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The osteochondrodysplasias or skeletal dysplasias are a
heterogenous group of over 350 distinct disorders of
skeletogenesis. Many manifest in the prenatal period,
making them amenable to ultrasound prenatal diagnosis. A
retrospective analysis evaluated 1,500 cases referred to the
International Skeletal Dysplasia Registry (ISDR) to determine
the relative frequency of specific osteochondrodysplasias
and correlation of ultrasound versus radiographic diagnoses
for these disorders. Within the retrospective cohort of 1,500
cases, 85% of the referred cases represented well-defined
skeletal dysplasias, and the other 15% of cases were a
mixture of genetic syndromes and probable early-onset
intrauterine growth restriction. The three most common
prenatal-onset skeletal dysplasias were osteogenesis imper-
fecta type 2, thanatophoric dysplasia and achondrogenesis 2,
accounting for almost 40% of the cases. In a prospective

analysis of 500 cases using a standardized ultrasound
approach to the evaluation of these disorders, the relative
frequencies of osteogenesis imperfecta type 2, thanatophoric
dysplasia and achondrogenesis 2 were similar to the
retrospective analysis. This study details the relative
frequencies of specific prenatal-onset osteochondrodyspla-
sias, their heterogeneity of prenatal-onset skeletal disorders
and provides a standardized prenatal ultrasound approach
to these disorders which should aid in the prenatal diagnosis
of fetuses suspected of manifesting skeletal dysplasias.
� 2008 Wiley-Liss, Inc.
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INTRODUCTION

The osteochondrodysplasias are a heterogenous
group of over 350 disorders of skeletogenesis [Hall,
2002; Superti-Furga and Unger, 2007]. They have
been defined by employing a combination of
clinical, radiographic, histopathologic, and molec-
ular genetic criteria [Superti-Furga et al., 2001]. These
disorders can be inherited as autosomal dominant,
autosomal recessive or X-linked disorders and
teratogen exposure, maternal lupus and uniparental
disomy can produce phenocopies of skeletal dys-
plasias [Walter et al., 1996; Savarirayan, 1999; Sutton
et al., 2003; Shanske et al., 2007; Superti-Furga and
Unger, 2007]. Mutations in the genes responsible for

these disorders affect the patterning of the skeleton,
joint morphogenesis, linear growth and the integrity
of the articular surface [Mundlos, 2001; Shum et al.,
2003]. While the occurrence of each skeletal disorder
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is relatively rare, collectively they account for a
significant number of newborns with genetic dis-
orders, approximately 1 in 5,000 [Orioli et al., 1986].

Both the appendicular and the axial skeletons
undergo a programmed pattern of endochondral
ossification, whereas the calvarium and portions of
the clavicle and pubis ossify via membraneous
ossification [Olsen et al., 2000; Eames et al., 2003].
Ossification occurs at relatively early human gesta-
tional ages: clavicle and mandible at 8 weeks; the
appendicular skeleton, ileum and scapula by
12 weeks; and the metacarpals and metatarsals are
ossified by 12–16 weeks [Larson, 1993; van Zalen-
Sprock et al., 1997]. Secondary (epiphyseal) ossifi-
cation centers can be seen by radiographs by
20 weeks gestation. Since bone is echodense by
ultrasound, the fetal skeleton/bone is relatively well
visualized by two-dimensional ultrasound in
the second trimester of pregnancy. Ultrasound
evaluation as a tool for identification of congenital
abnormalities has become routine in many centers
throughout the world [Saltvedt et al., 2006; Bahado-
Singh and Raymond, 2007]. Thus, prenatal-onset
skeletal dysplasias, especially the lethal disorders,
are readily visualized and ideally should be diag-
nosed by prenatal ultrasound. The prognostic
benefits of accurate diagnosis include determination
of perinatal lethality, consideration for focused
molecular analysis, prediction of neonatal compli-
cations, recurrence risk, and maternal management.
The issue of mode of delivery in the skeletal
dysplasias remains controversial [Kuller et al.,
1996], though knowing whether or not the disorder
is associated with macrocephaly or other abnormal-
ities may help influence obstetrical management.

