck anteversion and an increase in the
neck-shaft angle may be noted radiographically.

The goal of treatment is to create a stable, normal hip
joint that lasts the patient’s lifetime. Achieving this can be
difficult. Nonoperative methods include closed reduction
and immobilization in a hip spica cast followed by the use
of an abduction brace. Although nonoperative treatment is

thought to be of minimal benefit in children with joint
laxity,”” a recent report on two patients with Down syn-
drome noted lasting benefit.” Cast immobilization is used
for 2 to 3 months. Thereafter the child wears an ambulatory
abduction orthosis full-time for 4 months and then at night
only for an additional 2 to 4 months. This extensive amount
of abduction treatment is probably critical to the success of
nonoperative management.

FIGURE 30-31 A 14-year-old boy with Down syndrome had moderate dis-
comfort involving his right hip. He remained ambulatory. A, AP pelvic radio-
graph demonstrating a slipped capital femoral epiphysis of the right hip. B, At
the time of surgery, the femoral head was unstable, demonstrating motion. It
was stabilized with two screws. C, Five months later the patient had a limp but
no pain. The radiograph showed evidence of avascular necrosis of the femoral
head and screw penetration into the joint. D and E, Because the physis remained
open, the two screws were removed and replaced with one screw. Further
collapse occurred, and the screw was removed 6 months later. After 2 years
the patient remains pain-free but has a pronounced limp. F, On the radiograph,
the joint space is maintained despite an irregular femoral head.



Operative treatment should be undertaken if conservative
cast or brace management has failed to remedy the recurrent
dislocations. If the acetabulum is normal and sufficient,
capsular plication combined with varus derotation femoral
osteotomy may provide a reduced and stable hip. If the
acetabulum is insufficient and dysplastic, a Salter or Dega
osteotomy combined with capsular plication and varus dero-
tation osteotomy may be effective.**** Despite meticulous
attention to surgical detail, complications have been re-
ported in as many as 50 percent of cases.” The prominent
complications include redislocation and infection. The risk
of wound infection is always increased in the Down syn-
drome population.

Other hip disorders that occur in these children include
slipped capital femoral epiphysis and avascular necrosis.**
Unlike unaffected children, patients with Down syndrome
often ambulate nearly pain-free on hips that radiographically
show severe deterioration (Fig. 30-31). If slipped capital
femoral epiphysis is diagnosed, it is imperative to evaluate
for thyroid dysfunction, owing to its frequent association.

When all of the hip disorders are considered in the
younger Down syndrome population, the incidence of some
form of hip abnormality has been reported as 7.9 percent.*
In the adult population, hip abnormalities occur with even
greater frequency.” A normal hip at maturity does not pre-
clude later subluxation or dislocation. There does not seem
to be a safe age at which hip stability can be guaranteed. As
hips progress from mild to severe subluxation or dislocation
in adulthood, deterioration in walking ability leads to diffi-
culties with community activities.

Patellofemoral Disorders. Instability of the patella can be
quite debilitating." The knee may give way, leading to fre-
quent episodes of falling. Quadricep strengthening exercises
and patellar stabilizing braces may provide benefit to some
individuals. Should nonoperative treatment be unsuccessful,
operative intervention includes the Galleazzi-Dewar realign-
ment. A shallow trochlear groove in the femur, combined
with tissue laxity, can make patellar stabilization difficult
to achieve.

Foot Disorders. Flat feet are common because of the gener-
alized ligamentous laxity. Treatment is usually unnecessary
because of the lack of symptoms. Customized arch supports
may provide relief to those with discomfort. Rarely should
surgery be undertaken to alter this condition. Along with
flat feet, hallux valgus occurs widely in patients with Down
syndrome. Alterations for shoe wear usually accommodate
the abnormalities. On occasion, bunionectomies provide
relief in the adult population.
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Neurofibromatosis
INTRODUCTION

Neurofibromatosis is a hereditary, hamartomatous disorder
that affects numerous systems of the body, including the
central and peripheral nervous systems, skeleton, skin, and
deeper soft tissues. Over the past decade, a great deal of
information about neurofibromatosis has been gained from
molecular genetic studies.”*'*!1¢*534043 Tywo distinct entities
of this disorder exist. The first, neurofibromatosis type 1
(NF-1), also known as von Recklinghausen’s disease or pe-
ripheral neurofibromatosis, is due to a defect in chromo-
some 17. The second entity, neurofibromatosis type 2
(NF-2), previously known as bilateral acoustic neurofibro-
matosis or central neurofibromatosis, results from a defect in
the long arm of chromosome 22. Children with orthopaedic
manifestations of the disease, such as spinal deformities or
congenital tibial pseudarthrosis, are almost always afflicted
with NF-1, Rarely will the child with NF-2 require orthopae-
dic intervention.

HISTORICAL PERSPECTIVE

Tilesius, Virchow, and von Recklinghausen are names that
are historically tied to neurofibromatosis.” In 1793, Tilesius
provided one of the earliest descriptions of a patient thought
to have this disorder.® Known as “the wart man,” this
patient had numerous growths on his skin, café-au-lait spots,
macrocephaly, and scoliosis (Fig. 30—-32). Between 1847 and
1863, Virchow presented a series of reports describing pa-
tients with neuromas and fibromas. In 1882 Virchow’s stu-
dent, Frederick von Recklinghausen, presented the report,
“On multiple cutaneous fibromas and their relationship
to multiple neuromas,” in which he reviewed the existing
literature on neurofibromatosis and added two cases.” He
linked the simultaneous existence of the fibromas and neu-
romas for the first time and coined the term neurofibroma.
Subsequently the eponym “von Recklinghausen’s disease”
has been used synonymously with what today is known as
neurofibromatosis type 1.

For a century, neurofibromatosis and the famous “ele-
phant man” figure Joseph Cary Merrick were linked.* In
the 1880s, Merrick was of interest to physicians in London
because of severe disfigurement of his head and extremities
and vertebral abnormalities. All were thought to be due
to neurofibromatosis. Nearly 100 years later, with a better
understanding of various syndromes, Merrick has been re-
classified as more likely having Proteus syndrome rather
than neurofibromatosis.®

NEUROFIBROMATOSIS TYPE 1
(VON RECKLINGHAUSEN'S DISEASE)

NF-1 is the most common single gene disorder affecting the
human nervous system. Its incidence is estimated to be
between 1 in 2,500 and 1 in 4,000.”*!°*" There is no sex or
ethnic group predilection for this disorder. Although it is
inherited in an autosomal dominant fashion, approximately
50 percent of all NF-1 cases are thought to result from new
mutations. The penetrance of this disorder is close to 100
percent, so that nearly every individual who carries the ab-
normal gene on chromosome 17 will eventually show some
clinical feature of NF-1. Mildly affected parents may have
a severely affected child, and the reverse is also true. Less
than 10 percent will require orthopaedic management, but

hann Gottfried Rheinhard, as described and illustrated by Tilesius in 1793,
(From Morse RP: Neurofibromatosis type 1. Arch Neurol 1999;56:365.)
Copyrighted 1999, American Medical Association.



TABLE 30-3 NIH Criteria for the Diagnosis
of Neurofibromatosis

= More than six café-au-lait spots, at least 15 mm in greatest diameter
in adults and 5 mm in children

= Two or more neurofibromas of any type or one plexiform neurofi-
broma

* Freckling in the axillae or inguinal regions (Crowe’s sign)

* Optic glioma

* Two or more Lisch nodules (iris hamartomas)

* A distinctive bone lesion, such as sphenoid dysplasia or thinning of
the cortex of a long bone, with or without pseudarthrosis

* A first-degree relative (parent, sibling, or offspring) with NF-1 by the
above criteria

From MacCollin M, Mautner VF: Diagnosis and management of neuro-
fibromatosis 2 in childhood. Semin Pediatr Neurol 1998;5(4):243—
252. The criteria were formulated by an NIH Consensus Develop-
ment Conference.

for those who do, several operative interventions to manage
this ongoing multisystem disease process can be expected.

Many systems of the body can be affected, and the resul-
tant potential complications can be numerous. These com-
plications include cognitive deficits, epilepsy, hydrocepha-
lus, intracranial tumors, optic gliomas, short stature,
scoliosis, hemihypertrophy, pseudarthrosis of extremity
bones, precocious puberty, hypothalamic dysfunction, hy-
pertension, and renal artery stenosis.”

Genetic Aspects of NF-1. Mapping of the NF-1 gene on
chromosome 17 was reported in 1987.% This was followed
3 years later by reports documenting the ability to clone the
abnormal gene."'** Mutations in the NE-1 gene have been
identified in both benign neurofibromas and malignant tu-
mors associated with NF-1, thereby leading to the classifica-
tion of the NF-1 gene as a tumor suppressor gene. Neurofi-
bromin, the protein encoded by the NF-1 gene, is thought
to have an important role in cell growth and differentiation.”

In 1995 a protein truncation assay was reported for use in
confirming the diagnosis of NF-1 in patients with equivocal
physical signs and in prenatal diagnosis in families with
multiple affected generations.' This assay enables the inves-
tigator to detect approximately 60 percent of germ-line mu-
tations in the NF-1 gene. At this time, the sensitivity and
specificity of this test have not been confirmed.

Diagnosis of NF-1. In 1987 the Consensus Development
Conference on Neurofibromatosis at the National Institutes
of Heath (NIH) reported on seven different criteria that are
found in patients with NF-1 (Table 30-3).” If two or more
of these criteria are identified in a child, that individual can
be considered to have NF-1. Subsequent reports over the past
decade have reinforced the usefulness of these criteria.'”"’

Clinical Features of NF-1

CAFE-AU-LAIT spoTs. Café-au-lait spots are the most common
clinical finding in NF-1, present in more than 90 percent of
affected patients. These spots are areas of hyperpigmentation
which usually have rounded borders (as opposed to the
irregular border seen in Albright’s disease). They become
clinically obvious during the first 2 years of life (Fig. 30-33).
To fulfill one of the criteria for the diagnosis of NF-1 as
established by the NIH Consensus Development Confer-
ence, more than six of these spots must be present. Each
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must be at least 15 mm in greatest diameter in adults and
at least 5 mm in diameter in children. However, café-au-
lait spots by themselves are insufficient to confirm the diag-
nosis of NF-1. Should these spots be noted in an infant (in
the absence of other findings), the family should be told
that this might be the early presentation of NF-1 but that
further evaluation will necessary over time. Additional crite-
ria that will confirm the diagnosis usually become apparent
by age 5 to 10 years.”

AXILLARY AND INGUINAL FRECKLING. Axillary and inguinal freck-
ling is the second most common clinical feature found in
children with NF-1, with a frequency approximating 80
percent by age 6 years.” The freckling consists of diffuse
hyperpigmented spots 1 to 3 mm in diameter (Fig. 30-34).

CUTANEOUS NEUROFIBROMAS. Cutaneous neurofibromas, called
fibroma molluscum by Virchow approximately 150 years
ago, contain axons and Schwann cells. They usually become
evident in preadolescence and increase in number thereafter.
Clinically, these nodules are frequently raised above the
skin surface and may have a slight bluish hue (Fig, 30-35).
Cutaneous neurofibromas do not transform into malignant
tumors. This characteristic distinctly separates them from
the more worrisome plexiform neurofibromas, of which
1 to 4 percent are premalignant.’” Rarely are cutaneous
neurofibromas associated with CNS lesions.

LISCH NoDULES. Lisch nodules are dome-shaped elevations
on the surface of the iris and are identified by the ophthal-
mologist using a slit lamp. When seen, they are pathogno-
monic for NF-1. The incidence of Lisch nodules increases
markedly with age. The reported frequency is between 22
and 81 percent by the age of 5 or 6 years. By 20 years of
age, nearly 100 percent of patients will have evidence of
Lisch nodules.”

PLEXTFORM NEUROFIBROMAS. Plexiform neurofibromas are very
sensitive subcutaneous neurofibromas described as being
“ropy” and feeling like a “bag of worms” when palpated.
They are found in 25 percent of patients affected by NF-1
and may lead to significant disfigurement. Often cutaneous
hyperpigmentation will overlie the plexiform neurofibro-
mas, some of which may extend into deeper tissues such as
muscle, fascia, bone, and visceral regions (Fig. 30-36).*
Growth of these tumors may vary greatly, and larger lesions
may lead to overgrowth of an extremity. Because malignant
transformation of these normally benign plexiform tumors
occurs in 1 to 4 percent of cases, resection of the lesions
should be considered if they become large, painful, conspic-
uous, or rapidly expanding. Early removal is easier and may
improve the cosmetic appearance (Fig. 30-37).

VERRUCOUS HYPERPLASIA. Verrucous hyperplasia represents
thickened overgrowth of the skin which has a velvety-soft
feel on palpation. Crevices commonly form within the hy-
perplastic area, intermittently resulting in an infection re-
quiring antibiotics. Elephantiasis (pachydermatocele) repre-
sents excessive amounts of this skin, which may be associated
with overgrowth of underlying dysplastic bone. Fortunately,
these two features—verrucous hyperplasia and elephantia-
S§1s—are uncomimeon.

optic GLIOMA. These low-grade pilocytic astrocytomas are
the most common CNS tumors in NF-1, occurring in 15
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FIGURE 30-33 Café-au-lait spots in neurofibromatosis.
These spots with rounded borders are seen on a patient’s
abdomen (A) back (B), and thigh (C). They are expected
to vary in size.
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FIGURE 30-34 Axillary freckling (consisting of numerous 1- to 3-mm FIGURE 30-36 A large nevus overlying a plexiform neurofibroma. (From
Crawford AH: Neurofibromatosis in children. Acta Orthop Scand Suppl

1986;57:218.)

hyperpigmented spots is present in nearly 80 percent of individuals with
neurofibromatosis by age 6 years.

FIGURE 30-35 Cutaneous neurofibromas (called fibroma
molluscum by Virchow) in neurofibromatosis. (From Crawford
AH: Neurofibromatosis in children. Acta Orthop Scand Suppl
1986;57:218.)
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FIGURE 30-37 This tender enlarging subcutaneous neurofibroma in the
forearm was benign on histologic examination.

to 20 percent of patients studied with CT or MRI. Less than
half become symptomatic. Those that do become symptom-
atic can cause decreased visual acuity, visual field defects,
proptosis, headache, nausea, anorexia, and hypothalamic
dysfunction. Optic gliomas may involve the intraorbital por-
tion of the nerve, the chiasm, the intracerebral visual nerve
pathways, or any combination. It is unknown why some
tumors progress rapidly to cause symptoms while others
remain asymptomatic for many years.

Skeletal Abnormalities in NF-1

SPINAL DEFORMITIES. Scoliosis is the most common skeletal
manifestation of neurofibromatosis (Fig. 30-38).7%!!21%
Typically it affects the thoracic spine, consists of a short,
sharply angled curve, and involves four to six vertebra. The
reported incidence is between 10 and 60 percent.'”>"!15
The higher reported rates may have been biased in that they
were determined in neurofibromatosis patients followed by
musculoskeletal specialists. The most recent report, citing a
10 percent incidence of scoliosis, appears to more accurately
reflect the entire neurofibromatosis population.’

The cause of spinal deformity in neurofibromatosis is
unknown. Proposed explanations include primary mesoder-
mal dysplasia, osteomalacia, erosion or infiltration of the
bone by localized neurofibromatosis tumors, and endo-
crine disturbances.”

Neurofibromatosis scoliosis can be either dystrophic or
nondystrophic, depending on accompanying abnormalities
specific to this disorder.* Differentiation between the two
is important because the prognosis and management differ
significantly. Dystrophic scoliosis is more common, has a
greater tendency to progress, and includes a subgroup (pa-
tients with severe kyphoscoliosis) at risk for developing neu-
rologic deficits.” Nondystrophic scoliosis more closely re-
sembles idiopathic scoliosis in both its curve patterns and
its behavior. It has recently become clear that nondystrophic
curves in younger children can modulate into the more
worrisome dystrophic type over the course of several years.®

A more complete discussion of scoliosis associated with
neurofibromatosis and its treatment is given in Chapter
11, Scoliosis.

* See references 3, 7, 14, 22, 24, 33, 37, 44,

CONGENITAL PSEUDARTHROSIS OF THE TiBIA. Congenital pseud-
arthrosis of the tibia is frequently associated with neurofi-
bromatosis (Fig. 30—39). The term may be somewhat inaccu-
rate, however, since most clinically apparent pseudarthroses
of the tibia are not present at birth. Instead, the orthopaedist
encounters a tibial deformity (anterolateral bowing) that,
over time, will usually fracture and subsequently result in
pseudarthrosis. More accurate terms for this disease process
might be congenital anterolateral bowing or congenital tib-
ial dysplasia.’

The relationship of this disorder with neurofibromatosis
has been known since 1937. Up to 55 percent of cases of
anterolateral bowing and pseudarthrosis are associated with
NF-1. The tibial abnormality by itself may be evident very
early in life. Other findings that confirm the diagnosis of
NF-1 (café-au-lait spots, axillary freckling, or cutaneous
neurofibromas) may not yet be present. Over time, as other
associated findings evolve, the clinical appearance of NF-1
becomes clear. Congenital pseudarthrosis of the tibia and
its numerous methods of treatment are discussed in detail
in the section entitled Congenital Anterolateral Bowing in
Chapter 21, Disorders of the Leg.

HEMIHYPERTROPHY, Overgrowth of an extremity is uncom-
mon and, when it occurs, is usually unilateral (Fig. 30-40).
The hypertrophy may result from neurosegmental over-
growth, which implies that a nerve dysplasia is primarily
responsible rather than a primary bone dysplasia." Autono-
mous hypertrophy of brachial or lumbosacral plexus nerve
roots can lead to the enlargement of an extremity.

Although primarily neural in etiology, both bone and
soft tissues are affected. Changes in the soft tissue include
some or all of the following: hemangiomatosis, lymphangio-
matosis, elephantiasis, and numerous beaded plexiform neu-
rofibromas.” The long bone is elongated and may have an
irregular or thickened cortex. Macrodactyly is commonly
associated with this, with disproportionate enlargement of
either the toes or the fingers.

Attempts to debulk the soft tissue lesion and surgically
diminish the bony overgrowth usually result in minimal, if
any, improvement. Early epiphysiodesis has a modest affect
on this unilateral generalized bony enlargement. Attempts
to resect hypertrophic plexus nerve roots, perhaps in the
belief that they represent plexiform neurofibromas, may
result in severe motor or sensory deficit.

