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Syndromes of Orthopaedic Importance 

The word.IJifdt'tmt~ is derived from a Greek word that means 
tq 11m together. When severnl relatively uncommon anomalies 
occur in the same individual, it may be nothing more than coin~ 
cidence. However, if all the anomalies result from the same cause, 
or occur in the same pattern in other children, that particular 
combination of birth defeCB is called a syndrome. A syndrome 
should be suspeca:d if a c:b.atacteristic orthopaedic malfonna· 
tion (e.g., radial clubhand) is encountered, if all four ext.te.rnities 
are affected.. if limb deformities are symmetric, if there are sev
eral associated nonorthopaedic anomalies, or if the patient has a 
familiarly dysmorphic &ce. Children who have syndromes look 
more like one another than like their parents (1 ~). 

It is not unusual for an orthopaedist to be the first physi
cian to recognize that a child has c~risrics of a syndrome. 
In such cases, appropriate refmals should be made to a geneti~ 
cist to assist in syndrome identification, order appropriate 
confirmatory tests, and mange for management of the non· 
orthopaedic manifm:ations of the syndrome. The evaluation 
of a child for a syndrome includes a family history, a systems 
review; and a search for minor dysmorphic features, such as 
abnormal palm creases or abnormal shape of digits or toes. 
These evaluation processes may not be of immediate orthopae
dic importance, but they are the dues to look further. 

During fetal development, cell signaling pathways are 
activated in a coordinated manner to allow cells to divide, dif
ferentiate, move, and die off, ultimately resulting in a normally 
formed individual. These cell signaling pathways play roles in 
the development of multiple organs. It is not surprising that 
dysrc:gulation of such developmentally important pathways 
can cause the malformation of a number of organs, result· 
ing in sm:ral otherwise uncommon abnormalities occurring 
together. producing a syndrome. Such pathways can be dys
regulated by a mutation in a key pathway member, by fetal 
environmental fuctors (e.g., a teratogen, such as in fetal alcohol 
syndrome), or both. 

The relation between the clinical (phenotypic) features 
and the cause of a syndrome is not always as simple as one 

would wish. Even within a family in which all the members 
carry the identical causative gene mutation, some individuals 
are minimally ~d, whereas others have all of the findings 
of the syndrome. This may be due to the presence of modi~ 
fying genes, which may not be inherited in the same way as 
the gene mutation that causes the syndrome, or due to fi:t:a1 
environmental factots that modify the manner in which the 
pathways are activated. In addition, different mutations in the 
same gene can cause different syndromes, because the prod
ucts of different mutations have diffi:rent cellular functions. 
Such is the case with the dystrophin gene, which causes both 
Duchenne and Becker muscular dystrophies. 

Information about the etiology of a syndrome is impor
tant, bea.use it has implications for the parents as to the risk 
of recurrence in subsequent pregnancies, and may hold the 
key to the development of novel treatments. The r..pid pace 
of basic research in developmental biology and genetics makes 
it difficult for a ttaditional textbook to provide the most up· 
to--date information about syndrome etiology. The Internet is 
becoming an acellent source for such information. One useful 
site is the On-line Mendelian Inheritance in Man (OMIM), 
administered by the National Institutes of Health. This site 
can be accessed at http://www.ncbi.nlm.nih.gov/Omim/ and 
can be searched by syndrome name, causative gene, or clinical 
findings (5). 

The care of children with syndromes involves multiple 
specialists (6). Discussions about the risk of subsequent preg~ 
nancies are in the realm of the genetic counselor. While parents 
often asswne that if the condition has a name, it is treatable 
or curable, this sadly. is not the case. The importance of 
undemanding syndromes is in recognizing associated medical 
abnormalities that may be life threatening. adversely influence 
orthopaedic outcomes, or may influence surgical timing and 
management. Imporrandy. patients can come to significant 
harm if an orthopaedist misses recognizing a syndrome. For 
instance, in the case of Marfan syndrome, starting a child on 
beta~blockers can prevent a catastrophic cardiovascular event. 



Even if parents are not planning subsequent pregnancies, and 
if there are no plans for their child to undergo surgery in the 
near future, genetic evaluation is still important for proper syn
drome diagnosis. Correct diagnoses are essential for research 
into syndrome etiology and treatment. Patients should be 
given the opponunity to panicipate in such research, especially 
in cases of relatively rare syndromes. 

Nomenclature can confuse syndrome identification, 
because a single syndrome may have several names. Eponyms 
are not descriptive of the syndrome, nor do they give informa
tion about etiology. Many syndromes are caused by a mutation 
in a gene, and the causative gene has been identified in most 
such syndromes. Classifying syndromes by the causative gene 
alone can be problematic because some genes cause more than 
one syndrome, some syndromes are caused by more than one 
gene, and some syndromes are not caused by a gene muta
tion. Funhermore, gene names are frequently unrelated to 
clinical findings associated with a given syndrome. A number
ing system is used by computer databases; the most widely 
used is that of the OMIM (5), but this is helpful only for 
database searches. An ideal nomenclature, which would give 
information about clinical findings and etiology, has yet to be 
developed. 

Knowledge of the genetic cause of syndromes does not 
supplant the need for the clinician to know the phenotypic 
features of individual syndromes (7). For many syndromes, 
molecular genetic tests are not available or are available only at 
a very high cost. As such, it is impractical to test a given patient 
for every known genetic condition (8). A thorough study of 
the patient's history and a physical examination gives clues as 
to which supportive tests to order, such as radiographs. This 
information is used for narrowing down the diagnosis to only 
a handful of syndromes. In many cases, the ultimate diagnosis 
can be made on the clinical and radiographic findings alone 
[e.g., neurofibromatosis (NF) type 1]. For syndromes in which 
molecular genetic tests are available, these are usually per
formed to confirm a diagnosis rather than to make a diagnosis 
and should only rarely be ordered by an onhopaedist before 
consultation with a clinical geneticist or genetic counselor. 

It is clinically useful to classify syndromes caused by gene 
mutations into groups broadly categorized by the function of 
the causative gene (9, 10). Such syndromes can be broadly 
classified into those caused by mutation in genes encoding one 
of the following types of proteins: structural proteins, proteins 
that regulate developmentally imponant signaling pathways, 
proteins implicated in neoplasia, proteins such as enzymes that 
play a role in processing molecules, and proteins that play a 
role in nerve or muscle function (7). Syndromes within each 
broad group share similarities in the mode of inheritance and 
clinical behavior. For instance, syndromes caused by mutations 
in genes encoding structural proteins tend to be inherited in an 
autosomal dominant manner and result in skeletal structures 
that wear out with time, for which corrective surgery has a 
high recurrence or failure rate. Most of the disorders in this 
chapter are grouped using this functional genetic scheme. The 
one exception is contracture syndromes, which are considered 
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as a separate group. Although the genetic etiology of many 
of the contracture syndromes has been identified, it is easiest, 
from a practical standpoint, to consider them as a few sub
groups based on clinical and treatment similarities. 

STRUCTURAL GENES 

A variety of proteins play important roles in the connective 
tissues, including the bones, anicular cartilage, ligaments, and 
skin. Mutations in such genes disrupt the structural integrity 
of the connective tissues in which they are expressed. In most 
cases, the phenotype is absent or there are only minor mani
festations present at birth; the phenotype evolves with time, 
because the abnormal structural components slowly fail or 
wear out with time as the individual grows. Deformity often 
recurs after surgery, because the structural components are 
abnormal and will wear out again. In cases where the struc
tural abnormality involves cartilage, there may be growth 
abnormality caused by physeal mechanical failure or early 
degenerative disease of the joints caused by anicular carti
lage failure. When a protein that is imponant for ligament 
or tendon strength is affected, joints often subluxate. There 
can be substantial heterogeneity in the severity of the pheno
type, depending upon the exact way in which the mutation 
alters the protein function. In patients with mild disease, life 
expectancy is normal; however, in patients with more severe 
disease, life expectancy may be shortened because of second
ary effects of the structural defects on vital organs. These 
disorders tend to be inherited in an autosomal dominant 
manner (9, 10). Many of the disorders caused by mutations 
in genes that encode structural proteins, including osteogen
esis imperfecta and spondyloepiphyseal dysplasia, are covered 
in other sections of this textbook. 

Marian Syndrome. Anton Marfan, a French pediatri
cian, first described this syndrome in 1896, as a condition asso
ciated with long limbs and involvement of the cardiovascular, 
ocular, and skeletal systems (11). Although some authorities 
believe that Abraham Lincoln had Marfan syndrome, there 
remains considerable controversy surrounding this, and a deci
sion was made against using DNA from his remains to test for 
this diagnosis (12). This is one of the few syndromes caused 
by a mutation in a gene encoding a structural protein that is 
associated with tall stature. Patients can be recognized by the 
characteristic tall stature, arachnodactyly (abnormally long 
and slender digits), dolichostenomelia (long, narrow limbs), 
pectus deformities, and scoliosis. Stria can be seen in the skin 
(Fig. 8-1). There are a number of cardiovascular anomalies 
associated with this condition, including aortic regurgitation, 
aortic dilatation, aneurysms, and mitral valve prolapse. Ocular 
findings are myopia and superior displacement of the lens. The 
lens moves in the opposite direction in homocystinuria, a con
dition that sometimes is misdiagnosed as Marfan syndrome. 
Undiagnosed patients with Marfan syndrome not infrequently 
present to an onhopaedist with a diagnosis of scoliosis. It is 
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RGURE 8-1. Stria in a boy with Martan syndrome, who initially 
presented for evaluation of scoliosis. 

important for an orthopaedist to recognize this condition, 
since its identification allows for referral for management of 
the cardiovascular abnormalities, early treatment of which can 
prevent premature mortality. 

Diagnosis and Physical Findings. The diagnosis is made 
on the basis of family history and clinical findings, including 
abnormalities in the ocular, cazdiac, and musculoskeletal sys· 
terns (13). Despite several meetings to develop a consensus 
about diagnostic crin:ria, controVersy remains as to the best 
set of diagnostic criteria to employ. If one uses more stringent 
criteria, this will exclude many individuals who are ame.ndy 
managed as Marfan syndrome patients. The less stringent 
Berlin criteria and the more stringent Ghent criteria are out
lined in Table 8-1 (1~16). To further confound issues of 
clinical diagnosis, there is controversy about the definition 
of dural ectasia. The initial definition included a number of 
morphologic chancteristics, as well as a dural volume > 7 cm3 

below the inferior L5 endplate, as measured using a magnetic 
resonance image (MRI) study (14, 15). The normal dural 
volume in younger, growing children is not known, and the 
reliability and reproducibility of volume measures when used 
outside of clinical investigative groups .is also unclear. A recent 
retrospective analysis suggests that a sagittal dural sac width at 
Sl greater than that at L4 is a better criterion for dural ectasia 
in children, adolescents, and young adults (16). 

There are a variety of additional physical findings that 
are suggestive of Marfan syndrome and while not part of the 

diagnostic criteria, should alen one to consider this diagnosis. 
It was thought that the physical finding of an arm span longer 
than height would be diagnostic of Marfan syndrome; how
ever, population studies have shown that this is not the case. 
The ratio of upper segment (head to pubic symphysis) to lower 
segment (pubic symphysis to plantar surface), which is nor· 
mally 0.93 in a mature individual, is often decreased in Marfan 
syndrome to 0.85 or less (17). Two clinical findings associated 
with arachnodactyly are a thumb that protrudes past the ulnar 
border of the hand when it is held in a clenched fist (Steinberg 
sign) and overlap in the thumb and inda finger when they are 
wr.ipped around the opposite wrist (18). 

Radiographic Findings. Although there are a variety of 
radiographic findings that are frequendy present in patients 
with Marfan syndrome, none are pathopneumonic. Spinal 
morphology suggestive of dural ectasia and pedicle dysplasia 
are suggestive of this disorder. The use of measurements from 
spine radiographs in making this diagnosis (an inn:rpedicular 
distance at L5 ~ 36.0 rwn; a sagittal diameter at L5 ~ 13.5 rwn; 
a transverse proc:e.ss·to·vertebral width ratio at L3 ~ 2.25 mm) 
yields a high sensitivity but a relatively poor specificity (16). 
A arachnodactyly is defined on radiographs as an increase in 
the ratio of length. to width of the second to the fifth metacar
pals (Fig. 8-2). The average ratio of the lengths of the second 
to the fifth mew:arpals, divided by the widths of the respective 
diaphyses, is >8.8 in male patients and >9.4 in female patients 
with Matfan syndrome (19). There are no studies, however, 
that determine the sensitivity and specificity of the use of these 
measures to make a diagnosis of Matfan syndrome. 

Etiology. .Marf.m syndrome is inherited in an autosomal 
dominant manner and .is caused by mutations in the fibrillin 
gene (20). Like many inherited genetic disorders, almost a third 
of cases are spomdic due to a new mutation at embryogenesis. 
The expression of the mutant gene product ina.c:ti:vates the 
function of the normal gene product, an effect that is termed 
dominant negtttiv~. As such, this condition could potentially be 
t:rea.ted by the use of therapies that decrease the expression of 
the mutant gene (21). The fibrillin protein plays a role in main~ 
taining the normal mechanical properties of the soft tissues, 
especially in resistance to cyclic stress (22). The clinical findings 
of laxity and subluxation of the joints, and weakening of art~ 
rial walls with resultant aortic dilatation, are easy to understand 
on the basis of the function of fibrillin. The m1l. stature and 
arachnodaayly associated with the syndrome are seemingly dif
firult to atttibute to the fibrillin mutation. However, the ext.r.J.

cellular matrix also contains growth factors, which are bound to 

extracellular matrix proteins. Fibrillin mutations cause some of 
these enracellular growth factors, such as transforming growth 
factor /3. to become more readily aa:essible to cell receptors (23). 
The increased growth factor availability likely causes increased 
cellular growth and rapid longitudinal bone growth; resulting 
in long. thin fingers and toes and tall statute. This raises the 
possibility that growth factor activity modulation could be 
used to treat some of the sequelae of Matfan syndrome (23). 



CHAPTER 8 I SYNDROMES OF ORTHOPAEDIC IMPORTANCE II 

Berlin 
If the patient has an affected first -<Iegree relative, at least two 

systems of any class must be involved. In the absence of an 
affected first-degree relative. involvement of the skeleton 
as well as one major system and two minor systems are required. 

Major lnnlvffnHfnt 
Ocular system 
Cardiovascular system 
Dural ectasia 

Ghent 
Diagnosis requires two major involvements and one minor 

involvement 
Major lnnlvffnHfnt 
Family history or molecular data 
Cardiovascular system 
Dural ectasia 
Skeletal system 
Ocular system 
Skeletal system 
Presence of at least four of the following manifestations 
Major lnnlvffnHfnt 
Pectus carinatum 
Pectus excavatum requiring surgery 
Reduced upper to lower segment ratio or arm span to height 

ratio >1.05 
Wrist and thumb signs 
Scoliosis of >20 degrees or spondylolisthesis 
Reduced extension at the elbows {<170 degrees} 
Medial displacement of the medial malleolus causing pes planus 
Protrusio acetabula of any degree (ascertained on radiographs) 
Ocular System 
Major lnnlvtl:tHnt 
Ectopia Iantis 

Cardiovascular System 
Major lnnlvffnHfnt 
Dilatation of the ascending aorta with or without aortic regurgitation 

and involving at least the sinuses of Valsalva 

Dissection of the ascending aorta 

Pulmonary System 
Major lnnltfenJent 
None 

MintKIR.,.,_, 
Skeletal system 
Ocular system 
Cardiovascular system 
Pulmonary system 
Skin 
Central nervous system 

MintKIRn,.,_, 
Skeletal system 
Ocular system 
Cardiovascular system 
Pulmonary system 
Skin 

MintKIR.,.,_, 
Pectus excavatum of moderate severity 
Joint hypermobility 
Highly arched palate with crowding of teeth 
Facial appearance (dolichocephaly, malar hypoplasia, 

enophthalmos, retrognathia. down-slanting palpebral 
fissures} 

MintKIRn,.,_, 
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 

MintKian,.,_, 
Mitral valve prolapse with or without mitral valve regurgitation 
Dilatation of the main pulmonary artery, in the absence of 

valwlar or peripheral pulmonic stenosis or any other 
obvious cause. below the age of 40 yr 

Calcification of the mitral annulus below the age of 40 yr 
Dilatation or dissection of the descending thoracic abdominal 
aorta below the age of 50 yr 

MilliKin.,__, 
Spontaneous pneumothorax 
Apical blebs (ascertained by chest radiographs) 
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Skin and Integument 
M•jorlnvolrement 
None 

Dura 
M•jorlflll01rf8lflflllt 
Lumbosacral dural ectasia by CT scan or MRI 
Family/Genetic History 
MajDIIIMIIrf8lflflllt 
Having a parent, child, or sibling who meets these diagnostic criteria 

independently 
Presence of a mutation in FBNt known to cause the Marfan syndrome 
Presence of a haplotype around FBNt, inherited by descent known 

to be associated with unequivocally diagnosed Marfan syndrome 
in the family 

CT, computad tomography; MRI. magnetic resorl8nce imaging. 

Although molecular diagnosis for a mutation in the 6brillin 
gene is available. this .is usually not required in making the diag
nosis, as physical findings and information from radiographic 
studies are generally sufficient for this purpose. 

Orthopaedic ManHestations and Their Management 
Hyperlaxity is responsible for many of the clinical problems in 
Marfan syndrome, including subluxation of joinG, a pn:disposi
tion to sprains, and scoliosis. Scoliosis is a common tt"ason for 
which. patienG are rc:femd to the orthopaedist. Smaller C1.U'VeS 

can be managed in a manner similar to that for idiopathic scolio
sis, with bracing considered for sdea: curves in skeletally imma
ture individuals. Although br.lcing is often prescribed, it seems 
to be less effective than in idiopathic scoliosis (24). This has led 
some to suggest that bracing only delays the need for surgical 
treatment. There are no well-controlled studies comparing brace 
treatment with observation or any other type of management in 

RGURE 8-2. Hands showing arachnodactyly. Notice the 
long, thin metacarpals and phalanges. 

Minor lnrtt~lrteiiiUI 
Striae atrophicae (stretch marks) not associated with marked 

weight changes, pregnancy, or repetitive stress 
Recurrent or incision hernias 

Minor lnrtt~lnnrrlrrt 
None 

Mi110r lnrffllnnrrlrrt 
None 

these patients. Although the effica.cy of brace ueatment remains 
controversial, we offer brace ueatment using the same principles 
as for idiopathic scoliosis. Curves will often be relatively short 
and associated with derormity of vertebrae termed dysplaslic 
(Fig. 8-3). The spinal derormity is often associated with kypho
sis, especially in the lumbar spine n:gion. Swgery is considered 
for tapidly progressive curves in skeletally immature individuals, 
or for large auves in skd.et:ally mature individuals. Patients with 
Marfan syndrome have higher complication tates when under
going scoliosis surgery than in idiopathic scoliosis. Infection, 
instrumentation fixation tillure, pseudardu:osis, or coronal and 
sagittal curve decompensation occur in 10% to 20% of patients. 
Infection .is often associated with a dural rear. Peri operative death 
from valvular insufficiency has been reported. To avoid such 
complications, the cardiopulmonary condition of patients with 
Marfan syndrome should be evaluated preoperntivdy (25-32). 
Oven::orrection can also cause cardiovascular complications, and 



CHAPTER 8 I SYNDROMES OF ORTHOPAEDIC IMPORTANCE EJ 

A 

c 

E ....__._...... _ _ _ 

FIGURE 8-3. Scoliosis (A.B) and protrusia of the hips (E) in a patiem with Marfan syndrome. C, D: Deformity 
of the apical venebrae is shown in a three-dimensional reconstruction of a computerized tomographic scan 
image. {Courtesy of Chris Reily, MD. Vancouver, British Columbia, Canada.) 
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reducing the amount of correction in a patient treated with a 
growing rod was shown in a case repon to reverse cardiac failure 
(33). Computerized tomography (CD scan to assess bony anat
omy, especially of the pedides, is quite useful in preoperative 
planning of hook and screw placement. Other unusual spinal 
defOrmities can occur, such as subluxation of venebrae (25, 34). 
Traction should be used with caution, especially in cases with 
underlying kyphosis, as it can worsen and cause subluxation 
(26). 

Dural ectasia is common in individuals with Marfan syn
drome and seems to increase in severity with age. Its sever
ity is not related to the severity of other clinical findings; for 
instance, there is no association between aortic dilatation and 
dural ectasia (27). Although there is a slightly higher incidence 
of back pain in patients with dural ectasia than in those with
out, a 40% incidence of back pain in patients with Marfan 
syndrome without dural ectasia suggests that dural ectasia itself 
is not the cause of the pain. One should thus evaluate patients 
with Marfan syndrome for other causes of back pain even in 
the presence of dural ectasia. 

Mild osteopenia is associated with Marfan syndrome; 
this may be caused in pan by the fibrillin abnormality dis
rupting the normal extracellular matrix structure of bone, and 
in some cases it may be related to relative physical inactivity. 
Susceptibility to fracture does not seem to be a problem, and 
it is therefOre not dear whether intervention for the decreased 
bone density is warranted (28, 29). Protrusio acetabula is pres
ent in about one-third of patients with Marfan syndrome. The 
radiographic diagnosis can be difficult as there is a defOrmity 
of the inner aspect of the pelvis that can diston the normal 
pelvic landmarks. Protrusion is not related to bone mineral 
density and is usually asymptomatic (30). Although prophy
lactic fusion of the triradiate canilage is reponed, for these 
reasons it is not warranted in the majority of cases. 

Nonorthopaedic Manifestations. Cardiovascular fail
ure can lead to premature death in patients with Marfan syn
drome. Indeed, many cases of sudden death during athletic 
activities in the young are in individuals with Marfan syn
drome. Despite this, there are no universally accepted crite
ria for restricting physical activity in individuals with Marfan 
syndrome. Early intervention using j3-blockers can reduce the 
development of aortic dilatation. New treatments based on 
reversing the changes associated with the identified mutation 
are under investigation and will likely change the course for 
patients with Marfan syndrome. For instance, the antihyper
tensive agent, Losanan, has also been fuund to down-regulate 
the expression of transforming growth factor beta; animal 
studies as well as small clinical series suggest that its use can 
slow the progression of the cardiovascular side effects of this 
condition (23). However, larger scale clinical trials are required 
before routine use is recommended. Individuals with aortic 
dilation may also benefit from earlier cardiac surgical interven
tion. Lens dislocation requires ophthalmologic intervention. 
In Marfan syndrome the lens is dislocated in a superior direc
tion, whereas in homocystinuria there is an inferior dislocation. 

Homocystinuria shares many clinical features with Marfan 
syndrome but is also associated with a coagulation disorder. 
As such, it is crucial that an individual suspected of having 
Marfan syndrome be evaluated for cardiovascular problems, 
and that the possibility of homocystinuria be excluded before 
the patient undergoes surgery. 

