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The Skeletal Dysplasias 

GENERAL PRINCIPLES 
Osteochondral dysplasias are rare disorders of growth and 
development that affect cartilage and bone. Knowledge about 
these dysplasias is important to orthopaedic surgeons as an aid 
to understanding skeletal development. In the preface to the 
classic text, Mc.K:NsU:ks Heritable Distmlm ofConneaive T~ 
(1), the late Victor McK:usic.k.stated, "Nature is nowhere more 
openly to display her sec.ret mysteries than in cases where she 
shows ttaces of her wo~ apan fi:om the beaten path .... " 
It may be true that there is a mutation and a disorder rep
resenting nearly each step of skeletal development. Although 
there is substantial overlap between conditions that primarily 
affect cartilage and those that primarily affect bone because of 
shared matrix elements, metabolic pathways, hormonal influ
ences, and other processes (2), this chapter focuses on those 
that affect cartilage (for a summary, see Appendix 1). 

A useful tool for diagnosis and additional research is the 
Online Mendelian Inheritance in Man. This ~b-based com
pendium is publicly available and readily accessible on the 
PuhMed Web site of the National Library of Medicine {http:// 
www.ncbi.nlm.nih.gov/omim). It allows a user to search by 
physical features or diagnosis and provides a compilation of 
applicable knowledge on each (3). 

Tenninology. Most skeletal dysplasias result in short stat
ure, defined as height more than 2 standard deviations below 
the mean for the population at a given age. The term "dwarfing 
condition"' is used to refer to disproportionate short stature. The 
disproportion is commonly referred to as "short trunk" or '"short 
limb." The short-limb types are further subdivided into catego-
ries based on which segment of the limb is short. "Rhizomelic" 
refers to shortening of the toot (proximal) portion of the limb; 
"mesomelic," to the middle segment; and '"acromelic," to the 
distal segment. Achondroplasia is a class.ic aample of rhizomelic 
involvement. with the femora and especially the hwne.ri being 
most affected by shortening. Some of these disorders are named 
after the appearance of the skeleton (diastrophic means "to grow 

twisted," camptomelic means "bent limbs," and chondrodys
plasia punctata refers to stippled cartilage). Eponyms such as 
Kneist. Morquio, and McKusick are used to name others. 

Pathogenesis. Although their pathogenesis is only slowly 
being investigated, a number of mechanisms have been dis
covered to lead to skeletal dysplasia. Some result from an 
alteration in transcription or in the intracellular or extra
cellular processing of structural molecules of the skeleton 
(Fig. 7-1). Others are caused by a defc:ct in a receptor or signal 
t.tansduction in pathways of skeletal differentiation and prolif
e.tation. These abnormalities tend to ocwr in the pathway of 
cartilage differentiation, growth, and devdopment. 

Abnormalities in the form of a strucrural macromolecule 
may occur, as in type-11 collagen causing spondyloepiphyseal 
dysplasia (SED). In some cases, the effect may be magnified-a 
phenomenon termed a "dominant negative" effect. This phe
nomenon occurs as the defective gene product binds to normal 
copies of the product. leading to early destruction of normal 
and defective copies, as seen in osteogenesis imperkcta type 
II. Pseudoachondroplasia provides another example, with the 
abnormal cartilage oligomeric mattix protein (COMP) accu
mulating in the rough endoplasmic reticulum and causing 
secondary retention of type-IX collagen and other proteins. 
By contrast. models in which COMP is completely knocked 
out and not expressed display no disease. 

Another pathway through which mutations may act is 
the alteration of the transport of structural molecules. One 
example of this mechanism is the group of conditions that 
includes diastrophic dysplasia (DO) and achondtogenesis type 
1, the result of a d.cfect in sulfate transport. This alte.tation 
disturbs proteoglycan assembly, leading to diffuse changes in 
the articular sur&ce cartilage, growth plate, and other areas. 
An cxample of receptors gone awry is the f.unily of disor
ders that includes achondroplasia, hypochondroplasia, and 
thanatophoric dysplasia. These disorders occur as a result of 
varying defects in fibroblast growth factor receptor protein. 
These mutations result in a constitutively active receptor 
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(gain of fimction). Because this receptor down-regulates endo
chondral growth. mutations result in decreased endochondral 
growth. Another example is Jansson metaphyseal dysplasia. 
which is the result of a constitutively active mutation in para
thyroid hormone receptor protein. This protein inhibits the 
expression of the signaling factor Indian hedgehog, which 
is needed to stimulate tenninal dilfe.rentiation to hypertro
phic chondtocytes and produce normal metaphyseal growth. 
Disorders of transcription may also cause skeletal dysplasia. as 
seen in cleidoaanial dysplasia, a defc:ct in core-binding factor 
1. Because this t:l'aJU(;l'iprion factor stimulates osteoblast differ
entiation, a defect in this factor leads to a cartilage model that 
is well formed but not normally ossified. 

Classification. The classification of skeletal dysplasias 
has traditionally been strUctured according to the pattern of 
bone involvement, as in the International Classification of 
Osteochondrodysplasias (4) (Table 7-1). Another apptoach, 
however, is to group them according to the specific causative 
gene defea: for cases in which the defc:ct is known (Table 7-2). 
A schematic representation of the effects of the known 
mutations on cartilage development is shown in Figure 7-1. It 
is also useful for the orthopaedic sw:geon to classify the dyspla
sias into those that are free from spinal deformity [for instance, 
hypochondroplasia and multiple epiphyseal dysplasia (MED) 
rarely have significant spinal abnormalities] versus those for 
which spinal deformity is a frequent problem (such as SED, 
DD, and metatropic dysplasia). Which disotders are free from 
epiphyseal involvement and therefore from risk of subsequent 
degenerative joint disease (DJD)? Achondroplasia and hypo
chondroplasia, cleidocranial dysplasia. and diaphyseal aclasia 

TABLE 7·1 International Nosology and 
Classification of Genetic Skeletal 
Disorders 2006 (Partial List} 

FGFR3group 
Type·ll collagen group 
Sulfation disorder group 
Perlecan group 
Filman group 
MED/pseudoachondroplasia group 
Metaphyseal dysplasias 
Spondylometaphyseal dysplasias 
Spondyloepimetaphyseal dysplasias 
Acromesomelic dysplasias 
Mesomelic and rhizomelic dysplasias 
Bent bone dysplasias 
Slender bone dysplasias 
Dysplasias with multiple joint dislocations 
Chondrodysplasia punctata group 
Increased bone density group 
Decreased bone density group 
Lysosomal storage diseases 
Cleidocranial dysplasia group 

TABLE 7·2 Classification of Skeletal 
Dysplasias Based on Pathogenesis 
(Partial List) 

Defects in extracellular structural proteins 
COL1 {01) 
C0/2 {achondrogenesis, hypochondrogenesis, SEDC, SEDC, 

Stickler, Kneist) 
COL9{MED) 
COL10{Schmidt) 
COL 11 {Stickler variant) 
COMP {pseudoachondroplasia. MED) 
MATN3{MED) 

Defects in metabolic pathways 
AP (hypophosphatasia) 
DTOST(achondrogenesis B, DD. rMED) 

Defects in processing and degradation of macromolecules 
Sedlin {SED· X-linked type) 
Lysosomal enzymes (mucopolysaccharidoses. mucolipidoses) 
EXT'I. EX72 IMHEll) 

Defects in honnones. growth factors, receptors, and signal 
tnmsductioo 
FCGRs 1-3(craniosynostoses, achondroplasia. thanatophoric) 
PTH/PTHrP(Jansen metaphyseal dysplasia) 
GNAS1 {McCune Albright, pseudohypoparathyroidism) 

Defects in nuclear proteins and transcription factors 
SOX1 (csmptomelic dysplasia) 
CBFA1 {cleidocranial dysplasia) 
SHOX ILeri·Weill) 

Defects in RNA processing and metabolism 
RMRP {cartilage·hair hypoplasia) 

Defects in cytoskeletal proteins 
Filamins {larsen syndrome. Melnick-Needles) 

rarely present th.e.se problems in adulthood, but SED, MED, 
DD, and others commonly do. 

Prenatal Diagnosis With the increasing availability of 
prenatal screening. many individuals with skdetal dysplasia 
are being diagnosed before birth. When ultrasound shows a 
fetus with shortening of the skeleton, femur length is the best 
biometric parameter to distinguish among the five most com
mon possible conditions. In one study, fetuses with femur 
length <40% of the mean for gestational age most commonly 
had achondro~nesis, those with femur length between 40% 
and 60% most commonly had thanatophoric dysplasia or 
osteogenesis imperfecta type II, and those with femur length 
>80% most commonly had achondroplasia or osteogenesis 
imperfecta type III (5). Additional testing may be performed, 
if indicated, by chorionic villous sampling and mutation 
analysis. 

Evaluation. In evaluating for skeletal dysplasia in a patient 
with short stature or abnonnal bone development, there are 
several aspects of the medical history that should be investigated 
as an aid to diagnosis and coordination of care. Birth length 
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FIGURE 7-1. Schematic illustration of the sites and effects of the known cartilage defects in the skeletal dysplasias. Section 
of cartilage matrix of physis and epiphysis is simplified and enlarged; genetic abnormalities often affect both regions. DST, 
diastrophic sulfate transporter. deficiency of which leads to undersulfation of proteoglycans in epiphysis and physis of DO 
and achondrogenesis types 1 8 and 2; Colli. type-11 collagen, which is defective in Kneist dysplasia and SED; COMP, cartilage 
oligomeric matrix protein, abnormal pseudoachondroplasia, and some forms of MED; Co/ IX, type-IX collagen. which is closely 
linked to type-11 collagen and is abnormal in some forms of MED; FGFR3, fibroblast growth factor receptor 3, which inhibits 
chondrocyte proliferation in achondroplasia, hypochondroplasia. and thanatophoric dysplasia; Col X type-X collagen. which is 
synthesized only by the hypertrophic cells of the growth plate and is abnormal in Schmidt-type metaphyseal chondrodysplasia. 

is usually shorter than normal in patients with achondropla
sia, SED, and most dysplasias but not in those with pseu
doachondroplasia or storage disorders. Head circumference 
is usually larger than normal in patients with achondroplasia. 
Respiratory difficulty in infancy may occur as a result of restric
tive problems in the syndromes with a small thorax, neurologic 
problems such as foramen magnum stenosis in achondroplasia, 
or upper airway obstruction in various conditions. A history 
of heart disease suggests the possibilities of chondroectodermal 
dysplasia, which may be associated with congenital heart mal
formations, or storage disorders, such as Hurler or Morquio 
syndromes, in which cardiac dysfunction may be acquired. A 
history of immune deficiency or malabsorption is common in 
cartilage-hair hypoplasia. Retinal detachment may occur with 
Kneist syndrome or SED. The clinician should elicit informa
tion about a family history of short stature or dysmorphism 
any previous skeletal surgery the patient may have had. 

The presence of unusual facial characteristics, a cleft palate, 
or extremity malformations should be noted. Height percentile 

for age should be determined using standard charts. Most skel
etal dysplasias result in adult height of <60 in. Measurement of 
the upper:lower segment ratio may be helpful in distinguishing 
disproportion early. This value can be obtained by measuring 
the distance from the top of the pubic symphysis to the sole of 
the plantigrade foot and subtracting it from the overall length. 
The normal ratio is 1.6 at birth {given that extremities develop 
later than the trunk) and diminishes to 0.93 in adults and 
teens. If shortening of the extremities is noted, it is helpful to 
classify it as rhizomelic (shortest in the humerus and femur), as 
in achondroplasia, mesomelia (shortest in the forearms and the 
legs), or acromelia (shortest distally). The extremities should be 
examined for ligamentous laxity or contracture (6, 7). 

A thorough neurologic examination is needed because 
of the frequent incidence of spinal compromise at the upper 
cervical level in SED, DO, Larsen syndrome, and metatropic 
dysplasia, or at any level in achondroplasia. 

A skeletal survey should be ordered, including lateral 
radiographs of skull and neck and anteroposterior views of the 
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entire spine, pelvis, arms, hands, and legs. Much of this infor
mation can be gleaned from reviewing previous radiographs of 
the child's chest and abdomen that may have been obtained. 
Sometimes, pathognomonic features will be revealed, such 
as the caudal narrowing of the interpediculate distances in 
achondroplasia, double-layered patella in MED, and the iliac 
horns in nail-patella syndrome. Flexion-extension radio
graphs of the cervical spine should be ordered if instability is 
suspected to be causing delay in reaching milestones, loss of 
strength, or loss of endurance. In many syndromes in which 
cervical instability is common, such as SED, such radiographs 
should be ordered as a matter of course. Magnetic resonance 
imaging (MRI) in flexion and extension may be helpful in 
some cases to determine if the instability is causing critical 
risk. However, the limitation of this test is that it often must 
be done under anesthesia or sedation and the degree of cervi
cal movement is less. If conventional radiographs show sub
stantial motion and a static MRI shows signal changes at the 
same location, then flexion and extension images are usually 
not needed. 

Laboratory tests may include calcium, phosphate, alkaline 
phosphatase, and protein to rule out metabolic disorders such 
as hypophosphatemia or hypophosphatasia. If a progressive 
disorder is found, the patient's urine should be screened for 
storage products (under the guidance of a geneticist). To rule 
out hypothyroidism, serum thyroxine should be measured if 
the fontanels in an infant are bulging and bone development 
is delayed. After the differential diagnosis is clinically focused, 
DNA testing for mutation analysis is increasingly being done 
in the clinical setting for patients with skeletal dysplasias. A 
geneticist should be consulted to help establish a diagnosis and 
a prognosis and to address medical problems. The geneticist 
sometimes functions as a primary physician for a patient with 
a genetic disorder because a geneticist has the best overview of 
the medical issues facing the patient. 

Treatment. An orthopaedic surgeon eating for a person 
with skeletal dysplasia should focus on three aspects: preven
tion of future limitations, treatment of current deformity, and 
treatment of pain. The patient's parents should be counseled 
about the mode of inheritance and the risk of recurrence so that 
they can make future family plans appropriately. In most cases, 
it is advisable to see such patients on a routine basis for sur
veillance so that skeletal problems can be detected at the opti
mum time for treatment. Weight management is a continuing 
challenge for many and requires attention. One study of the 
quality of life in patients with achondroplasia has shown that, 
although many individuals are able to function at a high level, 
as a group there are significantly lower scores in all domains 
(8). Physical difficulties in an environment that is not scaled 
for such individuals were some of the most commonly cited 
factors, indicating that treatments to increase stature may have 
functional benefit. 

If surgery becomes necessary for a person with skeletal 
dysplasia, special considerations apply. Anesthetic management 
is more difficult if the dysplasia involves oropharyngeal 

malformations, limited neck mobility, cervical instability, or 
stenosis (9). Cervical instability is so common in the skele
tal dysplasias that the surgeon should make a point of ruling 
it out by knowledge of the patient or by knowledge of the 
condition and whether cervical instability is associated with 
it, or by obtaining special radiographs in flexion and exten
sion (10-12). Restrictive airway problems accompany some 
dysplasias, and laryngotracheomalacia affects many young dia
strophic children. Skeletal distortion may make deep venous 
access challenging and, in some cases, a general surgeon should 
be consulted in advance. Intraoperative positioning must 
accommodate small stature and any contractures that are pres
ent. Limb lengthening is an option for many patients who 
do not have a high risk of DJD. In the tibia, for instance, 
concomitant stabilization of the tibiofibular joints during 
lengthening and Achilles lengthening can decrease complica
tions (13). However, the achievement of substantial lengthen
ing in multiple extremities requires a major commitment of 
a patient's time. Total joint arthroplasty is more difficult in 
individuals with skeletal dysplasia because of patients' con
tractures and abnormal skeletal shape and size and because 
extensive soft-tissue releases may be necessary. However, pain 
and function scores have been shown to improve substantially 
after arthroplasty (13). 

Postoperative planning must be done in advance because 
most of these patients have a decreased ability to accommo
date postoperative immobilization, stiffiless, or functional 
restrictions. In some situations, postoperative placement in 
a rehabilitative setting may be most helpful to the patient 
and family. The Little People of America organization (www. 
lpaonline.org) may be an important resource for information 
and support. 

ACHONDROPLASIA 

Overview. Achondroplasia, an abnormality of endochon
dral ossification, is the most common form of skeletal dysplasia 
and occurs in approximately 1 of25,000 live births (14, 15). 