Malignant Degeneration of Neurofibromas. NF-1 predis-
poses affected individuals to an increased risk of malignancy,
primarily neurofibrosarcoma. The risk increases with age,
and higher incidences of malignant degeneration are found
in the more severely affected patient. Plexiform neurofi-
bromas that enlarge rapidly or are associated with progres-
sive pain should be very carefully evaluated for malignant
degeneration. Other tumors, such as leukemia, rhabdomyo-
sarcoma of the urogenital tract, and Wilms’ tumor, have
also been reported in patients with NF-1.

Cognitive Deficits. Learning disabilities are common in
children with NF-1, with a reported frequency of 30 to 60
percent.’! When compared to the general population, those
with NF-1 have been found to have lower 1Qs. There does
not appear to be a specific profile of learning disabilities, as
language-based learning problems (reading and spelling) are
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as common as nonverbal learning deficits. Poor organiza-
tional skills and attentional skills tend to affect performance
in many areas.

NEUROFIBROMATOSIS TYPE 2

Neurofibromatosis 2 (NF-2) is also an autosomal dominant
disorder, although approximately 50 percent of new cases

FIGURE 30-38 Neurofibromatosis in a 16-year-old boy. A, Thoracolumbar scoliosis
is clinically evident, with the convexity to the right. B and C, PA and lateral radiographs
of the spine demonstrating the dystrophic nature of the curve, as evidenced by erosions
of the vertebral bodies. D, A 10 X 6-cm neurofibroma was excised from the region of
the concavity of the curve.

result from spontaneous genetic mutation.” It has nearly full
penetrance as measured by development of NF-2-associated
tumors by age 18 years. Its incidence is 1 in 40,000 individu-
als, making it much less common than NF-1."” No sex or
ethnic predilection has been demonstrated. The musculo-
skeletal deformities encountered in NF-1 are generally ab-
sent in NF-2, and there is essentially no overlap between
the two types once a thorough examination is performed.
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FIGURE 30-39 Congenital pseudarthrosis of the tibia in neurofibromatosis. A and B, Radiographs in a 1-year-old
child showing severe anterolateral bowing. C and D, By age 5 years, a distinct pseudarthrosis from a fracture was
evident at the apex of the deformity. E and F, After a failed attempt to achieve union of the fracture, a second surgical
intervention with a Williams rod was undertaken at age 6 years 3 months. G and H, Six years later the patient was
asymptomatic and had a mild lower limb length discrepancy.




FIGURE 30-40 Hemihypertrophy of the right lower extremity in a girl
age 4 years 5 months with neurofibromatosis.

The NIH Consensus Development Conference criteria for
NF-2 are given in Table 30—4.""

The NF-2 gene, located on the long arm of chromosome
22, was identified in 1993. It encodes a novel member
of the protein 4.1 family of cytoskeletal-associated ele-
ments.***# Its protein product is merlin or schwannomin.

Vestibular schwannomas in the eighth cranial nerve occur
in nearly every individual with NF-2.* These tumors are
not seen in NF-1. In adulthood, patients exhibit progressive
deterioration in hearing, ambulation difficulties, diminished
vision, and chronic pain. When NF-2 is found in children,

TABLE 30-4 NIH Criteria for the Diagnosis of
Neurofibromatosis Type 2

The diagnostic criteria for neurofibromatosis type 2 are met if a person
has either of the following:

* Bilateral eighth nerve masses seen with appropriate imaging tech-
niques (i.e., CT or MRI)

* A first-degree relative with neurofibromatosis 2 and either a unilat-
eral eighth nerve mass or two of the following:

Neurofibroma

Meningioma

Glioma

Schwannoma

Juvenile posterior subcapsular lenticular opacity

From Crawford AH, Schorry EK: Neurofibromatosis in children: the
role of the orthopaedist. ] Am Acad Orthop Surg 1999;7:217. The cri-
teria were formulated by an NIH Consensus Development Con-
ference.
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neurologic symptoms such as spinal cord compression or
visual dysfunction are much more common than the symp-
toms referable to vestibular schwannomas.

Although schwannomas are the most common tumor
type associated with NF-2, meningiomas occur in 50 percent
of affected individuals. Spinal cord tumors are seen in more
than 80 percent, but most remain asymptomatic.”

REFERENCES
Neurofibromatosis

1. Akbarnia BA, Gabriel KR, Beckman E, et al: Prevalence of scoliosis in
neurofibromatosis. Spine 1992;17:5244,

2. Barker D WE, Hguyen K, et al: Gene for von Recklinghausen’s neurofi-
bromatosis is in the pericentromeric region of chromosome 17. Sci-
ence 1987;230:1100.

3. Calvert PT, Edgar MA, Webb PJ: Scoliosis in neurofibromatosis: the
natural history with and without operation. | Bone Joint Surg
1989;71-B:246.

4. Cawthon RM, Weiss R, Xu G, et al: A major segment of the neurofi-
bromatosis type 1 gene: cDNA sequence, genomic structure and point
mutations. Cell 1990;62:193.

5. Chaglassian JH, Riseborough EJ, Hall JE: Neurofibromatous scoliosis:
natural history and results of treatment in thirty-seven cases. | Bone
Joint Surg 1976;58-A:695.

6. Cohen M: Further thoughts about the elephant man. Am | Med
Genet 1988;29:777.

7. Crawford A: Neurofibromatosis. In Weinstein S (ed): The Pediatric
Spine: Principles and Practice, p 619. New York, Raven Press, 1994.

8. Crawford AH: Pitfalls of spinal deformities associated with neurofi-
bromatosis in children. Clin Orthop 1989;245:29.

9. Crawford AH, Schorry EK: Neurofibromatosis in children: the role of
the orthopaedist. | Am Acad Orthop Surg 1999;7:217.

10. Crowe FW, Schull W], Neel JV: A Clinical, Pathological and Genetic
Study of Multiple Neurofibromatosis. St. Louis, Charles C Thomas,
1956.

11. Di Simone RE, Berman AT, Schwentker EP: The orthopedic manifesta-
tion of neurofibromatosis: a clinical experience and review of the
literature. Clin Orthop 1988;230:277.

12. Eldridge R: Consensus statement revisited. In Mulvihill J] (moderator):
Neurofibromatosis 1 (Recklinghausen disease) and neurofibromatosis
2 (bilateral acoustic neurofibromatosis): an update. Ann Intern Med
1990;113:39.

13. Evans DG, Huson HM, Donnai D, et al: A genetic study of type 2
neurofibromatosis in the United Kingdom. I. Prevalence, mutation rate,
fitness, and confirmation of maternal transmission effect on severity.
] Med Genet 1992;29:841.

14. Funasaki H, Winter RB, Lonstein JB, et al: Pathophysiology of spinal
deformities in neurofibromatosis: an analysis of seventy-one patients
who had curves associated with dystrophic changes. | Bone Joint Surg
1994;76-A:692.

15. Gabriel KR: Neurofibromatosis. Curr Opin Pediatr 1997;9:89.

16. Goldberg NS, Collins FS: The hunt for the neurofibromatosis gene.
Arch Dermatol 1991;127:1705.

17. Gutmann DH, Aylsworth A, Carey ]C, et al: The diagnostic evaluation
and multidisciplinary management of neurofibromatosis 1 and neuro-
fibromatosis 2. JAMA 1997;278:51.

18. Heim RA, Kam-Morgan LN, Binnie CG, et al: Distribution of 13
truncating mutations in the neurofibromatosis 1 gene. Hum Mol
Genet 1995;4:975.

19. Holt JF: 1977 Edward B. D. Neuhauser Lecture: Neurofibromatosis in
children. AJR Am ] Roentgenol 1978;130:615.

20. Huson SM, Harper PS, Compston DAS: Von Recklinghausen neurofi-
bromatosis: a clinical and population study in southeast Wales.
Brain 1988;111:1355.

21. Joseph KN, Bowen JR, MacEwen GD: Unusual orthopedic manifesta-
tions of neurofibromatosis. Clin Orthop 1992;278:17.

22. Kim HW, Weinstein SL: Spine update: the management of scoliosis
in neurofibromatosis. Spine 1997;22:2770.

23. Korf B: Diagnostic outcome in children with multiple cafe au lait spots.
Pediatrics 1992;90:924.

24. Lam KS, Mehdian H, White B: The effects of simple trauma on patients



1632 = * * Orthopaedic Disorders

with cervical spine neurofibromatosis: two case reports. Eur Spine
] 1997;6:77.

25. Lubs ML, Bauer MS, Formas ME, et al: Lisch nodules in neurofibro-
matosis type 1. N Engl ] Med 1991;324:1264.

26. MacCollin M, Mautner VF: The diagnosis and management of neuro-
fibromatosis 2 in childhood. Semin Pediatr Neurol 1998;5:243.

27. Mautner VF, Tatagiba M, Lindenau M, et al: Spinal tumors in patients
with neurofibromatosis type 2: MR imaging study of frequency, multi-
plicity, and variety. AJR Am ] Roentgenol 1995;165:951.

28. Morse RP: Neurofibromatosis type 1. Arch Neurol 1999;56:364.

29. NIH Consensus Development Conference Statement: Neurofibro-
matosis. Neurofibromatosis 1988;1:172.

30. North KN: Neurofibromatosis 1 in childhood. Semin Pediatr Neurol
1998;5:231.

31. North KN, Riccardi V, Samango-Sprouse C, et al: Cognitive function
and academic performance in neurofibromatosis 1: consensus state-
ment from the NF1 Cognitive Disorders Task Force. Neurology
1997;48:1121.

32. Obringer AC, Meadows AT, Zackai EH: The diagnosis of neurofibro-
matosis type 1 in the child under the age of six years. Am | Dis
Child 1989;143:717.

33. Ogilvie J: Neurofibromatosis. In Lonstein B, Winter R, Ogilvie ] (eds):
Moe's Textbook of Scoliosis and Other Deformities, p 33. Philadelphia,
WB Saunders Co, 1994.

34. Reith JD, Goldblum JR: Multiple cutaneous plexiform schwannomas:
report of a case and review of the literature with particular reference
to the association with types 1 and 2 neurofibromatosis and schwanno-
matosis. Arch Pathol Lab Med 1996;120:399.

35. Rouleau GA, Merel P, Lutchman M, et al: Alteration in a new gene
encoding a putative membrane-organizing protein causes neurofi-
bromatosis type 2. Nature 1993;363:515.

36. Seward G: The elephant man. Part 1. Br Dent ] 1990;169:173.

37. Sirois JL 111, Drennan JC: Dystrophic spinal deformity in neurofibro-
matosis. ] Pediatr Orthop 1990;10:522.

38. Tilesius von Tilenau W: Historia pathologica singularis cutis turpitud-
inis: Jo Godofredi Rheinhardi viri L annorum. Leipzig, Germany,
S. L. Crusius, 1793.

39. Trofatter JA, MacCollin M, Rutter JL, et al: A novel moesin-, ezrin-,
radixin-like gene is a candidate for the neurofibromatosis 2 tumor
suppressor. Cell 1993;72:791.

40. Tsukita S, Yonemura S, Tsukita S: ERM family: from cytoskeleton to
signal transduction. Curr Opin Cell Biol 1997;9:70.

41. Turra S, Santini S, Cagnoni G, et al: Gigantism of the foot: our experi-
ence in seven cases. ] Pediatr Orthop 1998;18:337.

42, von Recklinghausen F: Uber die multiplen Finbrome der Haut und
ihre Beziehung zu den multiplen Neuromen. Berlin, Germany, Hrsch-
wald, 1882.

43. Wallace MR, MD, Andersen LB, et al: Type 1 neurofibromatosis gene:
identification of a large transcript disrupted in three NF 1 patients.
Science 1990;249:181.

44. Wilde PH, Upadhyay SS, Leong JC: Deterioration of operative correc-
tion in dystrophic spinal neurofibromatosis. Spine 1994;19:1264.

Fibrodysplasia Ossificans
Progressiva

INTRODUCTION

Fibrodysplasia ossificans progressiva is a rare disorder of
connective tissue differentiation that is characterized by con-
genital malformation of the great toe and progressive hetero-
topic ossification of tendons, ligaments, fascia, and skeletal
muscle.'™* Previously it was also referred to as myositis os-
sificans progressiva. This condition usually becomes evident
within the first 10 years of life, with an equal prevalence in
males and females. The diagnosis can be readily established
if the clinician, while assessing the progressively developing
subfascial nodules or ossification, is aware of the relationship
between fibrodysplasia ossificans progressiva and the great
toe deformity. Otherwise, uncertainty as to the cause of the

painful lesions may lead to biopsy. In this disorder biopsy
should be avoided, as it almost certainly exacerbates the
condition and, depending on the stage of maturation of
the biopsied specimen, can lead to some confusion as to
the histologic diagnosis.

Usually fibrodysplasia ossificans progressiva begins in
childhood as painful erythematous subfascial nodules most
commonly located on the posterior neck and back. These
individual nodules occasionally resolve but more often pro-
gressively worsen and eventually mature into heterotopic
bone. This transformation, which begins in childhood, prog-
resses throughout life, leading to numerous sites of hetero-
topic ossification. This ossification, in turn, spans normal
joints and severely debilitates the individual by eliminating
motion of the jaw, neck, spine, shoulders, hips, and more
distal joints. Over the past 15 years, numerous medical disci-
plines have devoted attention to this debilitating rare disor-
der in hopes that a better understanding will lead to more
effective treatment.

ETIOLOGY

The cause of fibrodysplasia ossificans progressiva remains
in question. Most cases are due to new gene mutations,’
The gene or genes responsible for this disorder are unknown.
Chromosomal anomalies have not yet been identified. An
autosomal dominant mode of inheritance has been con-
firmed, with the most recent substantiation reported in 1993,
Kaplan and colleagues reported on the transmission of this
disorder from an affected parent to his offspring," and Con-
nor and colleagues reported on a three-generation family
with a wide range of phenotypic severity ranging from dis-
abling ectopic bone formation and premature death to an
asymptomatic adult whose only manifestation was charac-
teristic big toe malformations.” Maternal gonadal mosaicism
may be another possible mode of transmission of this disor-
der, in light of a report of two affected half-sisters with the
same unaffected mother and different unaffected fathers.”
Reports such as these are rare, for several reasons. The
condition itself is rare, reproductive fitness in affected pa-
tients appears to be low, the severe deformity may lead to
difficulty with gestation and delivery, and there may also
be a component of decreased fertility due to primary and
secondary amenorrhea in patients.

It has been suggested that the genetic marker human
leukocyte antigen B27 (HLA-B27) may be associated with
fibrodysplasia ossificans progressive, as it is with ankylosing
spondylitis, another disorder with less severe hyperostosis.
Recent evidence refutes this, finding that the pathogenesis
of these two disorders differs.”

Clinical tests have not demonstrated any enzymatic or
metabolic abnormalities with the exception of mild, tran-
sient elevations in serum alkaline phosphatase levels during
new episodes of heterotopic ossification.

CLINICAL FEATURES

The primary congenital skeletal abnormality in patients with
fibrodysplasia ossificans progressiva is malformation of the
great toes.” The toes are short, tend to be in a valgus position,
and have an abnormally shaped proximal phalanx (Fig.
30—41). They may become monophalangic if the abnormal



FIGURE 30-41 A, A 3-year-old boy with fi-
brodysplasia ossificans progressiva has short,
valgus-positioned great toes. B, The proximal
phalanx is abnormally shaped and the inter-
phalangeal joint is fixed in valgus. C, In another
3-year-old, the proximal phalanx is fused to the
first metatarsal.
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epiphyses fuse. Often no attention is given to the toe defor-
mity until the painful nodules or ossification develop. Some
patients have clinically abnormal short thumbs due to short
first metacarpals (Fig. 30-42).

The most common site of onset of the heterotopic ossifi-
cation is the neck, followed by the spine and shoulder girdle
(Fig. 30—43).* Other primary sites that have been reported
include the elbow and wrist, knee, and hip. The average age
at onset is 5 years (range, birth to 25 years), and nearly 80
percent of the patients have some restrictive heterotopic
ossification by age 7 years. By age 15, nearly 95 percent of
patients have severely restricted mobility in the upper limbs.
The typical pattern is for the heterotopic ossification to
proceed in a direction that is axial to appendicular, cranial
to caudad, and proximal to distal.

As the lesions develop they tend to go through several
stages.'" During the first few weeks (the early lesion) pain,
erythema, swelling, warmth, and tenderness are noted.*
After several weeks (the intermediate lesion) the swelling
begins to subside. There is a decrease in the pain, erythema,
and tenderness but an increase in induration. After approxi-
mately 12 weeks (the late lesion) the swelling disappears
and there remains a hard, nontender lesion that is visible
radiographically as a new area of ossification. Severe disabil-
ity subsequently develops secondary to the extra-articular
ankylosis of the major joints.

In patients with fibrodysplasia ossificans progressiva, any
form of trauma to the deep tissues is often a stimulus for
new bouts of heterotopic ossification, including relatively
minor events such as immunizations and dental injec-
tions.”»** Patients can often date the onset of new lesions
to the time of an otherwise minor soft tissue injury, and
they frequently anticipate the onset of a focal flare-up within

FIGURE 30-42 At age 8 years, the patient in Figure 30-41C has an
extremely short first metacarpal and, clinically, has short thumbs.

several days following the trauma. Biopsies often trigger a
clinical flare-up, but the mechanism is not understood. Un-
like other forms of heterotopic ossification, the ossification
that occurs in patients with fibrodysplasia ossificans pro-
gressiva is irreversible. Resection of a mature lesion invari-
ably leads to the formation of new and more robust ossifi-
cation.

Often the presenting limitation of motion occurs in the
neck, as ossification matures along the cervical spine (Fig.
30-44). In addition to axial skeleton involvement, ossifica-
tion occurs in the shoulder girdle and severely restricts mo-
tion of the upper extremities. Involvement of the wrists and
elbows occurs much later, if at all. Likewise, as the disorder
progresses in the lower extremities, limitation of range of
motion occurs earlier in the hip than in the knee or ankle
(Fig. 30-45).%% By age 30 most patients are capable of either
a sitting or a standing position only. Few are able to both
sit and stand with comfort and stability.

Limitation in jaw mobility creates great difficulty in feed-
ing and maintaining adequate nutrition. Surgical attempts
to restore mobility of the jaw through resection of ossified
muscle have been unsuccessful.®

Spinal deformity is common in patients with fibrodys-
plasia ossificans progressiva.”’ Approximately 65 percent of
patients will have radiographic evidence of scoliosis and 42
percent will have hypokyphosis. These rapidly developing
abnormalities are usually associated with spontaneously oc-
curring lesions in the paravertebral soft tissues. These lesions
ossify prior to skeletal maturity, forming unilateral bony
bridges along the spine. This limits the growth on the ipsilat-
eral side of the spine while growth continues uninhibited on
the contralateral side. Over time, a severe scoliotic deformity
may result (Fig. 30—46).