Homocystinuria. It is important for the orthopaedist to 
be able to distinguish patients with homocystinuria from those 
with Marfan syndrome, as patients with homocystinuria often 
present to the orthopaedists with a clinical picture suggesting 
Marfan syndrome. Unlike Marfan syndrome, homocystinuria 
is associated with a coagulopathy, which can be fatal if unrec
ognized. especially during surgery. Although homocystinuria is 
not caused by a mutation in a gene encoding a structural pro
tein, it shares phenotypic similarities with Marfan syndrome, 
and it is therefore being discussed here. It is caused by a defect 
in one of the enzymes that is important in the production of 
cysteine from methionine, thereby resulting in the accumula
tion of intermediate metabolites in the blood (homocysteine 
and homocystine) and in the urine (homocystine) (31, 32). 
There are several subtypes, and patients with type I have a 
phenotype similar to that of Marfan syndrome (35). Affected 
individuals are tall with long limbs and may have arachnodac
tyly and scoliosis. Dislocation of the lens of the eye is com
mon but in contrast to Marfan syndrome the displacement is 
inferior. Osteoporosis is often more severe in type I homocys
tinuria than in Marfan syndrome. Vertebral osteoporosis can 
produce biconcavity and flattening of vertebral bodies, whereas 
in Marfan syndrome the venebral bodies are either normal or 
excessively long. Widening of the epiphyses and metaphyses of 
long bones is more typically seen in homocystinuria. Mental 
retardation is not a feature of Marfan syndrome, but occurs 
in approximately half of all patients with homocystinuria (36). 
Patients with type I homocystinuria have an abnormality in 
dotting, which leads to venous and arterial thromboembolic 
episodes (37). Such episodes can complicate surgery, and as 
such a hematology consultation should be considered when 
planning surgery. 

Type I homo<:ylitinuria is caused by a deficiency of cys
tathionine synthetase, which normally catalyzes the chemical 
union of homoC}'liteine and serine to form cystathionine. The 
enzyme uses pyridoxine (vitamin B6) as a cofactor. Blood levels 
of methionine are increased. and thus screening of patients with 
Marfan syndrome for homocystine in the urine (with the cya
nide nitroprusside test) can differentiate type I homocystinuria 
from Marfan syndrome. Type II and III homocystinuria are 
biochemically distinct. Because the errors cause blocks at other 
points, blood levels of methionine are normal, and other clini
cal findings such as skeletal changes and thromboses are absent. 

The treatment for homocystinuria depends on the type. 
In type I, the typical course is methionine restriction and pyri
doxine supplementation (37). For types II and III, methionine 
restriction is harmful. Treatment with cofactors also varies for 
these other types. Vitamin B12 is suggested in the management 
of type II, and folic acid for type III. 



Ehlers-Danlos Syndrome. EhleD-Danlos syndrome 
(EDS) is a collection of difkrent disorders that are associated 
with the common phenotypic findings of hypere:nensibil
ity of the skin and hypermobilit:y of the joints. Easy bruis
ability of soft tissue, fragility of bone, calcification of soft 
tissues, and various degrees of osteopenia are associated with 
the various subtypes. The hyperlaxity allows affected individu
als to have impressively large ranges of motion of the joints. 
Contortionists are often individuals with this syndrome. 
Although Tschemogobow first described the syndrome in 
1892, the condition derives its name from reports by Edward 
Ehlers, a Danish dennatologist, in 1901, and Henri-Alexandre 
Danlos, a French physician, in 1908. These two individuals 
combined the pertinent fearures of the condition to provide a 
detailed description of the phenotype (38). 

The main features of classic EDS are loose-jointedness 
and fragile, bruisahle skin that heals with peculiar "cigarette
paper" scars and may show changes resulting from multiple 
bruises (Fig. 8-4). Children with this condition may be born 
prematurely because of premature rupture of fetal membranes, 
because these membranes are derived from the fetus itsel£ The 
fragile soft tissues can also cause problems such as "sponta
neous" carotid-c:avttnous fistula. ruptures oflarge vessels, hia
tus hernia. spontaneous rupture of the bowel, diverticula of 
the bowel, rupture of the colon, aortic dilatation, and retinal 
detachments (39-43). 

Classification and Etiology. The ttadition classifica
tion of EDS into 11 types (44) has been modified in a way 
that groups individuals with this disorder into 6 major types 
(45), based on clinical findings, genetic cause, and inheritance 
pattern (45) (Table 8-2). There additional subtypes of EDS, 
but these are very rare, often being reported as a single f.un
ily. Although an understanding of the genetic cause of the 
rare types provides important information about how vuious 
proteins contribute to the maintenance of the mechanical 
integrity of the soft tissues, the infrequency of their occunence 
makes their incorporation into a general classification scheme 
less useful to the clinician. 
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EDS is caused by mutations in either a collagen gene 

or in a gene that produces a protein that processes collagen. 
The types of EDS that are caused by a mutation in collagen 
are inherited in an autosomal dominant manner, whereas those 
caused by a protein proa:ssing defect (kyphoscoliotic and 
dermatospa.tuis types) are inherited in an autosomal recessive 
pattern. Since collagen is the main structural component of 
a vuiety of connective tissues, it is easy to understand how 
these mutations cause the associated changes in soft-tissue 
mechanics (38, 46, 47). 

There are several characteristics that are unique to the 
individual subtypes (4~50). The hypermobility type. which 
is characterized by multiple dislocations of joints, is also asso
ciated with a delay in achieving developmental milestones, 
perhaps because of the dislocations. Individuals with this 
type have the greatest functional disability. The vascular type 
is associated with ruptures of vessels or viscera. Such events 
are rare in childhood, but by the age of 20, one~fourth of 
those with the condition will have had some vascular or vis
ceral complication. Teenage boys may be at a higher risk for 
this during their prepubertal growth spurt (51). Early death 
ocrurs, most commonly because of vascular rupture, with the 
median age of survival being <50 years. Individuals with the 
kyphoscoliosis type often present as "floppy" infants. and this 
diagnosis should therefore be considered in such children. 
Although molecular diagnosis is possible for some of the sub
types, these are usually not needed for making the diagnosis, 
and referral to clinical geneticists is usually sufficient to con
firm a diagnosis. There are no universally accepted criteria for 
restricting participation in physical activity in patients with 
EDS, so recommendations to limit activity should be made 
on an individual basis. 

Ortllopaedic Manifestations and Management 
Subluxations and recurrent dislocations of joints are common 
ocx:urrences in the various subtypes. The chronic pain that 
such individuals complain of is often attributed to these ~ 
lu:xations. The management of the subluxations is problematic, 
and a multidisciplinary effort, including pharmacologic and 

FIGURE 8-4. Patient with Ehlers-Danlos syndrome. 
type I. The knees and the pretibial regions have been 
subjocted to recurrent injury and have accumulated 
heme pigmentation. {Courtesy of Michael G. Ehrlich. MD. 
Providence. Rhode Island.) 
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TABLE 8-Z A Modified Classification Scheme for Ehlers-Danlos Syndrome 

New Former Major Clinical Findings 

Classic Type I Skin hyperextensibility 
Type II Wide scars 

Joint hyperlaxity 

Hypermobility Type Ill Skin hyperextensibility 
Smooth velvety skin 
Generalized joint hypermobility 

Vascular Type IV Thin, translucent skin 
Arterial, intestinal. or uterine 

rupture or fragility 

Excessive bleeding 

Kyphoscoliosis Type VI Generalized joint laxity 
Hypotonia at birth 
Progressive infantile scoliosis 

Scleral fragility 
Rupture of the ocular globe 

Arthrochalasia Type VIlA Severe generalized hyperrnobility 

TypeVIIB Congenital hip dislocation 

Derrnatosparaxis TypeVIIC Severe skin fragility 
Sagging, redundant skin 

physical therapeutic approaches, is often required. As opposed 
to individuals with nonnal joint laxity, patiena with this con
dition ha:vl: patellar instability in multiple planes (39). Since 
the mattix components that provide the mechanical properties 
to the soft tissues arc de&:a:ive, surgical approaches focusing on 
ligaments and tendons (e.g., soft-tissue procedures around the 
shoulder) have a low success rate. A variety of such operations 
are reported. such as osteotomies, which change the direction 
and location of insertion of tendons or osteotomies or that pro
vide a larger joint area. (tibial tubercle transfer operations for 
patellar dislocations, and femoral and pelvic osteotomies for 
hip subluxation). Proa:dures that involve surgery to the bones 
have a higher success tate than operations on ligaments or ten
dons. In particularly problematic cases, it may be necessary 

Minor Clinical Findings Genetic Etiology 

Smooth skin (velvety) COL5A1 mutations 
Complications of joint hypermobility 
Easy bruisability 
Tissue fragility and extensibility 

resulting in hiatal hernia, anal 
prolapse, or cervical insufficiency 

Family history 
Recurrent joint dislocations Unknown 
Chronic joint dislocations 
Family history 
Hyperrnobility of small joints COl3A1 tenascin-XB 
Tendon or muscle rupture 
Clubfoot 
Varicose veins 
Arteriovenous or carotid-cavernous 

fistulas 
Pneumothorax 
Hemothorax 
Family history 
History of sudden death in family 
Tissue fragility Lyslhydroxlyase deficiency 
Easy bruisability 
Arterial rupture 
Marfanoid habitus 
Microcornea 
Osteopenia 
Family history 
Skin hyperaxtensibility COL1A 1 or COL 7A2mutations 
Tissue fragility 
Easy bruisability 
Muscle hypotonia 
Kyphoscoliosis 
Osteopenia 
Soft doughy skin texture Procollagen 1 
Easy bruising N-terminal peptodase 
Premature fetal membrane rupture 
Hernias 

to place a bone graft to limit motion and prevent dislocation 
(e.g., a posteriorly placed graft at the elbow). Atthrodesis may 
be required as a last re.sort in those cases that remain symptom
atic despite other managements (5~54). 

Scoliosis is common in EDS, and is usually managed using 
the same principles as those for idiopathic scoliosis, although 
there is a lack of studies investigating the implications of sco
liosis in this population and the efficacy of this management 
approach. Surgical management can be problematic in the vas
cular type, as there are a number of complications, and vessel 
ruptures can occur during surgery (41, 55). It is important not 
to place undue stretch on vessels during surgery, and it is prob
ably safi:st to have a vascular surgeon available in case a major 
disruption is encountered. Spondylolisthesis can occur, and it 



may be present at multiple levels, including nonadjacent sites 
(42). Valve problems can occur in EDS, so patients should 
have a cardiac evaluation before undergoing surgery.. Low bone 
density is identified in EDS; however, when one corrects fur 
the activity level of these patients, the bone density may not 
be so abnormal (56). Pharmacologic treatment fur low bone 
density should be considered only in rare instances. 

OVERGROWTH SYNDROMES 
AND CONDITIONS CAUSED BY 
TUMOR-RElATED GENES 

There are a variety of cellular proteins and signaling pathways 
that are important in regulating cell reproduction or prolif
eration. A mutation that results in dysregulation of such path
ways can increase cell proliferation, resulting in overgrowth of 
a cell type or an organ. Such pathways are frequently dysregu
lated in neoplasia. In some inherited conditions, when a sin
gle copy (one allele) of a gene that is important in regulating 
cell proliferation is mutated in the germ tine, the result is an 
overgrowth phenotype, but when the second copy becomes 
mutated in a somatic manner (in a certain cell type), the 
result is the development of a twnor. Since these disorders are 
usually caused by one copy of the defective gene, they tend 
to be inherited in an autosomal dominant manner. The type 
of tissue or organ involved depends on the cell type in which 
the gene is expressed. In many syndromes, such as NF. the 
tissues of the musculoskeletal system are affected, resulting 
in obvious bone or soft-tissue abnormality. There is a risk of 
malignant progression, which develops over time as the cells 
are subjected to genetic damage (second hit), causing the loss 
of the normal copy of the causative gene. Rt:currence of a 
deformity after surgery is not unusual, because the underly
ing genetic defect that causes abnormal cell growth cannot 
be corrected by any surgical procedure. Many children pres
ent with limb-length discrepancy. but most of these condi
tions will not be related to a syndrome and can be managed 
as described in Chapter 28 on limb--length inequality. It is 
important to understand the various associated syndromes 
so that appropriate referrals can be made fur nonorthopaedic 
problems. 

Neurofibromatosis. There are several forms of NF, the 
most common of which are type I and type II (NFI and NF2). 
Orthopaedic manifestations are common in NFl, which is also 
called von &cklinghausm distast, whereas they are rare in NF2, 
which is also called cmtral nturofibromatosis or familial acous· 
tic neuroma. The clinical findings in NFl are quite variable, 
and many of these findings develop over time. Children may 
exhibit none of the typical findings at birth, but the diagnosis 
can be made as they grow older and develop the characteristics 
necessary to confirm a diagnosis of NFI (48, 57). Although 
a causative gene for NFl has been identified, this diagnosis 
is made by identifying at least two of the clinical findings in 
Table S-3. 
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TABLE 8-3 Neurofibromatosis Type 1: 
Diagnostic Criteria 

At least two of the following are necessary for establishing the 
diagnosis of NF1: 

• At least six caf\1-au-lait spots, larger than 5 mm in diameter in 
children, and larger than 15 mm in adults 

• Two neurofibromas, or a single plexiform neurofibroma 
• Freckling in the axillae or inguinal region 
• An optic glioma 
• At least two Lisch nodules (hamanoma of the iris) 
• A distinctive osseous lesion, such as venebral scalloping or 

conical thinning 
• A first-degree relative with NF1 

Cutaneous Markings. Cafe-au·Iait spots are discrete, tan 

spots (Fig. 8·5). In patients with NF. these spots often appeat 
after 1 year of age, and then they steadily increase in number 
and size. The spots have a smooth edge. often described as sim
ilar to the coast of CaliJ.i:unia, as opposed to the ragged edge of 
spots associated with fibrous dysplasia, which are d.esaibed as 

RGURE 8-5. Neurofibromatosis in a 6-year-old child. Notice the 
large cafe-au-lait spot on the thigh and the anterior bowed tibia typical 
of pseudarthrosis. {From Goldberg MJ. The dysmorphic child: sn ortho
pedic perspective. New York, NY: Raven Press. 1987, with permission.) 
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RGURE 8-6. Neurofibromatosis in a 
14-year-old patient. Cutaneous neuro
fibromas make their appearance with 
the onset of puberty. {From Goldberg 
MJ. The dysmorphic child: an orthop9dic 
perspective. New York, NY: Raven Press, 
1987. with permission.) 

similar to the coast of Maine. The spots vary greatly in nwnber, 
shape, and size, and six lesions > 1 em in size ate n:quited fur the 
diagnostic criteria. A:x:illary and inguinal freckling ate common 
and serve as good diagnostic mazke.rs, bc:cause such fu:ckling is 
exa:ptionally rare except in people with NR Hyperpigmented 
nevi are dark brown areas that are sensitive to the touch; they 
typically overlie a deeper ple:x:ifurm neurofibroma. 

Neurofibroma. The two types of neurofibroma are differ
ent in their anatomic configuration and clinical morbidity. The 
most common is the wtaneous neurofibroma. composed of 
benign Schwann cells and fibrous connective tissue (Fig. 8-6). 
This type of neurofibroma may oa:ur anywhere, but is usually 
just below the skin. These neurofibromas may not be detectable 
untiiiO years of age, and with puberty then: is a rapid increase 
in their nwnber. When many ate grouped together on the skin, 
it is known as a fibroma 1tUJIJuscum. Plexiform neurofibromas 
are usually present at birth and are highly .infiltrative in the sur
rounding tissues. The overlying skin is often darkly pigmented. 
They are highly vascular and lead to limb gigantism, facial dis
figurement, and invasion of the neuroa.xis (Figs. 8-7 and 8-8). 

Osseous Lesions. There are many skeletal mani.festa
cions, but the presence of an unusual scoliosis, overgrowth 
of a part, or a congenital pseudarthrosis lesion seen on radio
graphs should alert the physician to consider a diagnosis of 
NF (58). There are a variety of anomalies of bone observed in 
radiographic images, ranging from a scalloping of the cortex:, 
to cystic lesions in long bones that look much like nonossifY
ing fibromas, to permeative bone destruction (Fig. 8-9). These 
radiographic findings may mimic benign or malignant bone 
lesions (49, 50, 59). Radiographs of the pelvis usually show 
various degrees of coxa va1ga, and in nearly 20% of patients 
there is radiographic evidence of prottusio acetabuli (52, 60). 

, 

• 

-

Uscll Nodules. Lisch nodules are hamartomas of the iris. 
These nodules are present in 50% of all5-year-olds with NFI. 
and in all adults with NFJ. It is Wlusual fur Lisch nodules to be 
present in individuals who do not have NFI, so the detection 
of these nodules can aid in making this diagnosis. However, 
it may be difficult to detect these lesions, and patients should 
be sent to an experienced ophthalmologist fur this diagnosis. 
The lesions do not cause any visual disturbances. Onoe the 

RGURE8-7. Neurofibromatosis in a 16-year-old patient. The MRI at 
the level of LHS demonstrates a large plexiform neurofibroma that 
invades the neural axis. It extends from the level of L3 to the sacrum. 



RGURE a-a Neurofibromatosis in a 10-year-old patient Hypertrophy 
affects the ann from the shoulder to the fingertips; the major com
ponem is soft tissue. Nodular densities throughout the upper arm are 
consistent with a plexiform neurofibroma. Notice the lack of skeletal 
overgrowth and some attenuation of the radius and ulna, caused by 
external compression by the neurofibroma. (From Goldberg MJ. The 
dysmorphic child: an orthopedic perspective. New York. NY: Raven 
Press, 1987. with permission.) 

diagnosis is established. further ophthalmologic ewluation is 
not necessary (53, 54). 

Etiology. NF is the most common single-gene disorder in 
humans, affecting 1 in 3000 newborns (61-63). NF1 is an 
autosomal dominant disorder with 100% penetrance, but one-
half of cases are sporadic mutations and are associated with an 
oldeHhan-average paternal age. The most well-known patient 
who was presumed to have had NF. Joseph Merrick. also called 
the Elephant Man, probably did not have this condition; his 
clinical profile better fits Proteus syndrome (64). The NFJ 
gene is located on chromosome 17 (65). Its protein product, 
MUrofilmrmin. acts as a tumor suppressor (66). There are also 
other potential genes located in introns within the NFl gene, 
whose functional significance is unclear. 

Neurofibromin plays a role stimulating the conwrsion of 
Ras-GTP to Ras--GDP, and as such modulates activation of the 
R.as signaling system, which is involved in the wntrol of cell 
growth (67). Mutations in the NFJ gene cause a disruption in 
its normal rcgulatoty control of R.as signaling. giving affi:ctc:d 
cells an abnormal growth pattern. Ncurofibromin is expressed at 
higher levels in the neural CR:St during dm:lopment. a:Us from 
the neural crest migmte to become pigmented cells of the skin. 
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FIGURE 8-9. Neurofibromatosis in a 10-year-old patient. The radio
graph shows an array of cvstic and scalloped skeletal lesions in the 
tibia and os calcis of the right lag. Some of the lesions are charac
teristic of neurofibromatosis. Other lesions, occurring in isolation, 
can mimic benign fibrous tumors. Scalloped cortical erosion at the 
upper end of the femur, permeative bone destruction in the region 
of the os calcis, and metaphyseal cvstic lesions are ather features. 
{From Goldberg MJ. The dysmorphic child: an orthopedic perspective. 
NewYort. NY: Raven Press, 1987, with permission.) 

parts of the brain, spinal cord. peripheral nerves, and adren.als, 
thus explaining the common sites of abnormalities in the disor
der. Disruption of the nonnal Ras signaling cascade is probably 
responsible for the malignant potx:ntial of this disorder. Only 
one of the two wpies of the NFJ gene is mutated in affected 
patients; however, ti.1InOl'S from such individuals have been found 
to have only the mutated gene because of loss of the normal copy 
(68-71). The gene ddi:ct also gives a clue to potential novel thera
pies, becwse pharmacologic agents that block Ras signaling could 
be used to treat the disorder. Farnesyl transferase inhibitors block 
the d.ownstream. dfeas of R.as signaling activation and thus have 
the potential to be used in the treatment of some of the neoplastic 
manifestations of NF (72, 73). Another therapeutic approach is 
the use of statin inhibitors, such as lovastatin, which is thought to 
~te R.as signaling by the membr.me binding ofRas (52, 53). 
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Otller Types of Neurofibromatosis. Although patients 
with other fol'l'llS ofNF r.u:cly present to an orthopaedist, one 
should be aware of these types because musculoskeletal mal
formations are occasionally present. Patients with NF2 pres
ent with acoustic neuromas, cenual nervous system wmors, 
and rare peripheral manifestations. There are usually fewer 
than six ca£6-a~lait spots, and no peripheral neurofibromata. 
These patients are very unlikely to present with an orthopae
dic defonnity. There are two much. less common types of NF. 
type 3 and type 4 (NF3 and NF4), in which patients are more 
likdy to develop a problem requiring orthopaedic intervention. 
Individuals with NF3 present with some of the cb.aracte.ristics 
of NFI but also have acoustic neuromas, which are ch.aracte.r
istic of NF2. These individuals often have spinal deformity. 
especially in the cervical region. NF4 presents with the same 
clinical findings as NFI, egcept that one of the cardinal features 
ofNFl, namely, Lisch nodules of the iris, is absent (48, 57). 

Orthopaedic Manifestations. The orthopaedic mani
festations of NF include scoliosis, overgrowth of the limbs, 
pseudarthrosis, and specific radiographic appearances of bone 
lesions. Patients with NF often exhibit overgrowth, ranging 
from a single digit to an entire limb and from mild anisomelia 
to massive gigantism. AJ> such., the possibility ofNF should be 
considered in a child with focal gigantism, such as macrodac
tyly. When NF is compared with the more symmetric idio
pathic hemihypertrophy. there is disproportional overgrowth 
involving the skin and the subcutaneous tissue more than the 
bone (Fig. 8-8) 

Scoliosis is common, and curves fall into two categories: a 
dystrophic curve and an idiopathic curve. Most curves in NF 
resemble idiopathic scoliosis curves and can be managed like 
any other idiopathic curve. 

The dystrophic scoliotic curve is a short, sharp, single tho
racic curve typically involving four to six segments (Fig. 8-1 0) 
(60, 74-81). It is associated with deformity of the ribs and 
vertebtae. The onset is early in childhood, and it is relentlessly 
progressive. Curves that initially appear to be idiopathic in 
children under age 7 have almost a 70% chance of becoming 
dysttophic over time, although there may be subde c:l.ues, for 
example, mild rib penciling (thinning of the ribs in a shape 
similar to a pencil point near the vertebrae), suggesting that the 
curve is acwally dystrophic. The most important risk factors for 
progression are an early age of onset, a high Cobb angle, and 
an apical vertebra that is severely rotated, scalloped (concave 
loss of bone), and loc:ated in the middle-tn-lower thoracic area 
(78). The combination of~ progression and vertebral mal· 
formation mimics congenital scoliosis in appearnnc:e and behav· 
ior. Dystrophic curves are refraaive to bmc:e treatment. Sagittal 
plane deformities may occur, including an angular kyphosis 
(i.e., gibbus) and a scoliosis that has so much rotation that curve 
progression is more obvious on the lateral than on the antero
posterior radiogmph (78). In those with angular kyphosis, there 
is a risk of paraplegia. Dystrophic curves are difficult to stabi
lize, and it is best to intervene with early surgery involving both 
anterior and posterior fusion (78, 82-84). Kyphotic deformi
ties are often the most difficult to manage surgically, and sttut 
pEts across the kyphosis anteriorly may be necessary. In rare 

FIGURE 8-10. Neurofibromatosis in a ~year-old patiem. A dystrophic curve is shown in the left panel. There is a short
segmem scoliosis. with ribboned ribs show cystic irregularities. There was a delay in the recommendation for surgery, and the 
middle two panels show the rapid progression in the dystrophic curve over the next 12 months. The right panel shows the curve 
after undergoing surgery including anterior and posterior fusions of the dystrophic segments. 



severe cases, the spine can even seem to be "dislocated" because 
of the kyphosis and scoliosis. In cases with extremely severe 
deformity. halofemornl or halogravity traction may be necessary 
to safely sttaighten the spine to a more acceptable deformity 
without producing neurologic sequelae. Other reported tech
niques include inserting a bone ~ without instrumentation 
and then gradually straightening the curve using a cast postop-
eratively (85). In rare severe cases in which there is a vertebral 
"dislocation," one can we instrumentation to achieve an overall 
alignment of the back. while leaving the vertebrae "dislocated" 
(86). Unusual complications have been reporn:d in the manage
ment of such dystrophic auves, such as a rib head migrating 
into the neural canal resulting in spinal cord compromise (87). 