Achondroplasia is caused by a gain of function in the 
mutation of a gene that encodes for fibroblast growth factor 
receptor 3 (FGFR3) (16-19). Achondroplasia arises from a 
point mutation on the short arm of chromosome 4 at nucleo
tide 1138 of the FGFR3 gene. The mutation is located on the 
disral short arm of chromosome 4. The result of this mutation 
is endochondral-ossification-engendered underdevelopment 
and shortening of the long bones that does not involve intra
membranous or periosteal components. 

Achondroplasia is inherited as a fully penetrant autosomal 
dominant trait, but more than 80% of such cases are sporadic, 
meaning both parents are unaffected (20). If one of the par
ents is affected, there is a 50/50 chance that the child will 
develop achondroplasia (14, 15, 20). However, because there 
is also an increased incidence when the parents are more than 
33 years old at the time of conception, a de novo mutation is 
implied (21). 



Etiology. The cause of achondroplasia is a single-point 
mutation in the gene that encodes fur FGFR3. FGFR3 muta
tions have also been found in individuals with thanatophoric 
dysplasia and hypochondroplasia. Almost all people with 
achondroplasia have the same recurrent G-380Rlocus muta
tion, which causes a change in a single amino acid. This 
mutation substitutes an arginine for a glycine residue in the 
ttansmembtane domain of the tyrosine-coupled ttansmem· 
brane receptor in the physis (1, 22). FGFR3 is expressed in 
the cartilaginous precursors of bone, where it is believed to 
decrease chondrocyte prolifer.u:ion in the proliferative zone of 
the physis and to regulate growth by limiting endochondral 
ossification (23). However, in persons with achondroplasia, 
articular cartilage fOrmation, articular cartilage development, 
and the intramembranous and periosteal ossification pnx:esses 
are unaffected (24). 

It is not known why the proximal portions of the long 
bones (rhizomelic) are afkaed more than the distal aspects. 

Clinical Features. In the achondroplastic population, 
the c::x:tt'emicies are most affi:cted, that is, they are short:er than 
those in an unaffected individual. The most commonly affected 
bones are the humerus and femur, which present a rhizomelic 
appeaxance (25). The trunk. length is within normal limits 
or at the lower end of normal limits. This combination typi
cally results in the fingertips reaching only to the tops of the 
greater trochanter (26), a condition that can lead to possible 
difficulties in personal hygiene and care and that can worsen 
as decreasing amount of flexibility occurs in the normal aging 
process (Fig. 7-2). 

The hands are described as trident in nature, that is, the 
individual is unable to oppose the third and the fourth my, 
leaving a space that cannot be closed. There are flexion con
ttactures at the dhow and decreased ability to supinate, most 
often secondary to the fact that the radial head can be suhlun:d, 
as evidenced on radiographs. None of the above filatureS are 
clinically important, but a nonknowfedgeable physician might 
misdiagnose such a presentation as a .. nursemaid's elbo-w" and 
incorrectly attempt a reduction. 

The facial appearance of patients with achondroplasia is 
c~ by an enlarged head, mandibular protrusion, &on
tal bossing (flattened or depressed nasal bridge), and midfac:e 
hypoplasia. The bones in the .midface are more affi:cted than the 
other facial bones because of their endochondral origin (16). 

Although the lower e:nremities are typically in varus sec
ondary to knee and ankle morphology, the lower extremities 
can be straight or occasionally in valgus, and internal tibial tor
sion may also be seen. Typically, the knee and ankle joints have 
excessive laxity, although usually such patients do not develop 
premature arthritis. The femoral necks are often shortened, 
giving an appearance of coxa breva. 

In terms of the spine, kyphosis at the thoracolumbar 
junction is very common and is typically seen in the first 1 to 
2 years of life (Fig. 7·3). In most children, this condition 
will correct spontaneously within a few months of ambula· 
cion, although arnbulacion is often delayed in patients with 

CHAPTER 7 I THE SKEI.ET'Al DYSPLASIAS IIIll 

FIGURE 7-2. Photograph of a 5-year-old male with achondroplasia. 
Note the typical bowing and fingertips reaching to the top of the hips. 

achondroplasia (27). & kyphosis improves, lumbosacral lor
dosis may seem to progress. 

One stUdy fuund that life expectancy is not substantially 
diminished in individuals with achondroplasia (28), but a 
more recent report has indicated a higher mortality rate in 
30- to 50-year-old people with achondroplasia compared with 
age--matched controls (29). This reported increased mortal
ity is typically secondary to heart disease. One indicator for 
heart disease is abnormal blood pressure, but it is possible 
that standazd blood pressure cuffs may underestimate the 
pressures in the achondroplastic population, leading to the 
nonidencification and nonueatment of a large number of 
patients with high blood pressure. New cuffs have been devd
oped and their use fur this population is being reviewed. 

Growth and Development In most children with achon
droplasia, growth and development fall behind those of unaf
fi:cted children. 

Widdy available growth charts (25) indicate that the infant 
with achondroplasia is shorter than an unaffi:cted infant, a 
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RGURE 7-3. Photograph of an 18-month-old female with achondro
plasia sitting with typical postural kyphosis. 

height deficit that increases markedly during the first few years 
of life and becomes even more marked during the growth spwt 
at puberty (30). The average height for an adult with achon~ 
droplasia is 132 em for men and 125 em for women (20). 

Children with achondroplasia also have delayed motor 
milestones (head conttol, 4 months; sitting up independendy, 
10 months; ambulation, 18 to 20 months) (31, 32), and three
quarters of them have ventriculomegaly (33). 

Historically. hydrocephalus was thought to be the cause, 
leading also to macrocephaly. but only a very small subset has 
been shown to have clinically significant hydrocephalus (34); 
stanc:lardized head circwnference charts can help track such 
children (35). Venttirular peroneal shunting is indicated only 
for rapid progression of head circumference, or for signs and 
symptoms of increased intracranial pressure. 

Mental development is typically normal in children with 
achondroplasia. but physical rn.ani&stations are often delayed, 
especially in the first 2 to 3 years of life (36). Typically, motor 
dc:vdopment normalizes by 3 years of age. There are standard, 
ized devdopmental charts that are available for monitoring 
such children. 

Foramen magnum stenosis is one of the earliest serious 
health consequences faced by some children with achondro
plasia. Its symptoms, which most commonly occur in the 
first 2 years of life but which may present later (37), include 
chronic brain stem compression, sleep apnea, lower cranial 
nerve dysfunction, difficulty in swallowing, hyperreflexia, 

hypotonia, weakness, paresis or clonus, and severe develop
mental delay. and are quantified in sleep studies (34, 38-42). 
The most common presenting symptom of foramen mag
num stenosis is respiratory difficulty with excessive snor
ing or apnea (43). Apnea can be centtal in nature (because 
of brainstem compression) or just obstructive because of 
the individual's small midface. The American Academy of 
Pediatrics recommends screening for foramen magnum ste
nosis with polysonography and computed tomography (CT) 
or MRI in all infants with achondroplasia. Because CT and 
MRI in the first year of life require sedation, the child who 
is developing well, has no abnormal reflexes, and is alen, ori
ented, and meeting all milestones can typically just be fol
lowed clinically. If head circumference changes or if a patient 
is not reaching milestones, a sleep study should be ordered. 
If the sleep study is abnormal, then a Cf or an MRI scan 
should be obtained. We prefer MRI because, in our opinion, 
it produces a better image of the brain stem and the upper 
cervical spinal cord 

Some studies have shown a high mortality rate (2% to 5%) 
in infants with achondroplasia and have indican:d foramen 
magnum stenosis as the responsible factor (33). 

Radiographic Characteristics. There are s~ral fea
tures typically seen on the radiographs of individuals with 
achondroplasia, but caution should be exe.ocised in interpret
ing the absence of such findings: not all affected individuals 
exhibit such radiographic characteristics. 

The key feature is the typical narrowing intrapediaJlar dis
tance from Ll to L5 seen on the anteroposterior radiographs of 
affected individuals (44, 45); in the unaffected population, the 
intrapedicular distance from Ll to L5 increases. The presence 
of such narrowing is an absolute indicator of achondroplasia. 
but the lack of such narrowing does not rule out the presence 
of achondroplasia. In addition, pedicles in those with achon, 
droplasia are approximately 30% to 40% thicker than those 
in unaffected individuals (46). In this patient population, the 
vertebral bodies have a scalloped appearance (20), lumbar lor
dosis increases to the sacrum segment and may even become 
horiwntal, and severe scoliosis is rare but can be seen; however, 
the incidence of cervical instability is not higher than that in 
the unaffected population (20, 46). 

Other radiographic abnormalities include underdeveloped 
facial bones, skull base, and foramen magnum; square iliac 
rings; rhizomelic shonening; and flared metaphysis of the long 
bones • .Affi:aed. individuals also have a pronounced, invened 
'V' shape of the distal femoral physis with normal distal femo, 
ra1 epiphysis, and the metacarpals and metatarsals are almost all 
eqwl in length. The iliac wings have a squared appearance. The 
metaphysis of all long bones is flared in appearance. Despite 
being shon, the diaphyses of all long bones are thick. The sites 
of major muscle insertions, such as the tibial tubercle, greater 
trochanter, and insertion of the deltoid, are more prominent 
than usual. The epiphysis throughout the skeleton is normal in 
appearance and development; consequently, degenerative joint 
arthritis or changes are rarely seen. 



General Medical Treatment. Although children with 
achondroplasia are typically healthier than those with other 
dysplasias, infant5 and young children with achondroplasia 
should be closely monitored and evaluated, especially during 
the first few years of life, for signs and symptoms of foramen 
magnum stenosis (see earlier). If the diagnosis is made clinically, 
an MRI should be ordered to show the stenosis. At this point, 
neurosurgery can enlarge the foramen magnum. Sometimes, 
surgeons may need to perform a durotomy or an expansion 
of the dura and a Cl laminectomy. Many of these children 
also have dilatation of the veins of their cranium secondary to 
venous distension, which can also be relieved by such surgery. 
& indicated earlier, children with achondroplasia have delayed 
motor milestones; for example, most unaffected children walk 
by 12 months, whereas most of those with achondroplasia do 
not walk until 18 months. Post5urgery, patients typically are 
able to start achieving milestones much more quickly and prog
ress rapidly (38, 40). In addition, children with achondroplasia 
have a higher risk of respiratory complications than do unaf
fected children, not only because of midface hypoplasia and 
upper airway obstruction, but also because of a decreased respi
ratory drive that can be secondary to foramen magnum steno
sis. Early brain stem decompression can decrease the risk (37). 

Otolaryngeal problems are also prevalent: 90% of the 
patient5 with achondroplasia can experience otitis media before 
they are 2 years old (47), and many require ear tube place
ment5. Adenoid and tonsil hypenrophy in the presence of mid
face hypoplasia can cause obstructive sleep apnea. The otitis 
media and adenotonsil hypenrophy may result in conductive 
hearing loss that can impair speech development and delay. 

Achieving and maintaining an ideal body weight is also 
difficult and a lifelong struggle. Currently, because there are 
no standardized chart5 for size and weight, observing skin-fold 
thickness and noting general appearance may be the best clini
cal option (48, 49). 

Children with achondroplasia are typically not deficient 
in growth hormone levels, but there is a substantial amount of 
research with regard to the administration of growth hormone 
to supplement height (18, 50, 51). Typically, in the first year 
of receiving growth hormone treatment, there is an increase 
in the growth height velocity, but it diminishes over the next 
2 to 3 years, with a net result of no real increase. There has 
been speculation that too much growth hormone can hasten 
the development of spinal stenosis, which is one of the worst 
complications of achondroplasia ( 18, 50, 51). 

There are several other otolaryngologic problems that are 
usually secondary to the underdevelopment of midface skeletal 
structures. Maxillary hypoplasia can lead to dental overcrowd
ing and malocclusion (52). Many children with this condition 
require orthodontic attention. In such children, Eustachian 
tubes often do not function properly because the children are 
smaller than the unaffected population and more horizontally 
than vertically positioned, decreasing the ability to drain mid
dle ear fluid (53). 

Orthopaedic problems include angular deformities of the 
lower extremities, genu varum at the knees, thoracolumbar 
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kyphosis, and spinal stenosis (which can occur at any level of 
the spinal canal). Malalignment of the lower extremities is typ
ically secondary to genu varum or ankle varus (24, 54). A very 
small percentage of patient5 have genu valgum, which rarely 
becomes severe enough to require treatment, but genu varum 
may progress to cause substantial pain and difficulty in ambu
lation (24, 55). Some clinicians have postulated that the longer 
fibula is the cause of this pain, but others have shown that the 
length of the fibula has no direct relationship on the amount 
of bowing on the knee (56-58) (Fig. 7-4). Leg malalign
ment has been shown to be the result of ankle, distal femur, 
or proximal tibia deformity, or from a combination thereof 
Incomplete ossification epiphysis often makes it quite chal
lenging to elicit the source of this malalignment. Arthrograms 
are typically used at our institution to help identify the exact 
location of the deformity and are especially helpful in patient5 
<8 years old (12). Although bracing has been used elsewhere 
to help control ligamentous laxity and to try to correct bow
ing, we have found that the shan and often pendulous nature 
of the legs of patient5 with achondroplasia makes it difficult 
to provide a brace with proper fit and enough of a mechani
cal advantage to correct the malalignment. During the past 
10 years of our practice, no brace has been used to control 
malalignment, and surgical decisions are not made until the 
child is at least 3 years old. The indication for surgery is per
sistent pain that is secondary to malalignment (not to spinal 
stenosis) deformity severe enough to cause a fibular thrust, 
resulting in a gap between the proximal tibia and the femur 
on ambulation (40, 57, 59). Again, in our practice, if the deci
sion has been made for surgical intervention, an arthrogram 
is obtained to evaluate the optimal location of the osteotomy. 
Such arthrography also often identifies internal tibial torsion, 
which can then be corrected concurrently. Although fibular 
shonening has been advocated in the past (55), we and others 
(60, 61) do not think it is ever indicated. Treatment indica
tions are difficult to define clearly because there are no natural 
history studies showing which degree of deformity causes early 
degeneration. 

Short Stature and Limb Lengthening. Infant5 with 
achondroplasia are shorter than other individuals and the deB
cit progresses until skeletal maturity. 

Everyday difficulties as the result of shan stature include 
using public restrooms, face washing in public restrooms, 
hair combing, engaging in hobbies involving physical activity, 
playing sporu with average-statured individuals, conducting 
routine business transactions {often at countertop level), and 
driving a car. Nevertheless, the decision to augment stature is 
difficult and controversial because the procedure is time con
suming, complicated (40, 62), and fraught with complications 
(38, 40). 

First, surgical lengthening can achieve quite a bit of height 
if done safely and correcdy (13, 63, 64), but because it is a 
time-consuming process, it removes these children from their 
normal activities of school and socialization. The psychologic 
impact can be tremendous, especially if the lengthening goals 
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FIGURE 7·4. Prefibulectomy (A) and postfibulectomv (B) {without change of alignment} radiographs of a 14-year-old male 
with achondroplasia and tibia vara. 

are not achieved. At some centers, lengthening is performed 
at two separate time interwls, the first typically at the age of 
7 years old and the second at preadolescence. The overall time 
frame for surgery and poswperative therapy may be up to 
3 yw-s. Some centers prekr to delay lengthening until early 
adolescence to increase the patient's participation for the reh.a· 
bilitation process and also the decision making as to whether 
or not the lengthening should be done. We know of only one 
child w.itb. achondroplasia who has had limb lengthening and 
whose parents were also affected. 

Second, surgical limb lengthening is a very complicated 
endeavor (40, 62), and one that is fraught with complica· 
tions (38, 40). In one study by Aldegheri and Dall'Oca (65), 
43% of the patients who underwent limb lengthening had 
complications, including fracture, failure of prematu.re consoli· 
dation, malunion, malalignm.ent, joint sti.ffhess, and .infection. 
One report in the lite.rature indicates increased symptoms of 
lumbar spinal stenosis (66). The effect of limb lengthening on 
spinal stenosis needs additional investigation. Humeral length
ening, often is combined w.itb.lower auemity limb lengthen
ing, may be the most functionally appreciated because it makes 
it is easier to perform personal care, put on shoes and socks, 
and perform extended reaching. The procedure also has lower 
risks than lower limb lengthening. 

Despite the &ct that limb lengthening has been a proc:;e.
dure in frequent use for several deades, to our knowledge, the 

functional benefits after elective limb lengthening have never 
been studied. 