Fortunately the diaphragm, as well as the extraocular,
cardiac, and smooth muscles are characteristically spared.
Patients have extremely limited chest expansion and depend
on diaphragmatic breathing. Lung volumes are reduced to
approximately 44 percent of normal values, but flow rates
are relatively normal.” Electrocardiographic (ECG) evidence
of right ventricular dysfunction is found in older patients
with fibrodysplasia ossificans progressiva. The presence of
severely restrictive chest wall disease is associated with a
high incidence of right ventricular abnormalities on the
ECG. Whether cor pulmonale eventually occurs has not
been clearly demonstrated. Premature death may result from
respiratory failure due to restricted movement of the tho-
racic cage or from inanition caused by ankylosis of the
jaw.

RADIOGRAPHIC FEATURES

Radiographs of the heterotopic skeleton demonstrate fea-
tures of normal bone modeling. These include the devel-
opment of tubular and flat bones with mature cortical
and trabecular organization, the presence of well-defined
cortical-endosteal borders enclosing medullary canals, and
the presence of metaphyseal funnelization in isolated ossicles
or at sites of synostoses. Characteristics of bone remodeling
include the response of heterotopic bone to weightbearing
stress with osteosclerosis of use and osteopenia of disuse
and the resistance of heterotopic bone to fatigue failure with
the absence of pathologic fractures and stress fractures."”



CHAPTER 30—Orthopaedic-Related Syndromes * ** 1635

Cc

FIGURE 30-43 A, At age 4 years, the patient in Figure 30-41A had no range of motion of his neck due to heterotopic
ossification in the posterior soft tissues (B). C and D, Neither of his shoulders had any mobility.
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FIGURE 30-44 Fibrodysplasia ossificans progressiva. A, At age 6 years, the patient in Figure 30-42 had ossification
of the soft tissue of his neck. B, Thirteen years later, the cervical spine had completely fused.

HISTOLOGY

The earliest lesions of fibrodysplasia ossificans progressiva
consist of loose myxoid fibrous tissue resembling the lesions
found in juvenile fibromatosis.” The fibroblastic prolifera-
tion infiltrates and replaces normally formed fibrous connec-
tive tissue and striated muscle. Numerous small blood vessels
are prominent in early lesions. Cells immunoreactive for S-
100 protein (expressed in chondroblasts) and cartilaginous
foci are scattered among proliferating fibroblasts. Intense

FIGURE 30-45 Fibrodysplasia ossificans progressiva. At age 19, the pa-
tient in Figure 30—44 had hips that were clinically ankylosed in 45 degrees
of flexion.

perivascular lymphocytic infiltration into normal-appearing
skeletal muscle has also been found in the very early stages
of fibrodysplasia ossificans progressiva.

Endochondral ossification is the prominent and identi-
fying histologic feature of maturing lesions. Cartilage and
bone formation gradually replaces the fibroblastic prolifera-
tion in muscle and adjacent connective tissue. The newly
developed marrow cavity is adipose. Only the absence of
normal anatomic orientation reveals this bone as being ab-
normal.

The finding of intense perivascular lymphocytic infiltra-
tion in the early lesions has lent support to a recent discovery
that lymphocytes may play a role in the biochemical patho-
genesis of heterotopic ossification and fibrodysplasia ossifi-
cans progressiva.'” Bone morphogenetic protein-4 (BMP-4),
a potent osteogenic morphogen, is uniquely overexpressed
in the lymphoblastoid cells in periosseous fibroproliferative
lesion cells of patients with fibrodysplasia ossificans pro-
gressiva. 10212730333 BMP-4 s responsible for directing the
formation and regeneration of the skeletal and hematopoi-
etic systems in vertebrates. Its presence provides a unique
perspective that eventually may lead to successful under-
standing and treatment of fibrodysplasia ossificans pro-
gressiva. Certainly this is one of the first genetic diseases in
humans associated with the disorder of, and the expression
of, BMP-4.

Abnormal levels of basic fibroblast growth factor have
also been found in patients with fibrodysplasia ossificans
progressiva.” Basic fibroblast growth factor is an extremely
potent in vivo stimulator of angiogenesis and is elevated in
the urine during acute flare-ups of fibrodysplasia ossificans
progressiva, This may provide a biochemical basis for con-



FIGURE 30-46 Fibrodysplasia ossifi-
cans progressiva. A to C, At age 4 years, the
patient in Figure 30—43 also had numerous
sites of ossification in the paravertebral
tissues of his back. D, This limited growth
led to a 47-degree scoliotic deformity of
the lumbar spine. E, Because of the likeli-
hood that the progressive scoliosis would
create excessive deformity between the
trunk and pelvis, anterior fusion of the
lumbar spine was performed. The scoliosis
remained stabilized at 48 degrees 4 years
postoperatively.
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sidering antiangiogenic therapy for inhibiting endochondral
osteogenesis in this disorder.

This new information regarding BMP-4 and basic fibro-
blast growth factor provides support for the concept that
defective regulation of the induction of endochondral os-
teogenesis is the main pathogenetic mechanism in fibrodys-
plasia ossificans progressiva.

TREATMENT

Tripping and falling can be catastrophic in patients with
fibrodysplasia ossificans progressiva.!! Two-thirds of falls
lead to a painful flare-up of disease activity and half of all
falls lead to permanent disability, particularly if trauma to
the head occurs. Therefore, precautionary measures should
be taken to minimize the risk of injury without compromis-
ing the patient’s functional level and independence. These
recommendations include limiting high-risk activities, using
protective head gear, installing safety measures in living
environments, and augmenting stabilizing and protective
functions.

Fractures that occur in either the normal bone or hetero-
topic bone can be expected to heal uneventfully, although
other sites of ossification may evolve.®

Surgical excision of heterotopic bone is futile, as any
form of trauma (including operative) predictably leads to the
stimulation of even more abundant heterotopic ossification.
This makes the orthopaedic management of patients very
difficult, especially of patients with severe spinal deformities
or ankylosed lower extremities fixed in an awkward position.
If the lower extremities require repositioning for improved
sitting, the patient and surgeon must be prepared for the
possibility of other lesions developing secondary to the oper-
ative stress. Deformity of the spine is very perplexing. Opera-
tive intervention for scoliosis deformities has been shown
to exacerbate the disease. Equally worrisome, in the young
patient, anterior growth of a scoliotic spine that is tethered
posteriorly can lead to significant deformity and pelvic oblig-
uity. A recent study reported that the risks associated with
operative correction of spinal deformities in fibrodysplasia
ossificans progressiva may outweigh the benefits.”’ However,
in an occasional patient the risk of progressive spinal defor-
mity may warrant surgical arthrodesis (Fig. 30-46).

These patients also present difficult anesthetic risks be-
cause of neck stiffness, small oral access, restrictive pulmo-
nary disease, and abnormalities in cardiac conduction.”*

There is no known, clearly effective medical therapy for
fibrodysplasia ossificans progressiva. Etidronate has been
studied because of its inhibitory effect on bone mineraliza-
tion and its potential to impair the rapid ossification process
observed after acute episodes of fibrodysplasia ossificans
progressiva. The results of studies utilizing intravenous ad-
ministration of etidronate and oral steroids suggest that
these agents may provide some benefit.” More controlled
data on the spontaneous resolution of early flare-ups, how-
ever, are needed to clarify the true benefit of this manage-
ment. [sotretinoin (13-cis-retinoic acid) also inhibits differ-
entiation of mesenchymal tissue into cartilage and bone. A
study examining the effectiveness of isotretinoin was unable
to determine whether it was effective or detrimental in pre-
venting disease flare-ups in regions that had even minimal
heterotopic ossification at the time therapy began.”® The

authors recommended extreme caution when using this
medication in patients with fibrodysplasia ossificans pro-
gressiva.

At the current time, for early lesions it is reasonable to
use anti-inflammatory drugs, including corticosteroids, in
addition to analgesics and etidronate until the acute phase
subsides. Etidronate must be used cautiously, as excessive
doses have a deleterious but reversible affect on metaphyseal
bone (rachitic-like changes).”

With modern treatment, particularly the ability to pro-
vide nutrition and airway management, relatively long-term
survival is possible,
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Ehlers-Danlos Syndrome

Ehlers-Danlos syndrome comprises a group of inherited
disorders characterized by abnormalities of collagen metab-
olism, which results in varying degrees of joint laxity, skin
hyperelasticity, and abnormalities of other organs. In 1682,
Job van Meeckeren described the first case, noting “extraor-
dinary dilatability of the skin.”"! Ehlers, in 1901, described
patients with loose-jointedness and subcutaneous hemor-
rhages.! Danlos, in 1908, added subcutaneous tumors that
may develop at pressure points to the description.’ Although
more than 13 types of Ehlers-Danlos syndrome have been
identified, some characteristics are common among those
afflicted.

CLINICAL FEATURES

Skin manifestations vary from mild to extreme laxity (Fig.
30-47). In some cases the patient’s skin can be pulled over
the elbow out 10 to 15 cm, with remarkably delayed relax-
ation. Elastic skin over the palms and soles of the feet (Fig.

CHAPTER 30—Orthopaedic-Related Syndromes ¢ ¢ ¢ 1639

FIGURE 30-47 Hyperlaxity of the skin of the elbow in Ehlers-Danlos syn-
drome.

30—48) causes excessive motion in these areas of normally
immobile skin. The skin in some individuals is extremely
thin, being described as similar to cigarette paper or parch-
ment (Fig. 30-49). Some patients bruise easily, and hyper-
pigmentation in the bruised areas may persist. In other
individuals masses called pseudotumors form at sites of
friction such as the elbows, heels, and knees. Bleeding gums
occur in some forms of Ehlers-Danlos syndrome.

Joint hypermobility is present in all forms. In most cases
there is hyperextensibility of the joints of the fingers, wrists,
elbows, knees, and ankles (Fig. 30-50). Specific degrees of
hypermobility of these five areas have been considered diag-
nostic of pathologic laxity by Wynne-Davies (Fig. 30-51)."
In more severe cases, the joints can be distracted to an
excessive degree. Some patients have a history of recurrent
dislocation of the patellae or shoulders. In the most severe
cases, joint dislocations become chronic or fixed. Many pa-
tients have chronic joint pains, most often in the shoulders,
hands, and knees. The pain usually is refractory to interven-
tions.” Chronic effusions and hemarthrosis are sometimes
present.

Scoliosis, spondylolisthesis, and atlantoaxial instability
occur occasionally,

Pulmonary and intestinal ruptures occur in type IV

FIGURE 30-48 Hyperlaxity of the skin on the sole of the foot in Ehlers-
Danlos syndrome.
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FIGURE 30-49  Ehlers-Danlos syndrome. Note the hyperpigmented, cig-
arette paper-like skin of the legs in a 10-year-old boy.

Ehlers-Danlos syndrome. Wound dehiscence may be a prob-
lem in any patient with skin fragility.

CLASSIFICATION

The eight commonly identified types of Ehlers-Danlos syn-
drome, named in the Berlin nosology in 1986 by Beighton
and associates,! are described below.

FIGURE 30-50 Hyperextension of the metacarpal joint of the index
finger in Ehlers-Danlos syndrome.

Type I (Gravis). Type | is a severe form, with marked skin
and joint laxity. Recurrent bruising is common, resulting
in persistent areas of hyperpigmentation. All tissues are fria-
ble, and subcutaneous nodules may be present. The inheri-
tance is autosomal dominant.

Type II (Mitis). Type II is a mild form that is similar to
type I but with less severe degrees of laxity of the skin and
joints. Inheritance also is autosomal dominant.

Type III (Benign Hypermobile). Type III is primarily no-
table for joint hyperlaxity. There are few skin findings. Scar
formation is normal. This type of Ehlers-Danlos syndrome
is commonly seen in orthopaedic practice, and often is not
specifically diagnosed. The clinician should take into account
the characteristics of this syndrome when planning surgical
procedures such as stabilization of recurrent patellar or
shoulder dislocations. In these patients, soft tissue repairs
may gradually stretch out, negating the effects of a careful
surgical repair. The floppy mitral valve syndrome occurs in
this group. Inheritance is autosomal dominant.

Type IV (Ecchymotic). Type IV is characterized by very
thin pale skin that is minimally hyperextensible but bruises
easily, with resultant pigmented scars. Only the joints of the
hands are hyperextensible. In this type, vascular and bowel
rupture may occur.'” Mitral valve prolapse is also associated
with type IV.? The basic defect is a decrease in the production
of type III collagen. Inheritance is either autosomal domi-
nant or recessive.

Type V. Type V also is noted for fragility and hyperextensi-
bility of the skin, with limited joint hypermobility. Inheri-
tance is through an X-linked recessive mode.

Type VI. Type VI is characterized by moderate skin and
joint laxity. Patients have ectopy of the lens of the eye, and
scoliosis occurs; thus, type VI has been termed the ocular-
scoliotic type of Ehlers-Danlos syndrome. The biochemical
defect is a deficiency of lysine hydroxylase, resulting in low-
ered hydroxylysine content and poor cross-linking in the
collage.® Inheritance is autosomal recessive.

Type VIL. Type VII is also called arthrochalasia multiplex
congenita because of the extreme hyperlaxity of the joints.
The patients are of short stature. The basic defect is a defi-
ciency in procollagen peptidase and an abnormal alpha,
chain of the collagen. The collagen deficit of this type of
Ehlers-Danlos syndrome is similar to that found in os-
teogenesis imperfecta type IV. Ehlers-Danlos syndrome type
VII does not have bone fragility and osteogenesis imperfecta
type IV does not have joint instability, but both conditions
have joint laxity. Inheritance is autosomal dominant.®

Type VIIL Type VIII is characterized by progressive peri-
odontal disease in addition to joint and skin hyperlaxity.
Inheritance is autosomal dominant.”

A revised classification of Ehlers-Danlos syndrome has
been proposed by Beighton and associates in which each type
is identified by major and minor criteria and by biochemical
etiology (Table 30-5).

REFERENCES
Ehlers-Danlos Syndrome
1. Beighton P, de Paepe A, Danks D, et al: International nosology of
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Genet 1988;29:581.
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FIGURE 30-51 The criteria for ligamentous laxity (after Wynne-Davies). A, Flexion of the thumb to the volar
forearm. B, Dorsiflexion of the fingers parallel to the forearm. C, Hyperextension of the elbow to 15 degrees.
D, Hyperextension of the knee to 15 degrees. E, Dorsiflexion of the ankle to 60 degrees. (From Wynne-Davies R:
Acetabular dysplasia and familial joint laxity: two etiological factors in congenital dislocation of the hip. A review of
589 patients and their families. ] Bone Joint Surg 1970;52-B:704.)



Minor Criteria

Etiology

Smooth, velvety skin; molluscoid
pseudotumors; subcutaneous
spheroids; complications of joint
hypermobility; muscle hypoto-
nia; easy bruising; manifestations
of tissue extensibility and fragil-
ity; surgical complications

Recurring joint dislocations;
chronic joint/limb pain; positive
family history

Acrogeria; hypermobility of small
joints; tendon and muscle rup-
ture; clubfoot; early-onset vari-
cose veins; arteriovenous, ca-
rotid-cavernous sinus fistula;
preumothorax; gingival reces-
sion; positive family history; sud-
den death in a close relative

Tissue fragility, including atrophic
scars, easy bruising; arterial rup-
ture; marfanoid habitus; micro-
cornea; radiologic osteopenia;
family history

Skin hyperextensibility; tissue fragil-
ity; easy bruising; muscle hypoto-
nia; kyphoscoliosis; radiologic os-

Soft, doughy skin texture; easy
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TABLE 30-5 Revised Classification of Ehlers-Danlos Syndrome
Type Inheritance ~ Major Criteria
Classic Autosomal Skin hyperextensibility; widened
dominant atrophic scars; joint hypermo-
bility
Hypermobility Autosomal Skin involvement; generalized
dominant joint hypermobility
Vascular Autosomal Thin, translucent skin; arterial/
dominant intestinal/uterine fragility or
rupture; characteristic facial
appearance
Kyphoscoliosis Autosomal Generalized joint laxity; severe
recessive muscle hypotonia at birth; sco-
liosis at birth (progressive);
scleral fragility and rupture of
the ocular globe
Arthrochalasia Autosomal Severe generalized joint hyper-
dominant mobility with recurrent sub-
luxations; congenital bilateral
hip dislocation teopenia
Dermatosparaxis Autosomal Severe skin fragility; sagging, re-
recessive dundant skin

bruising; premature rupture of
fetal membranes; large hernias

No uniform cause known

Unknown

Structurally abnormal collagen type
III or mutation in COL3A1 gene

Deficiency in lysl hydroxylase; ho-
mozygosity or compound hetero-
zygosity for mutant PLOD
allele(s)

Mutations leading to the deficient
processing of the amino-termi-
nal end of the pro-alpha,(I)
(type A) or pro-alpha,(I) (type
B) chains of collagen type I be-
cause of slipping of exon 6 in ei-
ther gene

Deficiency in procollagen I N-ter-
minal peptidase caused by homo-
zygosity of mutant allele
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Gaucher’s Disease

GENETICS

Gaucher’s disease is an autosomal recessive inborn distur-
bance of lipid metabolism characterized by a deficiency in
the enzyme beta-glucocerebrosidase, which cleaves gluco-
sylceramide.” At least 36 different mutations have been de-
scribed in the glucocerebrosidase gene that produces
Gaucher’s disease.”*® Molecular genetic research has local-
ized the glucocerebrosidase gene to 1g21."” There has been
variable correlation between the specific genotype and

the phenotypic expression in patients with Gaucher’s dis-
3358.832,65,68

HEREDITY

Gaucher’s disease is the most common lipid storage disorder
known. It is especially prevalent in the Ashkenazi Jewish
population. In a screening study conducted in Israel, the
carrier frequency among those tested was 1 in 17.7

PATHOLOGY

Glucocerebrosides accumulate within the reticuloendothe-
lial system and sometimes in the CNS. Pale-staining foam
cells, known as Gaucher cells, accumulate (Fig. 30-52). The



FIGURE 30-52 Gaucher cells, characteristic of
Gaucher’s disease (hematoxylin-eosin, X400)

disease may manifest with hepatosplenomegaly, bone mar-
row suppression, and bone lesions.