There can be several venebral abnormalities evident 
on radiographs. These include scalloping of the posterior 
body. enlargement of the neural foramina, and defective 
pedicles, occasionally with a completely dislocated verte-
bral body (88-92). Such findings may mean that there is a 
dumbbell-shaped neurofibroma in the spinal canal, extend
ing out through a neural foramina. The dura in NF patients 
behaves like the dura in patients with a connective tissue 
disorder, and dural ectasia is common, with pseudomenin
goceles protruding through the neural foramina. Unlike 
neurofibroma, dural ectasia is an outpouching of the dura, 
without an underlying tumor or overgrowth of spinal ele
ments (Fig. 8-11) (93-96). The incidence of anterolat
eral meningoceles was underestimated until asymptomatic 
patients were screened with MRI (58, 97). The erosion of 
the pedicles may lead to spinal instability, especially in the 
cervical spine. In tare cases, this can even lead to dislocation 
of the spine (98, 99). MRI and CT scans are helpful preop
eratively in delineating the presence of defective vertebrae or 
dural abnormalities, and may assist in choosing the levels on 
which to place instrumentation. 

Pseudarthrosis of a long bone is typically associated with 
NF (76).1t usually affects the tibia, with a characteristic antero-

FIGURE 8-11. MRI of the spine of the patient shown in Figure 8-10. 
showing dural ectasia. 
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FIGURE 8-12. Neurofibromatosis in a 1-year-old patient. The 
anterolateral bow of the tibia and the fibula warrant concern about 
impending fracture and pseudarthrosis. (From Goldberg MJ. The dys
morphic child: an orthopedic perspective. New York. NY: Raven Press. 
1987, with permission.} 

lateral bow that is obvious in inf.utcy (Fig. 8--12) (100, 101). 
F.raa:ure usually follows, with spontaneous union being rare 
and surgical union presenting a challenge. An anterolateral 
bowed tibia is routinely managed with a total-contact orthosis 
to prevent fiacrure, although there are no well-designed studies 
showing that this is indeed effective. Intramedullary rod fixa
tion seems to offer the best results for the initial management 
of a pseudarthrosis. Recent studies have shown the importance 
of achieving neutral tibial alignment in the healing of a tibial 
pseudarthrosis. The presence of an intact fibula is associated 
with a lower healing rate, perhaps because of associated tibial 
malalignment (102). There .is a hamartoma of undiffi:renti
ated mesench:ymal cells at the pseudarthrosis site (75), and in 
some cases, this is associated with loss of the normal allele of 
the NFl gene (76). Neurofibromas have not been identified at 
the pseudarthrosis site. The pseudarthrosis process may affect 
the ulna, radius, femur, or clavicle (77, 103-109). In each of 
these locations, there is a course similar to that in the tibia, with 
bone loss and difficulty in achieving union (Flg. 8-13). Not all 
pseudarthroses of the foreann require treatment (110), but if 
they are symptomatic, the available options include proximal 
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RGURE 8-13. Neurofibromatosis in a 3-year-old 
patient. The radiograph shows progressive pseud
arthrosis of the radius and ulna after a pathologic 
fracture. A: Fracture through the cystic lesion of 
the radius and thinning of the midulna. B: After 
10 months of cast immobilization. pseudanhrosis 
affects the radius and ulna. !From Goldberg MJ. 
The dysmorphic child: an orthopedic perspective. 
New York, NY: Raven Press. 1987, with permission.) 

and distal synostosis to produce a siagle--bone forearm, the 
use of a vascularized fibula graft, or resection of the pseud· 
arthrosis with shortening of the forearm and internal fixation 
(111). Pharmacologic approaches to the pseudarthrosis in NF 
are reported. A mouse model suggests the use of lovastatin, 
but the mouse does not develop pseudarthroses, only bowing 
of the bones, and as such human stUdies of this approach are 
needed (53). Direct installation ofBMP to the pseudarthrosis 
site may help in the achievement of union, but variable tesults 
are reporwd, and it is not known if the use of BMP in patients 
with an inherited premalignant condition has long-term harm
ful consequences (80). 

There are a variety of benign and malignant neoplastic 
lesions that affect individuals with NFL Most neurofibromas 
do not require treatment, but symptomatic lesions may 
require excision. Plexiform neurofibromas that become 
symptomatic are very diffirult to manage. Their vascular
ity and infiltrative nature make complete excision almost 
impossible, with a substantial risk of uncontrollable hemor
rhage and neurologic deficit. Although speculative, the use of 
angiogenesis inhibitors, such as interferon, or experimental 
agents that modulate the effi:ct of the causative gene muta
tion, such as farnesyl transferase inhibitors or statin inhibi· 
tors, may be beneficial (88, 89). 

The incidence of malignancy in NF is reported at rates 
ranging from under 1% to over 20% (90-92, 112, 113). The 
most common tumor location is in the central nervous system, 
with lesions such as optic nerve glioma, acoustic neu
roma, and astrocytoma (114). There is a risk of malignant 
degeneration of a neurofibroma to a neurofibrosarcoma. 
This process can occur in a central or peripheral neurofi
broma (115-118). It can be quite difficult to distinguish a 
malignant lesion from a benign one. cr scans show areas 
of low-enhancing density in neurofibrosarc:omas (119), but 

there are no studies confirming the sensitivity and spec:ificity 
of this finding. Similar patterns can also be visualized using 
MRI. Routine surveillance for sarcomatous change is impos
sible because of the large number of neurofibromas. Lesions 
that increase in size or develop new characteristics should be 
investigated. There is a propensity for children with neurofi
broma to develop other malignancies, such as Wtlms tumors 
or rhabdomyosarcomas. 

Hypertension as a result of renal artety stenosis or pheo
chromocytoma is reported regularly, as is a curious type of 
metabolic bone disease similar to hypophosphatemic osteo
malacia (120, 121). Hypertension is a major risk factor for 
early death (113). Precocious puberty may occur because of 
an intracranial. lesion (103). Affi:cted children are short, but 
tend to have large heads. Approximately 50% have an intel
lecrual handicap. Although the mean IQ is low; the range of 
IQ is quite wide (104). More than the low IQ, it is the dif
ficulty in concentrating (which is common in this condition) 
that may interfere with the learning process (105). Although 
it was hoped that lovastatin might help with concentration 
problems, a recent randomit.ed trial suggests that this is not 
the case (106). 

Beckwith-Wiedemann Syndrome. Beckwith· 
W1edemann syndrome is a triad of organomegaly, omphato· 
cele, and a large tongue (107). The incidence is 1 in 14,000, 
and it is probably an autosomal dominant trait of variable 
expression. Patients are large, although. this feature is not 
always noticed at birth (108). The child is in the 97th percen
tile for size by 1 year of age. The tongue is gigantic at birth, 
and although. it tends to regress, hemiglossectomy is sometimes 
needed. Omphalocele is common, and 15% of the babies born 
with omphaloceles have Beckwith-Wiedemann syndrome. The 
abdominal viscera are enlarged, and a single--cell hypertrophy 



accounts for the large organs: in the adrenals, giant cortical 
cells; in the gonads, an increased number of intersticial cells; 
and in the pancreas, islet cell hyperplasia. This underlies the 
10% risk of developing benign or malignant tumors. Wilms 
twnor is the most common. 

Beckwith-Wiedemann syndrome is linked to chro
mosome 11p15, which is near the Wilins tumor gene 
(1lp13) and the insulin-like growth factor gene (11pl5.5) 
(109). There may be some paternal genomic imprinting 
(122, 123). The closeness of the Beckwith-Wiedemann 
gene locus and these embryonal tumor gene loci accounts 
for the dysregulation of the tumor-related genes and the 
associated overgrowth and higher incidence of twnors seen 
in this syndrome. 

Pancreatic islet cell hyperplasia causes hypoglycemia. It is 
crucial that the neonatologist diagnose this syndrome early so 
as to prevent the consequences of hypoglycemia. If it is not 
managed properly, seizures occur at day 2 or 3. Central ner
vous system damage from the hypoglycemia leads to a cerebral 
palsy-like picture. The cerebral palsy-like findings confuse 
the diagnosis of this syndrome and make the management of 
these patients more complex. The diagnosis can oc:casionally 
be made prenatally by ultrasound (124, 125). 

The clinical feature that makes the orthopaedist suspect 
the presence of this disorder is the unusual combination of 
two otherwise common problems: spastic cerebral palsy and 
hemihypertrophy (Fig. 8-14). The spasticity is thought to be 
a result of the neonatal hypoglycemic episodes, especially if 
accompanied by neonatal seizures, but spastic hemiplegia is 
most commonly seen. In general, children with cerebral palsy 
tend to be small; Bedc:with-Wiedemann syndrome should be 
suspected if a large child has spastic cerebral palsy. Asymmetric 
growth affects about 20o/o of the patients. It is usually true 

hemihypertrophy. but it can be significant if the spastic hemi
plegia affects the smaller side. 

Children with Beck:with-Wied.emann syndrome are pre
disposed to a variety of neoplasms, most notably Wilms twnor. 
Abdominal ultrasounds at regular intervals until the age of 6, 
to screen for Wilins tumor, are advocated. A series comparing a 
screened population (ulttasounds every 4 months) with a pop
ulation that was not screened showed that none of the children 
in the screened group presented with ~stage Wtlms twnor, 
whereas one-half of the children who devd.oped Wilms tumor 
in the nonscreened group presented with late-stage disease. 
This study suggests that screening every 4 months will identify 
early disease. However, a larger study is needed to determine 
whether screening improves patient survival (125, 126). Other 
tumors types, such as alveolar rhabdomyosarcoma, can present 
in a new born (100). 

Scoliosis is common and usually behaves like an idio
pathic spinal deformity; but there may be insignificant mor
phogenic variations, such as 13 ribs. It is managed in the 
same way as any idiopathic cutve. Other orthopaedic findings 
include cavus fi:et, dislocated radial heads, and occasional cases 
of polydactyly (127, 128). All of these can be managed the 
same as in spo.radic deformities. 
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FIGURE 8-14. Beckwith-Wiedemann syndrome in an 8·year-old 
patient. Hemihypertrophy on the right, a part of this syndrome, is com
bined with hemiatrophy on th& left, caused by acquired encephalopathy 
secondary to hypoglycemic seizul9s as a newborn, leading to a significant 
leg-length discrepancy of 4.6 em. Abdominal scars are a consequence of 
omphalocele repair. (From Goldberg MJ. The dysmorphic child: an ortho
pedic perspective. New York. NY: Raven Press. 1987, with permission.} 

Russell-Silver Syndrome. The patient with Russell
Silver syndrome is defined clinically as a short child with 
body asymmetry and a characteristic facial shape (129-131) 
(Fig. 8-15). The diagnostic characteristics include (i) a birth 
weight :s; 2 standard deviations below the mean, (ii) poor post
natal growth ~ 2 standard deviations from the mean at diag
nosis, (iii) preservation of occipitofrontal head ci.rcumference, 
(iv) classic facial featureS, and (v) asymmetric growth (132). 
Poor feeding is also a common occurrence. The cause of the 
disorder is unclear; although some cases are associated with 
uniparental disomy, there is a suggestion of autosomal domi
nant inheritance, and there is some evidence implicating an 
abnormal intrauterine envirorunent (130, 131). The associ
ated genitowinary malformations and the variation in the pat
tern of se:mal maturation chemically (increased gonadotropin 
secretion) or clinically (precocious semal development) sug
gest that hypothalamic or other endocrine disturbances may 
contribute to the pathogenesis. Affected children are small at 
birth and remain below the 3rd percentile throughout growth, 
with a marked delay in skeletal maturation. Body asymmetry 
with hemihypertrophy affects 80% of them. The asymmetry 
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RGURE 8-15. Russell-Silver syndrome. The triangular face is seem
ingly small fur the size of the sku II. 

averages approximately 2 em at maturity, but can be as much 
as 6 em. Regardless of the magniru.de of the discrepancy, it is 
clinically more apparent because the child is small. The face 
is characteristically triangular and seemingly too small for the 
cranial w.ult. There have been several reports of variations in 
sexual maturation pattern and malformations of the genito
urinary system. 

Radiologic analysis discloses a remarkable array of ortho
paedic findings, but it is not clear which fonn part of the 
syndrome and which are coincidental (133-137). Scoliosis 
is usually idiopathic. Hand and foot abnonnalities include 
clinodaayly; polydactyly; and hallux varus. Developmental hip 
dysplasia, awscular necrosis of the femoral head. and slipped 
capital femoral epiphysis (SCFE) may be present. Many radio
graphic changes, such as the minor hand abnormalities, sug
gest a disturbed morphogenesis. 

Treatment consists of managing leg-length equality. lbis 
can be difficult because individual growth cu.rves may vary, the 
skeletal age is very retarded, and puberty may be very abnor
mal. It is easy to miss the appropriate timing for epiphysio
desis. Growth hormone has been administered in an attempt 
to improve stature. Although the use of growth hormone will 
increase growth vdodty; it is not yet known whether the ulti
mate height is increased (138). 

Cytogenetic studies found anomalies on chromosomes 
1, 7, and 17, but most patients have anomalies involving 
chromosome 7. However, no single causative gene has yet 
been identified. It is not known whether screening for Wilms 
tumor, as is performed in other fonns of hemihypertrophy, is 
necessary. Despite early evidence that the insulinlike growth 
factor receptor, which plays a causative role in Wilms tumor, 
is involved in this syndrome, more comprehensive moleaJlar 
genetic investigations have not found any abnormalities in this 
gene. However, there is a case report ofWdms tumor devdop
ing in an affected patient (139),leading some to recommend 
screening for Wilins rumor in these patients as one would in 
any other hemihypertrophy. 

Proteus Syndrome. Proteus syndrome is an overgrowth 
condition in which there is a bizarre array of abnormalities that 
include hemihypertrophy; macrodactyly; and partial gigantism 
of the hands or feet, or both. The key to this diagnosis is wors
ening of existing symptoms and the appearance of new ones 
over time. There is a characteristic appearance to the plantar 
surface of the feer, often described as similar to the surface of 
the brain. Unlike in other overgrowth syndromes, an increased 
incidence of malignancy has not been reported in Proteus syn
drome (140-144). 

The cause of this syndrome is not known. Although there 
are case reports of f.unilial. oc:currenc:e, the vast majority of cases 
are sporadic (145-147). It is most likely due to a gene that is 
mutated in a mosaic manner (mutated in the affected tissues 
but not in the normal tissues), simi.lar to McCune-Albright 
syndrome (polyostotic fibrous dysplasia). Such a mutation can 
occur very early in development in a single cell, which will 
divide to ultimately fonn various structureS throughout the 
body. 

The Proteus syndrome is named after the ancient Greek 
demigod who could change appearance and asswne difkrent 
shapes. The progressive nature of the deformities seen in this 
syndrome can lead to grotesque overgrowth, fucial disfigure
ment, angular malformation, and severe scoliosis (148). Joseph 
Merrick. called the Ekphant Man, is now believl:d to have had 
this syndrome .rather than NF (149). 

The signs of Proteus syndrome overlap other hamartoma
tous overgrowth conditions, such as idiopathic hemihypertro
phy, Klippel-Trenaunay syndrome, Maffucci syndrome, and 
NF. However, unlike these other syndromes, the featUres here 
are more grotesque and involve multiple tissue types and sites. 
Proteus can be differentiated from NFI by the lack of cafe.. 
au~lait spots and Lisch nodules (150). A rating scale, which 
assigns points on the basis of clinical findings (macrodactyly, 
hemihypertrophy; thickening of the skin, lipomas, subcutane
ous tumors, ven:u.cae, epidermal nevus, and macroc:ephaly), 
may be used to assist in diagnosis (151). However, the finding 
of worsening ove.rgrowth. feawres over time is usually sufficient 
to make this diagnosis. 

Most children who present with macrodactyly do not 
have it as part of Proteus syndrome. In these sporadic cases, an 
isolated digit is involved or, when multiple digits are involved, 
these are located adjacent to each other. Mactod.actyly affi:cting 
nonadjacent toes or fingers or opposite extremities is almost 
always due to Proteus syndrome. There is a characteristic 
thickening and deep furrowing of the skin on the palms of the 
hands and soles of the feet. The array of cutaneous manifes
tations includes hemangiomas and pigmented nevi of various 
intensities, and subcutaneous lipomas (Fig. 8-16). Varicosities 
are present, although true arteriovenous malformations are 
rare. There are cranial hyperostoses and occasionally exostosis 
of the hands and feet. 

Macrodactyly seems to correspond to overgrowth along 
the terminal branches of a peripheral sensory nerve. Digital 
involvement in the hand favors the sensory distribution of the 
median nerve (1). The index is the most frequently affi:cted 



finger, followed by the long finger and the thwnb. It is the seo
ond toe that is most commonly macrodaaylous. The regional 
sensory nerve is gready increased in size, taking a torruous 
route through the fatty tissue. 

There is a wide range of orthopaedic deformities, includ
ing focal and regional gigantism, scoliosis, and kyphosis 
(152, 153). Rather large venebral bodies, known as mtga
spondylodysplatia, are present (154). Angular malformations of 
the lower extremities, especially genu valgum, ate common. 
Because the genu valgum is often associated with restricted 
range of motion, flexion contractures, and pain in the joina, 
it is postulated that an intra-articular growth disturbance 
contributes to the angular malformation. Hip abnormalities 
that show up in roemgenopphic tests, ac:etahular dysplasia for 
e:z:ample, are frequendy discovered in asymptomatic patients. 
Deformities in the hindfoot are frequent and are usually heel 
valgus, but congenital equinovarus and "Z-foot" deformities 
have also been described (150, 153, 155). 

Recurrences after various surgical intervention ate very 
common. This is probably due to an underlying growth advan
tage in affected tissues that cannot be corrected operatively. 
Thus, musculoskeletal deformities caused by Proteus syn
drome can be very difficult to manage. When the foot becomes 
difficult to fit into a shoe because of macrodactyly. it is best 
managed by ablation rather than debulking (156). Anisomelia 
is best managed with epiphysiodesis. Osteotomies can correct 
angular malformations, but the decision to undertake surgical 
correction must take into account the possibility of a rapid 
recurrence of the deformity after correaive surgery (152, 153). 
The use of growth modulation (e.g., 8-plate) to manage limb 
angular deformity is a rather promising approach (120), but 
publications on the results of this approach ate lac.k:ing. In 
some cases, a sudden overgrowth of the operative limb has been 
reported. There are anecdotal reports of soft-tissue procedures 
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RGURE 8-16. Proteus syndrome. Notice 
the cutaneous markings, large heman
gioma of the shoulder, and lightly pig
ment9d. area on the back. There is some 
atrophy of the shoulder and ann muscles 
and a fixed contracture of the elbow. 

to "'debulk" overgrown lesions; however, there are no series in 
the lite.rature reporting results of these procedures, and our 
experience with them is that the results are only temporary. In 
rare cases, nerve or spinal cord impingement can occur. Nerve 
compression can be managed using decompression, but spinal 
cord compression is difficult, if not impossible, to successfully 
treat operatively (157, 158). Scoliosis can occur and seems to 
be caused by overgrowth of one side of the spine (159). Since 
mixed results are obtained from surgical treatment in this dis
order, operative treatment should be reserved for individuals 
who have exhausted nonsurgical management. Sometimes, the 
operative procedures can be used as a temporizing measure, 
and patients may need to have repeat procedures performed 
throughout life. 

Functional abillty depends on the severity of the limb 
deformity and the presence of intracranial abnormalities 
(143, 160). The life expectancy is unknown, but many adult 
patients have been reported. Inwharions can be difficult 
because of overgrowth of structures surrounding the trachea. 

DEVELOPMENTALLY IMPORTANT 
SIGNALING PATHWAYS 
During embryonic development, celi signaling systems ate 

aaivated in a coo.tdinated manner to cause cells to prolifer~ 
ate. move. and undergo programmed cell death. so as to 
allow the organism to pattern normally and develop into 
an adult. Normal paneming is altered by mutations in the 
genes that encode proteins that play roles in these pathways. 
Environmental events such as exposure to a teratogen can also 
dysregulate these same pathways, resulting in a phenotype 
similar to that of a gene mutation. Such evena occurring in a 
pathway that is important for skeletal development can result 
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in a musculoskeletal malformation. These disorders can be 
identified at binh, because the problem is present at the start 
of development. Despite this, sometimes, the abnormalities do 
not become obvious to parents or physicians until the child is 
older. Because these are generally patterning problems, surgery 
to correct malalignment is usually quite successful. There are 
frequently manifestations in other organ systems, because the 
same developmental signaling pathways play important roles 
in the development of multiple organs. These disorders are not 
associated with an increased rate of neoplasia. Symptoms from 
the malformations often increase with age because the abnor
mally shaped structures cannot sustain the stresses of normal 
activity. This results in the early development of degenerative 
problems. These disorders are usually inherited in an auto
somal dominant manner, although the inheritance pattern is 
more variable than in disorders caused by genes encoding for 
structural proteins or for proteins implicated in neoplasia. 

Nail-Patella Syndrome. Children with nail-patella syn
drome have a quartet of findings that include nail dysplasia, 
patellar hypoplasia, elbow dysplasia, and iliac horns (161). The 
most prominent feature is dystrophic nails (Fig. 8-17A). The 
nail may be completely absent, hypoplastic, or have grooves and 
distortions in its surface (162). The thumb is more involved 
than the small finger, and the ulnar border more involved than 
the radial. The hands are often very symmetric, and fingernails 
are more involved than toenails. 

The second cardinal feature is hypoplastic patellae (163). 
They are quite small, or may be entirely absent (Fig. 8-17B). 
Where present, they are unstable, and may be found in a posi
tion of fixed dislocation. The patellar abnormality highlights 
the total knee dysplasia, with an abnormal femoral condyle 
and a peculiar septum running from the patella to the inter
condylar groove (septum interanicularis), dividing the knee 
into two compartments. Abnormalities in varus and valgus 
alignment occur, with valgus more common because of the 
small, flat lateral femoral condyle (163). 

A third feature is a dislocated radial head (163, 164) (Fig. 
8-17C). The elbow joint is dysplastic, with abnormalities in 
the lateral humeral condyle, in many ways mimicking the dys
plasia of the knee. The trochlea is large and the capitellum is 
hypoplastic, creating an asymmetric shape that may predispose 
the radial head to dislocation. 