Spinal Aspects Thoracolumbar kyphosis devdops in 
most infants with achondroplasia. A newborn with achon· 
droplasia typically has a thoracolumbar kyphosis centered at 
approximatelyT12-Ll. When sitting begins, the infant slumps 
forward because of uunk. hypotonia, in combination with a 
relatively large head, flat chest, and protuberant abdomen. The 
apex of the venebral deformity becomes wedge-shaped anteri
orly, although it uswlly is a reversible phenomenon. This con
dition should not be confused with a diagnosis of congenital 
kyphosis. Most of these patients improve by the 2nd or the 3rd 
year of life, after walking begins and muscle strength in~es 
(15, 27, 67, 68). However, persistent kyphosis can increase the 
risk of symptomatic stenosis, putting pressure on the conus 
(Fig. 7-5). To prevent persistent kyphosis, Pauli et al. (27) 
recommended early parental counsding (before the infant is 
1 year old) for prohibition of unsupported sitting or sitting 
up at more than a 45-degree angle and for the use of the fol
lowing measures: firm, back-seating devices; curling the infant 
into a •c,. position; hand counterpressure when holding the 
infant; and bracing as needed. In the study by Pauli et al. (27), 
bracing is initiated for patients who devdop kyphosis that 
does not correct to <30 degrees on prone lateral radiographs. 
Those authors initially used bracing but found it cumbersome 



FIGURE 7-5. Radiograph of a 4-year-old patient with achondropla
sia and thoracolumbar wedging and kyphosis. 

and not very helpful. In addition, the braced patient may be 
at an increased risk for f.ills because of the brace's large size 
and the patient's small body, poor uun.k control, and devel
opmental delay. Bracing may also have a detrimental effect 
on pulmonary function in children with small thoracic cages. 
In our practice, we have found that bracing has delayed the 
onset of walking. If wedging of the vertebrae persists beyond 
the ages of 4 or 5 years, and surgical intervention is not 
sought, we recommend a trial of using hyperextension casts to 
see if it will help with the wc:dging. Although some surgeons 
have used this n:chnique with some benefit (69), we havl: 
seen several instances of such use that have resulted in numer
ous complications, including skin breakdowns, the inability 
to tolerate the casts, decreased ability to ambulate, and oth
ers. Currently. the indication for safe surgical intervention in 
our practice is kyphosis ~50 degrees at 5 years of age with no 
sign of improvement (70). The key is twofold: (a) no hooks, 
wires, or any other hardware in the canal and (b) no overcor
rection. Correction should limited to what is obtainable pre
operatively with the awake child hype~:enended laterally over 
a bolster. The threshold for performing an anterior arthrodesis 
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has decreased with increased rigidity instrumentation by the 
placement of pedicle screws at every level (70-76). 

For the child with achondroplasia, thoracolumbar kypho
sis, and concurrent spinal stenosis symptoms, MRI will be 
obtained; if it shows anterior cord impingement, a carpectomy 
via an anterior approach will be performed. In this situation, 
we would not perform a vertebral body resea:ion posteriorly 
becawe we think the achondroplastic spinal cord is not mobile 
enough to tolerate such a procedu.n:. Cuttendy, any child >3 
years old who can accommodate pedicle screws, including cer
vical spine screws, is not placed in a cast or brn.ce postopera
tively. However, for a child <3 years old with pedicle screws, a 
bracing protocol is instituted for 3 months. 

Lumbar stenosis typically can present during the second 
or third decade of life of an individual with achondroplasia, but 
it can be seen as early as 18 months (Fig. 7 -6). Patients typi
cally present with complaints oflower back pain, leg pain, pro
gre.ssM: weakne.ss of the extremities, numbness, and tingling, 
symptoms that often are decreased or alleviated completely by 
squatting or bending over-maneuvers that reduce the lumbar 
lordosis, increase the size of the can.al, and relieve the pressure. 
Surgical indications include myelopathy. progressive signs and 
symptoms, inability to ambulate more than one or two city 

FIGURE 7-6. T2-weighted MRI of a 12-year-old patient with achon
droplasia and lumbar stenosis. 
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RGURE 7-7. CT myelogram in a patient with achondroplasia and 
severe lumbar/sacral stenosis. 

blocks without having to stop or squat to relieve the pressure. 
Preoperative workup includes MRI and possibly a Cf scan 
(Flg. 7-7). By correlating the physical examination and the 
MRI study, the clinician can identify the approximate level of 
the most severe stenosis. Usually, treatment is a wide decom
pression that exlends at least two levels above the point of the 
most severe stenosis and down to the sacrum. In skeletally 
immature patients, a posterior spinal fusion with pedicle screw 
instrumentation needs to be done concurtendy to p~t pro· 
~sive kyphosis. If the patient is skeletally mature and has 
no underlying kyphosis, posterior decompression can be done 
alone, without a concurrent fusion (40, 46, 71-74, 77). 

HYPOCHONDROPLASIA 
Etiology and Patllogenesis. Hypochondroplasia is an 
autosomal dominant disorder, and the cha.nc:e of passing it on to 
offipricgisapproximatdy50% (l).Althoughhypochondroplasia 
and achondroplasia have similar names and are s.imilar phenotyp· 
ically (individuals with mild achondroplasia can appear similar to 
individuals with severe hypochondroplasia), they are two distinct 
disorders. The mutation that causes hypochondroplasia is located 
on the short ann of chromosome 4, in gene FGFR3, as it is in 
achondroplasia and thanatophoric dysplasia. However, the nucl~ 
otide change is in a different region, the tyrosine kinase domain. 
In hypochondroplasia, the mutation results in increased activa
tion of f.tctors that slow cdl growth (16, 78-81). 

Clinical Features. Hypochondroplasia can usually be 
identified at birth, but it can also be unrc:cognized until early 
puberty if the individual is only mildly affected. The presenta
tion is more varied than that of achondroplasia; foramen mag
num stenosis and thoracolumbar stenosis are extremely rare in 
patients with hypochondroplasia. 

Compared with the achondroplastic population, individ
uals with hypochondroplasia have less of a height discrepancy 

(118 to 160 an) (20, 82); similar, but less pronounced, fucial 
cha.racteristics; limbs shoner than the trunk. but to a lesser 
extent; milder other featu..res such as thoracolumbar kyphosis, 
spinal stenosis, and genu varwn; and mesomdic rather than 
rhiz.omelic long-bone shortening. In addition, the need for 
surgical intervention for patients with hypochondroplasia is 
much lower than that for those with achondroplasia. In our 
practice, we have surgically treated several hundred patients 
who had achondroplasia with spinal stenosis and/or kyphosis, 
but only a few patients with hypochondroplasia have required 
surgical intervention. Unlike individuals with achondroplasia, 
in whom intelligence is normal, a small portion (<10%) of 
those with hypochondroplasia have been associated with men
tal retardation (83). 

Radiographic Features. Hall and Spranger (84) have 
proposed primary and secondary aiteria for making this diag
nosis. Primary criteria are narrowing of the pedicles in the lum
bar spine, squaring of the iliac crest, broad femoral necks, mild 
metaphyseal ~ and brachydactyly. Secondary criteria 
are shortening lumbat pedicles, mild posterior scalloping of 
the vertebral bodies, dongation of the distal fibula, and ulnar 
styloid. In patients with achondroplasia, the sciatic notches 
are narrow in nature; in patients with hypochondroplasia, the 
notches are unaffected and normal in appearance. 

Differential Diagnosis. Compared with achondropla
sia, hypochondroplasia is a much milder form of skd.etal. dys
plasia and has a much more wriable presentation; it can also 
go unrerognized until early pubeny. However, severe cases of 
hypochondroplasia can overlap mild forms of achondroplasia. 
Occasionally, hypochondroplasia can be confused with Schmidt 
metaph~ dysplasia because both disorders have mild short 
stature, typically nonnal fuces, and mild genu varum. 

Treatment. Surgery is rarely indicated. The administration 
of growth hormone therapy can have a positive initial impaa: 
(51, 85, 86), but to our knowledge, no long-term studies have 
been done. If limb lengthening is chosen, the risks and com
plications are the same as those for individuals with achon
droplasia, but the benefits may be greater because the patients 
are taller initially and successful. lengthening may enable them 
to achieve low-to-normal adult height and stature. However, 
patients should still be advised of all of the risks and complica
tions and that there are no long-tenn studies. 

METATROPIC DYSPLASIA 
Overview. The term '"met:atropic dwarfism"' comes from the 
Greek word metatropos, or "changing form," because patients 
with this condition appear to have short-limb dwarfism early in 
life, but later ~op a short-trunk partem as spinal length is lost 
with the development of kyphosis and scoliosis. The condition 
has been likened to Morquio syndrome because of the enlarged 
appearance of the metaphyses and the contnctures (87). 



FIGURE 7-8. Histology of the growth plate in metatropic dyspla
sia, showing relatively normal columns of proliferating chondrocytes 
(C). but absence of the hypenrophic or the degenerating zones, as 
well as a "seal," or bony end plate lfP). over the metaphysis. (From 
Boden SO. Kaplan FS, Fallon MD. et al. Metatropic dwarfism: uncou
pling of endochondral and perichondral growth. J Bone Joint Surg Am 
1987;69:174, with permission.) 
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It is a .rnre condition that may be inherited in an autosomal 

dominant or recessive manner (88). The cause of this dyspla
sia has not been elucidated. However, histologic abnormali
ties of the growth plate have been studied and appear to be 
characteristic. as shown in the swdy by Boden et al. (89). The 
physis shows relatively normal columns of proliferating chon
drocytes. However, there is an abrupt arrest of further develop
ment, with absence of a zone of hypertrophic or degenerating 
chondrocytes. Instead, there is a mineralized seal of bone ovtt 

the metaphyseal end of the growth plate (Fig. 7-8). The peri
chondr.d ring remains intact, and circum.ferential growth is 
preserved. This uncoupling of endochondral and perichon
dral growth appears to account for the ch.aracteristic "knobbf 
metaphyses and the platyspondyly. Additional understanding 
of the defect in this disorder will shed light on the nonnal 
maturation of the physis. 

Clinical Features. One of the most chanct:eristic ~tures 
of this condition is the presence of the "coccygeal tail,"' a carti
laginous prolongation of the coccyx that is not present in other 
dysplasias (Fig. 7-9A,B). It is usually a few centimeters long 
and arises from the gluteal fold. The fucial appearance includes 
a high forehead. and there may be a high arched palate. The 
sternum may display a pecws carinatum. the limbs have flexion 
contractures of up to 30 to 40 degrees from infancy, and other 
joints may have ligamentous laxity. The limbs appear relatively 
shon with respect to the t.run.k:. The metaphyses are enlarged, 
which, when combined with underdeveloped musculatUre, 
gives a "bulky" appearance to the limbs. Some patients have 
been reported to have ventticulomegaly or hydrocephalus (90) 
or to develop upper cervical spine instability and/or stenosis 
(90, 91). Scoliosis develops in early childhood and is progres
si~ (92, 93). Some resttictive lung disease is usually present, 

B 

FIGURE 7-9. A 1-year-old infant with mets
tropic dysplasia, illustrating knee-flexion 
contractures, "bulky" metaphyses (A), and a 
coccvgeal tail (B). 
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and it may cause death in infancy for the one-third of patients 
who are aftlicted by the autosomal recessive form of the dis
ease (88, 93). However, for those who survive into adulthood, 
height varies from 110 to 120 em. 

Radiographic Features. Prenatal sonographic diagnosis 
may be possible in the first or seoond trimester, with the finding 
of substantial dwarfism, nanowthoru:. and enlarged metaphy· 
ses (94, 95). Odontoid hypoplasia fi:equendy exists in patients 
with this condition, as in many patients with skdetal dysplasia. 
In infancy, the vertebrae are markedly flattened throughout the 
spine, but normal in width. Kyphosis and scoliosis develop in 
most patients. The ribs are short and flared. with cupping at 
the costochondral junctions (Fig. 7-10). 

The epiphyses and metaphyses are enlarged, giving the 
long bones an appearance that has been likened to that of a 
barbell (Fig. 7·11). The epiphyses have delayed and irregu· 
lar ossification. Protrusio acetabuli has been reponed (93). 
Genu vatum of mild·to·moderate degree usually devel· 
ops. Degenerative changes of major joints often occur in 
adulthood. 

RGURE 7-10. Newborn with metatropic dysplasia. Note platyspon
dyly with delayed vertebral ossification and flared ribs. (Courtesy of 
Judy Hall. Vancouver, BC.) 

RGURE 7·11. Newborn with metatropic dysplasia. The diaphyses 
are short and the metaphyses are broad and flared; their appearance 
has been likened to dumbbells. The iliac wings are flared, and the 
acetabulae are deep. {Courtesy of George S. Bassett, MD.) 

Treatment/Ortltopaedic Considerations. Respiratory 
problems often dominate inf.mcy and may be fatal. They result 
from the small thoru: and may also result, in part, from cervical 
instability. Such. children need tD be observed on a follow~up 
basis at a center with clinicians who have pediatric pulmo· 
nary expertise. The neck should be .imaged early with MRI 
and possibly flexion-extension radiographs. Because cervical 
quadriplegia has been reponed (91), fusion is recommended if 
atlantooccipital translation is more than approximately 8 mm, 
or neurologic compromise is present. If a patient has atlanm
axial instability of 5 to 8 mm but is neurologically intact, MRI 
should be obtained in flexion and extension. Fusion should 
be recommended if cord compromise is seen. Severe stenosis 
should be decompressed (91). 

The patients should be examined c:arly for spinal cur~ 
vature. There is no documentation of efficacy of brace treat· 
ment for this condition. It may be tried in small curves (<45 
degrees) in young patients or those who need support to sit, 
but it has no proven value for large curves, even if the patients 
are young and still actively growing. Spinal fusion for sco
liosis may be advisable in patients with more severe curves. 
Deciding exactly when to intervene is more of an informed 
judgment call than a science. To document medical health 
and to have a chance of bone size adequate for instrumenta· 
tion, we recommend observation and accepting a larger curve 



threshold for surgery in patients <10 years old. However, 
progressive, sharp, angular kyphosis with paraparesis may 
occur in metatropic dysplasia and should be treated early 
with growth-sparing procedures or fusion if. in the surgeons 
estimation, neurologic compromise is a risk. When surgery 
is undertaken, anterior as well as posterior fusion should be 
considered if the patient is able to tolerate it, because rigid 
fixation is difficult and there is a high rate of pseudarthrosis 
in this condition (10). Given that the curves are often rigid, 
only the amount of conection that can be achi~ safely 
should be attempted. Halo--cast immobilization is an option 
if patient siz.e, stenosis, or poor bone density make instru
mentation inadvisable. 

CHONDROECTODERMAL DYSPLASIA 
Overview. Chondroectodermal dysplasia is an uncommon 
disorder. It is also known as Elli&-Van-Creveld syndrome and is 
prevalent among the Amish (96). It results in disproportional 
shon stature and abnormalities in the teeth, limbs, and cardiac 
areas. The pathognomonic characteristic of this condition is 
~re flattening or wedging of the lateral proximal tibial phy
sis, which leads to the severe genu valgum (Fig. 7-12). 

It is a defect in EVC gene, or in the shon arm of chro-
mosome 4 (97-99). It results in the defect of maturation of 
endochondral ossification. It is transmitted as an autosomal 
recessive condition. 

Orthopaedic Treatment. The first priority for patients 
with chondroectodennal dysplasia is stabilization of the heart. 

FIGURE 7-12. Photograph of a 16-year-old Amish male with Ellis
Van-Creveld syndrome and severe genu valgum. 
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FIGURE 7-13. Photograph of a 21-year-old male with Ellis-Van
Creveld syndrome who did not undergo polydactyly correction. 

Approximately one-thitd of these infants die in the first few 
weeks of life (100). In the first year, most patients with this 
condition have polydactyly, which can be reconstructed 
(Fig. 7-13). Genu valgum fu:quendy occurs and can be quite 
severe. If seen early. genu valgum can be tteated with guided 
growth. such as a hemiepiphysiodesis with an 8-plate. In our 
practice, bracing has had no effect on this condition and does 
not help control the severe ligamentous laxity. If surgical inter
vention (i.e., osteotomies) is warranted because of severe val
gus angulation. rotational malal.ignment should be considered 
along with any genu valgum. The distal femur is typically 
externally rotated, and the tibia is internally rotated. It appears 
as though there is a flexion contracture in the lower extremi
ties, but after correcting the malrotation, the flexion contrao
ture typically disappears and then the malalignment needs to 
be corrected (62, 101). Clinicians can correct the malalign
ment with external or inte.l'Ilal fixation. In these children and 
young adults, there is an increased risk of patellar subluxation 
and dislocation. Many times, lateral release, medial reefing. 
and even tibial tubercle osteotomies are required. In the pres
ence of genu valgum, after correcting the malrotation, lateral 
proximal tibial elevation can also be entertained. Before the 
plateaU elevation, an external fixator across the knee can be 
placed to open the lateral joint line. Osteotomy is necessary in 
severe cases be<:ause there is a high rate of recunence. 