CLINICAL FEATURES

Brady and Barranger in 1983 defined three distinct forms
of Gaucher’s disease.” Type 1 Gaucher’s disease is also re-
ferred to as the chronic non-neuropathic form or the adult
form, although it most often becomes evident during child-
hood.” It is the most common clinical form and manifests
within the first two decades of life. The severity of the disease
is extremely variable, with a tendency for increasing severity
in children. Splenomegaly, enlargement of lymph nodes,
bone lesions, and skin pigmentation abnormalities are pres-
ent. The CNS is not involved.

Type 2 disease is the acute infantile neuropathic form.
This type is very rare. It appears in infancy and primarily
involves the CNS. The disease is fatal within 18 months
of onset. There is extensive neuronal destruction due to
accumulation of glucosylspingosine. Bony involvement is
not significant.

The third type is the subacute neuropathic or juvenile
form. It has the features of the chronic form and CNS
involvement. The disease manifests during childhood with
slowly progressive neural dysfunction, gait abnormality, sei-
zures, and mental retardation.

In all three forms the bone marrow is infiltrated, causing
anemia, leukopenia, and thrombocytopenia. These aberra-
tions manifest clinically as fatigue, bleeding tendencies, and
recurrent infections. Enlargement of the spleen results in
abdominal protuberance. Enlarged lymph nodes are pal-
pable.

DIAGNOSIS

The diagnosis of Gaucher’s disease is often initially missed.*®
The definitive method of diagnosis is enzyme assay of beta-
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glucocerebrosidase activity,” which demonstrates reduced
acid beta-glucosidase activity in peripheral blood leukocytes.
Genotyping at the glucocerebrosidase gene locus can provide
additional information and identify carriers. The histologic
diagnosis of Gaucher’s disease is not necessary.*’

PRENATAL DIAGNOSIS

A prenatal diagnosis can be successfully made by enzyme
assays of cells obtained from amniocentesis or chorionic
villous sampling, and by DNA analysis for known muta-
tions.”

ORTHOPAEDIC MANIFESTATIONS

The orthopaedic problems that develop in types 1 and 3
Gaucher’s disease vary among patients.” There are six differ-
ent bony manifestations of Gaucher’s disease: bone marrow
infiltration, avascular necrosis (AVN), bone crises, patho-
logic fracture, lytic lesions, and osteomyelitis.

Bone Marrow Infiltration. The bone marrow is infiltrated
by Gaucher cells, which multiply and replace the hematopoi-
etic cells. The metaphysis and diaphysis expand, and the
adjacent cortex becomes thinned, creating the appearance
of an Erlenmeyer flask on radiographs (Fig. 30-53).* The
distal femur is most commonly involved. The expansion
and erosion of the cortices can produce chronic bone pain.

Avascular Necrosis. AVN is caused by interruption of the
microvasculature by the expanding mass of Gaucher cells.
AVN of the femoral head is common, occurring in up to
75 percent of patients in a series reported by Amstutz (Fig.
30-54).%* It usually is bilateral. There may be segmental
involvement, or the total head may be affected. The joint
space may become narrowed, with resultant osteoarthritis.”
The humeral head is also frequently involved.”» Marrow
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FIGURE 30-53 Bilateral “Erlenmeyer flask” deformity of the femora in
Gaucher's disease.

changes consistent with AVN can be easily seen on MRL**

Histologic examination of avascular femoral heads shows
sheets of Gaucher cells and fibrous tissue filling the mar-
TOW spaces.

Bone Crises. Bone crises resembling those seen in patients
with sickle cell anemia may occur. They manifest as acute
episodes of severe pain in a limb with localized tenderness,
warmth, redness, inability to use the limb, fever, and leuko-
cytosis. In short, they resemble infection.” Bone crises occur
in both the lower and the upper extremities.”” Radiographs
show periosteal new bone formation and mottled rarefaction
of the involved bone.

Technetium bone scans may be helpful in differentiating
between bone crisis and osteomyelitis. A “cold” scan sup-
ports the diagnosis of bone crisis, since osteomyelitis usually
produces increased uptake.'™ Similarly, gallium scanning
will show decreased uptake in Gaucher’s disease and in-
creased uptake in osteomyelitis.”” Subperiosteal edema has
been seen in patients with Gaucher’s disease during bone
crises.'® Lipophilic tracer scans have recently been used in
a few cases to differentiate bone pain due to Gaucher’s
disease from infection.” Bell and associates recommended
performing blood cultures, technetium bone scans, and CT
on all patients with Gaucher’s disease suspected of having
bone crises or osteomyelitis.” When aspiration of the bone
is necessary, it should be carried out under aseptic conditions
to prevent secondary infection from occurring.

The course of bone crises in Gaucher’s disease is self-
limiting, with the pain gradually subsiding within days or
weeks. The pathophysiology of the crisis is presumed to be
vaso-occlusive. The Gaucher cells mechanically block the
circulation, leading to a marked elevation in intramedullary
pressure. A recent study, supported by MRI findings of signal
change within the bone and subperiosteal fluid collections,
proposed that subacute hemorrhage due to coagulopathy
leads to bone crises.* The issue, though, remains unsettled.

FIGURE 30-54 Gaucher’s disease in a 52-
year-old woman. A, Necrosis of the left femo-
ral head. The joint space is narrowed and the
superior surface of the head is somewhat col-
lapsed. B, The same hip 18 months later. Note
the complete disintegration of the joint with
severe collapse and superolateral migration of
the femoral head. (From Amstutz HC, Carey
EJ: Skeletal manifestations and treatment of
Gaucher’s disease. ] Bone Joint Surg 1966;
48-A:683.)



Pathologic Fractures. Osteopenia and AVN predispose to
pathologic fracture in Gaucher’s disease.”™ The sites most
frequently involved are the proximal femur and the spine.”®
In pediatric patients, the fractures heal with conservative
treatment, although there is a tendency for fractures of the
proximal femur to heal in varus alignment.” Fracture healing
may be prolonged, even in children. Kyphosis may result
from vertebral compression fractures, and cord and root
impingement have been described in rare cases.”"*** Usually
more than one vertebra is involved.

Lytic Lesions. The presence of bubbly, expansile lytic le-
sions in the long bones is caused by marked aggregates of
Gaucher cells.*® Occasionally the masses of Gaucher cells
protrude from the bone into the soft tissue and mimic
malignancy. Tumor formation may occur in Gaucher’s
disease, but it is rare.”** There is an increased risk of hemato-
logic cancer occurring in late adulthood.®

Osteomyelitis. Osteomyelitis is a serious problem in
Gaucher’s disease.” The ischemic bone is inherently suscep-
tible to infection and, when osteomyelitis does occur, the
lack of vascular supply to the bone makes antibiotic treat-
ment difficult.” Patients with Gaucher’s disease are prone to
infection with anaerobic organisms not commonly seen in
osteomyelitis.” Technetium bone scans may show increased
uptake, and gallium scanning can often help in making the
correct diagnosis.” Surgical treatment is often contraindi-
cated in Gaucher’s disease because frequently the result is
chronic osteomyelitis.

TREATMENT

Significant advances have been made in recent years in the
treatments available to patients with Gaucher’s disease. Sple-
nectomy had long been used for patients with hypersplenism
and thrombocytopenia. Unfortunately, splenectomy leaves
the patient at increased risk for infection.” Splenectomy
also results in greater invasion of the bone marrow for
hematopoiesis. For these reasons, partial splenectomy came
into favor, but follow-up studies have shown regrowth
of the remnant spleen with the reappearance of spleno-
megaly_ua.s-i,n

Bone marrow transplantation has been successful in the
treatment of Gaucher’s disease.'** Plasma levels of gluco-
cerebroside return to normal, but the Gaucher cells persist
for a prolonged time.” Because of the risks of overwhelming
infection, bone marrow transplant has not become the pri-
mary form of treatment for Gaucher’s disease.®

Enzyme replacement therapy became possible in 1991
and is currently advocated as the treatment for children
with type 1 Gaucher’s disease.™” Placental human glucocer-
ebrosidase (alglucerase) and recombinant glucocerebrosi-
dase (imiglucerase) are the two enzymes that have been
used.’ The indications for treatment are massive splenomeg-
aly, growth failure, and severe bony, hematologic, and pul-
monary complications, Improvement in hepatosplenomeg-
aly, anemia, and thrombocytopenia usually is apparent
within 6 months. The bone disease responds more slowly."
Partial restoration of vertebral body height has been de-
scribed in pediatric patients.”

The neurologic abnormalities seen in type 2 Gaucher’s
disease are not reversed with enzyme treatment.” Babies
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with type 2 disease still die in infancy despite enzyme replace-
ment.!">¥ There have been rare cases of neurologic im-
provement in type 3 disease.”

Because enzyme therapy is extremely expensive, it is not
widely available. A recent Canadian study reported that the
cost of enzyme therapy was “currently about $21,000 per
infusion for adults at the starting dose recommended by the
manufacturer.”® Studies are underway to determine the
absolute minimum amount of enzyme necessary to control
the disease.****’™ Response to therapy must be measured,
and protocols for the monitoring of enzyme replacement
therapy have been outlined.” MRI has been very useful in
following the restoration of more normal bone marrow in
patients on enzyme therapy."?

Molecular genetic research has led to the development
of gene therapy for the treatment of Gaucher’s disease.”
Transfer of the gene that codes for glucocerebrosidase via
a retroviral vector to hematopoietic progenitors has been
successful in mice, Preliminary results of this technique in
human patients with Gaucher’s disease indicate the persis-
tence of genetically corrected cells.?

ORTHOPAEDIC CONSIDERATIONS

Orthopaedic treatment is required for management of the
pathologic fractures. In children, treatment should be con-
servative, as operative intervention carries the risk of subse-
quent development of chronic osteomyelitis. Fracture fre-
quency and bone crises were reduced in one study of patients
with Gaucher’s disease treated with aminohydroxy propyli-
dene bisphosphonate.” Another study advocates the use of
steroids, either intravenously or orally, for symptomatic
treatment of bone crises.'® Clearly, bone crisis must be spe-
cifically differentiated from osteomyelitis if steroids are to
be administered.

AVN of the femoral head may be quite painful in children
with Gaucher’s disease. Symptomatic management of os-
teonecrosis of the femoral head includes bed rest and analge-
sics, followed by nonweightbearing on the involved limb if
it makes the patient more comfortable. On follow-up, most
children are asymptomatic for several years.* Presently there
is no role for surgery in the prevention or early treatment
of AVN in Gaucher’s disease.

Severe osteoarthritis of the hip due to AVN is treated by
total hip arthroplasty.”** In a study with a 14-year follow-
up, it was concluded that the majority of arthroplasties
performed in patients with Gaucher’s disease resulted in
increased mobility and resolution of pain.” Total shoulder
arthroplasty has likewise been successful in treating osteoar-
thritis associated with Gaucher’s disease.” Redirectional os-
teotomy of the femur has been described in a case of segmen-
tal AVN.”

In the rare instance in which orthopaedic surgery is per-
formed on a patient with Gaucher’s disease, it is imperative
that the surgeon and the anesthesiologist be aware of the
tendency for coagulopathy in these patients.
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Arthrogryposis (Arthrogryposis
Multiplex Congenita)

Arthrogryposis is a term used for a variety of conditions
that have in common diminished fetal movements with
congenital joint stiffness and varying degrees of muscle
weakness. The disorder should be considered a symptom
complex rather than a disease, and a definite diagnosis
should be sought. Specific syndromes with the features of
arthrogryposis have different prognoses and inheritance pat-
terns, and knowledge of these patterns allows accurate pa-
tient counseling.

The most common type of arthrogryposis is termed
amyoplasia or classic arthrogryposis, and the descriptions
that follow refer to this form of the disorder. Distal arthro-
gryposis is characterized by restriction of motion of the
distal joints of the hands, feet, and sometimes the knees,
and has been classified into six types. Contractural arachno-
dactyly (Beals’ syndrome) and multiple pterygium syndrome
have been mistaken for arthrogryposis.”

Arthrogryposis is a rare disorder that occurs in about 1
in 3,000 live births, while true amyoplasia occurs in about
1 in 10,000 live births.®* It was first described in 1841
by Otto.” Schanz in 1897 termed the condition multiple
congenital contractures,” while Rosencranz coined the term
arthrogryposis.* In 1923 Stern proposed the term arthro-
gryposis multiplex congenita, which is used today.*
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The clinical picture, especially at birth, is often one of
dramatic deformities and immobility (Fig. 30-55). The par-
ents need considerable counseling to realize that despite
the obvious musculoskeletal abnormalities, most affected
individuals are able to lead productive, functional lives, with
satisfactory correction of most of the deformities.!*

ETIOLOGY

The clinical findings of arthrogryposis result from failure of
the fetus to move normally. The fibrosis of joints and the
lack of creases, the thin, atrophic extremities, and the fatty
accumulations about the joints all result from fetal akinesia.
This lack of motion is most often due to failure of skeletal
muscle development, which may be due to abnormalities at
the anterior horn cell or more proximally or distally in the
nervous system. Associated muscle diseases include congeni-
tal muscular dystrophies, congenital myopathies, intrauter-
ine myositis, and mitochondrial disorders.® The syndrome
has been associated with gastroschisis, intestinal atresia, Po-
land’s sequence, and Mobius’ anomaly, all of which have a
vascular interruption etiology, suggesting that arthrogry-
posis may also have a vascular etiology.”

Amyoplasia may be caused by defective myogenic regula-
tory genes. The effect appears as a defective somite due to
lack of induction by the notocord and neural tube. The
muscle matrix, derived from lateral mesoderm, is present,
but myocytes, which are derived from somitic mesoderm,
are absent and replaced by adipose cells.”

Several cases have been reported in which mothers with
myasthenia gravis have passed to the affected fetus antibod-
ies that inhibit the function of fetal acetylcholine receptor.
These mothers are likely to have other affected children.”

A number of animal studies have demonstrated the basic
pathologic mechanism of the disease. Chick embryos treated
with curare for 2 days are born with ankylosis of the joints
similar to human arthrogryposis." Fetal joints that were
immobilized had similar findings."” One case has been de-
scribed in an infant born to a mother who was treated with
muscle relaxants for tetanus at 10 to 12 weeks of gestation.”
Rat fetuses treated with curare had multiple joint con-
tractures, pulmonary hypoplasia, micrognathia, fetal growth
retardation, short umbilical cord, and polyhydramnios.
These findings were termed the fetal akinesia sequence.”®
These findings in humans have been termed the Pena-
Shokeir syndrome.”*

Experimentally in chick embryos, prenatal contracture
of the joints can be caused by the Newcastle disease virus
and by coxsackievirus.” Akbane virus may cause similar
joint contractures in cattle.*

GENETICS

Several genetic patterns have been recognized in arthro-
gryposis, but most cases of arthrogryposis (i.e., amyoplasia
type) are sporadic without an inheritance risk. Autosomal
dominant transmission has been noted especially in type I
distal arthrogryposis. Autosomal recessive inheritance has
also been noted, as well as X-linked recessive inheritance.”
Rare cases of mitochondrial inheritance have also been re-
ported.
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FIGURE 30-55  Twins with arthrogryposis. A, At birth the characteristic deformities are present. The shoulder muscles
are atrophic, the shoulders are adducted, the elbows are extended, and the wrists are flexed. In the lower extremities
the knees are variably flexed, and there are equinovarus deformities of the feet. B, The same boys at age 16. Lower
extremity surgery was relatively successful; the upper extremities remain in the original positions. Today more aggressive
upper extremity surgery would have been performed. However, when asked about their activities, they replied that

they both played on a six-man high school football team.

CLINICAL MANIFESTATIONS

Classic Arthrogrypesis. Classic arthrogryposis, or amyo-
plasia, presents with striking musculoskeletal abnormalities.
These bright-eyed, intelligent children always have con-
tractures of the extremities and usually have a midline cuta-
neous hemangioma on the forehead. The most frequent
posture is that of elbow extension, wrist flexion, and ulnar
deviation, knee extension or flexion, and equinovarus foot
deformities (Figs. 30-55 to 30-57). The arms and legs are
thin and atrophic and the joints lack flexion creases. Accu-
mulations of fat in the extremities often give the limbs a
sausagelike appearance. In some cases the elbows are flexed,
the knees are in valgus or varus position, and the feet may
have calcaneovalgus, varus, or vertical talus deformities. In
most patients both upper and lower extremities are involved,
but occasionally only the lower or upper extremities are
involved. The prenatal diagnosis has been made as early as
19 weeks of gestation, based on absent fetal movement and
characteristic contractures.* Breech position is common and
probably is due to inability of the fetus to kick strongly
enough to turn to a vertex position.* Many are delivered
by cesarean section, and birth fractures are fairly common.

Active and passive joint motion is usually markedly lim-
ited, but affected joints usually retain at least a “jog” of

motion. Head and neck motion is generally normal. Shoul-
der motion is variably limited, with flexion usually pre-
served. At the elbow there may be considerable difference
between the active and passive range of motion, with passive
flexion to 90 degrees a common finding. The wrists and
fingers generally have marked reduction of motion, and the
fingers are often ulnarly deviated with flexion contractures.
The thumb often has little opposition, and grasping is often
done between the fingers. The pathognomonic posture, the
“waiter’s tip” posture, is one of shoulder adduction and
internal rotation, elbow extension, forearm pronation, and
wrist flexion.

In the lower extremities the range of motion of the hip is
often relatively preserved, especially in flexion and extension.
The knees may be stiff in flexion or extension, and the
available range is often hingelike rather than a gliding mo-
tion. The feet may be stiff in an equinovarus position with
little ankle or foot motion. Rocker-bottom deformities occur
with vertical talus, and equinovalgus and calcaneovalgus
postures also occasionally noted. Some children develop
scoliosis, usually a neuropathic C curve with pelvic obliquity.

Distal Arthrogryposis. Distal arthrogryposis syndromes
involve the more peripheral joints. Type [ is associated with
specific findings in the hands—medially overlapping fingers,
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FIGURE 30-56 Arthrogryposis. A, Unusually flexed elbows and hyperextended knees at birth. B, Both feet have
rigid equinovarus deformities. C, Lateral view of the feet showing the extreme equinus of the left foot. D, Palmar view
of the hands of the same patient. Note the adducted thumbs. E and F, The patient, 3 years later, is able to walk with
the help of braces. He had bilateral heel cord lengthening and flexion release of both hips.
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FIGURE 30-57 A and B, Arthrogryposis with major involvement of the upper extremities. Note the atrophic shoulder
girdle, extended elbows which have no flexion creases, the flexed wrists, and the flexed fingers.

flexed, adducted thumb, clinched fists, ulnar deviation of
the fingers, and camptodactyly. Talipes equinovarus and
vertical talus are found in the lower extremities.*** It is
transmitted as an autosomal dominant trait, with the gene
located on chromosome 9.°* A variant with craniofacial
abnormalities has also been reported.”