The fourth and pathognomonic feature is iliac horns: 
bony exostoses on the posterior surface of the ilium (165) (Fig. 
8-170). They usually cannot be found on physical examina
tion, are asymptomatic, and require no treatment. 

Nail-patella syndrome is caused by a mutation in the 
LMXI B gene. This gene is a homeodomain protein, which 
plays a role regulating transcription in limb patterning during 
fetal development. Mutation in the gene will disrupt normal 
limb patterning and alter kidney formation, resulting in defor
mities in the extremities and an associated nephropathy (166). 

Children with the syndrome have short stature, the height 
being between the 3rd and 1Oth percentiles. There may be a 
shoulder girdle dysplasia, and a variety of abnormalities of the 

glenoid and the humeral head are possible. These, however, 
merely represent curious radiographic features and not any sig
nificant functional disability (167). There is a foot deformity 
that is sometimes the chief presenting complaint of children 
with nail-patella syndrome (163, 168). The foot deformities 
include variations of stiff calcaneal valgus, metatarsus adduc
tus, and clubfeet. 

There is a restricted range of motion, and contractures 
affect several large joints; these include knee-flexion deformi
ties and external rotation contracture of the hip. When these 
contractures are severe and accompanied by stiff clubfeet, 
the condition may be misdiagnosed as anhrogryposis mul
tiplex congenita. Madelung deformity, spondylolysis, and 
in some adults, inflammatory arthropathy may be present 
(161, 169, 170). 

Knee disability is variable and related to the magnitude 
of quadriceps dysfunction and the dislocated patella. At long
term follow-up, knee pain is the main musculoskeletal com
plaint in patients with nail-patella syndrome (171). Small 
femoral condyles make it difficult to achieve patellar stability. 
As a rule, limited soft-tissue or capsular releases are ineffec
tive, but combined proximal and distal patella realignments 
have an overall favorable outcome (163, 172). A contracted 
and fibrotic quadriceps may result in a knee extension contrac
ture, and in such cases quadricepsplasty is indicated along with 
the patella realignment. More commonly, an associated knee
flexion deformity may require hamstring release and posterior 
capsulotomy, although results have been inconsistent (163). 
Residual deformity, which is usually related to flexion or rota
tion, is managed by femoral osteotomy toward the end of the 
first decade of life. Osteochondritis dissecans of the femoral 
condyle is relatively common (Fig. 8-17B). An intra-articular 
septum makes arthroscopic management difficult, but the sep
tum can be removed arthroscopically. 

The radial head dislocation is asymptomatic in young 
children, but may become symptomatic with time. In symp
tomatic individuals, excision of the radial head will improve 
symptoms arising from the prominent lateral bump, but the 
range of motion is rarely improved. Although traditional 
teaching advocates performing radial head excision after skel
etal maturity, earlier excision in symptomatic children does 
not seem to be associated with significant problems (163). 
Dislocated hips (173) and clubfeet can occur, and can be man
aged using techniques similar to those in idiopathic cases. 

The most important nononhopaedic condition is kidney 
failure. The nephropathy of nail-patella syndrome causes sig
nificant morbidity, affecting the patient's longevity. There is 
great variability in the age at onset and severity of the nephrop
athy (174). All patients should be referred for a nephrology 
evaluation when this diagnosis is made. Patients may go on 
to chronic renal failure, requiring long-term nephrology 
management. 

Goldenhar Syndrome. The association of anomalies in 
the eye, ear, and vertebrae are termed ocular-auricular-'Vertebral 
dysplasia or Goldmhar syndrome (175). There is variability in the 
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FIGURE 8-17. Nail-patella syndrome. The classic quartet of features consists of dystrophic nails (A). absent patellae (notice 
the region of osteochondritis dissecans on the lateral film) (B), posterior dislocation of the radial head (C). and iliac horns (D). 

D 
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severity of the anomalies and they are frequently associated with 
other malformations (176, 177). It has an estimated incidence 
of 1 in 5600 births (178), and roughly 2% of individuals with 
congenital spinal abnormalities will have another manifestations 
of oadar-auricular-vertebral dysplasia (138). 

The typical eye defect is an epibulbar dermoid on the con
junctiva (Fig. 8-18A). Preauricular fleshy skin tags ate found in 
front of the ear, and pits extend from the tragus to the comer 
of the mouth (Fig. 8-18B). In some patients, the ear may be 
hypoplastic or absent. The eye and ear anomalies are unilater:al 
in 85% of these children, and facial asynunetty is the result of 
a hypoplastic mandibular ramus, invariably on the same side as 
the ear anomalies (Fig. 8-18C). 

Venebral anomalies may occur anywhere along the spine, 
although the lower cervical and the upper thoracic locations 
predominate (Fig. 8-18C). Hemivenebrae ate the most com
mon defect, with an oe<:asional block fusion. Neural tube 
defect occurs more often than in the general population, and 

A 

FIGURE 8-18. Goldenhar syndrome. A:. Facial 
asymmetry and epibulbar dermoid of the right 
eye. B: Malformed ears with preauricular tags 
and sinuses. C: X-ray film demonstrates the 
congenital anomalies of the lower cervical and 
the upper thoracic spine. Hypoplasia of the 
ascending ramus of the mandible accounts for 
the facial asymmetry. The clavicle is absem on 
the same side as the deformation of the face. 
(From Goldberg MJ. The dysmorphic child: an 
orthopedic perspective. New York. NY: Raven 
Press. 1987. with permission.) 

it may involve any portion of the spine, or even the skull 
(an encephalocele). Half of the patients have clinically detect
able scoliosis (179). 

The congenital curve can cause cosmetic concerns, but 
these need to be considered in the context of the other abnor
malities, which may outweigh the cosmetic implications of 
the spinal deformity. In addition, Sprengel defOnnity and rib 
anomalies may be present in association with the congenital 
curves in the cervical-thoracic region, and these contribute 
to the cosmetic implications of the condition. The congeni
tal curves should be managed like congenital scoliosis of other 
etiologies, although man.agement based on cosmetic concerns 
needs to be made in the context of the other defonnities. Early 
surgery should be considered when there is progression of the 
congenital curve. Preoperative Cf scan and MRI are recom
mended to delinea.te the anatomy of the congenital curve and 
detennine whether there is any intraspinal pathology or occult 
posterior element defects. 

B 
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There is frequendy a compensatory curve below the 
congenital curve that can behave like idiopathic scoliosis. 
The compensatory curve can cause as much, if not more of 
a problem for the patient as the congenital curve. This curve 
is managed the same as idiopathic scoliosis. Brace treat
ment has no effect on the congenital curve, and although 
orthotic management has been used for the compensatory 
curve, its success rate seems lower than for idiopathic scolio
sis although high-quality comparative studies of its efficacy 
are lacking. 

Intubation for anesthesia may be difficult because of 
the small jaw, stiff neck, and upper airway dysmorphol
ogy (180). Other anomalies include congenital heart disease 
(e.g .• ventricular septal defect) (176), cleft lip, and cleft palate 
(181). Mental retardation, reported to affect between 10% and 
39% of patients, is more common in cases involving microph
thalm.ia or an enccphalocde (143, 182). 

Cornelia de Lange Syndrome. Cornelia de Lange 
syndrome is associated with a characteristic fuce, and growth 
retardation, which makes the clinical diagnosis of Cornelia 
de Lange syndrome reasonably reliable (183). The f.u::e has 
immediately recognizable downrumed comers of the mouth, 
eyebrows meeting in the midline (synophrys), elongated phil
trum, and long eyelashes (184, 185) (Fig. 8-19). 

Mutations in a number of genes, which all regulate the 
same signaling pathway, are identified in Cornelia de Lange 
syndrome. About half of affected individuals have a mutation 
in the NIPBL gene, which encodes a protein that is a com
ponent of a multiprotein complex, called the cohenn compla. 
The mutation alters the activity of a developmentally impor
tant signaling pathway called Notch (186, 187). Notch plays 
a major role in central nervous system development, hence 
the associated mental retardation. An X-linked form of the 
disorder can be caused by mutation in the SMC1Ll gene, 
which also encodes a component of the cohesin complex. 

A 
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A mild variant of Cornelia de Lange syndrome is related 
to mutation in the SMC3 gene, which encodes yet another 
component of the cohesin complex. Duplication or deletion 
of the chromosome band 3q25-29 produces a phenotype 
similar to Cornelia de Lange syndrome (188, 189). In these 
instances, the mother is always the transmitting parent, 
suggesting genomic imprinting. The syndrome is relatively 
common, occurring in 1 in 10,000 live births, and it is pos
sible to make a prenatal diagnosis by ultrasound (135, 136, 
190, 191). 

Most have mild orthopaedic deformities of the upper 
ca:remities (191-197) (Fig. 8-20). They form a curious con
stdlation of a small hand, a proxiD121J:y placed thumb, clinod
actyly of the small finger, and decreased elbow motion, usually 
caused by a dislocated radial head. This combination rarely 
causes any disability. Some patients, however, have severe 
defonnities of the upper extremity in the form of an absent 
ulna and a monodigital hand, a condition that can be unilat
eral or bilateral (Fig. 8-20). 

The lower extremities are less often affected. light heel 
cords and other cerebral palsy-like contractu.res can be seen. 
These can be managed similarly to cerebral palsy, but there 
seems to be a higher rate of recurrence (198). Syndactyly of 
the toes is fairly constant. Aplasia of the tibia has been reported 
r.ll'ely. There is possibly a higher incidence ofLegg-Perthes dis
ease, approaching about 10%. Scoliosis can ocau and should 
be managed similarly to scoliosis in cerebral palsy. Most of 
the skdetal deformities in Cornelia de Lange syndrome are 
asymptomatic and probably do not benefit from surgical 
intervention (198). 

The small size begins with intrauterine growth retardation. 
Children remain small, with a dda:y=l skdetal age. The mortility 
tate in the first year oftffi: is high because of defi:aive swallow
ing mechanisms (199), gam-oesophageal reflux (200), aspira
tion, and respiratozy infections. If the children survive their first 
year, they usually do wdl., but the long-term outcome is unclear. 

B 

FIGURE 8-19. Cornelia de Lange syndrome. Notice the classic facial features of heavy eyebrows meeting in the midline, 
upturned nose, downturned comers of the mouth, and long eyelashes in a 13-year-old boy (A) and a 7-year-old girl (B).(From 
Goldberg MJ. The dysmorphic child: an orthopedic persp8Ctive. New York, NY: Raven Press, 1987, with permission.) 
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FIGURE 8-20. Cornelia de Lange syndrome: a child with a severely affected upper extremity on her right side (i.e., absent 
u Ina and fingers) and a mildly affected arm on her left {i.e., short thumb and dysplasia of proximal radius}. (From Goldberg MJ. 
The dysmorphic child: an orthopedic perspective. New York. NY: Raven Press. 1987. with permission.} 

Almost all of them ~ but their milestones are delayed. There 
is retarded mentation, but the added fe.twres of no speech and 
no intm.ctions cause major disability (201). Self~muti.lating 
behavior can be an obstacle to orthopaedic can: (202, 203). 

Orthopaedic interventions need to be considered in the 
cm:rall functional context of the individual. Bta.c:es, physical 
therapy, and surgery for tight heel cords, using similar indica· 
tions as in cerebral palsy are justifiable. Upper ememity sur· 
gery is not indicated unless improved performance capacity is 
ensured. Patients with Comella de Lange syndrome rarely if 
ever use upper e:nremity prostheses. Lower enremity prosthe
ses, however, should be prescribed for the rare case with tibial 
deficiency. Because the gastroesophageal reflux and swallowing 
disorders may persist well past the first year, there is a higher 
risk of anesthesia complications (204). 

FETAL ENVIRONMENT 
Syndromes caused by problems in the &tal environment can 
share similarities with conditions caused by genes that encode 
proteins that are important in normal development. Many 
teratogenic agents modulate the same pathways that are dys
regulated by the mutations that cause such syndromes. A good 
example of this is holoprosencephaly, a midbrain patterning 
disorder. This can be caused by mutations in a gene called 
sonic hedgehog, and can also be caused by teratogenic agents 
that block the hedgehog signaling pathway, such as derivatives 
found in the plant Veraculum californium (205, 206). 

Fatal Alcohol Syndrome. Fetal alcohol syndrome is a 
pattern of malformacio.ns found in children of alcoholic moth
ers. There is a great deal of variability in the findings associ
ated with fetal alcohol exposure and the full-blown syndrome 
is usually seen only in children of chronic alcoholics who drink 
throughout pn:gnancy. Multiple tenns are used to describe the 
effects that result from prenatal c::x:posure to alcohol, indud~ 
ing fi:tal alcohol effects, alcohol~relan=d birth defects, alcohol~ 
related neurodc:vdopment disorder, and, most recendy; fetal 
alcohol specaum. diso.tder (207). Although the risk to alcoholic 

mothers is known, there is substantial difference of opinion 
about the effects of moderate alcohol use duting pregnancy 
(208-210). This is in part because &tal exposure to alcohol 
may be relativdy common. Indeed, it is estimated that about 
12% of U.S. women who are sc:r:ual.l.y active, do not use con· 
traception effectively; and drink alcohol frequendy or binge 
drink. thereby putting them at risk for an alcohol-exposed 
pregnancy. As such, alcohol is the most likely teratogen for a 
mother to encounter (211). Because no safe threshold of alco
hol use during pregnancy has been established, the Centers for 
Disease Control recommend that women who are pregnant, 
planning a pregnancy, or at risk for pregnancy should not 
drink alcohol. The overall incidence of full~ blown fetal alcohol 
syndrome is reported to be between 0.5 and 2.0 per 1000 live 
births (212, 213), making this condition as common as Down 
syndrome. For an alcoholic mother, there is a 30% risk for fetal 
alcohol syndrome in her child. 

A cardinal clinical fi:ature is disturbed growth; the chil
dren have intrauterine growth retardation, small weight, and 
small length at birth, and these limitations remain despite 
good nutrition during childhood (214, 215) (Fig. 8-21). 
Their smallness and a loss of fat suggest a search for endo
crine dysfunction; the patients often look similar to those who 
are deficient in growth hormone. The second cardinal feature 
is disturbed centtal nervous system development. Children 
with fetal alcohol syndrome present with a diagnosis of cere
bral palsy clinics. The typical child has a small head, a small 
brain, and delayed motor milestones. Ac:complishing fine 
motor skills is also d.elayed.. Hypotonia is present early; but 
many develop spasticity later. The typical face has three char
acteristic fi:atures: short palpebral fissures (i.e., the eyes appear 
small), a Rat philtrum (i.e., no groove below the nose), and a 
thin upper lip (216, 217) (Fig. 8-21). Because of the variety 
of clinical features, a joint consensus conference sponsored by 
the Centers for Disease Control suggested that a diagnosis of 
&tal alcohol spectrum disorder requires all three of the char~ 
acteristic dysmorphic facial fi:arures (smooth philtrum, thin 
vermiUion border, and small palpebral fissures), prenatal or 
postnatal growth deficit in height or weight, and a centtal ner· 
vous system abnormality. 



FIGURE 8-21. The 3-year-old patiem is small and has the charac
teristic face of fetal alcohol syndrome. {From Goldberg MJ. The dys
morphic child: an orthopedic psrsp8Ctive. New York, NY: Raven Press. 
1987. with permission.) 

Approximately 50% of children with this syndrome have 
an onhopaedic abnormality. but most of these are not disabling 
(218-220). At birth, the range of motion is restricted, espe-
cially of the hands and feet, and occasionally these contractures 
are fixed. The oontractures typically respond well to physical 
therapy. although residual stiffuess in the proximal interpha· 
langeal joints may remain. Clubfoot is common, and approxi· 
matdy 10% of these patients have developmental dysplasia of 
the hip. The clubfoot is USU2lly not rigid (221). Cervical spine 
fusions, usually involving C2 and C3, may be seen on radio. 
graphs (220, 222-226). These may resemble the picture seen 
in Klippel-Feil syndrome, but there are usually none of the 
other findings associated with that syndrome. Synostoses are 
also common in the upper extremity, with fusions involving 
the radial-ulnar articulation and the carpal bones, all without 
any resultant disability (222, 225, 227). Stippled epiphyses 
may be seen in the lower extremities, but rarely in the upper 
c:nremities (228). 

The orthopaedic problems associated with fetal alcohol 
syndrome can be managed in the same way as in childre.n with· 
out this syndrome. The future for children with fi:tal alcohol 
syndrome is dim, despite placement away from the alcoholic 
home. Intellect remains retarded, with little catch up. Social 
services departments should be involved in these children's care. 
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VACTERLS and VATER Association. VATER. as 
the syndrome was ptmously known, has been expanded to 

VACTERIS (229). The letters of VACfERI.S in this syn· 
drome's name c:onstirute an acronym for the systems and 
defects involved: vertebral, anal, cardiac, tracheal, esophageal, 
renal, limb, and single umbilical artery. One does not need 
to find ea:arnples of all seven categories of anomalies in order 
to diagnose the syndrome. The syndrome can be diagnosed 
prenatally by visualizing several of the malformations on ultra-
sound. The most obvious physical finding at birth is the radial 
ray defect. Between 5% and 10% of radial clubhands are as so. 
ciated with VACTERLS. 

The cause is unknown, but it is a nonrandom association, 
whose simultaneous occurrence by chance is unlikdy (230). 
Disruption of a developmentally important signaling pathway 
called H~Jg~hog can give all of the clinical findings associated 
with VACfERLS, suggesting that an intrauterine event cfis. 
rupting this signaling pathway is the cause (189). The current 
thought is that these st:rUCtUreS are either all formed at the 
same time, or are all patterned by the same developmental sig
naling pathway. An event occurring during fi:tal development 
that disrupts either the common signaling pathway or any of 
a variety of susceptible pathways operating at the same time is 
probably responsible for the associated malformations. 

The vertebral defeas include disturbed spinal segmen· 
tation, with verteb.ral bars and blocks (231, 232). Thoracic 
anomalies are worse in those with tracheoesophageal fistula, 
and lumbar anomalies are more common in those who have 
an imperforate anus. Occult intraspinal pathology is common 
(232, 233), and a screening :MR. study of the spine is recom
mended, especially in patients who require operative m~ 
ment of their scoliosis. The curves can be ~ like other 
types of congenital scoliosis. 

Congenital heart defeas are present in one--half of these 
patients. A ventricular septal defect is the most common prob. 
lem. Duodenal atresia may be found in this syndrome. The 
VACTERIS patient often has a single kidney. Other collect
ing-system anomalies occur fi:equendy among this group. 

The limb anomalies range from a hypoplastic thumb 
to a radial clubhand. The defect may be unilateral or bilat
eral; bilateral defi:cts are always asymmetric (231). The legs 
are spared 80% of the time. When the lower extremities are 
involved, a duplicated hallux is the most common finding. 

The normal umbilical cord has two arteries and one vein. 
The absence of an artery, detectable only at the time of delivery 
or in the immediate newbom period, refleas the broad range 
of morphologic defects dating back. to placental formation. 

Developmental delay may be observed, and is thought to 

be the consequence of skeletal anomalies of the arms, scoliosis, 
and surgery for gasaointestinal or genitourinary malforma
tions. Neve.r:theless, several central nervous system malforma
tions (e.g., encephalocele hydrocephalus) may be associated 
with VACTERLS, and must be excluded (233, 234). If the 
patient survives the gastrointestinal anomalies and correa:ion 
of the cardiac defects, the prognosis for a normal life is excel
lent. Each orthopaedic abnormality can be treated as an isolated 
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problem. The sections in this chapter that deal with congeni
tal scoliosis and radial clubhand contain detailed information. 
The key point is to recognize this association and to identify 
other abnormalities that might interfere with treatment. 

GENES IMPORTANT FOR NERVE 
OR MUSCLE FUNCTION 
There are a large number of neurologic disorders that can be 
caused by genes that encode for proteins that are imponant for 
nerve or muscle function. The course of these disorders is vari
able; however, several show progressive weakening effects over 
time. Various inheritance patterns are possible, but frequendy 
these disorders are linked to the X chromosome. Duchenne 
muscular dystrophy and Rett syndrome are two such disor
ders that are inherited in an X-linked recessive manner and 
X-linked dominant manner, respectively. 

Familial Dysautonomia. Familial dysautonomia, also 
called Riley-Day syndrome, is an autosomal recessive disor
der occurring primarily in Jews who trace their ancestry to 
Eastern Europe. Among such individuals, the incidence is 
estimated to be about I in 3700. The clinical manifestations 
are caused by defective functioning of the autonomic ner
vous system and sensory system. The autonomic dysfunction 
causes labile blood pressure, dysphagia, abnormal tempera
ture control, and abnormal gastrointestinal motility. Infants 
have difficulty swallowing, with misdirected fluids going 
to the lungs, resulting in pneumonia. There is a poor suck 
response and a curious absence of tears. During childhood, 
the autonomic dysfunction becomes more apparent, with 
wide swings in blood pressure and body temperature. There 
are cyclic vomiting episodes; these crises often last hours or 
days. Swallowing remains poor. The skin is blotchy. There is 
relative insensitivity to pain and poor hot-cold distinction. 
Intelligence is normal, but the children exhibit emotional 
liability; and may have unusual personality development, 
especially in the teenage years. The diagnosis is made on clini
cal findings and on the basis of the presence of five signs: (i) 
lack of axon flare after intradermal injection of histamine, (ii) 
absence of fungiform papillae on the tongue, (iii) miosis of 
the pupil after conjunctival installation of methacholine chlo
ride, (iv) absence of deep tendon reflexes, and (v) diminished 
tear flow (235-237). 

This disorder is caused by a mutation in the inhibitor of 
kappa light polypeptide gene enhancer in B cdls. The protein 
product of this gene plays a role in the phosphorylation of 
other signaling proteins, but the mutant form is expressed only 
in select tissue types, primarily affecting cdls in the autonomic 
nervous system (238, 239). Since the mutation is expressed 
only in cenain tissue types, one approach to treatment would 
be to change the tissue-specific expression of the mutant form 
by using drugs that regulate the expression of only the mutant 
variant. Such a potential treatment has been proposed using 
tocotrienols, which are members of the vitamin E family 

(240, 241). Pathologic anatomy reveals a paucity of neurons in 
cervical sympathetic ganglia, dorsal sensory roots, and abdom
inal parasympathetic nerves (242). A number of small axons 
are depleted from the sensory nerves and the dorsal columns. 
Because of a primary failure to develop axons, the symptoms 
are present at binh, and there is a loss of nerve cells and pro
gression of symptoms as the patient grows older. 

Musculoskeletal manifestations include scoliosis, fracture 
susceptibility, avascular necrosis, and a Charcot joint-like pro
cess. Scoliosis affects a majority of patients, and approximately 
one-fourth will need operative intervention (243-249). It 
has an early onset, and progression is often rapid. Kyphosis, 
accentuated by tight anterior pectoralis muscles, appears in 
approximately one-half of the patients. Bracing does not work 
well, because of the underlying gastrointestinal and emotional 
problems. Anesthesia can be challenging in individuals with 
such autonomic liability, but with proper techniques, operative 
intervention is successful. Surgery seems to give better results 
if performed early in the course of the disease (229, 250, 251). 

Fractures occur frequendy, and often go unrecognized 
because of the patient's insensitivity to pain (252). The physi
cian should be suspicious of occult fractures in patients who 
have had trauma and swelling but experience minimal tender
ness. Fractures usually heal quite well, but early diagnosis and 
avoiding displacement is the goal. 