Clinical Features. Approximately half of the children 
with c.bondroectodermal dysplasia have cardiac defects, most 
commonly attial septal defects. One-third of children with this 
condition die during the neonatal period, most from cardiac 
abnormalities. 

Patients with this disorder develop hypospadious and 
epispadious. They have narrow chests, abnormal dentition 
(with crooked. sparse, and sometimes lost teeth), abnormal 
nails, and postaxial polydactyly. This condition presents as 
acromesomelic shortening of the middle and distal segments 
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of the upper and lower extremities (102-105). The spine is 
typically uninvolved. The lower extremities have significant 
genu valgum secondary to a hypoplastic proximal laterotib
ial plateau and lax ligaments, and rotational abnormalities 
(such as external rotation of the femur or internal rotation 
of the tibia) are often present, as though there were a flexion 
contracture. 

Radiographic Features. The ribs are short, the chest 
is narrow, and there is unevm growth of the proximal tibial 
epiphysis laterally. Exostosis can devclop from the proximal 
tibial epiphysis medially and acetabular spike of the medial 
and lateral edges. The greater trochanteric epiphyses are quite 
pronounced, and the wrists can display fusion of the capitates, 
hamate, and (sometimes) other carpal bones. Carpal bones 
typically have delayed maturation, in contrast to the acceler
ated maturation of the phalanges. 

DIASTROPHIC DYSPlASIA 

Overview. DD is perhaps the dysplasia with the most 
numerous, disparate, and s~ skeletal abnormalities. The 
term "diastrophic" comes from a Greek root meaning •dis
torted. D which apdy describes the ean;, spine, long bones, and 
feet.. Before the current levd of understanding of the slr.eleW 
dysplasias was developed, early authorities referred to this 
condition as "achondroplasia with clubbed feet" (106, 107). 
Certainly, the skeletal abnormalities are much more extensive 
than that. 

The disorder is autosomal recessive and is enremely rare, 
except in F'ml.and, where between 1% and 2% of the popula~ 
tion are carriers, and there are more than 160 people known to 
be affected because of an apparent founder effect (108). The 
defect is on chromosome 5 in the gene that codes for a sulfue 
transporter protein (apdy named "diastrophic dysplasia sulfate 
transporter" or DTDS'n (109, 110). This protein is expressed 
in virtually all cell types. Decreased content of sulfate in carti
lage from patients with DD has been shown (111). A defect in 
this gene leads to undersulfation of proteoglycan in the carti
lage matrix. If one considers protcoglycans to be the •hydraulic 
jada" of cartilage at the ultrastructural level, it is understand~ 
able that there should be such impairment of perfOrmance 
of physcal, epiphyseal, and articular cartilage throughout the 
body . .Achondrogenesis types lB and 2 are more serious disor~ 
ders causing mutations on the same gene. 

Histopathology l'C'Yeal.s that chondrocytes appear to 
degenerate prematurely, and collagen is present in excess (112, 
113). Tracheal cartilage has some of the same abnormali
ties seen in other ca.rtilage types, but it still does not explain 
some of the specific focal malformations seen in DD, such as 
proximal interphalangeal joint fusion in the hands, short first 
metacarpal causing hitchhiker thumbs, or cervical spina bifida. 
Additional work on the role of this sulfate transporter on skel~ 
etal growth and development must be done to explain these 
curious findings. 

Clinical Features. Prominent cheeks gave rise to the 
previously used name "cherub dwarf" (Fig. 7·14). The nasal 
bridge is ftanened. Up to one-half of patients have a cleft pal
ate, which may contribute to aspiration pneumonia (112). The 
cartilage of the trachea is abnormally soft, and its diameter may 
be narrowed. The ear is normal at birth but ~ops a peculiar 
acute swelling of the pinna at 3 to 6 weeks in 80% to 85% 
of cases (114). The reasons for this event and this timing are 
not known. The cartilage hardens in a deformed shape-the 
"'cauliflower ear," which is one of the pathognomonic btures 
of this dysplasia. 

Patients with diastrophism have a slightly increased 
[appro:rimatdy 5% (106, 107)] perinatal mortality as a result 
of respiratory problems, especially aspiration pneumonia and 
tracheoJ:D.alacia.. Motor milestones are delayed: sitting occurs at 

a mean age of 8 months, pulling up to a stand at 13 months, 
and walking at 24 months (115). 

The skeleton displays abnormalities from the cervical spine 
down to the feet (6). The posterior arches of the lower cervical 
spine are often bifid. There are no external clues to this oa:ult 
underlying abnormality. Cervical kyphosis is seen in one-third 
ro one. half of patients (11, 116); it may be present in in&ncy, 
and its course is variable. Spontaneous resolution has been 
reported in a number of patients, even with curves of up to 

FIGURE 7-14. A 5-year-old girl with DO. Note prominent cheeks, 
circumoral fullness. equinovarus feet, valgus knees with flexion con
tracture. and abducted or ·hitchhike( thumbs. 



80 degrees (117, 118) (Flg. 7-15A-C). However, others prog
ress, and several repon:s of quadriparesis from this deformity aist 
(11, 119). Scoliosis develops in at least one-third of patients 
(116), but many curves do not exce«l 50 degrees. Tolo (120) 
has stated that the scoliosis may be one of two types: idio
pathic-like or sharply angular. The sharply angular type is usu
ally characterized by kyphosis at the same level as the scoliosis. 
Spinal stenosis is not common, in contrast to achondroplasia. 
Most patients have substantial lumbar lordosis, likely to com
pensate for the hip flexion contractul'eS in diasttophism. 

The m:remities display rhizomelic shortening. The shoul
ders may be subluuted. as may the radial heads (possibly 
because of ulnar shortening). The hands are short, broad, and 
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ulnarly deviated. The hitchhiker thumb is the result of a short, 
proximally placed. often triangular, first metacarpal that may 
be hypermobile. This finding is seen in up to 95% of persons 
with DD (106). The proximal interphalangeal joints of the 
fingers are often fused (symphalangism). 

The hips maintain a persistent flexion wnt:ractu.re. The 
proximal fi:moral epiphyses progressively deform, and even s~ 
luxate, in some patients. Epiphyseal flattening and hinge abduc
tion develop in many patients (121). Arthritic changes develop 
by early to middle adulthood. The knees usually have flexion 
conttacti.U'eS, which result from a combination of ligamen
tous contracture and epiphyseal deformation (Fig. 7-16A.B). 
Excessive valgus is also common. Up to one-fourth of patients 

B 

RGURE 7·15. Cervical kyphosis in a 1-year-old child 
(A) with DD is pronounced with martced deformity of C4. 
Results of findings on neurologic examination are nonnal. Four 
years later, it is markedly improved without any intervention 
(B), and 7 years later, the vertebral bodies have restored to 
nearly normal shape, although the canal remains narrow (C). 
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FIGURE 7·16. The extremities and the feet are involved in DO. Joint contracture is accompanied by epiphyseal deformity, as 
this knee radiograph illustrates (A). A rigid. severe equinovarus foot is common (B). 

have a dislocated patella (106). DJD of the hips and knees 
develops in early to midadulthood. 

The feet of diastrophic persons are commonly described 
as being clubfeet, but many different variations aist. In the 
large Finnish series by Ryoppy et al. (1 07), the most common 
finding was adduction and valgus (seen in 43%), followed in 
prevalence by equinovarus in 37%, and then by pure equi
nus. Diastrophic feet have significantly marked differences 
from idiopathic clubfeet (122). In the former, the equinus is 
mote e:x:treme, and the talocalcaneal joint is usually in valgus. 
Cavus often occurs with wedging of the calcaneocuboid joint. 
Adduction of the foot O<XUtS mostly through the cu.neifonns 
and metawsals. The great toe may be in varus beyond the 
degree commonly seen in idiopathic clubfoot, analogous to 
the hitchhiker thumb. The foot deformities are very stiff and 
involve bony malformations, contracture, and malallgnment. 
These feet are as d.iffiadt to correct as any type of cluhfoo~ 
and rarely have substantial or lasting improvement from serial 
cast treatment (122). 

There is great variation in the severity of DD. Height is 
related to ovetall severity of involvemen~ with taller people 
being less severely affected (123, 124). The variation in stat
ure is an example of the same spca:rum of disorder. Growth 
curves for persons with DD are available (125). The median 
adult height is 136 em for males and 129 em for females 
(126). Therefore, people with achondroplasia are shorter in 
starure, and are approximately equal to those with pseudoa
chondroplasia and SED congenita. The pubertal growth spurt 
is diminished or absent, so the overall growth failure is pro
gressive, suggesting that the physes are unable to respond to 
normal hormonal influences. 

The life expectancy of persons with DD is not sub
stantially less than that of the unaffected population, except 

for a small number of patients [approximately 8% (106)] 
who die in infancy from respiratory causes or during child· 
hood from cervical myelopathy.. Patients with severe spinal 
deformities are more prone to develop respiratory problems. 
Many patients are able to lead productive work and family 
lives, but walking ability is progressively limited and 10% 
do not walk at all, mostly because of the limitation of joint 
movement (127). 

Radiographic Features. Prenatal diagnosis may be 
made by sonography in the second trimester with dem· 
onstration of long·bone measurements at least 3 standard 
deviations below normal, as m::ll as c:lubfeet and adducted 
thumbs. In infancy, calcification develops in the pinna of 
the ear, and later in the cranium and the costal carcilages. 
The vertebrae are poorly ossified. The lower cervical spine 
may show kyphosis .in infancy and early childhood, usu
ally having an apex at approximately C4; this finding 
tends to decrease with time (118). MRI may be neces
sary to judge the severity of this condition in relation to 
the spinal cord. To our knowledge, only one case (116) 
of atlantoaxial instability has been reported in this condi· 
tion. The vertebral "wedging" decreases with time in most 
patients (128). Spina bifida occulta is seen in mote than 
tbrce·fourths of patients (128). Unlike the spine in achon· 
droplasia, the interpediculate distances in individuals with 
DD narrow only slighdy at descending levels of the lumbar 
spine. Scoliosis may occur in the form of either a sharp, angu
lar curve or a gradual, idiopathic-like one (Fig. 7-17 A,B). 

Images of the hand are characterized by several findings. 
The first metacarpal is small, oval, and proximally placed. 
Although the proximal interphalangeal joints of the digits 
are ankylosed, a radiolucent space is present early and later 
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A B 
RGURE 7-11. Severe scoliosis mav occur early in DO, as in this 125-degree curve in an 8-year-old child (A). After correction (B). 

fuses. The ulna and the fibula are shonened, contributing to 
the wlgus of the knees and the .radial head subluxation, which 
is sometimes seen. The diaphyses of the long bones are shon 
and broad. The epiphyses of the proximal and the distal femur 
are delayed in appearance. The capital femoral epiphyses may 
show signs of osteoneaosis well into childhood. Anhrograms 
show flattening of the proximal and the distal femur, accowtt
ing for the stiffitess observed clinically. The proximal femur is 
usually in varus, but, even so, hip dysplasia or subluxation may 
develop progressively with time. 

Treatment 
Cervical Spine. A neurologic e:x:amination should be per
formed periodically on all children, and a lateral cervical wlio
graph should also be obtained during the first 2 years oflifi:. If 
cervical kyphosis is noted, the patient should be followc:d with 
clinical and .tadiogtaphic examinations every 6 months. The 
behavior of the kyphosis appears to be related to the severity of 
the DD (121). If the kyphosis is nonprogressive, and there is 
no neurologic deficit, the only treatment should be observation 
because most kyphosis in this disorder will improve with time 
and growth, probably as a result of strengthening of the extensor 
muscles (121, 123). However, if the kyphosis progresses, but 
there is no neurologic deficit, bracing may be used. Suca-.ssful 
control of cervical kyphosis by full-time use of the Milwaukee 
brac:e was reponed by Bethem et al. (1 0, 11). If the curve con
tinues to progress despite the brace, or a neurologic deficit 

ocrurs, posterior fusion should be performed. The surgeon 
should be cognizant of the bifid lamina during the exposure. 
Instrumentation may not be technically possible. If adequate 
bone graft is not available from the iliac crests, it may be taken 
from the proximal tibia(s) or other sources. Immobili2ation by 
a halo and vest is needed for 2 to 4 months postoperatively. 
For children, the pins should be inserted at a lower torque than 
in adults (4 inch-pounds), and the sutgeon may elect to use a 
slight distractive moment and a slight posterior t.tans.lation of 
the head. A pad may be used behind the apex: of the kyphosis 
to help k=p it from increasing. If neurologic deficit is p.n:sent 
along with the rurve, MRI in a neutral position and in exten
sion will help to determine the degree of anterior compression 
and the type of procedure required. If there is severe anterior 
cord compression, corpectomy and strut graft may be indi
cated. Posterior fusion is also indicated. 

Thoracolumbar Spine. Scoliosis affects more than one
halfofdiast.rophic patients (116), follows one of three patterns 
(early progressive, idiopathic-li.lre, or mild nonprogressive) 
(129), and has been shown to be unrelated to the type of 
mutation in D1ST(108, 128). To our knowledge, the success 
of bracing in preventing or slowing curve progression has not 
been documented. It seems reasonable to offer it to patients, 
if the curve is <45 degrees, but to discontinue it for those in 
whom there would be no apparent benefit. Large curves often 
continue to progress in adulthood (116), and surgery has a role 
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in preventing progression for curves >~50 degrees. Posterior 
fusion is the mainstay of treatment (120). For younger 
patients, or those whose associated kyphosis is >50 degrees, 
anterior fusion may also be added. Instrumentation should be 
used carefully; bearing in mind the short stature, the stiffness 
of the spine, and the slightly diminished bone density. Small 
hooks may be used if needed (120). Spinal stenosis is seen in 
this condition much less often than it is in achondroplasia, but 
it may occur if degenerative changes are superimposed on the 
baseline canal size. Mild stenosis may be masked in some cases 
by the patients' relative inactivity. 

Hips. Hip flexion cont:ractures and knee flexion contractures 
should be assessed together. If they are severe (>40 degrees), 
release may be considered if an arthrogram shOWli no epiphyseal 
flattening and good potential for gaining range of motion. If there 
is epiphyseal flattening, it is probably better to avoid releases, 
given that recurrence is likely. Hip dysplasia is often progressive 
because of deformation of the abnormal cartilage under muscle 
forces and body weight. No long-term series has been done to 
show the ability of surgery to arrest this process. Therefore, the 
surgeon should use individual judgment as to whether an ace
tabulat augmentation or a femoral osteotomy will help provide 
good coverage without restricting range of motion or function. 
Nonoperative treatment cannot be faulted in this condition. 

Degenerative changes in the hip are one of the main rea
sons for decreasing walking ability in those with diastrophism. 
Hip joint arthroplasty is an option, when the pain becomes 
severe enough. Small or custom components are needed (130). 
The femur often has an increased anterior bow, probably in 
compensation for the hip flexion contracture. The isthmus 
of the femur is only 13 mm on average. Femoral shortening 
osteotomy is often needed. Contracture release (adductor, rec
tus, and sartorius) may be needed along with the arthroplasty, 
but femoral nerve palsy may follow if it is done extensively. 
Autograft augmentation of the acetabulum is often necessary. 
The largest series of hip arthroplasty in this condition is by 
Helenius et al. (131), with 41 hips in 10 patients (mean age, 
41 years). Trochanteric transfer was performed in nearly one
half of the hips. Two patients had femoral palsies, but recov
ered. Hip range of motion was increased slightly; and Harris 
hip score nearly doubled. At a mean follow-up of 8 years, revi
sion rate was 24%; all involved the acetabular side. 

Knees. The knees in diastrophism usually lack flexion and 
extension. Complete correction of knee flexion contractures 
is prohibited by the shape of the condyles, which may be tri
angular, creating a bony block to flexion, extension, or both. 
Residual contracture at maturity may be diminished by dis
tal femoral osteotomy. Patellar subluxation is present in one
fourth of those with DO (1 06); correcting it may help improve 
extensor power. 

Knee arthroplasty often becomes necessary because of 
pain. Unique features of the procedure for patients with DO 
include extensive lateral release with patellar relocation, use of 
constrained prostheses whose stems must be shortened or bent, 

and femoral osteotomy (132). Mean age at surgery is similar 
to that for total hip arthroplasty (mid-40s). Pain and function 
are improved, although many patients lose a slight amount of 
knee motion (132). 