Previously published series on the diagnostic
accuracy of prenatal ultrasound for the osteochon-
drodysplasias have noted that about 40% of these
disorders are correctly diagnosed in the prenatal
period [Donnenfeld and Mennuti, 1987; Sharony
et al., 1993; Rasmussen et al., 1996; Gaffney et al.,
1998;Tretter et al., 1998;Dorayet al., 2000; Parilla et al.,
2003]. Through the International Skeletal Dysplasia
Registry, retrospective and prospective studies were
performed to achieve the following goals: to reassess
the diagnostic accuracy of prenatal ultrasound for the
skeletal dysplasias, to determine the relative frequency
of specific disorders, to determine which skeletal
dysplasias had abnormal findings in the prenatal
period and, ultimately, to determine if a standardized
approach to evaluation of these fetuses could improve
prenatal diagnostic accuracy.

MATERIALS AND METHODS

Retrospective Analysis

The International Skeletal Dysplasia Registry
(ISDR) is a referral research registry focused on the

studyof osteochondrodysplasias anddysostoses. For
each registered case the following information is
obtained; referring diagnosis, clinical information,
radiographs and, in somecases, tissues for histologic,
ultrastructural, biochemical and molecular analysis.
The ISDR team analyses the clinical information,
radiographs and histology to determine the diag-
nosis (authors, DK, DLR, WRW, and RSL). The
database from 1990 to 2004 was searched for cases
in which the propositus was a fetus or a neonate
(<30 days of age). Only cases with the following
features were utilized: propositus ascertained
between14weeks gestation andonemonthneonatal
age; at least one prenatal sonogram was performed
during gestation and a referring diagnosis was based
on sonographic findings; and postnatal radiographs
and available histology were used for final diagnosis.
Cases with incomplete information, or inadequate
radiographs were excluded from further analysis. In
this 14-year time period 1,500 cases were identified
for review among the approximately 7700 cases
referred during that time period.

Each case was classified by radiographic diagnosis
andhistologywhenavailable.Histologywasused for
diagnosis when radiographs were not interpretable
due to disruption of the fetal skeleton, or if the
radiographic findings suggestive a novel pattern of
abnormalities. Diseases or diagnosis categories
followed the nosology established by the Interna-
tional Nosology Committee [Superti-Furga and
Unger, 2007]. For this analysis, disorders were also
grouped into the following categories; osteogenesis
imperfecta types 2, thanatophoric dysplasia, achon-
drogenesis type 2, campomelic dysplasia, short-rib
polydactyly syndromes, other specific skeletal dys-
plasias, unclassified skeletal dysplasias, genetic
syndromes, and normal. The classification ‘‘normal’’
was used if the radiographs failed to show any
specific skeletal abnormalities. Each case was placed
into the above listed categories to determine their
relative frequency using the total number of cases for
the time period. In addition, for each case and
category, the radiographic diagnosis was compared
to the referring ultrasound diagnosis to determine
percent correlation for ultrasound versus radio-
graphic diagnosis.

Prospective Analysis

From the period 1996–2006 the International
Skeletal Dysplasia Registry (ISDR) analyzed prena-
tal-onset skeletal dysplasias by reviewing consec-
utively referred ultrasound images in 500 cases (14–
38 weeks gestation). Each referred case (real-time
ultrasound or hard-copy ultrasound images) were
reviewed or performed by one of the authors (DK).
Analysis and documentation of real-time ultrasound
included the following parameters found to be
important for diagnosis: appearance, shape and size
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of the cranium, measurements of the mandible and
clavicles, measurements of all long bones, chest
circumference and abdominal circumference. Other
parameters that were evaluated that aided in differ-
entiating these disorders included the shape of the
scapula, vertebral bodies and ribs, the mineralization
and shape of the long bones, the appearance of the
metaphyseal ends of the bones, presence of facial
dysmorphism, evaluation of the hands and feet
(absent or extra digits), and presence or absence of
the calcaneus and distal femur epiphyses in the
late second and third trimester, as well as other
congenital anomalies, posturing of the distal extrem-
ities and neck and amniotic fluid volume.