Radiographic evidence of avascular necrosis is common, 
but the pathobiology is entirely unknown (252-254). There 
are Legg-Perthes changes in the hips. Osteochondritis disse
cans of the knees is often extensive, involving both femoral 
condyles (Fig. 8-22). It may be difficult to determine whether 
the ossification changes in the knee are because of osteochon
dritis dissecans or the early stage of Charcot joint (255, 256). 
Hip dysplasia may be seen in patients with this syndrome. 

The natural histoty of familial dysautonomia is character
ized by a relatively high monality rate in infancy, attributed 
to aspiration pneumonia (237). Sudden death in childhood 
and adolescence occurs because the child is unable to respond 
appropriately to stress or hypoxia. Early recognition of this 
syndrome and appropriate care lead to a life expectancy of 
many decades. Management of the gastrointestinal prob
lems and the use of gastrostomy and fundoplications have 
been extremely successful in such patients. There have been 
successful pregnancies brought to term in mothers with the 
syndrome (257, 258). 

Rett Syndrome. Rett syndrome is an X-linked dominant 
disorder that is present almost exclusively in girls and is char
acterized by normal development for the first 6 to 18 months, 
followed by rapid deterioration of higher brain functions. This 
is accompanied by dementia, autism, loss of purposeful use of 
the hands, and ataxia. After the initial rapid decline, the dete
rioration slows dramatically, so that affected individuals may 
have a relatively stable picture for several decades (244). There 
is variability in the severity of the decline, so that some girls 
are still walking as teenagers, whereas others stop ambulating 
in early childhood (245). A hand radiograph may help with 



FIGURE 8-22. Familial dysautonomia. Irregular ossifications of the 
distal femoral epiphysis mimic osteochondritis dissecans. 

the diagnosis, because 60% will have either a negative ulnar 
variance or a short fourth metacarpal (246, 247). 

Children with this syndrome were initially thought to 
have cerebral palsy with a movement disorder. Andreas Rrn, 
a pediatrician practicing in Austria. noted that these girls all 
had normal dcvdopment in the first month of lire, and was 
thus able to separate them from those with cerebral palsy. It 
occurs with an incidence of 1 in 40,000. In some patients, it 
is caused by a mutation in the MECP2 gene, which encodes 
X-li.n.ked methyi-CpG-binding protein 2. This protein plays an 
important role in regulating gene expression during develop
ment, especially in the centtal nervous system (259). X-linked 
dominant diseases are more severe in boys, and Rctt is prob
ably fatal in the vast majority of male patients, though few 
such cases have been reported (260). Genetic testing and pre
natal diagnosis (261) are possible, but as in other syndromes, a 
careful physical examination and history can be used to make 
the diagnosis in most cases (262). 

Children with Rett syndrome present to the orthopaedist 
with a clinical pictUre similar to that of a cerebral palsy patient 
with total body involvement. Scoliosis occws in over half 
the girls who are affected with this disorder (260, 263-266). 
Orthotic management probably does not alter the progression 
of the curve. There is a typical, usually long "cn pattern to the 
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curves. These can be stabilized surgically when they reach a 
magnitude that interferes with sitting or balance. Although 
case series suggest an improvement after surgery (262), as is 
seen in cerebral palsy; there are no comparative studies showing 
improved function after spinal sutgety. Spinal instrumentation 
and fusion should include the whole curve and any kyphotic 
segments. Although, theoretically, walking ability can worsen 
following c:nensive fusions, this has not been reported in the 
small number of cases in which spinal surgery was undertaken 
in ambulatory girls with Rctt syndrome (259, 262, 263). Coxa 
valga and lower extremity contracrures can occur, and these 
should be managed as in cerebral palsy, with emphasis placed 
on operative procedures that will improve fimction or decrease 
pain (264, 266, 267). 

The life span in Rett syndrome is not known, but there 
are some affected individuals with a normal life span. There 
are a variety of nonorthopaedic problems, including catdiac 
conduction abnormalities, epilepsy, and vasomoror instability 
of the lower limbs. Some of these put the patients at increased 
risk when undergoing anesthesia (268). Interestingly, there is a 
high incidence ofleft handedness (approximately 40%) in girls 
with Rctt syndrome (269). 

CHROMOSOMAL (MULTIPLE GENES) 
Chromosomal abnormalities involve large portions of DNA, 
and multiple genes are affected. There can be deletions, 
duplications, or translocations. Large abnormalities in chro
mosomes are almost always associated with some degree of 
mental deficiency. Because there is duplication of multiple 
genes, there are multiple abnormalities in multiple organ 
systems. Since multiple genes are abnormal in all cells, nor
mal cell fimctions (such as the ability to mount an immune 
response or normal wound healing) also may be abnormal. 
Except for rare instances, these disorders are not inherited, 
and occur as sporadic events. 

Down Syndrome. Down syndrome is the most common 
and perhaps the most readily recognizable malformation in 
humans (270) (Fig. 8-23). Patients have a characteristic fucial 
appearance including upward-slanting eyes, epicanthal folds, 
and a Battened profile. Examination of the hands reveals a sin
gle flaion crease, often referred to as a simi4n creme. There is 
also clinodactyly of the small finger. These hand malformations 
have no clinical significance (271). Milestones are delayed, 
with most children not walking until2 to 3 years of age. The 
classic gait pattern is broad based, toed out, and waddling. 

The bones in Down syndrome have subtle Dl21formations. 
The best-stUdied changes are in the pelvis, which is characterized 
by flat acetabula and flared iliat: wings (243). These pelvic 
c~ are so characteristic that prior to use of chromosome 
analysis, pelvic radiographs ~re used for confirming the diag~ 
nosis. Short stature is a canlinal feature; the average for men is 
155 em (61 in.), and the average for women is 145 em (57 in.) 
(244). The detection of bone changes can be useful in prenatal 
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FIGURE 8-23. Down syndrome. The child has the characteristic face. with upward-slanting eyes, epicanthal folds, open 
mouth of early childhood, and flattened profile. A: At 1 year of age. B: At 10 years of age. lA. Courtesy of Murray Feingold. 
MD, Boston, Massachusetts. B. From Goldberg MJ. The dysmorphic child: an orthopedic perspective. New York, NY: Raven 
Press, 1987, with permission.) 

diagnosis. A combination of bone length and lab tests on the 
mother (hwnan chorionic gonadotropin and alpha-fetnprotein 
levels) may predict the diagnosis, although the positive and 
negative predictive vilues are not as good as had been initially 
hoped (245). Cytogenetic swdy. which identifies complete tri
somy 21 in 95% of the cases, remains the best confinnative test. 

Complete trisomies act:OUDt for 95% of the cases, with 
2% mosaics and 3% transloc:ations. The overall occurrence is 
1 per 660 live births, and the incidence is closely tdan:d to 

maternal age. If the mother is younger than 30 years of age, 
the risk is 1 of 5000 live births, and if the mother is older than 
35 years of age, the incidence rises to 1 in 250. The critical 
region for Down syndrome resides in pan of the long arm 
of chromosome 21. Duplication of a 5-megahase region of 
chromosome 21 (located at 21q22.2-22.3) causes the clas
sic phenotypic features, such as the characteristic facies, hand 
anom.alies, congenital heart disease, and some aspects of mental 
retardation (246). This region probably contains a number of 
genes whose duplication is necessary to produce the syndrome. 

The general features of Down syndrome aJ:e well known. 
There is a characteristic flattened f.u::e. Mental retardation 
is typical, but performance is far better than c:r:pected from 
standard IQ testing. Congenital heart disease occw:s in about 
50% of patients and is usually a septal defect (e.g., arterio
venous commWlis, ventricular septal defect). Duodenal atre
sia is found regularly. Leukemia occurs in about 1% of this 
population (1, 5). There is a high incidence of endocrinopa
thies, hypothyroidism in particular. Infections are common, 
and while the precise molecular mechanism is not apparent, 
it may be due to the same white blood cell abnormality that 
predisposes to leukemia. The propensity to develop infections 
may n:sult in a higher than anticipated rate of surgical woWld 

infections (225). Although problems with £rnaw:e repair haw 
not been reported, there is a substantially worse than apected 
rate of successful arthrodesis in procedures to obtain a surgical 
fusion, suggesting a defect in osteoblast function (226). The 
appearance of premature aging is obvious, and there is often 
an early onset of Alzheimer disease (247). 

Approximately 10% ofindividuals with Down syndrome 
show an increased atlantodens interval on lateral spine films 
(248, 249. 272-274) (Fig. 8·24A). In most, the increased 
interval is not associated with symptoms (249, 275). In 
addition, there is a broad array of other abnormalities in 
the upper cervical spine, including instability at occiput and 
Cl (274, 276-278). odontoid dysplasia (249. 279-281) 
(Fig. 8-24C), }aminal defects at C1 (282) (Fig. 8-248), 
spondylolisthesis (Fig. 8-24D), cervical stenosis (235). and 
precocious arthritis in the midcervical region (283, 284) 
(Fig. 8-24E). In addition, there is an anomalous course to 
the vertebral artery at the craniovertebral jWlction, which 
can complicate surgical management (238). The cervical 
spine abnor:malities may complicate anesthesia (239). 

These other abnormalities often complicate dec;ision 
making about spinal instability. Although routine screening 
radiographs often disclose these cervical spine abnormali
ties, radiographs are not reliable in predicting myelopathy 
(285-291). Therefore, their efficacy in the management of the 
cervical spine in patients with Down syndrome is uncertain. 
The management of cervical instability in Down syndrome is 
discussed elsewhere in this text. 

Approximately 50% of patients with Down syndrome 
have scoliosis, with an idiopathic pattern in most (292). 
Scoliosis is five times more likely to be dete<;ted in a severely 
retarded, institutionalized population than in an ambulatory 
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FIGURE 8-24. Cervical spine abnormalities in a patient with Down syndrome. A: Atlantodens instability at 8 years of age. 
B: Hypoplastic posterior elements of C1 at 3 years of age. C: Os odomoideum and increased atlamodens interval at 14 years 
of age. 

B 
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FIGURE 8-24. (continued) D: Midcervical spondylolysis at 16 years of age. E: Precocious osteoanhritis of the midcervical 
spine at 40 years of age. (From Goldberg MJ. The dysmorphic child: an orthopedic perspective. New York, NY: Raven Press, 
1987. with pe1111ission.} 

setting. This finding raises the possibility that factors such 
as severity of the phenotype, or other neuromuscular factors 
contribute to scoliosis. Management is the same as in idio
pathic scoliosis. Similar to the case of the cervical spine, there 
is a higher rate of complications fiom scoliosis surgery than 
in the gene.tal population (293). Spondylolisthesis occurs in 
about 6%, with the lower lumbar spine being most commonly 
involved. Spondylolisthesis can also ocx;ur in the cervical spine. 

Congenital dislocated. hips are rare, but progressive dys
plasia may begin during later childhood. This loss of acetabular 
containment may lead to an acute or a gradual complete dis
location (Fig. 8-25A,B). The onset of acetabular dysplasia can 
be progressive even after maturity; leading to dislocations in 
adulthood (294-296) (Fig. 8-25C,D). Although hip instability 
and developmental dysplasia are thought to lead to functional 
disability (interfering with walking and reducing independent 
mobility), there are no studies showing this to be the case. The 
etiology of the hip instability is probably multif.u::torial. with 
ligamentous laxity, subtle cha.nges in the shape of the pelvis 
and acetabular aligrunent, and behavior (some children become 
habirual dislocators) all contributing. Treaanent of the wtstable 
hlp is diffirult. and the multiple causative factors also contribute 
to higher treatment failure rates. Both operative and nonopera
tive treatment are reported. Prolonged bracing after reduction 
for the hip that dislocates acutely has shown sua:ess in children 
younger than 6 yean (297). In cases in which there are repeated 

dislocations, su.rgial reconstruction is warranted. especially in 
children older than 6 years. Operative treatment requires cor
rection of all the defonni.ng factors. Reconstruction must take 
into account the abnonnal bone alignment. and should include 
femoral and acetabular osteotomies, as ~II as imbrication of 
the redundant capsule. Posterior acetabular deficiency has been 
reported, and was not imp.roved following a traditional Salter, 
style innominate osteotomy (298); the.tefore, thrc:e,dimensional 
imaging (such as a cr scan) should be considered before 
embarking on sw:gery. The reamence rate following hip surgery 
is high, suggesting that other factors related to the und.e.rly.ing 
disease, but not necessarily related to the hip anatomy itself, are 
contributory (299-301). 

Slipped capital femoral epiphyses are reported in all 
Down syndrome series, although the precise incidence is 
unknown (292, 302) (Fig. 8~26). There appears to be a 
hlgb.er,than,apected risk for avascular necrosis. The reasons 
are not dear, but factors include more acute slips and delayed 
diagnoses. It is tempting to speculate about an association 
with the hypothyroid state, which is common in Down syn
drome. All children with Down syndrome should have thy
roid function tests. 

The configuration of the knee is that of genu wlgum, 
with a subluxed and a dislocated. patella (Fig. 8-27). Many 
individuals will have asymptomatic patellar dislocations that 
do not require treatment (303). Symptomatic cases should be 
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RGURE 8-25. Down syndrome patient with late-onset developmental dysplasia of the hip and dislocation. A:. Pelvic radiograph 
taken in standing position, at 6.5 years of age. B: At 9.5 years of age, the patient suddenly refused to Mlk because of hip dislocation. 
C: Pelvic radiograph of a 31-year-old man with Dovvn syndrome. D: Three years later. dislocation of right hip occurred. lA and B. from 
Goldberg MJ. The dysmorfilic child: an orthopedic perspective. New York, NY: Raven Press. 1987; C and D. from Pueschel SM. Should 
children with Down syndrome be screened for atlantoaxial instability? Arch Pediatr Ado/sse Msd 1998;152:123, with permission.) 

initially managed with orthoses and a physiotherapy program. 
Individuals who continue to be symptomatic can be consid
ered for oper.ttive treatment. As in hip dysplasia, operative 
interventions that corn::ct all of the deformities (bone and soft 
tissue) have the best sua;ess. 

The cha.t:acte.ristic appearance of the feet in childhood is 
one of an asymptomatic flc::x:ible plan.ovalgus shape, with an 
increased space between the great and the second toes. Because 
it is important to maintain mobility in adults with Down syn
drome, symptomatic foot problems should be treated. The 
treatment involves footwear modification in many cases, but 
may require surgery in cases that are symptomatic despite 
appropriate fool'\War. Valgus feet with toe deformities are most 
likely to become symptomatic. In many, hallux valgus devel
ops in adolescence, and in adulthood the bunions become 

symptomatic. Orthotics will improve foot posicion, but may 
actually slow the w:illdng speed of children with Down syn
drome (304). For that reason, orthotics should be used only in 
symptomatic cases. Repair of a hallux valgus and bunion may 
be needed in late adolescence or young adulthood. Because of 
the hindfoot valgus, pronation, and c:nemal tibial torsion, the 
forces that produce bunions are obvious, and fusion of the first 
metatarsophalangeal joint should be considered, along with 
osteotomy; to corn::ct hindfoot wlgus. 

A polyartirular arthropathy ocrurs in approximately 10% 
of those with Down syndrome (305-307). Whether this is true 

juvenile rheumatoid arthritis or a unique inflammatory arthri
tis due to genetic or immune defects is unknown; the natu
r.il history is not documented. Delayed diagnosis is common. 
Nonsteroidal anti-inflammatory drugs have been the mainstay 
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RGURE 8-26. Effects of Down syndrome in a 12-year-old boy with 
4 months of knee pain. The grade I slipped capital femoral epiphysis 
progressed to a total slip while the patient was undergoing preop
erative evaluation and bed rest. (From Goldberg MJ. The dysmorphic 
child: an orthopedic perspsctive. New York. NY: Raven Press, 1987, 
with permission.) 

of treattnent. Foot symptoms are exceptionally frequent with 
the onset of polyarthropathy (Fig. ~28). Patients with Down 
syndrome have low bone mineral density, but it is in part a 
consequence of reduced body size, relative physical inactivity, 
and low vitamin D levels from a lack of sunlight exposure. & 
such, it is recommended that patients with Down syndrome 
engage in regular physical activity and have sufficient levels of 
vitamin D (256). 

Marked joint hypermobility is evident; the children 
are able to assume the most intriguing sitting postures. 
Ligamentous .LWty was traditionally thought to be the cause 
of joint hypennobility, and it was assumed that it predis
poses patients with Down syndrome to orthopaedic pathol
ogy. However, ligamentous laxity correlates poorly with joint 
hypetmobility. This suggests that other factors, such as subtle 
malfonnations in the shapes of bones and insertion sites of 
ligaments, play a role in hypermobilicy (308, 309). 

The nawral history of those with Down syndrome has 
changed in the last few decades. Longevity has increased 
because of the aggressive surgical approach to congenital heart 
disease, chemotherapy for leukemia, and antibiotics for infec
tion. Survival into the sixties is common. Approximately one of 
five persons with Down syndrome has musculoskeletal abnor
malities. Many of these, however, are merely radiographic 
abnormalities or curious physical findings. These patients often 
have ex:a:llent functional performance despite the abnonn.ali~ 
ties. There is a paucity of well..c:focumented, long-term ortho
paedic studies of patients with Down syndrome. Treatment 

RGURE 8-27. Effects of Down syndrome in a 32-year-old patient. 
The radiograph shows bilateral dislocated patellae and an oblique ori
entation of the joint line. The patient is fully ambulatory, but before 
standing must manually reduce the patellae to the midline. {From 
Goldberg MJ. The dysmorphic child: an orthopedic perspective. New 
York. NY: Raven Press, 1987, with permission.) 

programs should focus on functional performance rather than 
on radiogrnphic findings. 

Turner Syndrome. Turner syndrome is present only in 
girls, and consists of short stature, sexual infantilism, a webbed 
neck, and cubitus valgus. It is a relatively common chromo
some disorder affecting 1 in 2500 live births, but the rate of 
intrauterine lethality is 95%. The syndrome is caused by a 
single X chromosome. In two-thirds of cases, all cells are XO, 

RGURE 8-28. Polyanhritis of Down syndrome and valgus feet led 
to significam deformity in a 16-year-old patient. (From Goldberg MJ. 
The dysmorphic child: an orthopedic perspective. New York. NY: Raven 
Press, 1987, with permission.) 



and parental origin of the single X chromosome is the mother 
in 70% of the cases (31 0). XO mosaicism occurs in about one
third of patients, and in 1 o/o there is deletion of only a part of 
an X chromosome (310, 311). Cytogenetic studies will con
firm this diagnosis. 

The effect of the single X chromosome may be different, 
depending on whether it is derived from the father or from the 
mother, and this is probably the result of imprinting (285). 
Recent studies based on individuals with partial loss of the X 
chromosome suggest that a critical region at Xp 11.2-p22.1 is 
responsible for the disease (312). 

The identification of particular features at a particular age 
raises suspicion of the presence of this syndrome. At birth, the 
child has a webbed neck, widely spaced nipples, and edema 
of the hands and feet. The foot edema may persist for several 
months. During childhood, the low hairline, webbed neck, 
cubitus valgus, and shon stature become more apparent. The 
adolescent has shon stature and sexual infantilism. The most 
imponant features that call for chromosome analysis are edema 
of the hands and feet at birth, shon stature in childhood, and 
sexual infantilism as an adolescent. 

Growth retardation is a cardinal feature, with an ultimate 
height of approximately 140 em (56 in.) (286). Bone matura
tion is normal until 8 to 9 years of age; then, because sex hor
mone stimulation is absent, there is neither skeletal maturation 
nor pubertal growth spurt. There is no puberty at all, and the 
girls remain without secondary sexual characteristics unless 
exogenous estrogen is administered. 

The web neck looks like a feature of Klippel-Feil syn
drome, but the cervical spine radiographs are normal. It is a 
cutaneous web only, and the cause may be related to an intra
uterine cystic hygroma (313). It is cosmetically unsightly, and 
plastic surgery is effective (314). 

Scoliosis is common, present in over 1 0% of affected 
individuals (315), and the curve usually develops in juveniles. 
The delayed skeletal maturation allows a long period for curve 
progression. Growth hormone, which is almost always admin
istered to girls with this syndrome, accelerates curve progres
sion. Although the scoliosis can be managed in the same way as 
idiopathic scoliosis, patients must be observed more frequently 
during growth hormone administration. Kyphosis is present in 
a large proportion of individuals with this condition, but its 
functional significance is unclear (287). 

Cubitus valgus is present in 80%, but there is a nor
mal range of elbow motion and no disability (316). Genu 
valgum is also apparent, but the vast majority of cases are 
asymptomatic. Osteotomy is performed for the rare symp
tomatic case. There is a medial bony protuberance not 
unlike an osteochondroma, arising off the proximal tibia in 
some paden ts (317). 

Osteoporosis is a significant problem because of the low 
estrogen and an altered renal vitamin D metabolism, which 
may correctable with the administration of adequate calcium, 
vitamin D, growth hormone, and sex steroid supplementation 
(270, 288,289, 318). Thesemeasuresworkbestto maintain bone 
density, rather than to increase it from pathologic levels, and as 
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such should be instituted early in the course (243, 271). While 
a high incidence of wrist fractures has been reported in child
hood (290), in women who are treated with treated with stan

dard estrogen therapy there is not a higher fracture rate (245). 
Intelligence is normal, but there is a high frequency of 

learning disabilities (291, 319). The life expectancy is nor
mal, overall medical status is excellent, and social acceptance 
is good (320). There are some heart and kidney abnormalities 
reponed at a somewhat higher incidence than for the normal 
population (321 ). Having only one X chromosome enables the 
patient to have X-linked recessive disorders, such as Duchenne 
muscular dystrophy. 

Children with Turner syndrome are treated with growth 
hormone through adolescence, which results in a modest 
increase in growth velocity and final height from an average of 
140 em (55 in.) to just under 149 em (58.5 in.) (322, 323). 
Limb lengthening is associated with a very high rate of com
plications, and is therefore not recommended (324). Cyclic sex 
hormones are administered during adolescence and through
out adulthood. Estrogen is necessary for the development of 
secondary sexual characteristics, and the estrogens, and pos
sibly the previously administered growth hormone, help pre
vent osteoporosis. Many with Turner syndrome marry, and 
obstetric techniques of hormone supplementation and ovum 
transplantation can result in pregnancy. 