Type Ila distal arthrogryposis is accompanied by cleft
palate and short stature. Type IIb, a mitochondrial disorder,
has ptosis, ophthalmoplegia, hard and woody muscles, and
absent palmar creases, along with distal contractures. Father-
to-son and mother-to-son transmission have been reported
in this type.’*'® Type Ilc has cleft lip and palate, type IId
has scoliosis, and type Ile has trismus and an unusual con-
tracture of the hand with wrist flexion and metacarpopha-
langeal joint extension.”

PATHOLOGY

The pathophysiology of arthrogryposis begins with failure
of fetal movement, usually caused by failure of development
of the anterior horn cells at the spinal level (the neuropathic
form). Consequently the spinal cord is smaller than normal,
especially at the cervical and lumbar levels. Anterior horn
cells are diminished in number but otherwise normal in
appearance. The ventral roots are decreased in number,
while the dorsal roots are normal. Occasionally there are
abnormalities in the brain, with reduced Betz cells in the
motor cortex and incomplete fissuring with large lateral
ventricles,'>!¥15

The pathology of the articular joints indicates normal
embryologic development with subsequent failure of move-
ment. Thus, articular cartilage is well formed and joint spaces
are present. The joint capsules are thickened and fibrotic,

B

joint creases are absent, bursal areas are poorly formed,
especially about the knee, tendons are often fibrosed to
their sheaths, and muscles are thin, atrophic, and at times
infiltrated with fat. Accumulations of subcutaneous fat occur
in atypical locations such as the upper and lower thigh, and
may themselves limit flexion of adjacent joints.

In the myopathic form the brain, spinal cord, anterior
horn cells, and nerve rootlets are normal."'** The affected
muscles are firm, pale, and fibrous, with fibrous and fatty
degeneration. Individual muscle fibers are quite varied, with
haphazard distribution of large and small fibers. Endomesial
connective tissue is increased. Muscle biopsy may distinguish
the two types. In one study 93 percent of children had the
neurogenic type, with only 7 percent being myopathic.”

Over time, articular degenerative changes occur second-
arily, with loss of articular cartilage and eventual spontane-
ous arthrodesis in some joints.

DIFFERENTIAL DIAGNOSIS

Some authors have indicated that as many as 150 different
syndromes may be considered to have features in common
with arthrogryposis.”

Freeman-Sheldon syndrome, or “whistling face” syn-
drome, has limited extension of multiple joints and a charac-
teristic puckered facial appearance that gives rise to the
whistling face designation.

Multiple pterygium syndrome resembles arthrogryposis
in the presence of contractures of joints, but the knee and
elbow contracture are often extreme, with winglike webbing
on the flexor surface.

Individuals with Beals’ syndrome or congenital con-
tractural arachnodactyly have long, gracile extremities simi-
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FIGURE 30-57 Continued. C and D, Postoperative photographs. E to G, The type of splint used to maintain
correction in various views and on the patient. H, Clinical appearance of patient at 4 years of age.
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lar to what is seen in Marfan’s syndrome, but also have
contractures of the fingers and toes and mild loss of exten-
sion of other joints.

Some dwarfing syndromes such as diastrophic dysplasia
have restrictions of joint motion, but are distinguished
by other characteristic features, especially the limb shorten-
ing.

TREATMENT

Goals of Treatment. The treatment of arthrogryposis must
be based on a thorough understanding of this unique disor-
der. First, the children are quite intelligent and sensitive
to pain. Vigorous stretching of their stiff joints is counter-
productive both for improving range of motion and for
patient rapport. Second, the complex unit of the gliding
joint did not form normally because the fetus failed to
move. For example, the knee cannot move normally be-
cause (1) the muscles failed to develop, (2) the prepatellar
bursa and the suprapatellar pouch failed to develop,
(3) the skin and subcutaneous tissue envelope developed
as a cylinder without normal creases and lacks the normal
excess of skin anteriorly, which allows motion, and (4) the
joint capsule is thick and fibrotic and not large enough
to allow the femoral condyles to move to and fro. Thus,
the surgeon must recognize that simple solutions, such
as a capsular release or joint surface replacement, cannot
create the complex anatomy necessary for a freely mobile
joint.

A third essential understanding is that this disorder is
quite variable. At one extreme are children with involvement
limited to the feet and calves or to the elbows and wrists;
at the other are children (fortunately rare) who have active
motion of their head and neck only. Treatment must be
tailored to the individual. The follwing discussion relates
to “typical,” fairly severe cases; many variations will be
encountered in practice,

In most patients the two major goals of treatment are
independent ambulation and independent function of the
upper extremities for activities of daily living. In one follow-
up study of 53 patients, 73 percent were able to ambulate
independently or with occasional aids.*® To achieve these
goals it is necessary (1) to correct the alignment of the lower
extremities so that plantigrade standing and walking are
possible, (2) to preserve existing joint motion and place that
motion in the most functional location, (3) to increase active
motion where appropriate tendon-muscle transfers are pos-
sible, and (4) to reposition stiff joints for functional advan-
tage. At times, often with older individuals, the surgeon and
patient must choose between fixed deformities in either a
sitting or a standing position, and in such cases there is no
“right” decision. Some severely involved persons prefer the
many advantages of the sitting position for wheelchair mo-
bility, driving, and working. Others deal with life in a stand-
ing position despite the obvious difficulties it poses for driv-
ing and working.

Timing of Treatment. A well-planned treatment program
should seek to accomplish as much functional improvement
in as few operative procedures as possible, preferably finish-
ing by age 6 or 7. With typical involvement of four extremi-

ties, early stretching and cast correction may be useful for
wrist and knee positional contractures. Surgical correction
of the knees will usually precede hip surgery, and should
be done by age 6 months. Hip reduction is performed at
our institution at around 6 months of age. Hand and feet
are often corrected in the same operative procedure at early
“standing age.” We have found a higher rate of recurrence
of foot deformity if foot surgery is performed before weight-
bearing begins. Late corrective osteotomies, scoliosis sur-
gery, and osteotomies or fusions of the foot or ankle may
be necessary as late as the teenage years.

The Hip. In recent years it has become clear that reduction
of dislocated hips in arthrogryposis is advantageous for func-
tion and not nearly as difficult as previously thought. We
recommend early reduction of unilateral or bilateral hip
dislocation in the vast majority of cases. Most patients with
dislocated hips have some active flexion or extension of the
hip and a range of passive motion of 60 to 90 degrees. If
flexion and extension are markedly limited, hip reduction
may not be appropriate. Likewise, if the child is virtually
totally unable to move and ambulation is clearly not likely,
hip reduction may be contraindicated.

Closed reduction is not useful for children with arthro-
gryposis. We prefer to perform a medial open reduction at
about 6 months of age. Both hips are done in the same
procedure if necessary. Our experience has mirrored that
of Szoke and Staheli in that satisfactory results are the rule
rather than the exception. In their series, 80 percent of
40 treated hip dislocations had good outcomes.” The pro-
cedure is described in Chapter 15, Developmental Dyspla-
sia of the Hip. Postoperative immobilization is limited to
6 weeks in a cast in the human position. Further splint-
ing is usually unnecessary and may promote stiffness. A
femoral shortening may be added if the reduction is too
tight.

In the older child the hip is reduced with an anterior
approach and femoral shortening when necessary. Acetabu-
lar dysplasia is treated with an appropriate pelvic osteotomy,
usually the Salter procedure.

OTHER HIP DEFORMITIES. Hip abduction and adduction con-
tractures are occasionally encountered, and the resultant
pelvic obliquity may contribute to the development of scoli-
osis. Minor contractures are treated with appropriate soft
tissue releases. Contracture of the iliotibial band produces
a hip flexion, abduction, external rotation contracture. Prox-
imal and distal iliotibial band release (the Ober-Yount proce-
dure) may resolve the contracture. Osteotomies may be
required for severe contractures.

Fixed extension contracture of the hip is a rare but chal-
lenging deformity. Soft tissue releases may be considered,
but if they are followed by hip flexion deformity, ambulatory
function may be lost. In addition, flexion after release of
the hip extensors and hip capsule may still be limited
by the sciatic nerve tension. A shortening osteotomy may
be the only alternative in the latter situation.

The Knees. There is considerable variation in the knee
deformities at birth. Flexion contractures are most frequent,
but extension contractures, hyperextension, and varus and
valgus deformities are also encountered.



KNEE HYPEREXTENSION AND DISLOCATION. Hyperextended or
dislocated knees may respond to stretching and casting and
this should be initiated in the early neonatal period (see
Fig. 30-56).” (The treatment should also be abandoned if
unsuccessful after several casts). If knee flexion or reduction
of the anteriorly dislocated tibia is not achieved, we perform
surgical correction between 4 and 6 months of age.

Release of Knee Hyperextension or Dislocation. An anterior release
of the knee capsule and patella is performed through an
anteromedial longitudinal incision. The quadriceps is
lengthened in a V-Y-plasty through the central tendon of
the quadriceps. Alternatively the femur may be shortened
2 to 3 cm at midshaft and plated to reduce the need for
quadriceps lengthening. At the conclusion of the procedure
the knee should flex to 90 degrees. Postoperatively the knee
is splinted in flexion. The amount of flexion should be
determined while the surgeon inspects the blood flow to
the prepatellar skin after tourniquet release. Because the
normal redundant anterior skin is not present in this condi-
tion, this skin will slough if the knee is splinted in so much
flexion that the cutaneous blood flow is compromised. Early
passive range-of-motion exercises are important and should
start 2 to 3 weeks postoperatively. Splinting in flexion should
be continued for 3 months.

Long-term studies have shown a significant rate of degen-
erative changes in the knees of adults, especially those with
extension deformities.”

KNEE FLEXION CONTRACTURES. The flexed knee is the deformity
that most often limits functional ambulation. It is very resis-
tant to passive stretching and difficult to correct surgically.”
Excessive manipulation may result in fractures or epiphyseal
separations at the distal femur or proximal tibia.* Recurrent
deformity is common, especially if hamstring power is unop-
posed by the quadriceps. Surgery may be considered after
6 months of age.

Correction of Knee Flexion Contracture. The knee is approached first
through a Henry posterolateral incision. The interval be-
tween the biceps and fascia lata is entered and the dissection
is carried posteriorly deep to the popliteal neurovascular
structures. The posterior capsule of the knee is readily visual-
ized. The biceps tendon is lengthened and the fascia lata
transected. The posterior capsule is opened laterally and as
far medially as possible. If full extension is achieved, the
procedure may be terminated. At this point partial correc-
tion is usually achieved and further release is required.

Next, a medial incision is made just medial to the semi-
tendinosus. The semitendinosus, semimembranosus, graci-
lis, and sartorius are lengthened. The remainder of the
posterior capsule medially is also sectioned. If full extension
is possible, the procedure is complete. Often the knee will
still lack full extension, and an anterior release will be nec-
essary.

Finally, the knee is opened anteriorly through a medial
parapatellar incision. Fibrous and fatty accumulations are
often encountered anteriorly between the tibia and femur,
and these are resected. If the patella is encased in fibrous
tissue against the femoral condyles, it is released fully. At this
point any remaining structures (except the neurovascular
bundle) that prevent extension are released. Often these
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structures include the anterior and posterior cruciates and
the collateral ligaments. If the knee cannot be extended
because the neurovascular structures are tight, a femoral
shortening is performed with plate fixation. The surgeon
must not stress the knee after femoral shortening because
the bone purchase of plate and screws is often tenuous.

The knee is splinted in full extension with careful moni-
toring of the neurovascular status of the leg and foot. Range-
of-motion exercises can be started at 3 to 4 weeks, or after
6 weeks if the femur has been shortened. Long-term bracing
of the knee may be necessary, especially if the quadriceps
is not functional or the knee is unstable.

Flexion deformities at skeletal maturity may be corrected
with a closing wedge distal femoral osteotomies. However,
femoral extension osteotomies done in growing children are
not successful. Either the deformity will recur with growth
or, if excessive angulation is done, a Z deformity of the
distal femur will develop. Varus and valgus deformities may
accompany extension or flexion deformities and are cor-
rected at the time of reduction of the primary deformity.
Patellar instability is occasionally present and may be ad-
dressed surgically with lateral release, medial advancement,
and correction of knee valgus if necessary.

The Feet. The most frequent foot deformity is a rigid equi-
novarus deformity that is more severe and rigid than an
idiopathic clubfoot (see Fig. 30-56). Virtually any other
deformity may be present, with vertical talus, equinovalgus,
and cavus being the more common.

TALIPES EQUINOVARUS. The equinovarus foot in arthrogryposis
is typically markedly plantar flexed with greater or lesser
degrees of varus and adductus. Marked calf atrophy and
lack of flexion creases are usual. The tendons are often
fibrosed within their sheaths and lack mobility. The joints
of the foot and ankle are severely fibrosed, and may be
narrowed or at times fused. The extreme rigidity in the
typical case precludes correction by passive stretching or
casting. Atypical cases may at times be more flexible and
responsive to manipulative means.

Surgical Correction of Talipes Equinovarus. The posteromedial release
is the initial procedure for the arthrogrypotic clubfoot. The
surgeon must be prepared to augment the release with bony
surgery when necessary. We use a Cincinnati incision and
expose the medial tendons and neurovascular bundle. Often
the tendons are atretic and should be sectioned or excised
without repair, The Achilles tendon should be resutured
with the foot in neutral dorsiflexion.

The subtalar, tibiotalar, talonavicular, and calcaneocu-
boid joints are opened and released completely. Releases are
done stepwise until the foot is plantigrade. When residual
deformity remains, other options should be used. When
residual adductus remains, lateral column shortening is indi-
cated. Lateral column shortening can be done several ways,
our preference being cuboid decancellation. Unlike excision
of the anterior calcaneus (Lichtblau procedure) or fusion
of the calcaneocuboid joint (Evans procedure), some motion
may be retained after excision of the midportion of the
cuboid. If residual equinovarus is present after release,
decancellation of the talus (Verebelyi-Ogston procedure)
should be considered. This is usually done through a lateral
incision. A curet is used to remove the cancellous bone of
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the talus. The lateral cortex and cartilaginous anlage are
incised and the talus is crushed by dorsiflexing and everting
the foot to allow positioning of the foot in neutral dorsiflex-
ion and valgus. Postoperative splinting or casting should be
used for 6 weeks. The foot should then be maintained in
an orthosis indefinitely to avoid loss of correction.

These procedures usually produce a plantigrade foot, but
one with poor range of motion. Recurrence of deformity is
common in spite of orthotic wear. Repeat surgery requires
bony wedge resection or triple arthrodesis. We avoid talec-
tomy because many feet redeform afterward, with little
available for further salvage. If the talus is preserved, a
triple arthrodesis is a reasonable late option. Ankle fusion
is also possible in unusually severe instances. Without the
talus, neither procedure is possible when the deformity
recurs.

VERTICAL TALUS. The vertical talus deformity is treated surgi-
cally if it is severe enough to interfere with plantigrade
walking and shoe wear. The procedure is done as described
in this text, with navicular excision often necessary. The
results of these procedures are somewhat better than those
for equinovarus feet, and postoperative stiffness and recur-
rence are less frequent.

CAVOVARUS DEFORMITY. These deformities may be corrected
with plantar release, midfoot osteotomy, or triple arthrodesis
in the older child, depending on the severity of the deformity.

Treatment of the Upper Extremities

PRINCIPLES. In earlier practice it was thought that children
should be left to function bimanually with the shoulders
internally rotated and adducted, the elbows extended, and
the wrists flexed. They often were adept at writing with the
hands turned backward and the pencil gripped between
adducted fingers. Bimanual grasping was essential. Today
much greater function is achieved with early repositioning
of the extremities, adding active elbow flexion when possible
to allow functional activities with the hands forward. The
following principles help achieve these goals.

1. Joint motion should be preserved if at all possible,
Even quite limited range of motion may be quite useful
and functional and should not be sacrificed.

2. Passive motion of a joint must be gained before restor-
ing active motion.

3. A bimanual function pattern will be necessary in most
patients, as neither hand will be likely to have a strong
unilateral grasp.

4. The shoulders and elbows should allow the hands to
work at a tabletop level. This is important for feeding
and working, especially in the computer age.

The ultimate goal for most patients is independent living
and employment, and proper upper extremity management
may make this possible. Our preference is to complete the
major changes in limb position by age 4. We feel that
by age 8 the use patterns are so well established that the
child will not adapt well to the new limb function after
that age.

Our first goal is to achieve passive elbow flexion. The
second priority is to correct humeral rotation and then
reposition the wrist and correct the thumb-in-palm defor-
mity. Often the latter procedures are performed at one
sitting,

THE SHOULDER. The shoulder is often contracted into adduc-
tion and internal rotation by joint incongruity and soft tissue
contractures (see Fig. 30-57). Scapulothoracic motion may
be limited, in addition to the lack of glenohumeral motion.
Typically there is little active flexion or abduction of the
shoulder. The major obstacle to function of the elbow and
hand is the internal rotation contracture. Consequently, one
of the most useful procedures in the upper extremity is an
external rotation osteotomy of the humerus to allow the
forearm to clear the body as the elbow flexes. This allows
the hands to function at the midline in front of the body.
The osteotomy may be performed at the midshaft level and
fixed with a plate, or at the supracondylar level with crossed
pin fixation. Postoperatively the arm should be immobilized
only long enough to achieve early bony union.

THE ELBOW. The elbow deformity is usually one of full exten-
sion without active flexion, but with some active triceps
function retained (see Fig. 30—57). Many children have pas-
sive flexion, but many others have an extension contracture.
If elbow flexion is limited to 45 degrees or less, a tricepsplasty
is indicated to gain functional range of motion. Elbow stabil-
ity in extension should not be sacrificed, as crutch use may
be necessary. Modified crutches may be required as well.

Posterior Release with Tricepsplasty. A posterior elbow release with
tricepsplasty is performed through a posterior curvilinear
incision. The ulnar nerve should be released from its tunnel
and transferred anteriorly into a subcutaneous, protected
position. During closure the subcutaneous tissue is tacked
to the medial epicondyle to prevent posterior displacement
of the nerve.

The triceps is lengthened through a long W incision with
the lateral and medial limbs of the W extending into the
triceps expansion (Plate 30—1). The posterior capsule of the
elbow is opened at the tip of the olecranon. The elbow is
gently flexed, serially releasing the most posterior fibers of
the collateral ligaments as necessary. The surgeon must take
care to avoid a fracture or epiphyseal separation from force-
ful manipulation. It should be possible to achieve at least
90 degrees of flexion and still maintain medial and lateral
stability. The triceps is closed in a V to Y with the medial and
lateral limbs closed over the central tongue of triceps tendon.