Feet Although the classic foot deformity in this condition is 
equinovarus, other types may be seen, including isolated equi
nus, forefoot adduction, or valgus. The feet are rigid, and cast 
treatment is usually futile. A plantigrade foot is the goal of 
treatment. Surgical treatment should be deferred until the feet 
are large enough to work on (usually after 1 year), and the neck 
is free of marked kyphosis. If soft-tissue release is performed, 
it should be as extensive as needed to correct the deformity. 
Sometimes, it requires release of the posteroinferior tibiofibu
lar ligament to bring the dome of the talus into the mortise. 
Partial recurrence of deformity is common (1 07), and salvage 
procedures include talectomy, talocalcaneal decancellation, 
and arthrodesis (in the older child). 

KNEIST SYNDROME 

Overview. This syndrome results from a type-11 colla
gen defect. Most mutations occur between exons 12 and 24 
of the COL2AJ gene. There have been numerous mutations 
described in literature, but all are phenotypically similar. It 
behaves as an autosomal dominant condition. Pathologically, 
the cartilage has been termed "soft" and "crumbly," with a 
"Swiss cheese" appearance (133). 

The syndrome is characterized by large, stiff and knobby 
joints, with substantial contractures (134, 135). Patients with 
Kneist syndrome have unique facial features. This type of dys
plasia results in severe disability. The spine and the epiphysis 
are also involved. 

Clinical Features. The characteristic facial features of 
patients with Kneist syndrome are prominent eyes and fore
head and a depressed midface. The joints appear enlarged, are 
very pronounced (secondary to the broad metaphysis of the 
long bones), and very stiff. The stiffness, which affects the large 
joints (e.g., the knees and hips) and the small joints of the 
fingers, progresses as the patients age and delays ambulation 
and fine motor skills. There is an increased incidence of ingui
nal and abdominal hernias. Many patients have a deft palate, 
which can result in aspiration, a broad trunk, and a depressed 
sternum. Intellectual development is normal. 

Compared with unaffected individuals, patients with 
Kneist syndrome have a higher incidence of aspiration second
ary to the cleft palate or tracheal malacia and of otitis media 
(which can result in chronic hearing loss and myopia). Other 
eye problems include glaucoma and retinal detachment, which 
can lead to blindness early in life (135). 

Radiographic Features. There is a generalized osteope
nia of the spine and extremities, most probably secondary to 
disuse from increasing pain on ambulation, myelopathy, and 



difficulty in ambulation from joint stiffness and premature 
anhritis. 

Atlantoaxial instability is seen and can be secondary to 
odontoid hypoplasia. The vertebrae are flattened, and the ver
tebral bodies have clefts. As patients age, they can develop a 
severe kyphoscoliosis that needs to be corrected. 

The femoral necks are short and broad with a substantial 
loss of joint space seen early into adolescence. There are regular 
calcifications in the epiphyseal and the metaphyseal regions. 
The epiphyses are flattened and irregular. Valgus can develop 
in the distal femur and the proximal tibia, leading to severe 
genu valgum. 

Orthopaedic Treatment. Cervical instability must be 
checked routinely every 3 years with flexion and extension 
radiographs (136). If the space available for the cord is <13 
mm or if the aclantodens internal is >8 mm, prophylactic cer
vical fusion is indicated. For many patients, halo-cast immo
bilization is used. 

Kyphosis or scoliosis can present early and be progres
sive. We have found brace treatment to be ineffective in these 
patients. Early on, when the spine is still growing, growing 
rods can be used, followed by a definitive fusion at maturity. 

For many of these patients with dysplasia, joint stiffness, 
and early anhritis, aqua therapy is recommended to keep the 
muscles strong and help preserve some joint motion (130). 

Osteotomies around the hip for containment of the femo
ral head can be done. Arthrograms are recommended, especially 
for lower extremity malalignment, when surgical correction is 
performed. Many of these patients also have substantial flexion 
contractures, and using some extension in the osteotomies can 
help or diminish the arc of motion rather than increase it. 

Clubfoot is seen fairly commonly. In our experience, the 
Ponseti method (137) has been less than satisfying in such 
patients. Aggressive posterior releases are recommended but a 
painful hallux can develop. Fusion of this joint can also be 
beneficial for hallux rigidus. 

SPONDYLOEPIPHYSEAL DYSPLASIA 
CONGENITA 

Overview. SED congenita is a rare disorder with an esti
mated prevalence of approximately 3 to 4 per 1 million people 
(1, 2). Its key features include substantial spinal and epiphyseal 
involvement, without metaphyseal enlargement or contractures 
of other joints (138). It is heritable in an autosomal dominant 
form, but most patients acquire the disease because of a new 
mutation. The etiology of this disorder has been characterized 
as a defect type-II collagen, the gene for which is located on 
chromosome 1293. This gene is the predominant protein of 
the cartilage matrix, and mutations have been observed in the 
al chain, resulting in alteration in length (139). As for many 
skeletal dysplasias, electron microscopy has shown intracellular 
inclusions in SED, which are probably a result of intracellular 
retention of procollagen (140). 
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Clinical Features. In general, the face is taut, and 
the mouth is small. Cleft palate is common. The trunk and 
extremities are shortened, although the extremities are more 
shortened proximally because of the coxa vara (Fig. 7-18A,B). 
Pectus carinatum develops, possibly because the rib growth 
outpaces the increase in trunk height. There are similarities to 
Morquio syndrome but a lack of visceral involvement. Scoliosis 
and kyphosis usually develop before the teen years. Back pain 
is also common by this time. 

The hips are most commonly in varus, but this finding 
varies. The degree of varus has been thought to be the best 
marker for the severity of the disease (141), which varies. If 
the varus is severe, it is often accompanied by a substantial 
hip flexion contracture. Patients often walk with the trunk and 
head held back to compensate for this contracture. The knees 
are often in mild varus, and a combination of external rotation 
of the femora and internal rotation of the tibiae often coexists. 

The most common foot deformity is equinovarus, but 
this it is not nearly as stiff as it is when associated with DO. 
Growth curves are available for this condition {141). Adult 
height varies from 90 to 125 em. 

Radiographic Features. One of the traits of this con
dition is that ossification is delayed in almost all regions 
(142, 143). There is often odontoid hypoplasia or os odontoi
deum. Flattened vertebral ossification centers with posterior 
wedging give the vertebral appearance, on lateral view, a pear 
shape. If scoliosis is present, it is often sharply angulated over 
a few vertebrae (Fig. 7-19). Disc spaces become narrow and 
irregular by maturity. Ossification of the pubis is delayed. The 
proximal femora are in varus with short necks, but the degree of 
this involvement varies. The proximal femur may not ossify for 
up to 9 years (141). Often, the varus is progressive (Fig. 7-20), 
and there may be progressive extrusion of the femoral head, 
which requires an arthrogram to show it clearly. The distal fem
oral metaphyses are flared. Genu valgum is more common than 
genu varum. Early osteoarthritis is likely in the hips, more so 
than in the knee. The carpal bones are delayed in ossification, 
but the tubular bones of the hands are near normal. 

Medical Problems. Respiratory problems occur in 
infants, often because of a small thorax. The most common 
disabling problem in this syndrome involves the eyes: retinal 
detachment is frequent. It is reported to occur especially dur
ing the adolescent growth spurt (144). Regular ophthalmo
logic examinations are recommended. Hearing impairment is 
noted in a minority of patients. 

Orthopaedic Problems and Treatment. Ortho
paedically, the most potentially serious sequelae can involve 
neck instability. Os odontoideum, odontoid hypoplasia, or 
aplasia may all cause instability and, potentially, myelopathy 
(Fig. 7-21A-C). Numerous cases have been reported (10). 
Careful neurologic examination should be done at each clinic 
visit. Flexion-extension radiographs should be performed 
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RGURE 7-18. SED congenita pro
duces the most extreme short stature. 
This 12-year-old boy is with his 14-year
old brother (A). Note extreme spinal 
shortening, increased lumbar lordosis, 
and hip flexion comracture (B). 

approximately every 3 years if an upper cervical anomaly is 
identified. If the odontoid is difficult to see, one can use CT 
or MRI. Stenosis often coexists and makes subluxation more 
critical. It is recommended to fuse the atlantoaxial interval if 
instability exceeds 8 mm, or if symptoms develop. If severe 
stenosis exists, or if a fixed subluxation cannot be reduced, 
it may be necessary to perfonn a decompression of the adas 
and, consequendy, fusion to the occiput (145). Transarticular 
screw fixation is often possible after children are 6 to 8 years 
old. However, in younger children, bone strength or size of 
the neural arches may make rigid internal fixation impracti, 
cal; in such patients, bone graft and halo,cast immobiliza, 
tion are usually successful. Scoliosis is present in more than 
one,half of patients with SED (138, 139, 142), and it may 
become severe. Curve control with a brace may be attempted 
if the curve is <40 degrees. However, long-term efficacy has 
not been shown. Fusion may be necessary if the curve is pro
gressive. Thoracolumbar stenosis is not as severe as in achon
droplasia. Instrumentation is not contraindicated but should 
be used judiciously. If internal stabilization is not judged 

to be strong. the use of halo-brace immobilization postop
eratively should be considered. Correction is usually modest 
[17% in one series (10)]. Anterior surgery should be used if 
the patient is young (<11 years old) or the curve is rigid (cor
recting to <45 degrees). Kyphosis is also common; use of a 
Milwaukee brace has been shown to be effective if it can be 
worn until maturity (10). 

Hip osteotomies are indicated if the ne<:k-shaft angle is 
<100 degrees. Insufficient correction makes recuttence more 
likd.y. It is helpful to correct any flc:x:ion contracture at the 
same time, leaving adequate flexion for function. Malrotation 
should be also corrected. If a patient is experiencing painful 
hinge abduction, a valgus osteotomy may improve symptoms 
(146). An arthrogram may help in operative planning. 

Hip subluxation may be reconstructed using a combina
tion of femoral and iliac osteotomies. When doing any proce
dure on the hip, knee alignment should be assessed at the same 
time and corrected if necess;uy. The clinician should also con
sider the effect that knee angular correction will have on the 
hip. For instance, correction of severe knee valgus deformity 



FIGURE 7-19. Scoliosis, with a sharp apex concentrated over a lim
ited number af vertebrae, is characteristic of SED congenita. 
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FIGURE 7-20. The hips in this 15-year-old with SED congenita show 
severe coxa vara, with delayed ossification of the capital femoral 
epiphyses and metaphyses. 

FIGURE 7-21. Atlantoaxial instability is common in SED con
genita. This 2-year-old patient had delayed motor milestones. The 
upright lateral radiograph (A) of the cervical spine shows odontoid 
hypoplasia with marked atlantoaxial subluxation. Less evident is the 
stenosis of the ring of the atlas. When supine in a neutral position 
(B). the alignment improved. After decompression of the atlas and 
fusion of occiput to C2 (C), he gained the ability to walk. 
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has the same effect on hip congruity as does a V'ai'Wi osteotomy 
of the proximal femur. 

Total joint replacement is a very difficult procedure: the 
hip is stiff, custom components are often needed, and con
comitant osteotomy is sometimes necessary (130). 

Foot defunnitic:s can usually be treated aa:ording to standard 
clubfOOt principles. If the fuot is stiff, an osteotomy or a decancel
lation of the talus, cakaneus, and/or cuboid may be needed. 

SPONDYLOEPIPHYSEAL 
DYSPLASIA TARDA 
Overview. SED wda is distinguished from the con
genita form by later age at diagnosis and milder features. 
Manifestations first appear in later childhood, or even in 
adulthood. The spine and only the larger joints are affected. 
Several genetic patterns of transmission have been reported 
(105, 147, 148). The most common is X-linked. in which 
male patients are more commonly or more severdy affected 
and &male patients may show milder (or no) manifestations. 
It is the result of a defect in the gene SEDL (149), whose func
tion is not yet known. A recessive form has a1so been reponed. 
SED tarda is one of several conditions (termed the COI2Al 
group or the SED family), which may result from a mutation in 
type-II collagen (14, 78). The mechanism by which the par
ticular mutation for this condition produces the mildest phe
notype in this f.un.ily has yet to be ducidated. 

Clinical Features. In the earliest cases, manifestations are 
first called to clinical attention when the child is approximatdy 
4 years old. Stature is mildly shomned. Arm span is substan· 
tially longer than height. The condition may be first diagnosed 
as bilater.d Perthes syndrome (150). Back. pain and hip or knee 
pain may be present in childhood. Joint range of motion is 
minimally limited, if at all. Varus or valgus defOrmities are 
rare. Degene.rative changes may occur in the hip or the knee by 
young adulthood. Adult height may be 60 in. or more (105). 

Radiographic Features. Involvement of shoulders, 
hips, and knees predominates. The hips manifi:st varying 
degrees of coxa magna, epiphyseal flattening (Fig. 7-22), 
or epiphyseal extrusion, differing markedly even within the 
same family. A minority of patients present with bilateral 
coxa vara. Odontoid hypoplasia or os odontoideum may 
cause adantowal instability. Spinal involvement ranges 
from mild platyspondyly (Fig. 7-23), with axe-like configu
ration of the vertebral bodies on the lateral view, to isolated 
disc-space narrowing. Mild-to-moderate scoliosis develops 
in a minority of patients. 

Orthopaedic Problems and Treatment. The sever~ 
ity of orthopaedic conditions varies widely, even within a 
family. There are undoubtedly many affected individuals 
whose problems are so mild that no diagnosis is ever made. In 
one large family, only 4 of the 31 affected members requested 

FIGURE 7-22. The pelvis in this patient with SED tarda shows small, 
flattened epiphyses. 

any orthopaedic tteatment (151). This condition should be 
considered whenever spine, hip, and/or knee pains run in a 
family, and the radiographs seem to be just a little atypical. 
Bracing may be recommended if scoliosis exceeds 30 degrees 
in the skeletally immature patient. Surgery should be offered 
for the rare patient in whom it exceeds 50 degrees. All patients 
should be screened for atlantoaxial instability. Fusion should 
be recommended if the spine is unstable in either flexion or 
extension, acc:ording to criteria given earlier fur the congen
ita form. The role for procedures to increase c<m:rage of the 
dysplastic, extruded femoral head by the acetabulum during 
the childhood years is not well documented. However, it may 

FIGURE 7-21 The spine in this patient with SED tarda shows typical 
mild flattening of the vertebral bodies. but no scoliosis. 



be helpful in the rare yoWlg patient with increasing extru

sion and persistent pain, in whom the hip contact surface 
is markedly compromised. If hip pain becomes a problem 
after the femoral heads are mature or nearly mature, oste
otomy may help to increase congruity or decrease hinge 
abduction. Usually, a valgus or valgus--extension osteotomy 
is most appropriate, as long as there is reasonable joint space 
and adequate contact remaining. A preoperative arthrogram 
is helpful in the young patient to see the full outline of the 
artirular surface. Osteotomies of knees or ankles are rarely 
needed. Total joint arthroplasty is often needed for the hips 
or knees, at an age much yoWlger than that for the general 
population. 

PSEUDOACHONDROPLASIA 

Overview. Pseudoachondroplasia is one of the more com· 
mon forms of skeletal dysplasia, occurring in approximately 4 
per 1 million live births in the United States (152). Although 
the name is sim.ilar to achondroplasia, it is a phenotypically and 
genotypically distinct condition. It was originally described by 
Maroteaux and Lamy (153) in 1959, at which time they iden
tified it as a subset of SED. Later on, it became its own distinct 
dysplasia. Clinical features are not recognized during the first 
few years of life, and there is less involvement of the spine than 
is seen in SED. 

Pseudoachondroplasia results fiom a mutation in the 
COMP pron:in (154, 155). This protein is the same as that 
seen in MED. Chondrocytes of people affeaed with pseudoa· 
ch.ondroplasia have lamellae inclusion bodies located within 
the endoplasmic reticulum. 

.MED and pseudoachondroplas.ia have been described 
as a family of dysplasias, with MED being the milder and 
pseudoachondroplasia being the more severe fonn. COMP 
is a 1aJ:ge eruacellular matrix glycol-protein that is found 
surrounding chondrocytes and also in the c::xtraccllular matrix 
of ligaments and tendons. Multiple mutations in the COMP 
gene have been found to result in pseudoachondroplasia. In this 
case, it is an overproduction of COMP gene, not a deletion, that 
results in pscudoachondroplasia. Abnonnal COMP deposits in 
the rough endoplasmic reciadum of chondrocytes and into the 
emacellular matrix (92, 156) leads to an abnormal, flatter cell 
shape (157, 158). Somatic and germinal line mosaicism is pres
ent, which allows this condition to act as a recessive disorder in 
terms of inheritance, even though it is a dominant gene. 