Noonan Syndrome. Although Noonan syndrome is not 
caused by a chromosomal abnormality, its phenotype is remi
niscent of Turner syndrome, with short stature, webbed neck, 
cubitus valgus, and sexual immaturity (325, 326), which is 
why it is discussed here. Noonan syndrome is an autosomal 
dominant disorder, in which approximately half of all cases 
are caused by a mutation in the PTPNll gene, which encodes 
for a protein-tyrosine phosphatase (327-329). How tyrosine 
phosphatase causes the observed phenotype has yet to be elu
cidated. The incidence is between 1 in 1000 and 1 in 2500 
(330). Many clinical features are shared with the Turner phe
notype, but what distinguishes this syndrome are the normal 
gonads, a high incidence of mental retardation, and right-sided 
congenital heart defects, often with hypertrophic cardiomy
opathy (331, 332). Scoliosis is more common (40%) than in 
patients with Turner syndrome, and more severe (333, 334). 
Minor to major vertebral abnormalities may be seen on radio
graphs. Skeletal maturation is delayed despite normal puberty 
and menarche. There is shon stature, and the use of growth 
hormone may be associated with a modest increase in ultimate 
height (305); however, there are no well-controlled compara
tive series on the basis of which to evaluate the use of growth 
hormone in these children. Noonan syndrome is often misdiag
nosed, and most frequently confused with King-Denborough 
syndrome, a myopathic arthrogryposis syndrome characterized 
by short stature, web neck, spinal deformity, and contractures. 
Recognizing the difference is important, because a malignant 
hyperthermia-like picture is pan of the King-Denborough 
syndrome. The use of genetic testing for PTPNJJ mutations 
may aid in this differentiation. 
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Trichorhinophalangeal Syndrome. The name tricho· 
rhinophalangeal (TRP) syndrome causes confusion, because 
tcx:tbooks describe ttichorhinophalangeal syndrome, uichorhi
noph.alangeal syndrome with exostosis, and Langer-Giedion 
syndrome. It is best to think of two relatively distinct TRP syn
dromes: types I and II. Despite the clinical overlaps between 
the two, there are enough features to separate them into dis
tinct syndromes. 

Patients with TR.P-I have a pear-shaped, bulbous nose, 
prominent ears, sparse hair, and cone epiphyses. They have 
mild growth tetatdation. The thumbs are broad, and the fin
gers are often angled at the distal interphalangeal and proximal 
interphalangeal joints. The hips mimic a Perthes·like disease in 
radiographs and symptoms (306). There may be lax ligaments. 

The key feature distinguishing TRP-11 from TRP-I is the 
presence of multiple exostoses, especially involving the lower 
extremities. Those with TRP-II have facial features and cone 
epiphyses similar to patients with TRP-1. There is a higher 
chance of mental retardation in TRP-11. Langer-Giedion 
syndrome and TRP-11 are identical (307). Patients with 
TRP-II also have microcephaly, large and protruding ears, a 
bulbous nose, and spal'Se scalp hair. In infancy, their skin is 
redundant and loose, and this condition may be seven: enough 
to mimic EDS. Matked ligamentous laxity may further sup
port this ettor in diagnosis. There is a tendency toward frac
tures. Similar to TRP-1, the Perthes-like picture, as wd.l as the 
hand anoiD2lies, are present in TRP-II (335). 

Both TRP-I and TRP-II are due to mutation or loss of 
the TRSPI gene (307). However, TRP-11 is due to a larger 
loss of the chromosomal region, with loss of the adjacent gene, 
EXT-I, as well. The EXT-I gene is one of the genes responsible 
for hereditary exostoses, and this explains the exostoses associ
ated with TRP-II. The TRSPJ gene is responsible for the facial 
malformation and cone epiphyses present in both disorders. 
Individuals with loss of a large portion of a chromosome are 
more likely to havl: mental retardation. 'This explains the men
tal retatdation in some patients with TRP-11, which is char
acterized by a larger region of chromosomal deletion. TRP-11 
is one of the few disorders actually known to be due to two 

contiguous genes (5). 
Radiographically. the hand of a patient with TRP-1 

or TRP-II shows short fowth and fifth metacal'pals, cone 
epiphyses, a short and broad thwnb, and fingers with angled 
proximal and distal interphalangeal joints (336) (Fig. 8-29). 
The cone epiphyses, so characteristic of this syndrome, are not 
seen until after 3 or 4 yem of age. The pelvis shows the uni
later.d or bilater.d changes of Perthes in TRP-1 and TRP-II, 
but rather than resolution, the Perthes-like picture persists, 
evolving into a pattern more like multiple epiphyseal dyspla
sia with precocious arthritis (Fig. 8-30). Despite the wealth of 
radiographic abnormalities, the hands rarely have functional 
disturbances. Osteotomy of the thumb is occasionally needed. 
If symptomatic, we recommend managing the hips as in symp
tomatic Perthes, but there is insufficient information aw.ilahle 
about outcomes. Occasionally, an exostosis may be large or 
symptomatic enough to require excision. 

FIGURE 8-29. Trichorhinophalangeal syndrome. This 11-year-old 
patient has cone- or chevron-shaped epiphyses in the hand, and a 
broad dtumb and distal phalanx. 

Prader-Willi Syndrome. Prader-Willi syndrome 
is characterized by hypotonia, obesity. hypogonadism, 
short stature, small hands and feet, and mental deficiency 
(337-339). The incidence is 1 in 5000 births. As newborns, 
those with Prader-Willi syndrome are floppy babies, having 
hypotonia, poor feeding, and delayed milestones (340). The 
symptoms may mimic those of infants with spinal muscular 
atrophy. Approximately 10% of infants have developmental 
dysplasia of the hip. The syndrome may be remembered with 
an "H" mnemonic: hypotonia, hypogonadism, hyperphagia, 
hypomentation, and small hands, all probably based on a 
hypothalamic disorder. 

After 1 or 2 years of age, a different clinical picrure appem 
(341 ). A characteristic face of upward-slanting, almond-shaped 
eyes becomes apparent (Fig. 8-31). Obesity begins, and a 
Prader-Willi diagnosis is usually suspected because of the oruet 
of a voracious eating disorder. The patient has a preoccupa
tion with food and an insatiable appetite (342, 343). Obesity 
has a central disttibution, sparing the distal limbs. Complex 
bebavior.d modification programs are occasionally effective. 
Affected individuals have short stature, bdow the 1Oth percen
tile, with an ultimate height of 150 em (59 in.). There is no 
adolescent growth spurt. The genitalia are hypoplastic, and the 
patient has small hands and feet (344). Mental retal'dation is 
present, but it is extremely Val'iable (342, 345). 
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FIGURE 8-30. Trichorhinophalangeal syndrome. type I. The changes 
mimic legg-Perdtes disease. but by 12 years of age they did not 
resolve. On the right is a small but spherical epiphysis. On the left, the 
changes are similar to those seen in Perdtes disease and in multiple 
epiphyseal dysplasia. 

Prader· Willi syndrome is caused by a ddet.ion of a 
small part of chromosome 15 (15qll-13) of paternal ori· 
gin (346, 347). This is an example of genomic imprinting, 
because only missing DNA from the father causes the syn· 
drome (348). Genomic imprinting is a process by which 
genes of maternal origin have different effects from genes 

FIGURE 8-31. Prader-Willi syndrome in a 7-year-old patient. The 
features include truncal obesity and a round face with almond·shaped 
eyes. (From Goldberg MJ. The dysmotphic child: an orthopedic per
spective. New York, NY: Raven Press. 1987. with permission.) 
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of paternal origin. Angelman syndrome, or happy puppet 
syndrome, is phenotypically dissimilar to Prader·Willi 
syndrome. Angelman syndrome patients are small and men· 
tally retarded. and they have athetosis and seizures. However, 
they have the exact chromosome deletion that occurs in 
Prader·Willi syndrome (15qll-13), except that the ddeted 
DNA is of maternal origin (347). 

Several series show that growth hormone improves body 
composition, fat utilization, and physical strength and agil· 
ity and as well as growth (286, 349, 350). Despite this infor· 
mation, decisions about the use of growth hormone in this 
condition are confounded by reports of deaths of children 
with Prader· Willi syndrome who were given growth hor· 
mone. However, it is not known whether these deaths were 
actually related to growth hormone, or whether the chil
dren succumbed to other manifestations of the syndrome 
(351. 352). 

The most significant orthopaedic problem is jtM:nil~nset 
scoliosis, which affi::cts roughly half of patients (Fig. 8·32) 
(353). It is difficult to control with an orthosis because of the 
truncal fat (354-357). Children with kyphosis associated with 
scoliosis have a higher change of requiring surgery (353), Those 
who come to surgery have a higher anesthesia risk because of 
morbid obesity (358), and there is a higher complication rate 
to surgery itself (312). While growth hormone was thought to 
cause worsening of scoliosis progression, a recent randomized 
trial shows that this is not the case, and as such one should 
not use the presence of scoliosis as a rationale to avoid growth 
hormone treatment (286). While a number of other ortho
paedic conditions are .reported, genu valgum and pes planus 
are reported most commonly. These have limited or no effi:c:t 
on functional health and physical performance, and as such 
does not require intervention. While hip dysplasia is present 
at a higher rate than in the general population, SCFE is not, 
intriguingly suggesting that endocrinopathy and excess weight 
alone is not enough to cause a slip of the proximal femoral 
epiphysis (313). 

Rubinstein-Taybi Syndrome. The Rubinstein-Taybi 
syndrome is characterized by mental ret:ardation associated 
with chatacteristic digital changes, consisting mainly of broad 
thumbs and large toes (359). It is relatively common among 
mentally tetatded persons, with an incidence of 1 in 500 
(327). Most cases are sporadic, although there is the possibility 
of autosomal dominant inheritance (328). 

One of the most characteristic clinical. features is a Cytano 
de Bergerac-like nose with the nasal septum extending bdow 
the nostrils (Fig. 8-33). These fucia1 characteristics may change 
with time, making this a less reliable finding (329). Broad ter

minal phalanges of the thumb are present in 87% of patients, 
and the great toe is affected in all patients. One-half of the 
patients have radially angulated thumbs, and this causes dis
ability. Hallux varus is common, and the physician should 
consider Rubinstein-Taybi syndrome whenever co•nital hal
lux varus is encountered. Patients have ligamentous .l.u:iry and 
pronated feet, and an inc.n:ased incidence of fi:acrures (327). 
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FIGURE 8-32. Prader-Willi syndrome in a 6-year-old patient. A: Scoliosis is difficult to detect because of the truncal obe
sity. B: The roentgenogram of this patient discloses a ~egree thoracic curve. (B from Goldberg MJ. The dysmorphic child: 
an orthop8dic persp9Ctive. New York. NY: Raven Press. 1987. with permission.) 

RGURE 8-31 Rubinstein-Taybi syndrome. In a 10-year-old girl. the 
characteristic Cyrano de Bergerac-like nose has a septum that extends 
below the nostrils. 

The radiographs ate rather cb.aracteriscic. The thumb 
shows a wide dist31 phalanx. with soft-tissue hypertrophy and a 
triangular pro:rimal phalanx (i.e., delta phalanx) that accounts 
for the radial deviation (Fig. 8-34). The toe demonstrates 
duplicated or broad dist31 phalanx. but true polydactyly is not 
part of this syndrome (Fig. 8-34B). There is an assortment of 
other insignificant skeletal anomalies, many in the axial skel
eton (360). 

Patients with Rubinstein-Taybi syndrome have been 
shown to have breakpoints in, and mictodd.etions of, chro
mosome 16pl3.3. This region contains the gene for CREB
binding protein, a nuclear protein participating as a coaaivator 
in cyclic-AMP-regulated gene c:xpression. This protein plays an 
important role in the development of the central nervous sys
tem, head. and neck, and this explains the fucial malformation 
and ment31 retardation a.ww=iawf with this syndrome. The pro
pensity to develop tumors in these regions is probably caused by 
malregulation of cyclic-AMP-regulated gene expression (361). 

Birth weight and si7.e ate normal, but growth retardation is 
noticed at the end of the first year, and there is no true pubertal 
growth spurt (362). The patients ate mentally retarded, many 
with microcephaly. IQ can range from 35 to 80, with a delay 
in acquiring skills. However, these features vary. Associated 
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medical problems include visual disturbances, congenital heart 
disease, and gastrointestinal abnonnalities. Later in life, fre.
quent upper respiratory infections are related to abnormal c.ta· 

niofucial features, severe dental caries are common, and other 
infc:ccions lead to morbidity (363-365). Individuals with this 
syndrome are predisposed to certain types of central nervous 
system and head and neck. rumors (366). 

The thumb is treated if the radial deviation interferes with 
pinch, in which case osteotomy of the proximal phalanx should 
be performed. The deformity is progressive, and recurrence is 
common, as with any delta phalanx. The toe rarely requires 
treatment unless there is a significant congenital hallux varus. 
Patellar dislocation occurs in this syndrome. Although reports 
suggest that early surgical intervention might improve func
tion, there are no data comparing early surgical trc:atment with 
other managements to support this concept. If surgery is per· 
furmed, the addition of an e:nensive quadriceps mobilization 
seems to decrease the revision rate (367, 368). We reserve sur· 
gical intervention for the patella dislocation fur symptomatic 
cases, or fur cases in which the dislocation is dearly interfering 
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FIGURE 8-34. Rubinstein-Taybi syndrome in a 7-year-old 
patient. A: The thumbs are malfunned, with a trapezoid 
proximal phalanx. The epiphysis extends around the radial 
side. B: The feet are more symmetric. Notice the broadening 
of the distal phalanx of the great toe. (From Goldberg MJ. 
Th8 dysmorphic child: an orthopedic perspective. New York.. 
NY: Raven Press. 1987. with pennission.) 

with a patient's ability to function. There can be cervical spi· 
nal abnormalities, including upper cervical instability and 
stenosis (322). The mental retardation may mask underlying 
neurologic problems rdated to the cervical spine, or to other 
conditions, such as a tethered cord (323). 

Approximately one-third of patients have structural or 
conductive heart defects. Patients are sensitive to many aner 
thesia drugs. including neuromuscular blocking agents, which 
tend to induce arrhythmias and prolong awakening from aner 
thesia (369, 370). Keloid funnation is common (371). 

PROTEIN PROCESSING GENES (ENZYMES) 

Enzymes modify molecules or other proteins. They often 
modifY substances fur degradation, and cause cell dysfunc
tion when mutated because of the accumulation of these sub. 
stances. Mutations in genes that encode for enzymes can have 
a wide variety of effects on cells, resulting in a broad range 
of abnormalities in cell function and a wide range of clinical 
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findings. Many of these disorders result in the acess acru
mulation of proteins in cells. In these cases, the cells become 
huger than normal. This results in increased pressure in bones, 
causing avascular necrosis, and in increased ex::tradural mate
rial in the spine, potentially causing paralysis. Multiple systems 
are almost always involved in these disorders. Medical treat
ments to replace the defective enzyme have been developed 
fur many of these disorders, and such treatments will often 
attest, but not reverse, the skeletal manifestations of the dis
order. Early diagnosis and appropriate medical tteaanent are 
slowly decreasing the number of these individuals who present 
to orthopaedist& with musculoskeletal problems. Most enzyme 
disorders are inherited in an autosomal recessive manner. 

Mucopolysaccharidoses. This group of genetic dis
orders is characterized by excretion of mucopolysaccharide 
in the urine (372). There are at least 13 types (Table 8-4). 
The mild-to-severe mucopolysaccharidoses (MPS) have 
similar radiographs and different clinical features, but each 
produces a particular sugar in the urine because of a spec;ific 
enzyme defect (372, 373). Changes in the naming and num
bering of systems ovu the years have introduced consider
able confusion in understanding the MPS. The incidence is 
1 in 10,000. 

The patients have somewhat thickened and coarse facial 
features and shon stature, and many develop stiff joints 
(Fig. 8-35), especially in the hands. Stiffitess is postulated to 

be the result of the deposition of mucopolysaccharide in the 
capsule and periarticular structures, and is thought to reRect 
the loss of joint congruity. Radiographs reveal oval vertebral 

FIGURE 8-35. The classic appearance of a mucopolysaccharidosis 
in a 3-year-old patient includes facial features that are mildly coars
ened, an abdominal protuberance from an enlarged spleen and liver. a 
short trunk. and stiff interphalangeal joints of the fingers. 

TABLE 1-4 Mucopolysaccharidoses 

Stored 
Designation Name Enzyme Defect Substance Inheritance Pattern 

MPSI Hurler/Scheie a-L -iduronidase HS+DS Autosomal recessive 
MPSII Hunter lduronidase-2 -sulfatase HS+DS X-linked recessive 
MPSIIIA Sanfilippo A Heparin-sulfatase (sulfamidase) HS Autosomal recessive 
MPS IIIB Sanfilippo B a-Nacetylglucosamidase HS Autosomal recessive 
MPS IIIC Sanfilippo C Acetyi-CoA: a-glucosaminide- HS Autosomal recessive 

N-acetyltransferase 
MPS HID Sanfilippo D Glucosamine-6-sulfatase HS Autosomal recessive 
MPSIVA MorquioA N-acetyl galactosamine-6-su !fate KS,CS Autosomal recessive 

sulfatase 
MPSIVB Morquio B .J:H>iJalactosidase KS Autosomal recessive 
MPS IVC Morquio C Unknown KS Autosomal recessive 
MPSV Formerly Scheie disease. 

no longer used 
MPSVI Maroteaux-Lamy Arylsulfatase B, DS, CS Autosomal recessive 

N-acetylgalactosamine-4-
sulfatase 

MPSVII Sly P.DiJiucuronidase CS,HS.DS Autosomal recessive 
MPS VIII Glucosamine-6-sulfatase CS,HS Autosomal recessive 

MPS. mucopolysaccharimses; HS. heparen sulfate; DS. dermatan suHate; KS, ken~tin sulfate; CS. chondroitin sulfate. 



bodies that are often beaked anteriorly; a pelvis with wide, flat 
ilia; capacious acetabuli; unossified femoral head canilage; and 
coxa valga. The radiographic and clinical features are usually 
not apparent at birth, but become more apparent as the child 
gets older. Thus, it may be difficult to diagnose a mucopolysac
charidosis during the first year of life. 

All the MPS are autosomal recessive except for mucopoly
saccharidosis type II (Hunter syndrome), which is X-linked. 
The most common MPS are type I (Hurler syndrome) and 
type N (Morquio syndrome). 

The MPS can be diagnosed by urine screening, using 
a toluidine blue-spot test. If the initial results are positive, 
specific blood testing is done for the associated sugar abnor
mality. Although spot tests are quick and inexpensive, they 
have high false-positive and high false-negative rates. They 
are the initial tests that are often obtained before molecular 
genetic analyses. 

The pathobiologic mechanisms are similar for all the 
MPS. Each has a deficiency of a specific lysosomal enzyme that 
degrades the sulfated glycosamine glycans: heparan sulfate, 
dermatan sulfate, keratan sulfate, and chondroitin sulfate. The 
incomplete degradation product accumulates in the lysozymes 
themselves. The MPS are part of a larger group of disorders 
known as the lysosomal storage diseases. The incomplete prod
uct accumulates in the tissues such as the brain, the viscera, 
and the joints. This unremitting process leads to the clinical 
progression of the disease. The child is normal at birth, but 
a problem may be chemically detectable by 6 to 12 months 
of age, and clinical progression is apparent by 2 years of age. 
This accumulation is responsible for the development of avas
cular necrosis, presumably because of too much material in 
the intramedullary space, and also contributes to spinal cord 
compressive symptoms, because of accumulation of material 
in the spinal canal. 

Mucopolysaccharidosis Type I. MPS type I is the 
clinical prototype. It is characterized by a deficiency of 
L-iduronidase, the enzyme that degrades dermatan sulfate 
and heparan sulfate. The Hurler and Scheie forms represent 
the severe and mild ends of the clinical spectrum in MPS 
I. Children with the Hurler form have progressive mental 
retardation, severe, multiple skeletal deformities, and con
siderable organ and soft-tissue deformities, and die before 
the age of 1 0 years. The Scheie form is characterized by 
stiffness of the joints and corneal clouding, but no mental 
retardation; the diagnosis is usually made at approximately 
15 years of age, and the patient has a normal life expectancy. 
Many patients with MPS I fall in the middle of this clinical 
spectrum. The clinical variation is determined by the loca
tion and the type of mutation that occurs along the gene for 
L-iduronidase (374, 375). 

Marrow transplantation is used in the treatment of the 
more severe forms (Hurler syndrome). However, the results 
on the bones are variable (376), with most children still 
developing the typical skeletal phenotypic features despite 
undergoing successful bone marrow transplant (377, 378). 
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This may be due to the poor penetration of the enzyme 
derived from the transplanted leukocytes to the osseous cells 
or to other not completely understood functions of the pro
tein in osteoblasts and chondrocytes (305, 376). There is an 
initial improvement, or at least an arrest in progression of 
the nonosseous neurologic manifestations of the disease with 
marrow transplant. Some longer term studies cast doubt on 
the long-term effectiveness of marrow transplantation (379). 
Despite these disappointing longer term reports, marrow 
transplant may provide short-term improvement, especially 
in the nonosseous manifestations, and children treated with 
bone marrow transplantation have a good ambulatory abil
ity (307). It also may be that earlier marrow transplantation 
will result in better neural function. The musculoskeletal 
deformities that persist after marrow transplant still require 
treatment (335). 

Malalignment of the limbs can occur, and guided growth 
techniques, or osteotomies, may be necessary for genu valgum 
(380). Osteotomies may be associated with recurrence, and 
as such guided growth approaches are an attractive alterna
tive, however, comparative series are lacking in the literature. 
Approximately one-fourth of the patients have an abnormal
ity of the upper cervical spine. Odontoid hypoplasia and a 
soft-tissue mass in the canal can be managed like those in 
Morquio syndrome (described in the following text). The 
accumulation of degradation products in dosed anatomic 
spaces, such as the carpal tunnel, causes "triggering" of the 
fingers and the carpal tunnel syndrome. These can be man
aged operatively (381, 382). 

Mucopolysaccharidosis Type IV. Between 1929 and 
1959, there was a miscellany of skeletal diseases described as 
Morquio syndro'!M, including several types of spondyloepiphy
seal dysplasia. Morquio syndrome is an autosomal recessive 
disorder with an incidence of 3 per 1,000,000 of the popula
tion. Three types of Morquio syndrome are classified as sub
types of MPS IV. All are caused by enzyme defects involved in 
the degradation ofkeratan sulfate (372-374). 

Patients with severe classic MPS NA are shon-trunked 
dwarfs, although they appear normal at birth. They develop 
corneal opacities. The bone dysplasia is radiographically 
obvious, and the final height is <125 em (50 in.). Patients 
have abnormal dentition. The deficient enzyme is 
N-acetylgalactosamine-6-sulfate sulfatase, and the chromo
somal defect occurs at 16q24.3 (383). Patients with intermedi
ate MPS NB have the same but milder phenotypes as those 
with type NA. They are taller, with final heights >125 em (50 
in.), and they have normal dentition. Here, the enzyme defect 
is P..o-galactosidase. Patients with mild MPS NC have very 
mild clinical manifestations. 

The three forms ofMorquio MPS N can be distinguished 
by the severity of symptoms and the patient's age at detection. 
All these patients are normal at birth. For patients with the 
severe type NA, the diagnosis is made between 1 and 3 years 
of age; those with the mild type IVC are diagnosed as teens, 
and those with the intermediate form (type NB) are diagnosed 
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somewhere in the middle of this age range. The three forms 
may also be separated by the severity of the radiographic 
changes. 

Intelligence is normal in patients of all of the MPS 
N types, and only rarely are the facial features coarsened. 
Similarly, all are shon-trunked dwarfs with ligamentous lax
ity; the laxity is rather profound in MPS NA. The degree of 
genu valgus is significant, aggravated by the lax ligaments 
(384-387). 