Postoperatively the elbow is splinted in 90 degrees of
flexion for 3 weeks. Then active and passive range-of-motion
exercises are begun and a resting splint is used for another
3 weeks. The parents should be taught to work with the
child over the next months to maintain both flexion and ex-
tension.

Procedures to Achieve Active Elbow Flexion. The ideal transfer to gain
active elbow flexion would be to use an expendable muscle,
synergistic with elbow flexion, which can be appropriately
aligned and which has good strength. It cannot be unop-
posed, or a flexion contracture will develop. Unfortunately,
this combination is not available for most children with this
disorder. Preoperative selection of a muscle-tendon unit for
transfer is difficult and not aided by imaging studies. It may
be necessary to make an incision over the proposed muscle
to evaluate its bulk, color, and contractility (with electrical
stimulation) before using that muscle for transfer.

Bipolar pectoralis major transfer: The entire pectoralis
major muscle can be transferred by mobilizing it on its



neurovascular pedicle."” The muscle is routed so that the
tendon of insertion is transferred to the coracoid or acro-
mion, which becomes the new origin of the muscle (Fig.
30-58). The broad fascia of the origin is mobilized and
transferred to the ulna, either directly or with a graft if
necessary, This is a good option if the pectoralis major is
strong. The disadvantage of this transfer is that the scars
may be disfiguring, especially in girls, with resultant breast
asymmetry if done unilaterally.

Bipolar latissimus transfer: For this transfer the entire
latissimus dorsi is mobilized on its pedicle and moved anteri-
orly through the axilla (Figs. 30-59 to 30—61).* The original
tendon of insertion is moved to the coracoid or acromion,
where it becomes the origin of the new muscle arrangement.
The remainder of the muscle and its fascial prolongation
are attached to the ulna distal to the coronoid process.
This transfer is used if the latissimus is strong, but in most
arthrogrypotic children the muscle is fibrotic and not of
satisfactory quality for transfer.

Transfer of the long head of the triceps: This transfer is
feasible because the long head of the triceps has a separate
neurovascular pedicle and is sufficiently independent from
the rest of the triceps to be easily separated (M. B. Ezaki,
personal communication to J. A. Herring, July 2000). It is
present in most children with arthrogryposis and can be
tested manually. A fascia lata graft is used to prolong the
tendon to allow insertion into the proximal ulna. Although
the muscle is not large, satisfactory active elbow flexion can
be gained without loss of active elbow extension.

Triceps transfer: A procedure often mentioned for this
purpose is the triceps transfer.****'* Short term follow-up
has shown significant improvement in many children, but
over time, flexion contractures develop and function deteri-
orates. If both sides have been done, elbow-extended activi-
ties (such as crutch walking) are impossible, but even worse,
if only one is flexed, bimanual activities are not feasible.
Thus we no longer use this transfer.

Steindler flexorplasty: The Steindler flexorplasty” pro-
duces elbow flexion by transferring the flexor pronator ori-
gin from the medial epicondyle to the anterior humerus. It
may be useful if the patient can isolate the muscle preopera-
tively and also can stabilize the wrist against excess flexion
with the radial wrist extensors. Unfortunately, most children
with arthrogryposis lack radial wrist extensors. This transfer
will produce unacceptable wrist flexion unless these wrist
extensors are present. Thus it is rarely indicated.

Unipolar pectoralis major transfer (Clark procedure):
This procedure was also popular in the past. It is no longer
recommended, for a couple of major reasons. First, the line
of pull is such that active elbow flexion can only be achieved
when the arm is abducted. When the shoulder is adducted,
muscle pull results only in further adduction. Second, over
time an adduction contracture is likely to develop.?

Free gracilis transfers: The gracilis may be transferred as
a free tissue transfer (M. B. Ezaki, personal communication
to J. A. Herring, 2000). In this procedure the intercostal
nerves are used to innervate the transferred muscle. The
difficulty with the transfer is the lack of better sources of
innervation. In addition, the gracilis is often fibrotic and
nonfunctional in children with arthrogryposis.

THE WRIST. The wrist in arthrogryposis is usually flexed and
deviated ulnarward, and a small range of motion is available
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(see Fig. 30-57). All the structures on the volar side are
contracted, including the joint capsule, the tendons, the
skin, and subcutaneous tissue. The radial wrist extensors
are fibrotic and nonfunctional, but the extensor carpi ulnaris
is often spared. Carpal coalitions are common.

Early stretching and splinting has been recommended,
but the efficacy is uncertain. Overzealous, painful stretching
is clearly inappropriate. Surgical treatment is indicated to
reorient the wrist into a neutral position while maintaining
any available motion. We have found a midcarpal wedge
resection to be the most useful procedure to correct flexion
and ulnar deviation. Simultaneous transfer of an appropriate
tendon to provide radial extension can be done if a donor
tendon is available. Often the extensor carpi ulnaris is avail-
able and works well for this transfer.

Dorsal, Radial Closing Wedge Osteotomy of the Midcarpus and Tendon
Transfers. The wrist is approached through a transverse or
longitudinal incision on the flexor surface of the distal third
of the forearm. The fascia over the wrist flexors is opened.
If the flexor carpi ulnaris has muscle bulk and excursion, it
may be transferred to the extensor carpi radialis. In the
usual case the flexor carpi ulnaris, flexor carpi radialis, and
palmaris longus are fibrotic and are sectioned at the wrist
to increase wrist extension.

A second dorsal incision is made at the level of the proxi-
mal carpal row. The digital and thumb extensors are isolated
and protected. The wrist extensors are isolated from the
dorsal capsule and sectioned. The extensor carpi ulnaris is
mobilized and transferred across the midline of the wrist
and secured to the distal stump of the wrist capsule or radial
wrist extensors.

The radiocarpal capsule is left intact and the wrist is
opened at the midcarpal level. A wedge resection of the
midcarpus is made with a closing wedge dorsally and radially
to gain neutral alignment of the wrist.”? The osteotomy
is closed and secured with several interosseous wires or
nonabsorbable sutures. Redundant capsule and synovium
are resected and the dorsal capsule is closed. The wrist is
splinted or casted for 6 weeks, and then a splint is used full-
time for 3 months and part-time for a full year.

Proximal Row Carpectomy. Proximal row carpectomy was used
in the past, but because the capitate and radial articulations
are grossly abnormal, the procedure usually produced an
undesirable incongruity of the radiocarpal articulation. In
addition, the usual carpal coalitions preclude sustained, use-
ful range of motion.

Wrist Fusion. Wrist fusion may be done as a salvage procedure
but is undesirable because even a small amount of motion
may be quite functional for the patient.”

THE HAND. Flexion contractures of the fingers considerably
limit the function of the hand. Passive stretching and splint-
ing rarely add significant range of motion. The contractures
include the flexor tendons, neurovascular bundles, and skin.
Consequently, surgical procedures to date have not added
to finger motion or function. Certainly no procedure should
result in diminished sensation, as this will severely alter the
function of the hand.

The thumb-in-palm deformity is another significant
functional impediment and one that may respond to appro-
priate releases,

Text continued on page 1660
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Posterior Release of Elbow Extension Contracture

A, The patient is placed in a lateral position. A midline incision is made on the posterior aspect of the arm,
beginning in its middle half and extending distally to a point lateral to the olecranon process; then the incision
is carried over the subcutaneous surface of the shaft of the ulna for a distance of 5 cm. The subcutaneous tissue
is divided, and the wound flaps are mobilized.

B, The ulnar nerve is identified and mobilized medially to protect it from injury. The intermuscular septum
is exposed laterally.

C, Left: The ulnar nerve is mobilized and transferred anteriorly. Right: The triceps muscle is lengthened in a
W fashion, leaving a long proximal tongue.



Plate 30-1. Posterior Release of Elbow Extension
Contracture

"W" plasty

Ulnar nerve W AR s lengthening
transferred ? N of triceps
anteriorly ﬁy N
¥
7/ < _
Cx Y i
P N
Cc

1657



1658 + * » Orthopaedic Disorders

Posterior Release of Elbow Extension Contracture Continued

D, Then the triceps muscle is freed and mobilized proximally as far as its nerve supply permits. The motor
branches of the radial nerve to the triceps enter the muscle in the interval between the lateral and medial heads
as the radial nerve enters the musculospiral groove. The distal portion of the detached triceps is then sutured
to itself to form a tube.

E and F, Through a curvilinear incision in the antecubital fossa, the interval between the brachioradialis and
the pronator teres is developed.

G, With an Ober tendon passer, the triceps tendon is passed into the anterior wound subcutaneously, superficial
to the radial nerve.

H, With the elbow in 90 degrees of flexion and the forearm in full supination, the triceps tendon is either
sutured to the biceps tendon or anchored to the radial tuberosity by a suture passed through a drill hole.

The wound is closed in routine fashion. An above-elbow cast is applied with the elbow in 90 degrees of
flexion and full supination.

POSTOPERATIVE CARE

Four weeks after surgery the cast is removed and active exercises are performed to develop elbow flexion.
Gravity provides extension to the elbow.



Plate 30-1. Posterior Release of Elbow Extension
Contracture
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FIGURE 30-58 Bipolar transplantation of the pectoralis major muscle
for elbow flexion. A, Incisions employed. Solid lines indicate skin incisions
and dotted lines indicate the exact extent of detachment of the pectoralis
major and rectus abdominis sheath. B, The completely detached pectoralis
major is rotated on its two neurovascular pedicles. Its origin is attached
to the biceps tendon, and its insertion is attached to the acromion through
drill holes. (From O’Brien E: Flaccid dysfunction of the elbow. In Morrey
BF (ed): The Elbow and Its Disorders, p. 602. Philadelphia, WB Saunders
Co, 1985.)

Thenar Release. The skin incision is planned to provide maxi-
mum increase in skin length. A four-flap Z-plasty is used
to open the thumb-index web space. Lack of supple skin
on the palmar aspect of the thumb may be improved with
a rotation flap based on the index metacarpal, transposed
over the thumb metacarpophalangeal joint.

The origins of the thenar muscles are exposed and di-
vided, taking care to preserve the neurovascular bundle. The
adductor is released as well. The transverse head is freed
from the long metacarpal shaft and the oblique head is freed
from the base of the metacarpal. The deep palmar arch and
the terminal branch of the ulnar nerve must be protected
between the two heads of the adductor pollicis. The thumb is
then placed in an abducted position and the flaps are rotated.

Scoliosis and Spine Deformity. Neuromuscular scoliosis
is an occasional problem in arthrogryposis, with reported
rates ranging from 2.5 to 34 percent (20 percent is a likely
average).”’”* It may stem from pelvic obliquity, and proper
management begins with correction of related hip con-
tractures. The curves are usually a C curve. Bracing has
not been useful for these deformities. Milder curves may
stabilize; progressive curves require surgical management,
Instrumentation to the pelvis is usually necessary; wires and
rods or hooks and rods may be utilized.
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FIGURE 30-60 Bipolar transplantation of the
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D, The distal anastomosis is completed first, and
the proximal attachment to the coracoid process
and its conjoined tendon is used to set the ten-
sion. (After Zancolli E, Mitre H: Latissimus dorsi
transfer to restore elbow flexion. ] Bone Joint
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Craniocarpotarsal Dysplasia
(Freeman-Sheldon or “Whistling
Face’”” Syndrome)

Craniocarpotarsal dysplasia was first described in 1938 by
Freeman, an orthopaedic surgeon, and Sheldon a pediatri-
cian.® Inheritance of Freeman-Sheldon syndrome usually
is sporadic, but both dominant and recessive autosomal
transmission have been reported.'>"

CLINICAL FEATURES

Freeman-Sheldon syndrome is characterized by a typical
“whistling” facies (i.e., a small pursed mouth, long philtrum,
small nose, deeply sunken eyes, and a scarlike contracture
that extends from the middle of the lower lip to the chin;
Fig. 30—62); ulnar deviation and thumb-in-palm deformity
(Fig. 30—63); rigid talipes equinovarus (Fig. 30—64), which
usually is bilateral; and short stature, generally below the
third percentile.>”!%1214

Other associated anomalies are scoliosis and kyphosis,
developmental dislocation of the hip, occasional spina bifida
occulta, asymmetric pinnae, mild pterygium coli, and pectus
excavatum. The clinical presentation may mimic that of
distal arthrogryposis. Craniocervical abnormalities have also
been described."

TREATMENT

The foot and hand deformities require surgical correc-
tion.*”'*!5 The feet can be very difficult to realign, and recur-
rence of deformity is common. Anesthetic complications
can be troublesome, particularly difficulty with intubation
due to microstomia and micrognathia.*¢®!"
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FIGURE 30-62 Clinical appearance of a baby with Freeman-Sheldon
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FIGURE 30-63 Rigid thumb-in-palm deformity in a child with Freeman-
Sheldon syndrome.
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FIGURE 30-64 Bilateral severe clubfeet in Freeman-Sheldon syndrome.
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Cornelia de Lange’s Syndrome

This rare syndrome is characterized by short stature, micro-
cephaly, mental retardation, and distinctive facies compris-
ing bushy eyebrows that meet in the midline, a small up-
turned nose, and full eyelashes (Fig. 30-65).7'%" The patients
have more body hair than usual, and may be covered in
persistent lanugo. Mental retardation is usually quite severe,
and features of autism (such as self-mutilation) are com-
mon."" Affected children cannot speak, and sensorineural
hearing loss is frequently present.*'® The severity of mental
retardation has been linked to the birth weight of the infant,
with larger children faring better.! Congenital heart malfor-
mations are present in 29 percent of children, and cleft
palate has also been associated with the syndrome.”

Genetic studies of patients with Cornelia de Lange’s syn-
drome have not led to a definitive gene locus for the disease,
although the long arm of chromosome 3 has been sus-
pected.'””*71¥ The risk for future pregnancies of normal
parents is approximately 5 percent. Prenatal ultrasound
shows a small for gestational age fetus, but is usually nonspe-
cific otherwise. >

Orthopaedic manifestations of Cornelia de Lange’s syn-
drome include a proximal thumb due to first metacarpal
shortening, clinodactyly of the fifth finger, and flexion con-
tractures of the elbows (Fig. 30—66).* There is wide variability
in the severity of phenotype in patients with Cornelia de
Lange’s syndrome. The upper extremity manifestations
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range from flexion contractures of the elbows, to radial head
dislocations, to radial hemimelia with ray deficiencies.

In the lower extremities, flexion contractures of the knees
have been infrequently described. Syndactyly of the second
and third toes is commonly seen. Toe deformities, such as
hallux valgus, can occur. Hip dysplasia has also been re-
ported in patients with Cornelia de Lange’s syndrome.’
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FIGURE 30-66 A, AP hand radiograph of a 12-year-old girl with Cornelia de Lange’s syndrome. The first metacarpal
is strikingly small so that the thumb appears smaller and proximally displaced. The fifth ray is absent. B, Upper
extremity of the same girl. The proximal radius is dislocated and the ulna is hypoplastic.



FIGURE 30-67 Radiograph of a hand showing radial deviation of the
thumb with a delta proximal phalanx. This deformity is a consistent finding
in Rubinstein-Taybi syndrome.
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Rubinstein-Taybi Syndrome

Rubinstein-Taybi syndrome is recognized clinically by char-
acteristic facial features, which include a broad, long nose
that has been called “comical” or Cyrano-like, and by broad
distal phalanges of the thumb and great toe. The great toe
may also have a delta phalanx and be deviated into varus.*
Affected individuals are mentally retarded, with 1Q values
between 35 and 80.
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ORTHOPAEDIC MANIFESTATIONS

There are three “orthopaedic” manifestations. First are the
typical thumb and toe deformities, which should prompt
clinical recognition of the syndrome (Figs. 30-67 and
30-68). The second feature is a report of cervical spondy-
lolisthesis associated with congenital vertebral anomalies.’
The third musculoskeletal problem is dislocation of the pa-
tella.

SURGICAL TREATMENT

Surgical treatment of patellar dislocations has been reported
to be successful.® Most of the patients had chronic, bilateral
patellar dislocations. Another indication for surgical treat-
ment is a symptomatic varus of the thumb or great toe.
Realignment procedures, though, may be plagued with re-
currence due to the growth disturbance related to the
delta phalanx.

ASSOCIATED ANOMALIES

Children with Rubinstein-Taybi syndrome will have other
anomalies and thus need to be carefully evaluated prior
to surgery. They often have congenital heart defects, and
occasionally they have gastrointestinal abnormalities.”” A
significant incidence of mediastinal vascular rings is re-
ported, with tracheal and esophageal obstruction.” Unusual
reactions to anesthetic agents have also been reported.®
And finally, giant keloid formation has been reported' as
well.

FIGURE 30-68 Radiograph of the thumb of an older child showing that
the delta phalanx is the result of a bracket epiphysis. Consideration
should be given to resection of the bracket in order to allow longitudinal
growth.
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Otopalatodigital Syndrome

The otopalatodigital syndrome is characterized by cleft
palate, deafness, hallux valgus, and occasional spine deform-
ities. It is thought to be an X-linked dominant trait. Ompha-
locele has been reported in three cases.’

Type I was first described by Taybi in 1962.* Findings
include mild mental deficiency, small stature, moderate con-
ductive deafness, and craniofacial changes, including frontal
and occipital prominence with hypertelorism and a small
nose and mouth. There is limited elbow extension and me-
dial tibial bowing (Fig. 30-69). The distal phalanges of the
thumbs and toes are short and broad, and there may be
hallux valgus. Transmission is by X-linked dominant expres-
sion in males and intermediate expression in females."*

Type II was described by Fitch and colleagues in 1976 and
has more severe facial deformities, especially a prominent
forehead with hypertelorism and a prominent forehead.
There is usually a cleft palate, The fingers are flexed and
overlap, and the thumbs and great toes are short and broad.
Often polydactyly is present and occasionally syndactyly of
the hands and feet. The phalanges of the fingers and toes
are poorly ossified or absent. Joint subluxation is present at
the elbows, wrists, knees, and hips. The vertebral bodies are
flattened, and the ilia may be hypoplastic. Most affected
children are stillborn or die before 5 months of age from
respiratory disorders.”**
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Proteus Syndrome

In 1983, Wiedemann and associates described “‘a newly rec-
ognized hamartomatous syndrome” in four boys, character-
ized by the clinical constellation of (1) partial gigantism of
the hands and/or feet, (2) pigmented nevi, (3) hemihyper-
trophy, (4) subcutaneous hamartomatous tumors, and (4)
macrocephaly or other skull anomalies.” The authors were
certain that the syndrome had been recognized and de-
scribed by previous authors, including Graetz" in 1928 and
Tentamy and associates in 1976.%

Wiedemann and associates recommended that the syn-
drome be considered one of the congenital hamartomatous
disorders, separate and distinct from conditions such as
neurofibromatosis, Klippel-Trénaunay-Weber syndrome,
Ollier’s disease, and Maffucci’s syndrome.”