Clinical Features. This is one of the skeletal dysplasias 
that are not recognized until later on in life because it is essen
tially a storage disorder. It is typically recognized between 
2 and 4 years old. & patients age, more COMP is deposited 
and the condition progresses. The height of children with pseu
doachondroplasia is within the normal parameters at birth, but 
ttails down to less than the 5th percentile at 2 years old (125). 
In addition, the atypical normal &ces prevent the diagnosis of 
this condition uncillan:r on in life (159, 160). 
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FIGURE 7-24. Photograph of a 16-year-old female with pseudo
achondroplasia and windswept defunnity . 

Patients with pseud.oachondroplasia have a rhizomelic 
appearance of shortening of the extremities, the same as that 
seen in achondroplasia. However, the trident hand, typically 
seen in achondroplasia, is not seen in pseudoachondroplasia. 
These children typically develop substantial malalignment 
of the lower extremities, with genu varum on one side and 
genu valgum on the other side (i.e., the windswept defOrmity) 
(Fig. 7-24). Femoral heads typically get misshapen with time 
and are flattened. The hips, knees, and ankles develop prema· 
ture arthritis in early adulthood. Spinal involvement is to a 
lesser degree. Cervical instability that will need stabilization 
may occur with this disorder (12); therefore, it needs to be 
checked on a routine basis. There is an increased kyphosis and 
lumbar lordosis (157). Scoliosis can also affect these patients. 

Typically. these people haw normal life ea:pectancies and 
intelligence. They do not develop changes outside of the skdetnn. 

Radiographic Features. The v~bral bodies are vecy 
flat with anterior indentation, which is seen early on in life. It 
would be very helpful to identify these patients early on and 
make a diagnosis. 
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Cervical instability is common, secondary to odontoid 
hypoplasia. These patients need to be monitored in a routine 
fashion, with radiographs every 2 to 3 years in flexion and 
extension. 

The epiphyses are regularly shaped and ossify later in life. 
In the long bones, the metaphyses are broad, irregular at the 
ends, and Rared. The pubic rami and the greater trochanteric 
apophyses ate delayed in closing (161). 

.& the femo.tal head enlarges, it takes on a flattened 
appearance and can sublux from the acetabulum. An arthro· 
gram can be helpful in eliciting the cause and identifying the 
surgical options. Much of the ossification between the carpals 
is delayed, which can make it challenging to decide how to 

correct the malalignment of lower extremities, which is why 
we think arthrograms are critical. 

Orthopaedic Problems and Treatment The cervical 
spine should be evaluated early on and often. If the atlanto· 

dens interval is >8 mm, or if the space available for the c:ord is 
<14 mm, prophylactic posterior fusion (Flg. 7-25) is indicated 
with a halo b.tac:e. If myelopathy develops, it is another indica
tion for surgical treatment. Even with internal fh:arion, a halo 
brace has been found to be helpful (162), and using it may 
increase the rate of union. Kyphosis and scoliosis are seen, and 
we use the same indications for surgical treatment as those for 
patients of average stature. However, in our experience, brace 
treatment is not helpful. Although stenosis is not usually seen, 
we prefer to use pedicle screws during operative treatment. If 
a large curve is seen early on in life, growing rods can be an 
effective interim treatment before a definitive fusion. 

With hip subluxation, the cause is important. If it is 
secondary to valgus at the knees, it needs to be addressed 
first. If it is primary to hip abnormality, then this also needs 
to be addressed . .Arthrograms are obtained to see if surgical 
varus of the hip, which can be combined with an iliac oste

otomy. would be appropriate. Typically. an acetabular shelf 

FIGURE 7·25. Radiograph of a 4-year-old with pseudoachondropla
sia after ce!Vical fusion and sublaminar wiring for ce!Vical instability. 

augmentation can also be done to increase the volume in the 
acetabulwn. However, despite a clinician's best effi>rts, many 
of these hips will develop premature arthritis (22, 130, 157). 
Total hip arthroplasty for patients with pseudoachondroplasia 
can be done safely and effectively at facilities that have experi· 
ence with this procedure and patient population (130). 

In such patients, lower eme.mity rnalalignment usually 
consists of the "windswept deformity." that is, varus of one limb 
and valgus of the other. .Arthrograms followed by lower ca:rem
ity osteotomies can be helpful, but overcorrection must be 
avoided. or the same problems will rapidly devdop in the oppo
site direction . .As with the hips, these knees can develop prema
ture arthritis, requiring total knee arthroplasty. which requires a 
constrained prosthesis because the arthritis is secondary to liga
mentous laxity. We have seen nonconstrained prosthesis in total 
knee arthroplasties dislocating immediately after surgery. 

MULTIPLE EPIPHYSEAL DYSPLASIA 

Overview. .MED is one of the most widely known, vari· 
able, and commonly oc:curring skeletal dysplasias. It is usually 
dominandy inherited, although recessive cases have recendy 
been described as a result of mutations in transport protein 
(152). It affecu many epiphyses, produces symptoms mainly in 
those with substantial load bearing, and has few changes in the 
physes or metaphyses. Historically, it was described as occurring 
in two separate forms, with eponyms that are still used today: 
Ribbing dysplasia, having mild involvement, or Fairbank dys· 
plasia, a more severe type (163-165). However, with the cur~ 
rent understanding of the genetic basis, this distinction may 
not be scientific, and a wide variability is recognized (166). 

Histologically, intracytoplasmi.c inclusions are seen that 
are similar to, but not as severe as, those seen in pseudoachon
droplasia. Growth plate organization is still noticeably abnor
mal, despite the minimal changes seen in the metaphyses. 
The genetic basis for this disorder is now reasonably well 
understood. It is a heterogeneous disorder. Mutations in many 
patients have been found in the gene for the matrix glycopro
tein COMP on chromosome 19, as in pseudoac.hondroplasia. 
This product accumulates in cartilage cells and causes pre~ 
mature apoptosis. It also weakens the integrity of the matrix, 
allowing deformation and wear under normal loads. However, 
in other cases of .MED, abnormalities have been found in the 
~fibers of collagen type IX (COL9.A2). Collagen type IX is 
nonnally a trimer that is found on the surface of type. II colla· 
gen in cartihge. It may form a macromolerul.ar bridge between 
type-II collagen fibrils and other matrix components-it 
therefore may be important for the adhesive properties of car
tilage. A COL9A2 mutation has been described in one large 
family. with peripheral joint involvement only (167). In addi
tion, dominant MED in some cases is caused by defects in 
matrilin~3, another oligomeric extracellular matrix protein 
(152, 168). Rarer, rea:ssive forms ofMED ate caused by muta~ 
tions in transporters (152). Therefore, it appears that MED is 
a very heterogeneous disorder, which may help clinicians to 



understand some of the more common epiph~ cartilage 
disorders such as Perthes disease, osteochondritis dissecans, 
and osteoarthritis (152). 

Clinical Features. Patients typically present later in 
childhood for one of severnl reasons. They may be referred 
for joint pain in the lower ex::t:remities, decreased range of 
motion, gait disturbance, or angular deformities of the knees 
(169). There may be flexion contractures of knees or elbows. 
Symptoms may ~lop as late as adulthood. These patients 
have minimal short stature, ranging in height from 145 to 
170 em (164). The face and the spine are normal. The.re is no 
visceral involvement. 

Radiographic Features. Most changes in MED involve 
the epiph}'5CS; any of the ossification centers may be delayed 
in appearance. There are occ.a.sional irregularities of streaking 
in the metaphyses, but they are minor. The appearances of 
the epiphyses in the immature and in the mature patients are 
c:h.aracteristic (170). In the growing patient, the epiphyses are 
fragmented and small in size (Fig. 7·26). The epiphyseal ossifi· 
cation centers m:ntually coal.esce, but the overnll shape of the 
epiphysis is smaller. An arthrogram may be helpful for assess
ing the shape of the joint surface. The more fragmentation 
there is in the capital femoral epiphysis, the earlier is the onset 
of osteoarthritis (171). Co:ra. wra occurs in some patients. 
By maturity. there is some degree of Rattening of the major 
load-bearing epiphyses: flattening of the femoral condyles, an 

FIGURE 7-26. Multiple epiphyseal dysplasia. 
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ovoid femoral head, decreased sphericity of the humeral head, 
and squaring of the talus. In adulthood, major joints develop 
premature osteoarthritis. This condition is most common and 
most severe in the hips. 

Avascular ne<:rosis may be superimposed on MED, a 
combination that occurs in approximately one-half of the 
femoral heads (172). It can be rec:ognized by the appearance 
of a crescent sign, resorption of bone that had already been 
formed, and, sometimes, by the presence of metaphyseal cysts 

(172). MRI at this time may show loss of signal in a por
tion of the femoral head. A "sagging rope sign" may develop 
later (173). 

An onhopaedic surgeon must be able to differentiate 
MED from Perthes disease (150). Severnl radiographic dues 
may be helpful. In MED. abnormalities in the acetabulum are 
primary and are more pronoWlced. The radiographic changes 
are symmetric and &irly synchronous. It is also helpful to 

obtain radiographs of the knees, ankles, shoulders, and wrists. 
Radiographs of the knees show that the femoral condyles 

are flattened and may be in valgus. There may be irregular ossi· 
fication, just as in the hip. The condyles are somewhat squared 
on lateral view. Osteochondritis dissec:ans may be superim· 
posed. MED patients with a DTDST mutation also show a 
double-layered patella on the lateral view (174, 175). This is a 
complete or partial double radiodensity. which is rarely seen in 
other conditions. 

The ankles in MED are also in valgus; changes occur 
in the talus and in the distal tibia. Upper exnemity involve
ment is less severe; there may be irregularities in the proximal 
and distal humerus and radius. The humeral head involve
ment in adulthood has been termed a "hatchet·head" appear· 
ance, and mults from undergrowth of the head and neck. It 
occurs in children more severely affeaed with MED. Radial 
ray hypoplasia may occur sporadically (176). The c:arpal ossi
fication centers are delayed in appearing. The hand and wrist 
involvement may predict stature, that is more severely disor
dered epiphyses (177). The spine may be normal, or it may 
have slight endplate irregularities or ossification defects on the 
anterior margins of the vertebrae (178). 

Orthopaedic Implications. The orthopaedic surgeon 
may become involved in the are of the patient with MED in 
one of two periods. There is a small role for realignment p.roc:e· 
dures in the early, deforming period of the hip if there is pro-
~ive subluxation or pain. However. with substantial delay in 
epiphyseal ossification, recurrent deformity has been reported 
(179). Pain is more likely to occur in cases in which awscular 
neaosis has supervened (172). Although the principle of cover· 
age is the same as that used in Perthes disease, there is often 
a degree of co:ra. vara pre-existing in hips with MED, which 
may contraindicate the use of a femoral osteotomy. Acetabular 
shelf augmentition is a worthwhile pnx:cdure in these instances 
(180, 181). 

Not all patients need surgical treatment; howm:.r, it can 
hdp some. Hemiepiphysiodesis may guide growth to help 
correct knee and ankle deformities. Even though the physes 
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may not be normal, correction of 15 to 20 degrees has been 
reported in 18 months (182). Severe deformities may be cor
rected by osteotomy at matwity in the femur or tibia, depend
ing on the site of abnormality. Patients having a double-layered 
patella may have symptoms because of the relative movement 
of one over the other. This situation may be treated by excision 
of one or fusion of the two segments, as appropriate (183). 
DJD is the biggest problem, and it ocx;urs in the second or 
third decade. It results not so much from malalignment of the 
joints, but from intrinsic defect in cartilage. It produces stiff
ness, from an early age, and pain leading to a total joint arthro
plasty. Differences from standard osteotomy include a shallow 
or an anteverted acetabulum or narrow femoral canal (184). 
Even the shoulder is commonly affected by degeneration, and 
shoulder arthroplasty may be necessary (185). 

CHONDRODYSPLASIA PUNCTATA 

OvaiView. This skeletal dysplasia .is named for a radio
graphic finding of calcification in skeletal c::artilage, which 
can arise through several d.ifferent pathways (186). It is also 
known by the synonym .. congenital stippled epiphysis."' Key 
features include depressed nasal bridge and multiple punc
tate calcifications in infancy, which are best visualized on 
the newborn's radiographs (187). There are many different 
types, the most common being an X-linked dominant type 
(Conradi-Hiinermann syndrome), followed by an autosomal 
recessive rhizome& type (which is usually fatal in infancy) 
and a rare X-linked recessive type. Four other types have been 
described that are even more rare (188). Although the appear
ance of neonatal epiphyseal calcification is st.rilcing, it is not 
very specific. There are various conditions that may present 
with the same phenomenon: Zellweger (cerebrohepatorenal) 
syndrome, gangliosidosis, rubella, trisomy 18 or 21, vitamin 
K deficiency, hypothyroidism, or fetal alcohol or hydantoin 
syndromes (188-193). Rhizomelic chondrodysplasia punctata 
is a peroxisomal deficiency of dihydroxyacetone-phosphate 
acylt:ransferue that is often (but not always) fara1 in the first 
~of life (194, 195). The genetic defect and pathogenesis of 
the Cow:adi-Hiine.rmann syndrome is rdated to a defect in 
sterol metabolism (186). The final common pathway of the 
various types is a defect in cholesterol synthesis (196) or per
oxisomal enzymes. Histologic examination shows perilacunar 
calcifications throughout the cartilage mattix (197). 

Clinical Features. Patients with Conradi-HUnermann 
syndrome are characteriud by hypertelorism, a depressed nasal 
bridge, and a bifid nasal tip (198-201). In addition, many 
have alopecia, congenital heart and/or renal malformations, 
and mental retardation. In rhizomdic chondrodysplasia punc
tat:a, findi.ngs include microcephaly, a high incidence of con
genital cataracts, growth rewdation, and a wdl.-formed nasal 
bridge (202-205). Some have feeding difficulties, and many 
sucaunb to death from respiratory issues or seizures in the first 
year. Diagnosis may be made by amniocentesis, with measure
ment of plasmalogen biosynthesis and phytan.ic acid oxidation. 

Skeletal findings in the extremities include limb-length 
inequality, coxa v:ara, and clubfoot or other foot deformities 
(206). Spinal findings include atlantoaxial instability, congeni
tal scoliosis, spinal stenosis or kyphosis (196, 207, 208). 

Radiographic Features. Skeletal calcifications are vis
ible at birth, but most disappear by 1 year. These calcifica
tions invo~ the epiphyses, carpal bones, ribs, and pelvis (209) 
(Fig. 7-27A.B). Enrask.eletal sites include the trachea and 
larynx. The appearance is of small flecks of calcium, "which 
appear as if paint had been flecked on by a brush"' (210). The 

A 

B 
FIGURE 7·27. A: Diffuse punctate epiphyseal calcifications in 
infancy are a hallmart for which chondrodysplasia punctata was 
named. B: At 2.5 years old, the epiphyseal calcifications are mostly 
resolved, but calcification of the intervertebral discs persists. 



ossification centers themselves may be delayed in appearance. 
Coxa vara may affilct one or both hips, or it may be absent 
(211). The fibula ofu:n substantially overgrows the tibia. Spine 
radiographs may have the appeatance of a hemivertebra or a 
congenital bar. Calcification of the intetvertebral discs may 
develop (Fig. 7-27B). Odontoid hypoplasia and os odontoi
deum ha~ been de.sc.tibed (208). 

Orthopaedic Implications. Because of the risk of cer
vical instability or stenosis, eac:;h patient should have a lat
eral a:rvical radiograph and, if instability appears possible, a 
tl.exion-atension view. Scoliosis may ocau early because of 
secondary congenital anomalies. It may require early fusion 
if progression is docwnented and the patient, medically. is a 
candidate. Anterior structural grafting. followed by posterior 
fusion and cast immobilization, has the highest rate of success 
(196). Coxa vara should be treated if it is symptomatic and the 
neck-shaft angle is <100 degrees. Lower limb-length inequality 
should be monitored and treated appropriately. 

METAPHYSEAL CHONDRODYSPLASIAS 
Overview. Metaphyseal chondrodysplasias are a family of 
disorders resulting in metaphyseal irregularities and limb defor
mity (211-214); howevet; the epiphyses are uninvolved. There 
are fuur named disorders in this f.unily: McKusi.ck type, Schmidt 
type, Jansen metaphyseal dysplasia, and Kozlowski type. 