Management of the knee proves difficult because of the 
osseous malalignment and the lax ligaments. Although it is 
observed that the fingers and joints are becoming stiff, the 
medial and lateral instability of the knee remains. Realignment 
osteotomies can restore plumb alignment, but recurrence may 
occur, and osteomies may not control the instability during 
ambulation. The prophylactic use of braces to prevent initial 
valgus or recurrent deformity after surgery has not been effec
tive (384-387). Guided growth is an attractive alternative 
to osteomies, avoiding issues of recurrence, but comparative 
studies are lacking. The hips and knees develop early arthritis. 
The hips show a progressive acetabular dysplasia. Radiographs 
may show a small femoral ossific nucleus, but an MRI or 
arthrogram will show a much larger canilaginous femoral 
head. The femoral capital epiphyses are initially advanced for 
the patient's age, but between 4 and 9 years of age, the femoral 
heads grow smaller and then disappear altogether (Fig. 8-36). 
The pathophysiology of the progressive hip disease is not 
completely understood, and neither medication nor surgery 
has been shown to improve the prognosis (384-387). Patients 
may require total joint replacement surgery (388). 

Odontoid hypoplasia or aplasia is common, with 
resultant C1-C2 instability (389-392) (Fig. 8-36). There is 
a soft-tissue mass in the spinal canal, contributing to cord 
compression (393, 394). This soft-tissue mass can make the 
space available for the cord smaller than one would expect 
on the basis of radiographs alone. Neurologic function, espe
cially upper extremity strength and tone, is probably more 
important than measuring distances on dynamic cervical 
spine films. The upper and lower extremity findings are often 
of flaccidity rather than spasticity. The onset of the myelopa
thy can occur as early as the first decade of life, progressing 
as the soft-tissue hypertrophies, with the C1-C2 instabili
ties aggravating the situation. Sudden deaths of patients with 
Morquio disease have been reponed, and they are typically 
attributed to the C1-C2 subluxation. C1-C2 fusion before 
the onset of symptoms is controversial, but promoted by 
some (393, 395). Others think the best surgery is occipital 
cervical fusion because it reduces the anterior soft-tissue mass 
(394, 395). There are no comparative studies evaluating the 
outcomes of each of the different management approaches. 
On the basis of the available information, it is reasonable to 
obtain MRI studies on symptomatic individuals, or on those 
with radiographic evidence of instability. C1-C2 fusions are 
recommended for asymptomatic individuals with MRI evi
dence of cord compression. Symptomatic individuals should 
have fusions throughout the region of instability and cord 

compression. Although decompression is usually performed 
along with the fusion, anecdotal evidence suggests that fusion 
alone may be sufficient, resulting in the soft-tissue mass 
decreasing in size. 

Elsewhere in the spine, the venebrae show a progres
sive platyspondylia with a thoracic kyphosis. Progressive 
deformity should be surgically stabilized. Anterior instru
mentation is an effective surgical technique (396). Despite 
these problems, many patients with Morquio disease live 
for decades. Cardiorespiratory disease is common, but 
the problems at the upper cervical spine account for most 
disabilities. 

SYNDROMES OF UNKNOWN ETIOLOGY 
Hadju-Cheney Syndrome. Hadju-Cheney syndrome, 
also called arthrodentosteodyp/asia, consists of acroosteolysis, 
with osteoporosis and hypoplastic changes in the skull and the 
mandible. The osteoporosis leads to multiple fracrures of the 
skull, spine, and digits. The cranial sutures persist; wormian 
bones are seen on the skull radiographs. Basilar impression 
is a common finding, often requiring operative intervention. 
The terminal digits exhibit gradual loss of bone mass, some
times called pseudoosteolysis. Patients tend to have deep voices 
(397-401). 

Orthopaedic manifestations include loose-jointedness, 
patellar dislocations, scoliosis, frequent fractures, and basilar 
impression (402). The basilar invagination can cause hydro
cephalus and an Arnold-Chiari malformation (403). This is 
usually managed by decompression and an occiput-to-upper
cervical-spine fusion (Fig. 8-37). Not much data are avail
able on the management of other musculoskeletal problems. 
Scoliosis can be managed as in idiopathic scoliosis, although the 
underlying osteopenia and associated spinal fractures may make 
nonoperative management more difficult. The use of bisphos
phonate therapy to treat the osteopenia has been reponed ( 404), 
although it is not known whether this therapy will improve the 
clinical outcome for children with this disorder. 

Polycystic kidney disease and cardiac valvular disease are 
reponed in some Haju-Cheney patients, and thus cardiac and 
renal functions should be evaluated before placing the patients 
under anesthesia (405, 406). The disorder can be inherited 
in an autosomal dominant manner, but the causative gene is 
unknown. 

Progeria. Progeria {Hutchinson-Gilford syndrome) is 
the best known of many syndromes characterized by prema
ture aging. It is exceedingly rare, with fewer than 30 affected 
children in North America. The cause is entirely unknown. 
Autosomal dominant (407) and autosomal recessive (408) 
inheritance patterns have been proposed, but a sporadic muta
tion is more likely (409). 

These individuals have low levels of growth hormones, 
and hormone supplementation will increase growth vdocity, 
but not result in improved survival (410). The cause of the 
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FIGURE 8-36. Morquio syndrome. The radiographic features include an 
absent odontoid (A), a pelvis with capacious acetabuli and coxa valga (8), 
and marked platyspondyly (C). It is difficult to imagine that these venebrae 
were nonnal at binh. Genu varum is common. 

c 

condition is not known, but a number of reports refer to the 
use of tissues from these patients in studying the aging process. 
Fibroblasts from tissue cultures derived from these individuals 
show a variety of abnormalities, including a decreased ability 
to clear free radicals (411). 

Children with progeria are diagnosed between 1 and 2 
years of age by their clinical features alone. There is severe 
growth retardation and an inability to gain weight. If there 
is survival to adolescence, there is no pubenal growth spurt. 
Alopecia and a loss of subcutaneous fat are dr.unaric, and 
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FIGURE 8-37. Hadju-Chenev syndrome. A: MRI of the head shows 
marked basilar invagination with an associated syrinx in the cervical 
cord. B: Radiographs show osteoporosis with pathologic fractures. 
C: Loss of bone mass in the terminal digits. termed pseudoosteo/ysis. 

B 

c 



FIGURE 8-38. Progeria. The radiograph shows distal acrolysis, with 
resorption of the distal phalanges. (From Goldberg MJ. The dysmor
phic child: an orthopedic perspective. New York. NY: Raven Press. 
1987. with permission.) 

account for the distinctive appearance of a skinny old man or 
woman (412, 413). These patients have stiffness of the joints 
that is not arthritis, but a periarticular fibrosis. Osteolysis 
occurs in the fingertips, clavicle, and proximal humerus 
(407, 414, 415) (Fig. 8-38). The vertebrae may become 
osteopenic, creating fish-mouth vertebral bodies on radio
graphs (416-418). Fractures are common, often with delayed 
union. There is late devdopmental dysplasia of the hip, 
and the onset of a rather significant coxa wlga (419, 420) 
(Fig. 8-39). The children do not live long enough to devdop 
arthritis secondary to the acetabular dysplasia. Not all systems 
age. There are no cataracts; there is no senility. Rather than 
actually aging, the normal tissues undergo an atrophic or a 
degenerative change that mimics normal aging. The principal 
histopathologic atrophic changes occur in the skin, subcuta· 
neous tissue, bone, and cardiovascular system. Atherosclerosis 
with myocardial infurction by 10 years of age is the rule, and 
ll& expectancy r.u:ely exceeds 20 years. 

The children show vitality until they are struck down by 
myocardial infarction. Despite a short life, it is imperative not 
to pennit any suffering. Hip surgery is indicated only if there is 
a documented functional impairment. Surgery is not indicated 
to prevent future arthritis. There is no medical treatment for 
the basic disease process. 
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RGURE 8-39. Progeria in an 11-year-old patient The radiogmph shows 
a marked degree of coxa valgus and some femoral head uncovering. 

CONTRACTURE SYNDROMES 
Although oontractures are a common kature in a variety of 
orthopaedic conditions ranging &om neuromuscular diso.rders 
to the sequelae of injury. there are sc:veral disorders in which 
conttaaures are the most prominent phenotypic feature. These 
syndromes are caused by a wide variety of etiologies, including 
mutations causing developmental problems, mutations dysregu.
laring muscle function, and fetal environmental causes. Many 
of these are associated with problems in muscle function, as in 
the case of distal arthrogryposis, which is caused by mutations 
disrupting fast-twitch muscle fiber activity> there is some overlap 
in phenotype between these conditions and some of the myopa
thies. There are many such diso.rders of different etiologies but, 
because the management for many of these disorders follows 
s.itnilar guidelines, they are considered together in this chapn:r. 

Artltrogryposis. Arthrogrypos.is is really a physical find· 
ing, not a diagnosis, and represents a large group of disorders, 
all of which include contract:ures of joints present at birth. The 
contmcted joints lack skin creases. Since joint creases develop 
in the intr.wterine environment, this clinical finding indicates 
that a congenital etiology to the contracture. ArtbrogryptJtis is 
used as a noun to describe specific d.iseases, and as an adjective, 
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arthrogrypotic to refer to rigid joint contractures. There are 
at dose to 100 distinct syndromes coded under the term 

arthrogryposis in the OMIM (5), illustrating the large variety 
of etiologies associated with this term. Most of the syndromes 
have different clinical coW"Ses, prognoses, genetics, causes, and 
pathologic processes, often making it difficult fur the ortho~ 
paedist to d.=tmine the management of an individual patient 
(421, 422). A simple way to think about these disorders is to 
consider them as contt'aCtlU'e syndromes, wh.i.c.h can be grouped 
into a few general categories, each of whi.c.h can be represented 
by a prototypic disease. 

Contracture syndrome groups: 

1. Involving all fuur exuemicies. This includes arthrogryposis 
multiplex congenita. and Larsen syndrome, with more or 
less total body involvemenL 

2. Predominandy or exclusively involving the hands and feet. 
These are the distal artbrogryposes. Facial involvement can 
occur with some of these syndromes, and Freeman~Sheldon 
whistling face is included. 

3. Pterygia syndromes in which identifiable skin wd>s cross 
the flexion aspeas of the knees, elbows, and other joints. 
Multiple pterygias and popliteal pterygia fit into this group. 

Contracture Syndromes Involving 
All Four Extremities 
Artbrogryposis Multiplex Congenita. Arthrogryposis 
multiplex congenita is the best known of the multiple congeni
tal contracture syndromes (423, 424). Although attempts have 
been made to change the name arthrogryposis multiplex con~ 
genita to mulliple congenital contrat:tures or amyoplasia (AMP), 
the populatity of arthrogryposis remains. 

The etiology of ardu:ogryposis multiplex congenita is 
unknown. It was initially described in 1841 by AdolfWdhelm 
Otto, who rdi::.rred to his patient as a '"hwnan wonder with c::urval 
limbs"' (425). The disorder is sporadic, with affi:cuxl individuals 
having reproduced only nonnal children. Classic arthrogtyposis 
canaffectonlyoneofidentical twins (426,427). Thedevd.opment 
of arthrogryposis may be influenced by an adverse intraurerine f.tc
tor or the twinning process itself. Teratogcns have been suggested, 
but none are proven, despite the multiple animal models that lend 
support to that theory ( 428-432). Some mothers of clilldren with 
arduogryposis hm: serum antibodies that inhibit fi:ta1 aoetylch~ 
line rea:ptor funaion. One ~billty is that maternal antibodies 
to these fi:ta1 antigens cause the disonlcr (433). 

Histologic analysis discloses a small muscle mass with 
fibrosis and fat between the muscle fibers. Myopathic and neu
ropathic features are often found in the same muscle biopsy 
specimen. The periarticular soft-tissue structures are fibrotic 
and, in essence, there is a fibrous ankylosis. The number of 
anterior hom cells in the spinal cord is decreased, without 
an increase in the number of microglial cells (434-436). The 
pattern of motor neuron loss in specific spinal cord segments 
correlates with the peripheral deformities and the affected 
muscles, suggesting that a primary central nervous system dis
order plays an important role in causing this condition (437). 

RGURE 8-40. Arthrogryposis multiplex congenita. The picture shows 
the classic limb position and fusifunn limbs lacking flexion creases. 

Clinical examination remains the best way to establish a 
diagnosis. The limbs are striking in appearance and position 
(Fig. 8-40). They are fea~less and tubulat. Normal skin 
creases are lac.king, but there may be deep dimples over the 
joints. Muscle mass is teduced, although in infancy there is 
often abundant subcutaneous tissue. Typically. the shoulders 
are adducted and internally rotated, the elbow more often 
extended than flexed, and the wrist fl.e:xed severely. with ulnar 
deviation. The fingers are flex:.ed, clutching the thumb. In the 
lower ex:.tremities, the hips are flexed, abducted, and exter
nally rotated; the kn~ are typically in extension, although 
flexion is possible; clubfeet are the rule. Motion of the joints 
is restricted. The condition is pain~ftee, with a firm, inelastic 
block to movement beyond a very limited range. In tw~thirds 
of the patients, all four limbs are affected equally, but in one-
third, lower limb deformities predominate. Only on .tare occa
sions do the upper extremities predominate. Deformities tend 
to be more severe and more rigid distally. The hips may be 
dislocated willaterally or bilaterally. 

The viscera are usually spared from malformations, 
although gastroschisis has been reported. As a consequence 
of the general muscle weakness, there is a 15% incidence of 
inguinal hernia. Major feeding difficulties, caused by a stiff 
jaw and an immobile tongue, are fiequently encountered in 
infancy, and lead to respiratory infections and failure to thrive 
(389). The face is not particularly dysmorphic. A kw subtle 



FIGURE 8-41. Arthrogryposis multiplex coogenita at birth. Features 
include clubfeet knee-flexion deformity, and dislocated right hip. The 
articular surfaces are normal. Adaptive changes occur as a consequence 
of the fixed position.(From Goldberg MJ. The dysmo1phic child: an ortho
pedic perspective. New York. NY: Raven Press, 1987, with permission.) 

feawres, such as a small jaw; narrowing of the face and. occa· 
sionally, limited upward gaze (secondary to ocular muscle 
involvement). A frontal midline hemangioma may help with 
the diagnosis (Fig. 8-40). 

Radiographs early in life reveal that the joints are nor· 
mal and that changes are adaptive and acquired over time 
as a consequence of their fixed position (Fig. 8-41) (390). 
There is evidence of a loss of subcutaneous fat and tissue. 
Electromyograms and muscle biops.ies are of questionable 
diagnostic value. A diagnosis of arthrogryposis can be sus-
pected when prenatal ultwound detects an absence of fetal 
movement, especially if seen in combination with polyhy· 
dr.un.nios (391). 

The narural history and long-term outcomes are not well 
known (392, 438), although children with this condition are 
substantially less active than others of the same age (439). 
Some contractures seem to worsen with age, and the joints 
become stiffer. No new joints become involved. At least 25% 
of affected patients are noruunbulatory. and many others are 
limited household walkers (440). As a rule, those with arthro-
gtyposis who are very weak as infants stay weak, and those 
who appear stronger as infants stay strong. The dependency of 
adults seems to be rdated to education and coping skills more 
than to the magnitude of conttactures of the joints. 
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Treatment. Each of the multiple joints involved presents its 
own unique opportunities for orthopaedic intervention, but 
an overview of the total patient must be home in mind. The 
overall goals are lower limb alignment and stability for ambula· 
tion, and upper extremity motion for self~ (397-399, 421). 
Outcomes seem better if surgery on joints is done when chil· 
dren are younger, usually before adaptive intra-articular changes 
occur at ages 4 to 6. Realignment osteotomies, however, are 
usually performed closer to the completion of growth. Early 
motion, and avoidance of prolonged casting, may increase joint 
mobility. thereby improving function. Many children require 
long-teml bracing or other assistive devices (424). 

Contr.lCtul'es of the joints lil2ke the birthing process diffi. 
cult, and neonatal fractures may result (400). Physical therapy 
should not be initiated in the newborn until such &a.ctures are 
ruled out (401). Mobilization of joints may be accomplished 
by early and frequent range of motion exercises and splinting 
of the joint in a position of function with a removable orthotic 
(401, 424). There arc no studies clearly demonsttating that 
early mobilization improves outcomes in these patients, but 
such a program may improve the passive range of motion, 
although the active range of motion does not improve very 
much (424). In our experience, early mobilization seems to 

be useful primarily for the upper extremities. F.rncrures may 
accompany an overly vigorous range of motion program. 

Approximately two-thirds of patients have developmen· 
tal dysplasia of the hip or fi::ank dislocation (424, 441.-443) 
(Fig. s.-41). At birth, the hips are lle:xed and abducted. There 
is considerable controversy about the management of the hips 
in these children. Oosed reduction is rarely, if~ sua:essful. 
Oper.uive reduction of a dislocated hip should be performed 
if it will improve function or dc:acase pain. Pain is only rarely 
are a problem with these hips. There is significant variability in 
functioning ability in these individuals because of the underly· 
ing severity of the disease, and this variability rmkes it difficult 
to detennine any change in function 6:om treating the hips. The 
.range of motion of the hips may be important for function· 
ing. because hip contrn.ctures, especially those that cause flexion 
deformity. adversely affect the gait pattern. Operative procedures 
to locate dislocated hips, therefore, have the potential to worsen 
function if they produce significant contractures (442, 444). 

Studies of children with untrean:d dislocated hips con~ 
eluded that those with bilateral dislocations frequently had sat~ 
isfaaory r.mge of motion; their hips did not p.n:vent them from 
walking, although rarely around the community, and pain was 
uncommon (441, 443, 444). Those with unilate.rnl. dislocarions 
&red less well. More of them were limited to the household with 
walket:s, and. although scoliosis was present in most patients, it 
was worse and more frequent in those with unilateral disloca· 
tions (424). In both groups, limitation of ambularion resulted 
more from the severe involvement of all four enremities than 
from the dislocated hips (424). These data, and case series sug-
gesting little functional improvement with swguy for bilat~ 
et1il hip dislocations, support the concept of leaving bilaterally 
dislocated hips alone (424, 441, 442, 444). However. in these 
studies, hip surgery was delayed until the knees were mobilized, 



• CHAPTER 8 I SYNDROMES OF ORTHOPAEDIC IMPORTANCE 

and reductions did not ocau until at least 1 year of age. This 
later age at reduction may be associated with higher rates of 
contractUreS and worse function. Reports of early open reduc
tion of unilateral and bilateral dislocated hips, with a reduced 
period of immobilization, show improved postoperative range 
of motion (335, 416, 443). Hip reduction is unlikely to benefit 
the child who is not an ambulator; however, there is no way to 

comfortably predict which children will become ambulators at 
the age when early surgical treatment is contemplated. Longer 
term studies show similar results with both operative and non
operative approaches, and a reduced range of motion in hips that 
have been surgically relocated. However, the numbers of patients 
reported in these studies were small (388). It therefore seems 
reasonable to perform early open reduction in most children. 
The exception may be a child with hips that are quite stiff. Both 
medial and anterior approaches are advocated for early hip reduc
tion (445-447). More than the specific operative approach, the 
key factor may be to perform the hip reduction early in life, with 
minimal immobilization. While this may be accomplished using 
a medial approach, we feel that the anterior approach gives a 
more reliable approach in these teratologic dislocations. 

Although the classic description of the knees is that they 
are hyperextended, most are in flexion (390, 424) (Fig. 8-41). 
The precise plane of motion may be difficult to determine, and 
although physical therapy is recommended, medial lateral insta
bility may result. Hyperextension deformity responds better to 

physical therapy and splinting than do flexion deformities. If 
the flexion deformity remains more than 30 degrees, ambula
tion is difficult because of the associated relative weakness of 
the quadriceps in the ability to extend the knee. Sometime 
before 2 years of age, soft-tissue surgery, including posterior 
capsulotomy, and realignment of the quadriceps mechanism, 
should be performed. The actual procedure needs to be individ
ualized, because each knee has a different degree of deformity. 
While posterior soft-tissue procedures will initially improve 
the range of motion and function, the contractures usually 
recur, along with a loss of motion (448). Soft-tissue releases 
may thus need to be repeated later in life, but before skeletal 
maturity. Distraction using an external fixator has also been 
reported, although even with this approach there is recurrence 
of the contractures (449, 450). Supracondylar osteotomies of 
the femur are recommended toward the end of growth to cor
rect residual deformity (428, 451--453). Femoral shortening is 
a useful addition to the osteotomies, especially in cases where 
the neurovascular structures will be stretched by correcting the 
deformity. More recently, a guided growth approach at the dis
tal femoral growth plate has been reported to correct flexion 
deformity of the knee although the ability of this approach to 
correct the quadriceps mechanism is unclear (454). 

Many hyperextension deformities of the knee can be 
treated without surgery, but quadricepsplasty may be needed 
in cases with residual lack of motion. Traditional teaching 
advocates correction of the knee deformity before treating a 
dislocated hip, in order to allow stretching out of the muscles 
that cross both joints. However, with early operative interven
tion, using a short period of immobilization, the hip may be 

operated upon at the same time as a surgical procedure to cor
rect a hyperenended knee deformity. In this case, the ham
string muscles are relaxed by both procedures, and the knee 
can be immobilized in a flexed position in the hip spica cast. A 
flexion deformity of the knee cannot be easily managed at the 
same time as hip surgery, because it is impossible to appropri
ately immobilize the hip with the knee held extended. Despite 
good initial nonoperative results in the hyperextended knee, 
there may be recurrence of the contracture over time, with 
surgery often needed later in life. An alternative technique of 
correction of the knee deformity is by using an external fixator, 
with gradual correction (448, 449); however, in most cases, 
an open procedure to release the contracted structures will be 
adequate, and the deformity may recur after treatment with 
gradual distraction. Late osteoarthritis seems more common in 
those with persistent hyperextension contracture. 

A severe clubfoot is characteristic {424, 450, 454) (Fig. 8-41). 
Traditionally, it was felt that treatment using extensive surgery 
was necessary to correct the deformity; however, using the 
Ponseti technique with minor modifications seems to work 
quite well in many cases. A prolonged period of casting and a 
second tendo Achilles lengthening may be required (417, 455). 
In cases that do not respond to early manipulative therapy, cir
cumferential releases are usually performed. While surgery for 
clubfoot is sometimes delayed until 1 year of age or later, as 
other joints, especially the knees, are attended to first, com
bined procedures, with minimal immobilization earlier in life, 
is gaining in popularity. Although primary talectomy has been 
recommended because of the high incidence of failed soft-tissue 
surgery (417, 455), most reports show good outcomes with 
circumferential release alone if performed before I year of age 
(456, 457), and primary talectomy should probably not be used 
as an initial approach. The positioning of the calcaneus is the 
key to achieving a good result after talectomy (457). Residual 
deformity in the teen years can be treated using a triple arthrod
esis, or with multiple osteotomies, to maintain motion of the 
subtalar joints, while producing a plantigrade foot. Gradual 
correction using an external fixator is also possible (418), but 
recurrence after gradual distraction is not unusual. A vertical 
talus is an unusual foot deformity in arthrogryposis multiplex 
congenita and, if it is encountered, the physician must think of 
the distal arthrogryposes or pterygia syndromes. 

Most patients do not require upper extremity surgical 
procedures. The physician should never think of an individual 
joint in the upper extremity but only of the whole arm (458, 
459). Analysis needs to include each hand separately and also 
how the two hands work together as an effective functional 
unit; that is, a functional assessment should be made before 
deciding on an operation. Because of this, surgical procedures 
on the upper extremity are usually delayed until the children 
are old enough for the surgeon to make such an assessment. 
There are two key goals in treatment of the upper extremi
ties: self-help skills, such as feeding and toileting; and mobility 
skills, such as pushing out of a chair and using crutches. 