Because this disorder was characterized by such striking
and varied deformities, they called it Proteus syndrome,
after the Greek god of the same name.” Proteus (meaning
polymorphous) was capable of transforming himself into
any shape to disguise himself in order to escape from his
enemies. Wiedemann and associates felt certain that this
syndrome was capable of doing the same to prevent detec-
tion by the physician as a specific disorder.

One of the interesting aspects of this extremely rare con-
dition (fewer than 100 cases have been described in the
English literature under the term Proteus) is that it is now
considered likely that Joseph (more commonly but incor-
rectly known as John) Merrick of “Elephant Man” fame,
described by Sir Frederick Treves” in 1885, suffered from
Proteus syndrome** and not neurofibromatosis, as was long
and commonly believed.

The genetic implications of Proteus syndrome are not
well understood. Possible transmission from father to son
has been reported.” Spontaneous mutation as a lethal autoso-
mal dominant condition, with survival attributed to mosa-
icism, has been postulated by others.' However, no other
cases reported in the English literature recorded a positive
family history or a history of a consanguineous relationship.

CLINICAL FEATURES

The clinical features are truly protean in their variety, sever-
ity, and combinations in described cases.>"*** These fea-
tures are particularly well summarized in reviews by Wiede-
mann and associates” and Stricker."” The primary clinical
features are macrodactyly, hemihypertrophy, pigmented
nevi, subcutaneous tumors (mostly lymphangiomas), and
axial skeletal anomalies (Fig. 30-70). Individual patients
may not exhibit all of these features, and the severity of the
features varies among patients. For example, lower extremity
hemihypertrophy can be a relatively minor finding or it can
be severely grotesque, affecting limb function and greatly
challenging the treating physician."

Macrodactyly (Fig. 30-71) is the most common feature
described. The digits are usually normal at birth but can
enlarge massively over time. In the hand, the third and
fourth digits are most commonly affected. Hemihypertrophy
is nearly as common and may be partial, complete, or inde-
pendent of macrodactyly. Pigmented (epidermal) nevi are
present in more than 75 percent of patients and may be
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FIGURE 30-69 Radiograph findings in a boy with otopalatodigital syndrome. A, AP
radiograph of the foot showing a hallux valgus due to a hypoplastic proximal phalanx.
B, AP radiograph after realignment osteotomy of the proximal phalanx. C, Lateral radio-
graph of the elbow showing hypoplasia of the trochlea. There was limitation of elbow
extension. D, Lateral radiograph of the lumbar spine showing increased lordosis. E, AP
radiograph of the pelvis showing an extended pelvic position. Coupled with the lumbosa-
cral lordosis, this indicates a dissociation of the pelvis from the spine through the sacroil-
iac joints.
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FIGURE 30-70 Adolescent with Proteus syndrome. Note the cranial
bossing. The patient has cervicothoracic scoliosis with spondylomegaly (see
Fig. 30-72), digital macrodactyly, hemihypertrophy, hindfoot varus of the
left foot and valgus of the right, and subcutaneous tumors.

located anywhere on the body. Abrupt midline margins
are frequently noted. These lesions may be covered with
thickened skin. Subcutaneous soft tissue tumors may also be
found anywhere in the body. On biopsy, most are lymphan-
giomas that are frequently confluent with surrounding nor-
mal tissue, making resection difficult. Axial skeletal anomalies

FIGURE 30-71

Hemihypertrophy of the right hand in Proteus syndrome.
Note the enlargement of the distal radius and ulna, and macrodactyly of
the first ray.

FIGURE 30-72 Spondylomegaly of the lumbar vertebra in Proteus syn-

drome.

include vertebral gigantism, with or without scoliosis and/
or kyphosis (Fig. 30-72), and bony protuberances of the
skull in the frontotemporal or parieto-occipital areas. Other
skeletal features that have been noted include genu valgum,
hindfoot deformities (Fig. 30—-73), verrucous soft tissue hy-
pertrophy of the sole of the foot (described by Cohen as a
“moccasin” lesion®) (Fig. 30-74), hip dysplasia, exostoses,
and generalized acceleration of skeletal growth.

Reported neurologic sequelae include gross motor delay,
mental retardation in some patients, intracranial lesions, a
case of sinus thrombosis,” and peripheral nerve enlargement

FIGURE 30-73 Hindfoot varus of the left foot and hindfoot valgus of
the right foot, in same patient as in Figure 30-70.



FIGURE 30-74 Verrucous soft tissue hypertrophy of the left foot (“moc-
casin deformity”) in Proteus syndrome. The patient has undergone resec-
tion of the lateral two rays to manage osteomyelitis and tissue necrosis
due to previous fixed varus deformity of the foot.

with entrapment syndromes."” At least three cases of spinal
cord compression have been reported.”" Two were due to
intrathecal angiolipoma and one to acute kyphosis. Intra-
abdominal neoplasms (usually benign) have been described.’
Finally, death secondary to airway obstruction has been
reported, occurring spontaneously during sleep (the victims
included a 5-year-old child and Merrick, at age 29), preoper-
atively after sedation, and postoperatively.

DIAGNOSIS

The diagnosis of Proteus syndrome is entirely clinical. It is
based on demonstration of the characteristic features of this
disorder, and not on meeting the criteria of the similar
congenital hamartomatous conditions. Hotamisligil has pro-
posed a rating scale based on the presence of six clinical
features to assist in the diagnosis (Table 30-6)."

TABLE 30-6 Rating Scale for the
Diagnosis of Proteus Syndrome

Clinical Features Points
Macrodactyly and/or hemihypertrophy 5.0
Thickening of skin 4.0
Lipomas and subcutaneous tumors 4.0
Verrucous epidermal nevus 3.0
Macrocephaly and/or Buckelshadel 25
Other minor abnormalities 1.0

Definitive diagnosis, =13 points; questionable diagno-
sis, 10~13 points; diagnosis excluded, <10 points.

From Stricker S: Musculoskeletal manifestations of
Proteus syndrome: report of two cases with litera-
ture review. ] Pediatr Orthop 1992;12:667. Modi-
fied from Hotamisligil GS: Proteus syndrome and
hamartoses with overgrowth. Dysmorphol Clin
Genet 1990;4:87.
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DIFFERENTIAL DIAGNOSIS

The primary entities to be distinguished from Proteus syn-
drome include idiopathic hemihypertrophy, isolated mac-
rodactyly, neurofibromatosis, Ollier’s disease, Maffucci’s
syndrome, and Klippel-Trénaunay-Weber syndrome. Idio-
pathic hemihypertrophy and isolated macrodactyly are nor-
mally distinguished by the absence of other clinical man-
ifestations associated with Proteus syndrome. Neurofibro-
matosis patients often have a family history of the disorder
as well as café-au-lait spots, axillary freckling, Lesch-Nihan
nodules, and distinctly different bony abnormalities (when
present). Ollier’s disease is characterized primarily by typical
osseous lesions and by the skeletal distortions that result
from interference of the enchondromas with normal physeal
growth. Maffucci’s syndrome is similar to Ollier’s disease,
with the additional features of hemangiomas and a propen-
sity to soft tissue malignancies. Klippel-Trénaunay-Weber
syndrome is characterized by more severe and extensive
vascular anomalies than simple pigmented nevi, and, as
a rule, the skeletal abnormalities are limited to gigantism
associated with the soft tissue hypertrophy. These various
disorders and their clinical features are described elsewhere
in this text.

ORTHOPAEDIC MANAGEMENT

The orthopaedic problems encountered in the reported
cases of Proteus syndrome include management of macro-
dactyly, limb length inequality, genu valgum, hindfoot
deformity, and spinal deformity (especially scoliosis).*®!"*
Reaccumulation of hypertrophied tissues appears to be
common after reduction procedures, and in general, abla-
tions are preferable when clinically appropriate. Biopsy of
non-neoplastic enlargement has revealed mature adiposal
tissue in a fibrous stroma in almost all reported cases.
The treatment of genu valgum by osteotomy in skeletally
immature patients frequently results in recurrence of defor-
mity. Limb length inequality has been managed by shorten-
ing osteotomies or epiphysiodesis. Scoliosis does not seem
to respond to bracing, and instrumentation and fusion
may be required. Despite fusion, though, progression of
deformity can occur.

Finally, the treating surgeon should be alert to the possi-
bility of spinal cord compromise, entrapment neuropathies,
and perioperative respiratory problems due to positional
obstruction or difficulty with intubation.!®
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Klippel-Trénaunay Syndrome

In 1900, Klippel and Trénaunay described a patient with
the triad of cutaneous nevus, varicosities, and limb hypertro-
phy.” In a review of 50 other cases from the literature,
they also described what they called “forme-fruste” cases,
in which the patients manifested only two features of the
triad, and “crossed dissociation” (forme croisée dissociée)
cases, in which the hypertrophied limb was the uninvolved
or lesser involved extremity.

In 1907, F. Parkes Weber apparently independently de-
scribed three cases with same triad,” and in 1918 he de-
scribed an additional patient with the triad and arteriove-
nous fistulae.® In 1965, Lindenauer also distinguished
between the presence or absence of arteriovenous fistulae
in association with the triad."” Unfortunately, his outline
of the history of the descriptive publications referred to
F. Parkes Weber as Parkes-Weber, apparently without justi-
fication for hyphenation of the name.!" Since then, some

confusion over terminology and specific definition of the
syndrome has prevailed.

Some authors use the Klippel-Trénaunay syndrome strictly
for patients with at least two of the classic triad, reserving
the terms Parkes-Weber or Klippel-Trénaunay-Weber syn-
drome for patients with some of these features plus arteriove-
nous fistulae. Others refer to Klippel-Trénaunay-Weber syn-
drome without specifying (or necessarily identifying or
requiring) the presence of an arteriovenous fistula in the
grouping of patients under this eponym. Still others have
suggested that patients with two or more of any of the
four features be referred to as having Klippel-Trénaunay-
type syndrome.’

This confusion in terminology is compounded by the
lack of understanding of the pathophysiology of the disorder,
an absence of any identifiable genetic features, and the fact
that the diagnosis is purely a clinical, descriptive one. Fur-
thering the confusion are rare individual cases in which the
classic triad overlaps with features associated with neurofi-
bromatosis or Proteus syndrome.® Because the original de-
scription by Klippel and Trénaunay consisted of the “classic
triad” of nevus, varicosity, and bone and soft tissue hypertro-
phy, and because several large series have demonstrated the
relatively rare association of the triad with arteriovenous
fistulae, we prefer to use the term Klippel-Trénaunay syn-
drome and reserve the term Klippel-Trénaunay-Weber syn-
drome for patients with two or more features of the triad
plus arteriovenous fistulae.

PATHOPHYSIOLOGY

The etiology of Klippel-Trénaunay syndrome is not known.
It is clearly not a genetic condition, although its features
are most commonly evident from birth.

Baskerville and associates conducted a study of blood
flow and deep vein competence in 33 patients with 36 af-
fected lower extremities (some patients had a nevus on the
otherwise unaffected contralateral lower limb).> An abnor-
mal lateral venous channel was found in 23 limbs (68 per-
cent), but only five patients (14 percent) had atresia of
the deep vein system. Some patients did have incompetent
communicating veins in the calf and valveless or incompe-
tent deep veins. Blood flow measurement in the calf revealed
that flow was greater in the limbs with a nevus and greatest
in limbs with both nevus and hypertrophy, compared with
a completely unaffected limb. However, all measured values
were within normal limits, confirming for the authors that
an arteriovenous fistula was not present. Furthermore, there
was no correlation between the increase in calf blood flow
and the extent of hypertrophy. The authors felt that Klippel-
Trénaunay syndrome was caused by a mesodermal defect,
resulting in maintenance of fetal microscopic arteriovenous
communications.

In a histologic study of tissue samples from 29 surgically
treated patients, the most common and consistent vascular
lesions represented “venous fibromuscular dysplasia,” ac-
cording to the investigators." The lesions consisted of abnor-
mal development of the vein wall with alternating segments
of normal, hypertrophied, or deficient media. Aneurysmal
dilation occurred where the media was deficient. Only one
microscopic arteriovenous fistula was identified in one of



two amputated lower limb specimens; neither amputated
limb demonstrated deep vein atresia or absence.

CLINICAL FEATURES

Nevus. The nevus, or birthmark, is most commonly a port-
wine stain that may be located anywhere on the body, but
usually is discoloring the hypertrophied limb at a minimum.
This mark is virtually always present at birth. Its size and
intensity can change as the patient matures, often fading
but rarely disappearing. Abrupt midline borders usually de-
marcate larger lesions.

Varicosities. Varicosities typically develop with growth, but
may be present from birth. In the lower limb, these varicosi-
ties include a lateral system and usually are not associated
with deep venous system incompetence.

Bone and Soft Tissue Hypertrophy. Bone and soft tissue
hypertrophy of a limb varies considerably in onset and sever-
ity. In some cases the hypertrophy is present at birth, while
in others it develops with growth. The distortions can vary
from a mild limb length discrepancy to greater than 10 cm
inequality, with very disfiguring anomalies or enlargements
of the digits (Fig. 30-75).”%*137 In the majority of cases
(up to 90 percent of patients), the lower extremity is in-
volved, but the upper extremity can be the hypertropied
limb. Usually the limb affected by the nevus and varicosities

B
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is the one that is hypertrophied. However, in perhaps 1 to
2 percent of cases, the contralateral limb is the enlarged one
(a feature that Klippel and Trénaunay noted and termed
“crossed dissociation”).

Some series of this syndrome identify up to 68 percent
of patients as having only two of the features of the triad.
Other authors specifically exclude patients without the full
complement of features, despite the fact that Klippel and
Trénaunay recognized this as a “forme-fruste” variant of
the syndrome.

Associated orthopaedic conditions that have been de-
scribed include developmental dysplasia of the hip (10 of 252
patients in the series by Jacob and associates®), syndactyly,
metatarsus adductus, congenital clubfoot, and scoliosis.

Nonorthopaedic features that can occur over time in
these patients include thrombophlebitis, recurrent cellulitis,
friability of the extremity, pelvic and intra-abdominal varices
causing local hemorrhage, hematuria, rectal bleeding, in-
tra-abdominal bleeding, and, rarely, intracranial hemor-
rhage.!#-*8181720 Iny 3 review of 49 patients by Baskerville
and associates, 25 percent had had one or more severe
spontaneous hemorrhages from dilated varices, 22 percent
had suffered a venous thromboembolism, and 29 percent
had had episodes of rectal bleeding or hematuria from pelvic
angiomas.’ In the series of 252 patients reported by Jacob
and associates, 11 had deep vein thrombosis and nine had
pulmonary embolism, which was fatal in one patient.* Risk

FIGURE 30-75 A and B, Patient with classic Klippel-Trénaunay syndrome. Note the triad of port-wine stain,
varicosities, and significant bone and soft tissue hypertrophy of the right lower extremity.
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factors for developing deep vein thrombosis included pelvic
surgery, pregnancy, sclerotherapy, oral contraceptive use,
and invasive investigations.

DIAGNOSIS

The diagnosis is based on the identification of the three
clinical features of the triad—nevus, varicosities, and bone
and soft tissue hypertrophy. In most series females slightly
outnumber males, in a 1.3:1 ratio.*"*" Most patients (90
percent in the series reported by Jacob and associates) have
evidence of the syndrome at birth.* In the series reported
by Jacobs and associates, family members recognized the
presence of some features in the affected child by 9 years
of age.

PATIENT EVALUATION

Patients with the Klippel-Trénaunay triad should be assessed
for the presence and extent of limb length inequality. If
present, the discrepancy should be further documented with
scanograms, repeated as necessary during the patient’s
growth.

The presence of arteriovenous fistulae should be assessed
clinically by palpating and auscultating for bruits and by
examining the patient for evidence of high-output cardiac
failure.” If either is present, an arteriography should be
performed. As mentioned previously, the presence of true
arteriovenous fistulae is very uncommon in Klippel-Trénau-
nay syndrome, and if they are present, the entity should
be more precisely delineated as the Klippel-Trénaunay-
Weber syndrome.

In patients with symptomatic varices who are candidates
for superficial varicosity ligation, the competency of the deep
venous system should be carefully evaluated by phlebogra-
phy, Doppler flow studies, or MRI prior to surgery. Other
symptomatic vascular lesions, such as intrapelvic or intra-
muscular angiomas, should be assessed by MRI to determine
the extent of the lesion and the feasibility of resection.

TREATMENT

The majority of patients with Klippel-Trénaunay syndrome
will need only symptomatic treatment.**!” If the varicosities
are minimal, the nevus is superficial and stable, and the
lower extremity hypertrophy results in less than 2 cm of
limb length inequality without significant foot distortion,
supportive treatment and reassurance only may be nec-
essary.’!

Ligation or sclerotherapy can be considered for treating
symptomatic varicosities. Prior to these procedures, though,
the presence and competence of the deep venous system
must be carefully assessed. Otherwise, the treatments are
unlikely to be successful.*”” Intermittent or prophylactic an-
tibiotics may be necessary for recurrent cellulitis, Thrombo-
phlebitis and thromboembolism may require bed rest,
elevation of the extremity, and anticoagulation therapy. Pro-
phylactic therapy against thrombophlebitis and thrombo-
embolism should be carefully considered when major ortho-
paedic, pelvic, or invasive investigational procedures are to
be performed. The use of oral contraceptives increases the
risk of these complications and should be avoided.

Resection of venous or lymphatic lesions is generally
difficult and is often incomplete or followed by recurrence
of the lesion. Thus, careful preoperative assessment with
MRI is required, and the resection should only be performed
based on the degree of problems created by the lesion. The
surgeon also needs to take into account potential recurrence,
intraoperative bleeding, and the pain that can result from
the attempted resection.

Venous or lymphatic stasis can cause soft tissue swelling
of an extremity, compounding the true bony and soft tissue
hypertrophy of the syndrome. This problem can be managed
by a program of nocturnal, intermittent pneumatic com-
pression, combined with the prescription of a custom-fitted
graduated compression support garment to be used during
daytime for the affected extremity. This approach can sig-
nificantly improve the soft tissue swelling component of
limb enlargement, and can also improve symptoms from
varicosities or friable superficial lesions.*"” Reduction in limb
enlargement, however, does not appear to influence limb
length inequality at maturity.