McKusick Type. Also known as cartilage--hair dysplasia. 
the McKusick type is most commonly found among the Amish 
population in Lancaster, Pennsylvania. but it can also be found 
outside this community. The condition is autosomal recessive 
and maps to chromosome 9 (215). The de&ct is in the RMRP 
gene, which encodes a mitochondrial RNA process (216). 

Clinical Features. Individuals with McKusick-type dys
plasia have light, fine, and sparse hair (Fig. 7-28). They might 
have a change in T~ll immunity, which causes an increased 
risk of infection, especially varicella zcster (217, 218). 

Anemia occurs frequently in young children, but the inci
dence lessens as they become adol.esc:ents (219). A high risk of 
malignancies, such as lymphoma, sarcoma. and skin cancers, 
can be seen in this patient population (217, 220), and life 
apectancy is decreased, warranting medical treatment into 
adulthood more than with most of the other dysplasias. 

In addition, individuals with McKusick-type dysplasia 
have generalized ligamentous laxity of the elbows and can 
develop substantial instability even though they might have 
flexion contr.~.CtUteS. Pe<;tus deformities can also develop. 
These individuals also have genu varum that might require 
operative intetvention. Br.u;ing is ineffective in controlling the 
genu varum in these patients, so if it is progressi~ and painful, 
operative intervention is warranted. 

Radiographic Features. Compared with individuals 
who have Schmidt-type dysplasia. those with McKusick-type 
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RGURE 7-28. Photograph of a 24-year-old Amish female with 
McKusick-type dysplasia and mild genu varum. 

dysplasia have more shortening and less v:uus of the long bones. 
The metaphyseal involvement is seen uniformly throughout 
and there is a distal fibula overgrowth. Atlantoaxial instability 
has been reported secondary to odontoid hypoplasia, but it is 
not common in this population (220). 

Orthopaedic Implications. Routine radiographs with flex
ion/ extension every 3 years are warranted. If there is more than 
8 mm of movement, prophylactic fusion is indicated. Early 
obserwtion of scoliosis is w:manted; if the scoliosis is progres
sive or reaches more than 45 degrees, posterior spinal fusion is 
indicated. If the individual is still skeletally immature, grow
ing rods can be used. Bracing in this population has not been 
helpful. 

Hip disloc:arion occurs in approximately 3% of the popu
lation (220). Traditional treatment can be used with good suc
cess, but it must be implemented early and aggressi~y (217). 
Lower extremity malalignment can be corrected if it is pro
gressive or causing pain. Later on in life, if premature arthritis 
develops, total hip and total knee arthroplasty can be done 
safely with good results. 
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Schmidt Type. This type is more common than the 
McKusick type; it is autosomal dominant. The defect is seen 
in the a-1 chain of type-X collagen (221-223). Histologically, 
cartilage islands that extend into the metaphyses are visible. 
Sometimes, it is necessary to differentiate this type of dysplasia 
from rickets or hypophosphatasia. 

Clinical Features. The adult height is minimally short
ened. Minimal features with typical normal faces are seen. 
Patients can develop leg pain later in life, with mild varus at the 
knees and ankles accompanied by a mild form of shon stature, 
and it may be at this late presentation that it is first diagnosed. 

Radiographic Features. Radiographically, the metaphysis 
of the long bones are wedged and flared and can contain cysts. 
The physes are slightly widened, there may be mild varus at 
the knees, and atlantoaxial instability can be seen, although the 
latter is not very common. 

Orthopaedic Implications. These patients do not develop 
premature arthritis. Occasionally, clinicians may see varus 
needing operative correction, secondary to progressive pain. 

Jansen Metaphyseal Dysplasia. This type of dyspla
sia is less common than the other two and is an autosomal 
dominant disorder that is linked to a defect in the receptor 
for parathyroid hormone and parathyroid hormone-related 
proteins (224). 

Patients with this disorder can develop hypercalcemia and 
have more pronounced metaphyseal changes than those seen 
in the Schmidt and McKusick types. 

Kozlowski Type. This autosomal dominant disorder is 
fairly rare. It is characterized by spinal metaphyseal involve
ment seen in the first few years of life, secondary to short 
stature, and a progressive kyphosis. Patients with this disorder 
can have limitation of movement, a Trendelenburg gait, and an 
early onset of arthritic changes. 

Mild platyspondyly is seen, which is in ditect contrast 
ro the other three metaphyseal chondrodysplasias previously 
described. The most visible area to detect metaphyseal dyspla
sia in the Kozlowski type is in the proximal femur. The bone 
age of the carpals and tarsals is delayed. 

DIAPHYSEAL ACLASIA (HEREDITARY 
MULTIPLE EXOSTOSES) 

Overview. Although solitary exostoses do not qualify as 
skeletal dysplasias, it is clear that patients with hereditary mul
tiple exostoses (HME) have a generalized disturbance of skel
etal growth. The condition has been localized to mutations 
on chromosomes 8 and 11. The genes involved are referred 
to as EXTI and EXT2. The differing locations of mutation 
account for the phenotypic variability of the condition. 
Patients affected because of a mutation in EXTJ have a more 

severe phenotype (225). These genes produce transmembrane 
glycoproteins that affect cell signaling, interact with fibroblast 
growth factor, and affect endochondral development and 
maturation (226). Most cases of HME are transmitted in an 
autosomal dominant fashion, but a large number of patients 
acquire it as a spontaneous mutation. The metaphysis of a 
person with HME is characterized by thinning of the conex, 
innumerable small bumps, and cartilage rests extending into 
the trabecular bone. 

Clinical Features. The condition is not usually diagnosed 
until the child is 3 to 4 years old, at which time the first exosto
ses are noted and other features develop. The features become 
progressively more pronounced until maturity, at which point 
exostoses should cease to grow. Affected persons are at the low 
end of normal for stature. The metaphyses are circumferentially 
enlarged throughout the body, not only in the regions in which 
there are obvious exostoses. This enlargement gives the child a 
rather "stocky" appearance, which is then further exaggerated 
by the appearance of the exostoses. The exostoses may cause 
soreness when they arise under tendons or in an area vulnerable 
to contusion, such as the knee or shoulder. The exostoses tend 
to steal from the longitudinal growth of the long bones. The 
categories of problems caused by HME are fourfold: 

I. Localized pressure on tendons, vessels and nerves, among other 
places. Peroneal palsy may arise from a lateral exostosis, and it 
may occur in such a way as to cause brachial plexus compres
sion. Intraspinal lesions have been reported in a substantial 
minority of patients (227). Pseudoaneurysms may occur. 

2. Angular growth of two-bone segments--the arms and 
forearms. Usually, the thinner of these two bones is more 
inhibited in its growth than the wider one, so it tethers the 
growth of the latter. Valgus may develop at the wrist, knee, 
and ankle. The radial head may subluxate or dislocate. 

3. Limb-length inequality. Often, one limb is more involved 
than the other with exostoses, and it may undergrow as 
much as4cm. 

4. Malignant degeneration. Transformation to chondrosar
coma occurs in approximately 5% of patients after matu
rity (226). It is more likely in EXTI than EXT2 mutations 
(228). Such change may be signaled by increased growth of 
an exostosis, or pain over an exostosis. Bone scans every 2 
years in adulthood have been advocated as one way to detect 
this change. Self-examination and periodic orthopaedic 
examination, with MRI in the case of an apparent change, 
is another way to follow these patients in adulthood (226). 

Radiographic Features. The metaphyses are very wide, 
and internal irregularities can be seen. The exostoses may be 
sessile or pedunculated, and have continuity with the main 
conex, as do solitary exostoses. Exostoses on the undersurface 
of the scapula may be identified on conventional radiographs, 
but they are best evaluated by Cf. The femoral necks are 
usually wide and in valgus (Fig. 7-29). Valgus is much more 
common than varus at the knee (Fig. 7-30), and the distal 



tibial epiphysis may be triangular if the fibula is pulling the 
ankle into valgus. Radial head subluntion may ocau with 
ulrutl' shortening. and the resultant carpal subluxation em 
readily be identified by wrist radiographs. 

Orthopaedic Implications. Monitoring in childhood 
should mostly be done by clinical examination because all 
bones are affected and the lesions are too nwnerous to image 
routinely. Clinicians should perfurm a brief neurologic exami.· 

FIGURE 7-30. This figure of the knees in a patient with diaphyseal 
aclasia bast illustrates that this defect is a systemic abnonnality of 
bone formation, rather than a series of discrete tumors. The metaph
yses are broad and irregular in the region where the exostoses are 
located. The knees are developing a valgus alignment because of the 
short fibulae. as are the ankles (not shown). 
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FIGURE 7-29. The hips in diaphyseal aclasia are charac
terized by broad, irregular femoral necks that are usually in 
valgus. There are osteochondromas and irregularities in for
mation of the pelvis also, which can be difficult to monitor 
overtime. 

nation; check joint range of motion; measure knee, ankle, 
dhow, and wrist angulation and limb lengths; and remove 
any exostoses that are causing severe symptoms, but warn the 
patients that the metaphyseal widening will persist, so the 
effect on appearance may not match expectations. Remowl 
of lesions impairing radioulnar motion may result in slight 
increase in range of motion, especially if an exostosis is located 
on only the ulna but not on the radius (229). Ulnar lengthen
ing may help avert radial head subluxation. However, studies of 
the function after osteotomies of the forearm show that there 
is not often functional benefit (229, 230). Hemiepiphysiodesis 
is a minimally invasive way to correct angulation ar the wrist, 
knee, and ankle (231). Valgus angulation at the distal tibia is 
correlated with degenerative changes in the long term (232). If 
the patient is near maturity and needs correction, osteotomy 
may be indicated. Limb-length inequality can be corrected 
by the standatd methods. Patients with HME are more likely 
than others to form kcloids (233). Some experts recommend 
screening patients with HME by MRI for intraspinal. lesions at 
least once during growing years (227) (Fig. 7-31). 

Patients should be taught to examine themselves for 
signs of growth after maturity bc:c.ause it may signal malig· 
nant degeneration. A bone scan may be a helpful adjunct if a 
problem is suspected. 

DYSCHONDROSTEOSIS 
(LERI-WEIU. SYNDROME) 

Overview. Dyschondrosteosis, which was desaibc:d by Leri 
and Weill (234) in 1929, is charaacrizcd by mild mesomdicshon 
stature (middle segments of the limbs are shortest) (235, 236). 
This growth disturbance of the middle segments is most notable 
in the distal .radius, which usually develops a Madehmg defor
mity (234, 237, 238). It is inherited in an autosomal dominant 
fashion, with approximately 50% penetrance (237, 239). The 
expression is more severe in female parlents than in males. It has 
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RGURE 7..a1. Two patients with mul
tiple hereditary osteochondromas had 
severe lesions in the spinal canal that 
were not visible on conventional radio
graphs. A: MRI scan showing osteo
chondroma arising from the undersurface 
of the C5 lamina in one patient. B: CT 
scan showing lesion arising from a rib 
and invading the spinal canal in another 
patient. (Figures courtesy of Dr. James 
Roach.) 
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been shown to involve a muwion or deletion in the Shon-stature 
Homeobox-containing gene On chromosome X [SHOX (240)], 
which also causes the shon stature seen in Turner syndrome and 
other causes of shon statute (241, 242). 

Clinical Features. Patients usually present in juvenile or 
adolescent years because of shon statute, forc:ann disproportion 
or deformity, or wrist pain or deformity (243). The deformity of 
the disral foreann, or Madelung deformity, is characterized by a 
deficiency of growth of the volar-ulnar portion of the radius. The 
differential diagnosis of this phenomenon includes Turner syn
drome, 1:l'aU1na, Oilier disease, or multiple hereditary exostoses. 
Most patients begin to experience pain in the wrist during ado
lescence, and limitation of pronation and supination. A variation 
on this theme, seen in some patients with dyschondrosteosis, is 
shortx:ning of both radius and ulna without angulation. The 
mesomelicshortening also involves the lower ememities, specifi
cally the tibiofibular segments. There, ho~ angular defor
mity is not pronounced-only a mild genu vamm or an ankle 
valgus usually exists. Shon st:arure is usually, but not always, a 
fearure; adult heightranges ii:om 135 to 170 an. In one series of 
patients, deficiency in growth honnone was found, and stature 
was increased by growth hormone supplementation (244). 

Radiographic Features. Madelung deformity is a f.illure 
of development of the volar-ulnar part of the distal radial epiph
ysis. The distal rndial epiphysis develops a triangular appearance 
and a tilt ofjointsur&ce (243) (Fig. 7-32A.B). A physeal bar may 
be seen on cr at the lunate &cet (239). The ulna is subluxated 
or dislocated dorsally. In conaast to other causes of Maddung 
defo.rm.ity, the ulna is as long as, or longer than. the radius (244). 
The tibia and fibula are shon, with the fibula longer than the 
tibia at the ankle and/or the knee. There may be some degree of 
genu varum or ankle wlgus. Cubitus w)gus, hypoplasia of the 
humeral head. shon fourth mew::arpal., and coxa valga have all 
been noted, but rarely do all occur in the same patient. 

Orthopaedic Implications. Human growth hor
mone treatment may produce a sustained response, and 
patients conc:emcd about shon stature may be referred to an 
endocrinologist for discussion of this treattnent (.244, 245). 

Patients who experience wrist pain may be treated initially by a 
wrist splint and anti-inflammatory agents. If still symptomatic, 
a reconstruction with a double osteotomy of the distal wiius 
and an ulnar recession can provide good results (246). In one 
study, this procedure provided improvement in symptoms and 
clinical appearance, but lunate subluxation, grip strength, and 
range of motion were minimally influenced (238). Although 
it has been described, it is unclear whether bar resection can 
allow normal growth to occur. Osteotomy of the tibia is occa
sionally indicated to correct genu varum (237). 

A B 

RGURE 7-32. A: Madelung deformity in the forearm of a patient 
with dyschondrosteosis. B: The distal radial epiphysis has a markedly 
triangular epiphysis, and the ulna is dorsally subluxated. 



CLEIDOCRANIAL DYSPLASIA 
Overview. Cleidoaanial dysplasia is a trUe skeletal dysplasia 
because it affects the growth of many bones in all parts of the 
skeleton, primarily those of membranous origin. Classic &a
tures include a widening of the cranium, and dysplasia of the 
clavicle and the pelvis (247, 248). The incid~ is estimated 
at 1 per 200,000 (249). It is tr.msmitted as an autosomal domi· 
nant condition, and the de&a: is in the RUNX2/CFBAI gene on 
chromosome 6, which encodes an osteoblast-specific ttanscrip. 
tion &ctor .required for osteoblast differentiation (250-252). 
RUNX2 activity is .regulated by mechanical.st:.ress (253). 

Clinical Features. Although the name suggests that only 
two bones are affc:aed, there are numerous abnormalities. 
Patients have mildly to moderately diminished stature, with 
most male and some female patients bdow the 5th percentile 
fur age. Mean adult height for males is 64 in. There is boss
ing in the frontal parietal and occipital regions. The maxillary 
region is underdeveloped, giving apparent exophthalmos and 
maxillary micrognathism. Oeft palate and dental abnormali· 
ties are common (254-257). 

The clavicles are pattially or completely absent (256); 
there is complete absence only 10% of the time (256). 
This clavicle deficit causes the shoulders to drop and the 
neck to appear longer. The classic diagnostic feature is 
that the shoulders can be approximated. which is an abil
ity that helped one college wresder to escape holds (257). 
The pdvis is narrow. The hips are occasionally unstable at 
birth. Coxa vara may occur, causing limitation of abduction 
and a Trendelenburg gait. There is an increased incidence of 
scoliosis and, often, a double thoracic curve. Syringomyelia 
has been reported in several patients with cleidocranial dys
plasia and scoliosis (258-260). It has been recommended 
that MRI be obtained for patients with this dysplasia who 
have progressive scoliosis. 
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FIGURE 7-33. The clavicles are completely absent 
in the patient with cleidocranial dysplasia, although in 
many patients they are merely hypoplastic. There is 
also a characteristic mild scoliosis and an occult bifid 
lamina of T2. 