The shoulder is usually satisfactory without treatment. 
For the elbow, it is ideal to achieve flexion to 90 degrees from 



the fiud e:nended position. However, when both dhows are 
involved, surgery to increase flexion should be done only on 
one side. Although the fibrotic joint capsule and the weak 
muscles malre the prospect of achieving active elbow flexion 
difficult, if an extensive release with triceps lengthening is 
undertaken, su.cc:essful improvement in the range of motion 
is possible (456). Passive elbow flexion to a right angle is a 
prerequisite for considering a tendon transfer for active elbow 
flexion (402). The triceps brachii and peaor.ilis have been 
the most frequendy ttied muscles. Suc:c.ess is best in children 
older than 4 ~· and who have at least grade four strength of 
the muscle to be tr.msferred (~63). Distal humeral osteot
omy, designed to place the elbow into flexion and correct some 
of the shoulder internal rotation deformity, may be performed 
toward the end of the first decade (444, 459). It is designed 
to improve hand-to-mouth function. Care must be taken not 
to e:nemally rotate the distal humerus excessively. The hand 
and wrist are usually flexed and the ulna deviated, but varia
tions within this pattern exist (403, 404). In general, the ulna
side digits are more invol~. Proximal interphalangeal flexion 
deformities rarely respond to physical therapy or surgery. The 
thumb is flexed and adducted into the palm, and responds bet
ter to surgery than do the other digits. 

Approximatdy one-third of the patients devdop scoliosis 
(405). Curves usually have a Cshaped. neuromusrular pattern. 
The use of orthoses has been reported (406), although in our 
experience, these children respond poorly to bracing. Sw:gery 
is indicated for progressive curves interfering with balance or 
function. There are reports of patients regaining their ability to 
ambulate after surgical co~on of large, rigid curves (406}; 
surgery should be considered in patients who lose their ability 
to ambulate as they develop such curves. 

Intelligence is normal, and these children often have a 
naru.tal ability to leam substitution techniques. There is, how
ever, a sttong association between initial feeding difficulties 
and subsequent language devdopment, which should not be 
mistaken for retardation (389). 

larsen Syndrome. The essential features of Larsen syn
drome are multiple congenital dislocations of large joints, a 
characteristic flat &a:, and liglunentous laxity (407) (Fig. 842). 
The cause of the facial Rattening is unclear, but it is especially 
noticeable when observed in profile, and is associated with some 
hypertelorism and a broad forehead. Dislocation of multiple 
joints appears in a characteristic pattern that includes bilateral 
dislocated knees, with the tibia anterior on the femur, bilateral 
dislocated hips, bilateral dislocated dhows, and bilateral dub
feet (464-468). The physician should think of this syndrome 
whenever dislocated knees are detected. The ligaments are lax 
or entirely absent. The ligamentous laxity is often so substantial 
that Larsen syndrome may be confused with EDS. 

Radiogr.aphs show that the knees are dislocated. with the 
tibia anterior to the femur (408). Arthrograms show a small 
or an absent suprapatellar pouch, absent crudate ligaments, 
and a misaligned patella (Fig. 8-43). The elbows have complex: 
.radial-humeral, ulnar-humeral, and radial-ulnar dislocations. 
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FIGURE 8-42. Larsen syndrome in a 1-week.-old patiem who has 
bilateral dislocated knees and clubfeet. (From Goldberg MJ. Ths dys
morphic child: an orthopsdic psrspectiV8. New York, NY: Raven Press. 
1987, with permission.) 

Radial-ulnar synostosis is common and usually associated 
with ulnar-hume~ dislocation (Fig. 8-44B). A spheroid 
ossicle ftequendy occurs anterior to the elbow joint; its origin 
is unknown. There are more carpal centers than are normal 
(Fig. 8-44A), and extra ossification centers in the foot, with a 
curious double ~tion pattern of the calcaneus (Fig. 8-44C). 
1bis double ossification pattern can hdp confirm the diagnosis 
in cases in which the diagnosis is not clear. Abnormal cervical 

FIGURE 8-43. Larsen syndrome in a 5-momh-old patient. The 
arthrogram of a knee shows anterior dislocation of the tibia on the 
femur and no suprapatellar pouch . 



m CHAPTER 8 I SYNDROMES OF ORTHOPAEDIC IMPORTANCE 

A 

RGURE 8-44. Characteristic roentgenograms of a 4-year-old 
patient with Larsen syndrome. A: The hands show more carpal 
centers and interphalangeal joint subluxations than is normal. B: The 
elbow demonstrates total dislocation but full functional abi lily. C: The 
foot has an abnormal os calcis containing two ossification centers. (A 
and B from Goldberg MJ. The dysmorphic child: an orthopedic per
spective. New York, NY: Raven Press, 1987, with permission.} 

spine segmentation, with instability, is typical, as is kyphosis, 
a complication often associated with myelopathy. Some cases 
are inherited in an autosomal dominant manner, and this aids 
in the diagnosis. 

Both autosomal dominant and re<:essive inheritances are 
reponed in Larsen syndrome, although many cases are spo
radic (409-411). Some autosomal dominant cases are caused 
by mutations in the gene encoding filamin B (412). This is 
an inuacellular protein that serves as scaffolding on which 
signaling and protein tr.lfficking pathways are o.rganized. It is 
expressed in the growth plate and vertebrae, and as such, the 
mutation likely acts to disrupt normal patterning and develop
ment of the joints and vertebral bodies, resulting in the typical 
phenotypic features. Some re<;essive cases are due to deficiency 
carbohydrate sulfottansferase 3, which plays a role in glyws
aminoglycan processing, also deregulating joint and spine 
development (457). There are cases in which only one side of 
the body has a Larsen syndrome phenotype, suggesting that 
some cases are due to somatic, or mosaic, mutations (413). 

The large numbers of deformities of the lower e:nremi
ties require treatment in order to achieve stable, located joints. 
Knee stability is important for ambulation; however, the most 
important factor is knee stability in extension to allow for 
optimal quadriceps function. The knee may remain unstable 

B 

c 

after reduction beause of the lack of stabilizing ligaments, 
such as the anterior cruciate ligament. Long-term orthoses 
or anterior crudate ligament reconstruction may be needed. 
Ex:t:J:a..articular reconstruction of the anterior cruciate lig;unent 
is another approach that maybe required ( 418). The knee is usu
ally reduced before the hips, although simultaneous procedures 
are possible (25, 408). Although most knees do not respond 
to attempts at manipulation and cast com:ccion, traditionally 
an initial ttial of cast treatment is attempted. Too-vigorous 
manipulations result in distal femoral metaphyseal-physeal 
fiac::rures. Because manipulation has not been found to be help
ful for true dislocations, we believe that it can be abandoned 
once a dislocation is confirmed. Surgery may be undertaken 
as early as 3 to 4 months of age. Rutotation of the range of 
motion must be cautious (gaining full enension is often a 
problem), and a flexion splint or a brace may be requited after 
operative reduaion to guard against tedislocation. 

The hips are dislocated. often despite a r.u:her normal
appearing acetabulum. There .is a sense of a good range of 
motion, although the hip may prove to be irreducible (414). 
The evolution of hip management in Larsen syndrome mirrors 
that in arthrogryposis multiplex.: congenita, and there is a trend 
toward earlier treatment. The relative rarity of this syndrome, 
however, accounts for the lack of good comparative data on 



how best to manage the hip dislocations. Reduction of the hip 
is associated with a high redisl.ocation rate and revision surgery 
( 408, 414, 415). For this reason, some specialists advocate either 
leaving bilateral dislocated hips alone, or waiting until after 
1 year of age and performing femoral and pelvic osteotomies, 
along with the open reduction. However, we prefer an approach 
similar to that in arthrogryposis, with early surgical relocation. 
Because the knees are hyperextended when dislocated and cast 
in a flemf position after surgical relocation. both knees and hips 
can be operated upon at the same time. Sea>ndaly osteotomy 
of the pelvis and femur can be performed later, if nc:cessaty. 

The clubfeet can be managed in a cast until the knee 
deformity is corrected. Some feet can be corrected with serial 
casting (408). The foot may need to be braced to control ankle 
instability. Despite the dislocations of the elbow or shoul
der, the arms remain functional and rarely require treatment. 
Crutches or walkers can be used despite the dislocations. 

The major concern involving the spine is structural 
abnonnalities of the cervical verteb~ (26, 419). This mani
festation may oc:c;ur more frc:quendy than previously recog
nized, and children should have cervical spine films taken in 
the first year oflffi: to identify this deformity. Kyphosis is often 
due to hypoplasia of the venebral bodies. A combination of 
cervical kyphosis and forward subluxation may result in quad
riplegia and death. Posterior stabilization early (within the first 
18 months of life) may prevent the significant problems 
associated with trea.tment after myelopathy has occurred and 
allow for correction of a kyphotic deformity with growth 
(33). In more severe cases or in the face of myelopathy, anre-
rior and posterior decompression and fusion may be required 
(458, 459). 

Anesthesia complications are common. The mobile infold
ing arytenoid cartilage creates airway difficulties. The associated 
tracheomalacia can be especially problematic in the newbom 
and may delay surgery for the hips and knees (419). The anes
thesiologist should be aware of possible cervical spine instabil
ity. and a preoperative lateral radiograph is recommended. 

The children have normal intelligence. The prognosis is 
generally good with aggressive orthopaedic tteatment if the 
child survives the first year of life. The mortality figures for the 
first year may be as high as 40%. During the neonatal period, 
the cartilage--supporting structure of the larynx and trachea is 
soft. and there may be alarming elasticity of the thoracic age 
at the costochondral junction, leading to respiratory failure 
and death. Cervical spine problems may also contribute to 
early mortality. Congenital cardiac septal defects, dongation 
of the aorta. and acquired lesions of the mitral valve and aorta., 
similar to those found in Marfan syndrome, further compli
cate medical and anesthesia management (420, 421). 

Contracture Syndromes Involving Predominantly 
the Hands and Feet 
Distal Artltrogryposis. Children with distal arthrogry
posis have characteristic fixed hand contractures and foot 
deformities, but the major large joints of the arms and legs 
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FIGURE 8-45. Distal arthrogryposis. Characteristic hand is the 
result of ulnar deviation at the metacarpophalangeal joints. Notice the 
deeply cupped palm and webbing of the MCP joint of the thumb. 

are spared (16, 422. 423). Because different craniofacial 
abnormalities are often associated with distal arthrogrypo-
sis, the condition has been categorized as several eponymic 
syndromes (e.g., Gordon syndrome), a situation that leads to 
confusion (41). The cardinal feanues of distal arthrogryposis 
are the hand deformity with ulnar deviation of the fingers 
at the metacarpophalangeal (MCP) joint, flexion deformi
ties at the proximal interphalangeal and MCP joints, and a 
cup~like palm with a single palmar crease (Fig. 8-45). The 
thumb is flexed and adducted, with a web at its base (424). 
Distal arthrogryposis is common and is sometimes incorrectly 
called multiple ~amptodaay~. The inheritance pattern of dis
tal arthrogryposis is autosomal dominant, but there may be 
considerable variation in families, and this can lead to missing 
the diagnosis (41, 424-426). Distal arthrogryposis is divided 
into type I and rype n on the basis of the absence or presence 
of facial findings, respectively. 

Some cases of distal arthrogryposis type I are caused by 
mutations in the TPM2 gene, which encodes .P-tropomyosin, 
a protein important in &st~twitch muscle fibers (427). Type 
II distal arthrog.ryposis (Freeman-Sheldon syndrome) is caused 
by mutations in an isoform of ttoponin I that is specific to 

the troponin-tropomyosin complex: of fust-twitch myofibers 
(427). Both these mutations result in abnormal aa:ivity of fast
twitch muscle fibers, suggesting that dysregulation of these 
muscle fibers is the common pathophysiologic cause of distal 
arthrogryposis. Because there are a variety of subtypes of distal 
arthrogryposis, it is likely that a number of causative genes will 
be identified, and perhaps all of these will play a role in the 
dysregulation of fast-twitch muscle fibers. 

Although the hand deformity is char.u;reristic and con
stant, the feet may be clubbed, have stiff metatarsUS adduc
tus, and have a vertical talus. The major joints in the upper 
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and lower extremities are otherwise normal, although a minor 
knee-flerion deformity may be found. Intelligence is normal. 
The associated craniofacial anomalies are cleft lip or cleft pal
ate and, in such patients, the syndrome of distal an.hrogrypo
sis may have an eponymous name, such as Gordon syndrome 
(~91, 469). Radiographs show normal bony architecture, and 
only with persistence of deformities in the hands and feet ate 

arcicu1ar changes detected. This syndrome can be diagnosed 
prenatally in the &rus by detecting an unchanged position and 
lack of motion of the hands in contrast to the nonnal activity 
of the large uninvolved joints (42). 

Overall. children with distal arthrogryposis have good 
function. The hands function well because the shoulders, 
elbows, and wrists are normal. Thwnb surgery to lengthen the 
flex.or pollicis longus and rebalance the extensor is the most 
common surgery (52). The feet more frequently require sur
gery. Some clubfeet can be corrected with manipulation and 
serial casts. Most ate treated with circumferential releases. The 
outcome of treatment of clubfoot is better in this syndrome 
than in other an:luogrypotic clubfeet. 

Freeman-Sheldon Syndro•. Freeman-Sheldon syn
drome is sometimes called dirtalt~nhrogryposis lype II because 
the hand and foot deformities are similar to those of distal 
arthrogryposis. It is recognized by its most characte.ristic feature, 
a 'Whistling fuce" (Fig. 8-46). The original name, cranioCIItpo-
t4ntJJ tlystft>phy, is misleading because it does not involve the 
cranium (53, 470). This syndrome is usually sporadic, although 
there is evidence of autosomal dominant and autosomal 
tecessive inheritance (428, 43~, 434). The eyes ate deeply set. 

RGURE 8-46. Freeman-Sheldon syndrome in a 3-year-old patient. 
Notice the small chin and mouth, long philtrum, puffy cheeks, deeply 
set eyes, and small chin cleft. {From Goldberg MJ. The dysmorphic 
child: an orthopedic perspective. New York. NY: Raven Press. 1987, 
with pennission.) 

The cheeks are fleshy, and pursed lips simulate whistling. There 
is a small mouth and a curious H-shaped dimple in the chin. 

Scoliosis was not initially recognized as a common feature, 
but it affects more than one-half of the patients. The onset 
is in the first decade. It is often severe, with a left thoracic 
pattern reported regularly. The vertebrae ate normally shaped. 
Although the scoliosis can be managed as in idiopathic sco~ 
liosis, the curves ate more rigid and may not respond well to 
brace treatment (433, 435). 

The hands demonstrate the classic distal an:luogryposis 
pattern described earlier (433, 435, 436). There are other con
tractw:es, including £l.exion deformities of the dhow and knee, 
decreased range of motion of the shoulder, decreased range of 
motion of the neck. and dislocated hips (77). Operative man
agement principles for the upper extremity are similar to those 
in distal arthrogryposis. The hands are treated with physical 
and occupational therapy. but there is less improvement than is 
seen in the other distal arthrogryposis syndromes (4~7). Most 
of the other associated contractures can be treated like those in 
the other arthrogrypotic syndromes. 

Clubfoot is the most common foot deformity, with vertical 
talus being the nc::n most c:ommon (Fig. 8-47) (433, 435, 436). 
Clubfoot and vertical talus deformities are difficult to manage 
using manipulative techniques, but these should be tried first 
before using ope.rnrive techniques. 

During infancy, dysphagia and aspiration lead to fuilure to 
thrive, and even to death. Surgery to permit adequate mouth 
opening for feeding may be necessary (76}. Children who sur
vive the neonatal period do well and have nonnal intelligence. 
Anesthesia complications are common; some ate the result 
of abnormalities related to the laryngeal cartilages (76, ~89, 
~92, 438). The cause is unknown, but the buccinator muscle 
is hypoplastic, and dect.tomyograms and muscle biopsies are 
identical to the peripheral muscle srudies in classic an:luogry
posis multiplex congenita (440), suggesting some similarity in 
pathophysiology. 

Contracture Syndromes with Skin Webs 
Pterygia Syndrome. Pterygium comes from a Greek word 
meaning littk wing. A pterygium is a web. It can be seen as an 
isolated malformation in some syndromes, such as the pteryg
ium colli in the neck of patients with Klippd-Fell syndrome. 

There ate two clinically important pterygia syndromes: 
multiple pterygium syndrome and popliteal pterygia syn
drome (397). Seve.rnl pterygium syndromes are lethal, with the 
affected patients not surviving the fetal or the newborn period. 
(398, 471). The web syndromes are separated genetically as 
autosomal recessive (i.e., lethal pterygium syndrome and mul
tiple pterygium) and autosomal dominant (i.e., popliteal pte
rygium) (422). However, they often overlap. Lethal pterygium 
syndrome may be diagnosed prenatally by detecting hydrops 
and cystic hygroma colli (399). 

Both popliteal pterygium syndrome and van der Woude 
syndrome are caused by mutations in the gene encoding inter
feron regulatory fuctor-6 (400). VanderWoude syndrome is a 



dominantly inherited developmental disorder characterized by 
pits or sinuses of the lower lip, and cleft lip or cleft palate. It 
is unclear how a mutation in this interferon regulatory factor 
causes these seemingly dissimilar syndromes. 

Multiple pterygia syndrome (i.e., Escobar syndrome) 
is characterized by a web ac:ross every flexion crease in the 
c:memities, most prominently across the popliteal space, the 
dhow, and in the axilla (401, 441) (Fig. 848). There also are 
webs across the neck. Iater.illy and anteriorly &om sternum to 

chin, drawing the facial features down. The fingers are webbed. 
The webs can be obvious, but if they are not, the affected 
children can look very much like those with arthrogryposis 
multiplex congenita. The two features that differentiate this 
syndrome from classic arthrogryposis are vertical talus and 
congenital spine deformity. The vertical talus is fairly constant 
in multiple pterygium syndrome and can be m.a.naged only by 
surgery. Circumferential release and prolonged protection, as 
in managing any arthrogrypotic foot deformity, are necessary. 
The spine deformity is significant, with multiple segmentation 
abnormalities and lord.oscoliosis (442) (Figs. 8-49 and 8-50). 
The lord.oscoliosis may be substantial enough to interfere with 
trunk. and chest growth, leading to respiratory death dwing the 
first or second year of life (Fig. 8-50). Mobility depends much 
on the magnitUde of the lower enremity webs and the residual 
motion of the joints, with many patients limited to wheelchairs 
for locomotion. The children have normal intelligence, and 
efforts should be maximized to enable them to function inde-
pendently. Surgery is rarely needed for the upper extremities. 
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FIGURE 8-47. Freeman-Sheldon 
syndrome in a 5-year-old patient. 
Radiographs of the hands demon
strata ulnar deviation at the meta
carpophalangeal joint, typical of a 
distal arthrogryposis syndrome. The 
feet show bilateral congenital verti
cal tali. All other joints in this patient 
were normal. (From Goldberg MJ. The 
dysmorphic child: an orthopedic per
spective. New York, NY: Raven Press. 
1987. with permission.) 

Popliteal pterygium syndrome (i.e., fascial-genital-popli
teal syndrome) has recognizable characteristics in the face, the 
genitals, and the knee (75, 76, 416, 443, 444). The features 
include a cleft lip and palate, lip pits, and intraoral adhesions 
(52, 53). A fibrous band crosses the perineum and distorts the 
genitalia (23). A popliteal web is usually present bilaterally 
(76). It runs from ischium to calcaneus, resulting in a severe 
knee-flexion deformity. Tibia hypoplasia may be associated. 
Within the popliteal web is a superficial fibrous band. over 
which lies a tent of muscle running from the os calcis to the 
ischium, and is known in the older literature as a calcantoischi· 
adictiS muscle. The popliteal artery and vein are usually deep, 
but the sciatic nerve is superficial in the web, just underneath 
the fibrous band (Fig. 8-51). There is a distinctive foot abnor
mality in this syndrome: a bifid great toenail and syndactyly 
of the lesser toes. 

Although the original cases of multiple and popliteal 
pterygium syndromes weJ:e clearly defined, there is moJ:e phe
notypic variation in both than was originally thought. For 
example, mild webs in joints of the upper extremity may be 
found in patients with popliteal pterygium syndrome. Adaptive 
changes in the joints OCCW' over time. On radiographic exami
nation, the patella look elongated, and the femoral condyles 
flattened, beause ofknee-flexion defonnity. 

From a management perspective, the detennining factors 
are the magnitude of scoliosis and the size of the web crossing 
the knee. The thoracic vertebral dysplasia, thoracic lordosis, 
and the small chest impair lung development, resulting in 
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RGURE 8-48. Multiple pterygium syndrome in a 12-year-old 
patient. Antecubital webs fix the elbows, and popliteal webs prevent 
ambulation. The patient had normal intelligence and became a college 
graduate. {From Goldberg MJ. The dysmorphic child: an orthopedic 
perspective. New Yori<, NY: Raven Press. 1987, with permission.) 

RGURE 8-al. Multiple pterygium syndrome. Severe limitation 
of trunk growth was caused by venebral fusions and lordoscoliosis. 
Death occurred at 24 months of age because of respiratory failure. 

RGURE 8-49. Multiple pterygium syndrome in a 13-year-old patient. 
Radiograph shows severe scoliosis, venebral abnormalities, and an 
unsegmented bar from T9 to 112 and from L 1 to S1, with an apparent gap 
between the bars. (From Goldberg MJ. The dysmorphic child: an Oflho. 
pedic perspective. New York_ NY: Raven Press, 1987, with permission.) 

death in the first years of life in those with multiple pterygium 
syndrome. For the longer term survivors, management of the 
spine defunnity is identical to those with nonsyndromic con~ 
genital scoliosis. Preoperative MRI evaluation of intraspinal 
contents and ultrasound of the kidney ate indicated. 

The knee is the joint that limits mobility in both syn
dromes and is the joint that most determines future ambulatory 
potential (39, 41, 42, 76). Traditionally. treatment of the knee 
begins with physical therapy, but the effectiveness of this 
therapy is doubtful. Early popliteal web surgery is recom
mended before the onset of adaptive changes in the articular 
surfaces, and befOre further vascular shonening. The nerve is 
usually located just under the skin and the web, and care must 
be taken to avoid nerve damage. The web is resected, and 
Z-plasty of the skin is perfonned. There is a high recurrence 
rate despite use of braces. Femoral shortening with an ex:ten~ 
sion osteotomy is often required. If almost-full knee exten· 
sion cannot be achieved at surgery, femoral shortening should 



FIGURE 8-51. Popliteal pterygium in a 13-year-old patient. 
Arteriogram shows that the popliteal artery has been drawn up from 
its normal position. At the margin of the web is the sciatic nerve. (From 
Goldberg MJ. The dysmorphic child: an orthopedic perspective. New 
York, NY: Raven Press. 1987. with permission.) 

be considered, even if during infancy or childhood (77). 
Gradual distraction techniques can be used, but an advantage 
over traditional techniques has not been demonstrated (448). 
Posterior soft:~tissuc procedures can be combined with distrac~ 
tion techniques to gradually extend the knee. Femoral shon~ 
ening techniques are associated with low reaurence tates of 
the deformity. and h~ the advantage of reducing tension on 
the neurovascular sttucrures. These techniques are therefore 
our treatment of choice. 
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