ORTHOPAEDIC CONSIDERATIONS

Orthopaedic management is generally directed toward treat-
ing the bony and soft tissue hypertrophy. Shoe lifts and
custom-fitted shoes may need to be prescribed if there is
significant limb length inequality or differences in foot size.
Skeletally immature patients with limb length inequality
greater than 2 cm should be monitored by clinical examina-
tion supplemented with scanograms. Because the rate of
growth of the hypertrophied limb is unpredictable,”**
length discrepancies need to be documented on a regular
basis. The most appropriate surgical procedure to manage
limb length discrepancy greater than 2 cm is appropriately
timed epiphysiodesis of the longer limb. Wound healing has
not been reported to be a problem after standard epiphys-
iodesis techniques.®’

For patients with local gigantism, reduction procedures,
epiphysiodesis, ray or digital resection, or amputation can
be considered for functional or cosmetic purposes. Local
reduction procedures often are unsatisfactory because of
inadequate reduction, recurrence, or wound healing prob-
lems. Ray resection for the treatment of localized digital
gigantism or as a method of foot reduction has been reported
to be successful, and wound healing is not a common prob-
lem.*® QOccasionally, a Syme or below-knee amputation is
necessary for extreme gigantism or poor foot function.*®
However, the treating surgeon and family must be aware that
wound dehiscence, bleeding, or infection have complicated
virtually every reported amputation in patients with Klippel-
Trénaunay syndrome. These complications require extended
local care or repeated debridements; however, good function
and fitting of the residual limb has ultimately been achieved
in most cases.
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Metatropic Dwarfism (Dysplasia)

First described as a separate entity by Maroteaux and col-
leagues in 1966, this rare skeletal dysplasia is often confused
with both achondroplasia and Morquio’s syndrome.” Ini-
tially patients have short limbs and a “normal” length trunk,
but the limbs then “change” into more disproportionately
short extremities with prominent contracted joints, while
the trunk changes to a moderate to severe kyphoscoliosis,
producing a shorter and more deformed individual. Thus,
the changing nature of the clinical severity suggested the
name metatropic, meaning changing or variable course.
Initial radiographs often are diagnostic. The spine dem-
onstrates severe platyspondyly and delayed ossification of the
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vertebral bodies, while the extremities show a “dumbbell”
pattern of marked metaphyseal flaring combined with ex-
treme shortening (Fig. 30—76). This has been explained from
a pathologic specimen as a result of continued perichondrial
ring functioning, producing circumferential metaphyseal
growth in the face of total physeal failure producing no
longitudinal growth.* Later on the joints demonstrate irregu-
lar articular surfaces, ossification of the epiphyses is delayed,
and joint incongruity and premature arthritic changes are
common. Odontoid hypoplasia with a high incidence of
C1-2 instability is almost universal.'’

Clinically, some infants have a tail-like appendage over
the lower sacrum. The head and face are usually normal,
which makes the differentiation from achondroplasia rela-
tively straightforward, although an enlarged head and ventri-
culomegaly (macrocephaly greater than 97th percentile) are
also common.' The progression of the limb contractures is
notable, so that patients may have difficulty achieving an
upright posture, and, more important, their ambulation may
then deteriorate, owing to progression of the contractures,
which are incompatible with upright gait (Fig. 30-77).
Asymmetric lower extremity contractures can be responsible
for pelvic obliquity, which may then be additive to the
severity of the kyphoscoliosis that develops in the first few
years of life (Fig. 30-77).

Knowledge of the clinical course of metatropic dysplasia
is somewhat limited, with about 75 reported cases as of
1995.% The spectrum of severity includes a lethal perinatal
form and, at the opposite extreme, a mild form with minimal
changes.”® Most patients achieve adult age, with stature less
than 1.20 m.” Many infants have severe respiratory difficul-
ties that are life-threatening, with a significant component
being the small, narrowed thorax (Figs. 30-77). While re-
strictive and obstructive changes have been detected by pul-
monary function tests, the possibility of respiratory compro-
mise due to myelopathy from C1-2 instability must never
be forgotten, nor should symptomatic hydrocephalus."'’ The
mechanical problems with respiration may be complicated
by pectus excavatum or carinatum.

In patients who survive infancy and achieve ambulatory
status, orthopaedic treatment is directed toward the upper
cervical spine and the kyphoscoliosis. Severe limb deformi-
ties may justify corrective osteotomies, but there is little in
the literature to describe either the application of such sur-
gery or its efficacy. Because severe, progressive contractures
may eliminate the ability to walk, all other things being
equal, it would seem that “some” treatment to prevent this
outcome would be indicated (Fig. 30-76 and 30-77). We
have no experience in lower extremity realignment in these
patients, and, as already mentioned, there is little in the
literature describing such intervention.

The C1-2 instability producing spinal cord compression
and myelopathy is well known and, with identification of
odontoid hypoplasia on the earliest radiographs, should not
escape detection (Fig. 30-78). Neurologic assessment of the
patients and periodic plain radiography should be per-
formed, with MRI assessment (Fig. 30—78) added if there
is any question of progressive subluxation—which is often
fixed on flexion-extension films—or myelopathy. Prompt
posterior C1-2 fusion, usually supported by a halo vest,
is probably the treatment of choice once upper cervical
instability or cord compression is confirmed. Weakness due
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FIGURE 30-76 Radiographic appearance of metatropic dwarfism. A, Lateral radio-
graphs of lower extremities in a 6-year-old child with metatropic dysplasia in a maximum
knee extension. Note the more severe flexion deformity on the left. The flared metaphyses
and dumbbell shape of the long bones are obvious. B, Lower extremities of a 3-month-
old exhibiting early evidence of metatropic metaphyseal changes.




FIGURE 30-77 Metatrophic dwarfism. A and
B, Clinical appearance, showing asymmetric,
progressive lower extremity contractures. The
pelvic obliquity induced by the more severe left
knee contracture is additive to the hyperscoliosis.
C, Standing lower extremity radiograph showing
pelvic obliquity. D, Left scoliosis induced by pel-
vic obliquity as a result of asymmetric con-
tractures. The narrow thorax seen in metatropic
dysplasia is relatively mild in this patient. E, More
severe thorax narrowing. This infant died of re-
spiratory failure at 1 year of age.
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FIGURE 30-78 Imaging findings in metatropic dwarfism. A, Odontoid hypoplasia with C1-2 fixed subluxation in
flexion. B, MR imaging showing stenosis at C1-2 at the posterosuperior margin of the dens. Weakness was the primary
complaint, although unequivocal neurologic findings were absent. C, Reduction was achieved with the halo vest and
posterior occiput-C2 fusion. The patient went on to a radiographically solid arthrodesis without significant improvement
in functional strength.



FIGURE30-79 A and B, Progression of kyphoscoliosis
in metatropic dwarfism (compare with Fig. 30-77D).
The vertebral bodies are extremely dysplastic and osteo-
porotic (confirmed at surgery).

to myelopathy, producing respiratory compromise, should
not be a source of mortality in this dysplasia.

Kyphoscoliosis may progress rapidly during the early
years of life, with the deformities typically being rigid. Be-
cause of the rigidity of the spine, any pelvic obliquity due
to asymmetric lower extremity deformities will exacerbate
the labored posture and gait. Orthotic management has been
mentioned in the literature,' but because of the small size
of the patients and the rigidity of the deformity, it probably
has little efficacy. Subcutaneous instrumentation without
fusion has been reported in children as young as 2 years,’
with little improvement in the clinical course, owing to
the well-known complications associated with that proce-
dure (loss of fixation, infection, recurrence or worsening
of the deformity). In patients presenting at a later age,
osteotomy and halo traction has been reported® with defi-
nite improvement, particularly in the kyphosis, followed
by spinal fusion augmented with instrumentation. In our
own experience, in situ fusion and cast correction has
been utilized, primarily because of the diminutive spinal
elements and osteopenia present (Fig. 30-79). Interven-
tion prior to the development of neurologic compromise'?
from the kyphoscoliosis, with stabilization of the deformity,
would be the goal of any spinal surgery in metatropic
dysplasia.
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Camptomelic Dysplasia

Camptomelic dysplasia is a severe and rare form of short-
limbed dwarfism that is sometimes fatal. Abnormal forma-
tion of fetal cartilage is considered to be the basic defect, and
defective cartilage in the tracheal rings and lower respiratory
tract may cause respiratory failure.®

CLINICAL FEATURES

The term camptomelic (sometimes campomelic) refers to
bowing of the long bones, primarily involving the tibias and
femurs, although there are reports of bowing of the humeri,
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radii, and ulnas.*® Progressive spinal deformity also is usually
present (Fig. 30—-80). Other clinical features include a flat-
tened face with a high forehead, a low nasal bridge, microg-
nathia, cleft palate, short palpebral fissures, and malformed
or low-set ears. Occasionally there are developmental defects
of the heart and kidneys. Hydromyelia and diastematomyelia
have also been reported.*”

The bowing of the long bones appears to be due to an
abnormality in the formation of the cartilage anlage during
fetal development (a dyschondrogenesis). Enchondral
growth at the physes is normal, but diaphyseal cylinderiza-
tion is markedly abnormal. Roth and associates have sug-
gested that these abnormalities are due to an exogenous
teratogen that transiently affects the fetus.®

FIGURE 30-80 Imaging findings in
camptomelic dysplasia. A, Lateral radio-
graph of the spine at birth. There is de-
layed ossification of the pedicles. B, Lat-
eral radiograph of the leg at birth. The
fibula is short and the foot is in an equino-
valgus position. C, AP radiograph of the
spine in adolescence. There is a severe
kyphoscoliosis. D, Lateral tomogram of
the spine showing the severe kyphosis.
E, Lateral radiograph of the spine following
anterior strut-graft fusion and posterior in
situ fusion.



SPINAL DEFORMITY

Spinal deformity is present in most patients. It becomes
severe in early childhood and is often markedly progressive
in nature. Progression of the spinal deformity results in
further pulmonary compromise and death, if untreated. In
a study of eight patients with camptomelic dysplasia,
Thomas and associates reported major difficulties in their
management.” The average initial kyphosis was 114 degrees
and the scoliosis was 61 degrees. Postoperative measure-
ments showed minimal correction. Fifty percent of the
patients developed pseudarthroses and 33 percent had
neurologic complications. The authors recommended non-
instrumented anterior and posterior fusions with halo cast
immobilization as the treatment of choice.

Coscia and associates reported significant spinal findings
in eight patients with camptomelic dysplasia.! Late ossifica-
tion of the midthoracic pedicles was a clear diagnostic crite-
rion for the syndrome. Thoracic hyperkyphosis averaged
126 degrees and scoliosis was 63 degrees. Three patients
had cervical kyphosis averaging 66 degrees, and one patient
became quadriplegic after a seizure. One patient had cervical
spondylolisthesis. Hypoplasia of the vertebral bodies was the
major cause of deformity. The authors noted that patients
with camptomelic dysplasia are surviving longer than pre-
viously expected and should have their spinal deformities
appropriately treated. Treatment was difficult and was com-
plicated by pseudarthroses and neurologic deficits.
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Chondroectodermal Dysplasia
(Ellis—van Creveld Syndrome)

This extremely rare form of dysplasia was first described by
Ellis and van Creveld in 1940.% It is characterized by four
components: chondrodysplasia; polydactyly; ectodermal
dysplasia affecting the hair, teeth, and nails; and congenital
heart failure. The dysplasia is one of the short-rib polydactyly
syndromes.’ As its name implies, this syndrome affects both
mesodermal and ectodermal tissues. The prevalence of Ellis—
van Creveld dysplasia is 0.1 per million. Particularly affected
are the Pennsylvania Amish.’
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GENETICS

Ellis—van Creveld syndrome is inherited as an autosomal
recessive disorder. The Icous gene has been mapped to chro-
mosome 4p16.1.%°

CLINICAL FEATURES

Chondrodysplasia in Ellis—van Creveld syndrome results
in acromelic and mesomelic shortness of the limbs. The
shortening is most prominent in the most distal aspects of
the limbs (e.g., the phalanges). The tibia and fibula are
also short, with the fibula shorter than the tibia (unlike in
achondroplasia). The short stature is primarily due to the
shortness of the lower legs. The trunk appears long, and the
femora and humeri are less involved. Shortness is present
at birth but becomes more apparent with subsequent growth
(Fig. 30-81).

Polydactyly of the hands is a hallmark of this dysplasia
(Fig. 30-82). The polydactyly is most often postaxial, on
the ulnar side of the hand. The feet are affected less often.
Syndactyly is seen in some cases.

Clinically, ectodermal dysplasia is characterized by ab-
normalities of the nails, hair, and teeth. The nails are small,
hypoplastic, and dystrophic (Fig. 30—83). The teeth are de-
scribed as “natal” and are pointed, dystrophic, or absent.**
The upper lip may be adherent to the underlying gum.

Congenital heart disease is present in approximately 50
percent of patients with Ellis—van Creveld syndrome.! Mal-
formations usually seen in this population are single atrium,
atrial septal defects, and ventricular septal defects.

FIGURE 30-81 Two-year-old girl with Ellis—van Creveld syndrome. Note
the shortening of the humeri and polydactyly of the right hand.
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FIGURE 30-82 Polysyndactyly associated with Ellis—van Creveld syndrome. There are more extra digits on the ulnar

side of the hand.

Mental retardation has been reported in some patients
with Ellis—van Creveld syndrome. CNS and renal malforma-
tions have been reported in isolated cases.*"!

RADIOGRAPHIC FINDINGS

The proximal end of the tibia is widened and pointed. The
epiphysis of the tibia characteristically appears hypoplastic
and deficient laterally, resulting in genu valgum (Fig. 30—84).
There may be an exostosis projecting from the medial proxi-
mal tibial metaphysis.

The fingers are very short. Ossification centers of the
distal phalanges may be absent. Fusion of two or more of
the carpals is seen in about 71 percent of patients."! Most

FIGURE 30-83 Hypoplastic dystrophic fingernails in a child with Ellis—
van Creveld syndrome.

often the capitate and hamate are fused (Fig. 30-85). There
may be accessory carpal bones accompanying the polydac-
tyly."! Tarsal coalitions may be present.

The femora and humeri are often bowed. The spine is
normal. The ribs are short, and the thorax is long and

FIGURE 30-84  Genu valgum results from hypoplasia of the lateral proxi-
mal tibial epiphysis in Ellis—van Creveld syndrome.
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FIGURE 30-85 Carpal coalitions and distal phalangeal hypoplasia in a
4-year-old girl with Ellis—van Creveld syndrome.

narrow. The pelvis has a distinctive appearance. The iliac
bones are small, with a decrease in their vertical height. An
inferior hook may be present in the region of the triradiate
cartilage. With further growth, the pelvic radiographs be-

come normal.

TREATMENT

During infancy, cardiac surgery is often required to treat
congenital malformations.

ORTHOPAEDIC CONSIDERATIONS

Excision of polydactyly of the hands and feet can be per-
formed, following evaluation and treatment of heart defects.

Genu valgum develops during early childhood as a result
of the abnormal proximal tibial epiphysis and growth plate.
Orthotic treatment may delay surgery, but when the valgus
becomes symptomatic, proximal tibial osteotomy should be
performed (Fig. 30-86). Recurrence of deformity is univer-
sal, so it is wise to warn parents of this prior to the initial
surgery (Fig. 30—87).

The goal of surgery is complete correction of the mechan-
ical axis of the limb, and internal rotation through the
osteotomy is required to correct the external rotation defor-
mity. In severe cases of genu valgum due to Ellis—van Creveld
syndrome, medial femoral condylar overgrowth contributes
to the deformity. In such cases, distal femoral osteotomy
should be performed, with the proximal tibial osteotomy
done to correct the alignment of the extremity. Repeat oste-
otomies will be necessary with further growth. As the child
nears the end of skeletal growth, combining proximal tibial

FIGURE 30-86 Proximal tibial osteotomy for treatment of genu valgum
in a 4-year-old with Ellis—van Creveld syndrome (same patient as in
Fig. 30-84).

FIGURE 30-87 Recurrent valgus 1 year 7 months after osteotomy to
treat Ellis—van Creveld syndrome.
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osteotomy with closure of the proximal medial tibial physis
may prevent further recurrence.

Patellar dislocation can occur due to the genu valgum.
Surgical realignment of the quadriceps mechanism and of
the bony anatomy is the treatment of choice.
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Asphyxiating Thoracic Dysplasia
(Jeune’s Disease)

Asphyxiating thoracic dysplasia is an autosomal recessive
condition first described by Jeune and associates in 1954.°
It is characterized by hypoplasia of the chest, with a long,
narrow thorax that is decreased in both the AP and trans-
verse diameters. Affected babies usually die during the neo-
natal period from respiratory insufficiency. A milder form
that does not lead to death in infancy has been described.®

PATHOLOGY

Asphyxiating thoracic dysplasia of Jeune is differentiated
histologically into two types. Type 1 is characterized by
patchy distribution of endochondral ossification in the phy-
sis, an irregular physeal-metaphyseal junction, and large
islands of poorly mineralized cartilage in the metaphysis.
Type 2 is characterized by a uniform distribution of disorga-
nized endochondral ossification, which is accompanied by
advancing cartilage forming lattice-like meshwork in the me-
taphysis."

CLINICAL FEATURES

The patient’s limbs are short, and there may be associated
postaxial polydactyly. Cone epiphyses may occur in the
hands and feet, with premature fusion. The clinical features
of Jeune’s disease overlap with those seen in other short-rib
polydactyly syndromes, such as Ellis—van Creveld syndrome
(Fig. 30—-88).%

RADIOGRAPHIC FINDINGS

Radiographic findings classify the dysplasia into two forms
that correlate with the histologic findings. In type I, the
metaphyseal ends are irregular due to the patchy endochon-
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dral ossification. In type II, the metaphyseal ends are smooth,
as the endochondral ossification is more uniformly dis-
turbed."

PRENATAL DIAGNOSIS

The prenatal diagnosis of Jeune’s disease by ultrasound has
been reported. Findings on ultrasound include a thorax that
is small for gestational age and short limbs.”

TREATMENT

Aggressive pulmonary care has allowed some infants with
Jeune’s dysplasia to survive. Restrictive lung disease due to
the small chest is universal. Thoracic surgery, including rib
expansion to enlarge the chest, has recently been de-
scribed.*"” In adolescence and young adulthood, surviving
patients with Jeune’s disease develop renal failure because
of nephronophthisis.® Successful renal transplantation has
been performed.'
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