Radiographic Features. Prenatal radiographic diag
nosis may be made on the basis of small or absent clavicles 
(Fig. 7-33). Nomograms are awilahle for clavicular size during 
gestation (261 ). If the.re is uncertainty. molecular prenatal diag
nosis may be performed. If a portion of the clavicle is present, 
it is usually the medial end. The skull of a newborn with this 
disorder has the maturation of a 20-week. fetus (254). Wormian 
bones are present in the skull. The anterior fontanel may be 
open in adulthood (Fig. 7-34). In the vertebr.d column, spina 
bifida occulta and spondylolysis are common (262). The pelvis 

FIGURE 7-34. The skull in this teenager with cleidocranial dysplasia 
shows an enlarged cranium, widened sutures, and a persistent ante
rior fontanel. 
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RGURE 7-35. In cleidocranial dysplasia. the pelvis is narrow. the symphysis pubis is widened, the ischiopubic synchondrosis 
is unossified, and there may be coxa vara. Preoperative (A) and postoperative (B) radiographs. 

is narrow and shows widening of the ttiradiate cartilage, delay 
in pubic ossification, and progressive deronnation of the base 
of the femoral nec:k into varus (Fig. 7·35A.B), with a ttiangu· 
1ar metaphyseal fragment typical of coxa vata (263). Skeletal 
matutation may be delayed. 

Orthopaedic Implications. No ueaunent is indicated 
fur the clavicles. Scapulothoracic arthrodesis has been reported 
fur symptomatic shoulder dysfunction (264). The con vara 
may be treated by valgus. rotational osteotomy if the neck shaft 
angle is <100 degrees and the patient has a Trendelenburg gait 
(265). If acetabular dysplasia is present, it should be corrected 
first. Scoliosis should be treated according to usual guidelines. 
MRI should be obtained if the curve is progressive because of 
the increased risk of syringomyelia. 

Cesarean section is often necessary. Craniofucial surgery 
may be helpful in co.tTeCting the skull defea:s, and many dental 
problems may devdop. Affected pregnant women may have 
cephalopelvic disproportion, especially if the fi:tus has the 
same disorder, because of the mother's narrow pelvis and the 
fetus' enlarged cranium. 

LARSEN SYNDROME 
Overview. This syndrome was first described in 1950; the 
six patients were described having the unique combination 
of hypertelorism, multiple joint dislocations, and foc:a1 bone 
defOrmities (266). This syndrome has been reported in autoso· 
mal dominant and ·recessive patterns. The gene is on chromo· 
some 3 near, but distinct from, COL7Allocus 4207 (267). 
The dominant rorm has been associated with a mutation 
in filamin B, a cytoskeletal strUctural protein (268, 269). It 
remains a rare condition, with an incidence estimated at 1 per 
100,000 (270). 

Clinical Features. The fucial. appearance involves widely 
spaced eyes, a depressed nasal bridge, and a prominent fOrehead. 

Oeft palate is oommon. The thumb has a wide distal phalanx. 
and the fingm do not taper distally. Hypotonia has also been 
reported, but it may result from cervical compression (271). 
Sudden death has been reported (266, 272); most instancc::s were 
likely a result of cxacetbation of this compression. Dislocations 
most commonly involve the dhows (or radial heads), hips, 
and knees (Fig. 7-36), followed by the midfoot and shoulders. 
Characteristic foot deformities involve equinowrus or equinowl· 
gus. Attial and ventricular septal defects have been reported 
(267). Within the range of abnormalities just desctibed, every 
patient with this syndrome is unique in his or her pattern of 
associated problems. 

FIGURE 7-36. Congenital amerior knee dislocation is common in 
Larsen syndrome. 



Radiographic Features. There does not appear to be a 
theme to the radiogtaphic findings in this syndrome. Vutually 
every patient described, however, has some abnormality in 
some part of the spine. The cervical spine is the most com
monly and severely aff'ected, and spina bifida is very common 
in that location. Perhaps as a result, the cervical vertebrae may 
develop progressive kyphosis (Fig. 7-37A-C). The venebral 

A. 
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bodies in this siruation, especially C4 and C5, are very hypo-
plastic. It is not clear whether this vertebral hypoplasia is a 
result of pressure from the kyphosis, or a separ.tte, coinci
dental phenomenon that coexists with the posterior element 
deficiency. The reponed incidence of cervical kyphosis ranges 
from none to 60% (270, 271, 273). Other cervical problems 
that may occur include atlantoaxial or subaxial instability (273) 

I 

FIGURE 7-37. Cervical kyphosis occurs in many patients 
with Larsen syndrome. in association with spina bifida 
occulta of this region (A). The disorder is usually progressive 
(B) and may require decompression and fusion if myelopathy 
from focal kyphosis occurs (C). 
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FIGURE 7-38. The feet in Larsen syndrome are usually in equinovarus 
and show a characteristic accessory calcaneal ossification center. 

and spondylolisthesis of vertebrae. The thoracic spine may also 
manifest spina bifida; scoliosis is seen in many individuals, but 
it is usually mild and rarely requires treatment (273). In the 
lwnbar spine, spondylolysis, kyphosis, scoliosis, and back pain 
may occur (273). Sacral spina bifida is common, but no neu
rologic compromise is reported. 

One of the chaw;:teristic (although not universal) findings 
in Larsen syndrome is the presence of accessory calcaneal or 
carpal ossification centers (Fig. 7-38). Shortened metacarpals 
are also noted. 

Ortftopaedic Implications. At the beginning of treat

ment, the orthopaedic surgeon must rule out the cervical 
kyphosis that may aa::ompany this syndrome because of the 
catastrophic complications, such as paraparesis, that have been 
reported. It may be easy to ascribe any developmental delay to 
the many other skdetal problems these chi.l.dren ~ when in 
&a: the cervical kyphosis may cause a neurologic basis for it. 
Because spontaneous improvement has not been reported with 
this kyphosis, as it has been with DO, the involved cervical seg
ments should be fused posteriorly if the kyphosis exceeds 35 to 

45 degrees. At this levd, posterior fusion alone over the involved 
segments may be sw:c.essful and may result in spontaneous cor
rection with growth by acing as a posterior tether. Segmental 
fixation may be helpful in obtaining and maintaining some cor
rection. If the kyphosis progresses to the point of mydopathy, 
an anterior corpecromy and fusion may be needed, and anterior 
gt:owth will not occur (274). If enough iliac crest bone is not 
available for fusion, tibial bone may be used • .After sutgery, the 
patient should be in a brace or cast for 4 to 6 months (271). 
Laryngotrn.cheomalacia may complicate induction of anesthesia. 

The lower extremity problems are usually treated in a 
sequence beginning with the feet and the knees, and then the 
hips. Trea.unent for clubfeet may be started early, because some 
respond to manipulation and cast treatment with tenotomy. 
Recurrence is common and should be treated with complete 
subtalar release and shortening osteotomy or decancellation, as 
necessary. Knees that are hyperc::x:tended or subluxar.a.ble may 

also be treated with casts, but this treatment is unlikely to suc
ceed for patients with complete dislocation who usually require 
open reduction with V-Y quadricepsplasty, anterior c.apsu
lotomy, and release of the anterior portions of the collate~ 
li~ents. A successful result after serial cast treatment and 
quadriceps tenotomy has been reported (275). If cruciate defi
ciency leads to persistent anterior instability, reconstruction 
using parapatellar fascia is usually successful. 

Whether to reduce hip dislocations in this condition 
remains controversial. Some series report that they are resistant 
to treatment (270, 273), whereas others report some successful 
results (270, 272). A dislocated hip after failed treatment is 
less functional than one left untreated. A reasonable approach 
is to consider treatment of those hips in which the disloca
tion is not too high and the acetabulum is not too shallow, for 
patients with otherwise good prospects for activity. The medial 
approach may be used for infants, but for older children or 
those with a shallow ac:ctahulwn, an anterolateral approach is 
pre:fem:d, with osteotomy or augmentation. If the hip sublux
ates easily or has a narrow safe zone, the clinician should not 
hesitate to perform a femoral shortening and derotation. We 
prefer to begin cast treatment for the feet and knees together, 
then to operate on the knees if, as usual, they are resistant, then 
the feet if they are resistant. By that time, the surgeon will have 
a better idea of the patient's potential and can decide on the 
most appropriate approach to the hips. 

PERINATAL LETHAL SKELETAL 
DYSPLASIAS 
With the increasing use of prenatal diagnostic tests, the ortho
paedic surgeon may be questioned about some of the lethal 
dysplasias that would not otherwise be encountered in prac
tice. The.se dysplasias are mentioned here to provide some basic 
information. The combined incidence of lethal dysplasias has 
been estimated at 15 per 100,000 births in one population. The 
natur.d history of these conditions should be considered care
fully if one is &cing a decision to provide respiratory support. 

Thanatophoric dysplasia is chara.cteriud by dispropor
tionately small limbs, normal trunk length, a protuberant 
abdomen, and a large head with frontal bossing. The chest is 
narrow and the lungs are hypoplastic. The femora are bowed. 
and their appearance has been likened to old-style telephone 
receivers. There is phenotypic resemblance to homozygous 
achondroplasia. and in fuct this condition results from a muta
tion in the same gene, FGFR3. Only a few children with this 
disorder have been reported to survive past 2 years old, even 
with full respiratory support (1). 

Ach.ondrogenesis is characterized by a short ~ la.rge 
head, distended abdomen, and severely underdeveloped limbs. 
It has been subclassified into four types. It may be autosomal 
dominant or recessive. Achondrogenesis type I results from a 
mutation in the DTDST. 

Survival beyond birth is very rue. Cut"rently, there is no 
treatment available for prolonging the lifespan.Arclostcopesis, 



of which there are two types, is characterized by dislocations of 
large joints and, in some cases, clubfeet. Midface hypoplasia, 
micrognathism, and a narrow chest are also seen. At least one 
of the two types results from a mutation in the DTDST. 

Short-rib-polydactyly syndrome is autosomal recessive 
and is characterized by polydactyly, which is classically post
axial but may be preaxial, short horiwntal ribs, and defects in 
the kidneys and lungs. 

Osteogenesis imperfecta type II is arguably a skeletal dys
plasia. Because of the poor prognosis, some of these children 
have been treated by bone marrow transplants, with reportedly 
prolonged survival (276). 

Conditions that may be, but are not always, fatal in the 
neonatal period include achondroplasia (homozygous form), 
rhiwmelic chondrodysplasia punctata, camptomdic dysplasia, 
and a congenital form of hypophosphatasia. 

APPENDIX 1: SUMMARIES OF 
IMPORTANT SKELETAL DYSPLASIAS 

Achondroplasia 
Genetic Transmission: Autosomal dominant, but most 

patients have de novo mutation 
Gene Defect: Highly uniform mutation in FGFR3 (gain of 

function) 
Key Clinical Features: Stenosis of spine (especially lumbar) or 

foramen magnum; thoracolumbar kyphosis; genu varum 
Key Treatment Points: Brace thoracolumbar kyphosis if more 

than 2 years old; decompress symptomatic stenosis; cervical 
spine is stable; osteotomies for genu varum if symptomatic. 

Hypochondroplasia 
Genetic Transmission: Autosomal dominant 
Genetic Defect: Most in FGFR3 (different domain) 
Key Clinical Features: Mild short stature; mild spinal stenosis 
Key Treatment Implications: May benefit from growth 

hormone and/or limb lengthening 

Metatropic Dysplasia 
Genetic Transmission: Autosomal dominant or recessive 
Genetic Defects: Unknown 
Key Clinical Features: Infant mortality risk.; coccygeal tail, 

enlarged metaphyses, and contractures; kyphoscoliosis 
Key Treatment Points: Rule out cervical instability; possible 

role for spine fusion. 

Chondroectodermal Dysplasia 
Genetic Transmission: Autosomal recessive 
Genetic Defect: EVC with defective maturation or endo

chondral ossification 
Key Clinical Features: Cardiac defects, teeth and nails abnor

mal, postaxial polydactyly; genu valgus, external femoral 
rotation 

Key Treatment Points: Lateral knee subluxation and depres
sion of tibial plateau are pathognomonic features. 
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Diastrophic Dysplasia 
Genetic Transmission: Autosomal recessive 
Genetic Defect: Diastrophic dysplasia sulfate transporter 

abnormal in all cartilage 
Key Clinical Features: "Hitchhiker" thumbs and "cauli

flower" ears; joint contractures, cervical kyphosis; scolio
sis; DJD, equinovarus feet 

Key Treatment Points: Monitor cervical kyphosis, fuse if 
increasing; correct feet; treat scoliosis, DJD 

Kneist Dysplasia 
Genetic Transmission: Autosomal dominant 
Genetic Defect: T ype-11 collagen, COI2Al, usually exons 12 to 24 
Key Clinical Features: Large stiff joints; equinovarus; risk 

retinal detachment and odontoid hypoplasia 
Key Treatment Points: Severe scoliosis and epiphyseal dys

plasia occur. 

SED Congenita 
Genetic Transmission: Autosomal dominant 
Genetic Defect: Type-II collagen, COI2AJ 
Key Clinical Features: Severdy short stature, Cl-C2 instabil

ity, scoliosis, hip dysplasia, possible equinovarus foot 
Key Treatment Points: Rule out cervical instability. Monitor 

for scoliosis. 

SED Tarda 
Genetic Transmission: X-linked most common 
Genetic Defect: Type-II collagen (COI2Al) or SEDUN 
Key Clinical Features: Hip, back, or knee pain develop in 

later childhood/adolescence; mild scoliosis 
Key Treatment Points: Monitor for scoliosis and kyphosis. 

Premature DJD may occur. 

Pseudoachondroplasia 
Genetic Transmission: Autosomal dominant 
Genetic Defect: COMP 
Key Clinical Features: Ligamentous laxity, windswept knees; 

size normal at birth, but falls behind 
Key Treatment Points: Correct windswept knees; screen for 

cervical instability. Degenerative changes in hips and 
knees may occur in adulthood. 

Multiple Epiphyseal Dysplasia 
Genetic Transmission: Autosomal dominant 
Genetic Defect: COMP, other forms from type-IX collagen 

or Maitrilin 3 
Key Clinical Features: Near-normal stature; epiphyseal defor

mation oflarge joints with symptoms in late childhood or 
adulthood 

Key Treatment Points: Observation versus acetabular cover
age in childhood; joint replacement in adulthood 

Chondrodysplasia Punctata 
Genetic Transmission: Multiple 
Genetic Defect: Rhizomdic form from peroxisomal enzyme 

deficiency; other forms affect cholesterol synthesis 
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Key Clinical Features: Neonatal stippling of epiphyses; early 
mortality (most rhizomelic patients) 

Key Treatment Points: Evaluate and treat atlantoaxial insta
bility, congenital scoliosis, coxa vara. 

Metaphyseal Chondrodysplasias 
Genetic Transmission and Defect: McKusick, autosomal 

recessive; Schmidt, Jansen, and Kozlowski, autosomal 
dominant 

Key Clinical Features: Metaphyseal irregularities with nor
mal epiphyses; genu varum, mild short stature, fine 
sparse hair; immune and gastrointestinal disorders in 
McKusick type 

Key Treatment Points: Rule out rare atlantoaxial instability; 
correct genu varum if severe; monitor medical problems 
in McKusick type. 

Diaphyseal Aclasia (Multiple Osteocartilaginous 
Exostosis) 
Genetic Transmission: Autosomal dominant 
Genetic Defect: EXTJ and EXT2 gene mutations found on 

chromosomes 8 and 11, respectively 
Key Clinical Features: Short stature, impingement on ten

dons and nerves, angular deformities, limb-length 
inequality, malignant degeneration 

Key Treatment Points: Monitor for growth disturbances, 
remove symptomatic exostoses, educate about signs of 
slight malignant degeneration, monitor spine 

Dyschondrosteosis (Leri-Weill Syndrome) 
Genetic Transmission: Autosomal dominant 
Genetic Mutation: Short stature homeobox gene on chromo

some X(SHOX) 
Key Clinical Features: Mild mesomelic short stature, mild 

knee angulation, bilateral Madelung deformities 
Key Treatment Points: Osteotomies may be indicated to cor

rect forearm deformities. 

Cleidocranial Dysplasia 
Genetic Transmission: Autosomal dominant 
Genetic Defect: Defect in human RUNX2 (CBFAJ) gene 
Key Clinical FeatureS: Widened cranium, clavicles partially or 

completely absent, unossified pubic rami; hip abnormalities 
Key Treatment Points: Hip surgery for dysplasia or varus; 

care of dental, cranial, and obstetric problems 

Larsen Syndrome 
Genetic Transmission: Autosomal dominant or recessive 
Genetic Defect: Defect in filamin B, a cytoskeletal protein 
Key Clinical Features: Widely spaced eyes, depressed nasal 

bridge, multiple joint dislocations, cervical kyphosis 
Key Treatment Points: Screen for, and aggressively treat, 

cervical kyphosis. Joint dislocations treated according to 
standard principles. 
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