Post-delivery radiographs and, when available,
histomorphology, were obtained for final diagnosis.
Only cases with available radiographs were included
in the analysis. As described for the retrospective
analysis, each case was analyzed to determine the
relative frequency of the disorder and the correlation
between prenatal ultrasound versus radiographic
diagnosis. Cases with only preliminary, ultrasound-
based diagnoses were classified in the results section
as ‘‘lost-to-follow-up.’’

RESULTS

Retrospective Analysis

From 1990 to 2004, the International Skeletal
Dysplasia Registry (ISDR) received clinical informa-
tion, radiographs and histology on 1,500 cases of
prenatal-onset skeletal dysplasias. The gestational
ages when the fetal skeletal abnormality was
recognized by ultrasound are shown in Figure 1.
The majority of cases (70%) were recognized in
the second trimester and many of these prior to
20 weeks gestation. For the remaining 30% of the
cases, the skeletal dysplasia was recognized by
ultrasounds performed after 24 weeks. In approx-
imately 4% of the cases, gestational age at time of
diagnosis was not available.

For the 1,500 retrospective cases reviewed, the
referring diagnoses are noted in Figure 2A. The
majority of cases (67%) were referred utilizing
the diagnosis, ‘‘skeletal dysplasia,’’ with no specific
disorder indicated. The other most commonly used
referring diagnoses were thanatophoric dysplasia
(13%), osteogenesis imperfecta (10%), campomelic
dysplasia (6%), and short-rib polydactyly (4%).Among
the entire cohort of cases, subsequent radiographic
and histologic analysis allowed a definitive diagnosis
to be made in 95% of the cases: thanatophoric
dysplasia (11%), osteogenesis imperfecta type 2
(20%), achondrogenesis type 2 (8.2%), campomelic
dysplasia (3.6%), other distinct skeletal dysplasias
(35.7%), unclassified skeletal dysplasias (4.5%),
genetic syndromes (12%) and normal (5%) (Fig. 2B).

The referring ultrasound and final radiographic
diagnoses were the same in 41.7% of the cases and
correlations betweenultrasound versus radiographic
diagnoses are depicted in Figure 3. Osteogenesis
imperfecta type 2, thanatophoric dysplasia and
achondrogenesis 2 accounted for almost 40% of the
prenatal-onset osteochondrodysplasias in this
cohort and the correlation between referral ultra-
sound diagnosis and final radiographic diagnosis in
these more commonly seen skeletal disorders was
approximately 50%. However, the referring diagno-
sis accuracy by ultrasound for the ‘‘other distinct
skeletal dysplasia category’’ only approached 28%.

Prospective Analysis

In the prospective analysis of 500 consecutive
cases, our review of the images yielded a preliminary

FIG. 1. Bar graph depicting the gestational age distribution at which prenatal
onset skeletal dysplasias were detected by ultrasound.

FIG. 2. A: Pie chart showing the referring diagnoses of 1,500 prenatal-onset
skeletal dysplasia cases in the retrospective analysis based on prenatal
diagnoses referred to the ISDR (International Skeletal Dysplasia Registry).
B: Pie chart of the final diagnoses determined by radiographs and histology
when available, of 1,500 prenatal-onset skeletal dysplasias. TD, thanatophoric
dysplasia; OI, osteogenesis imperfecta type II; CD, campomelic dysplasia; SRP,
short-rib polydactyly; ACH II, achondrogenesis II; SD, skeletal dysplasias.
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ultrasound diagnosis in 92% of cases, while in the
remaining 8% (40 cases) no definitive diagnosis or
differential diagnosis could be made. In this cohort,
postnatal radiographs were obtained in 405 cases
(81%). Since no final radiographs were available to
make a final definitive diagnosis in 95 cases, these
cases were excluded from further analysis. Compar-
isons made between our preliminary ultrasound
diagnosis and final radiographic diagnosis showed
that they were identical in 78% of the cases. Among
the cases where lethality was predicted based on
chest size and configuration, lethality was accurately
predicted in 96.8% of cases. In this study, the
definition of lethality utilized was that without heroic
measures the infant would die in the first few weeks
of life.

Categorization of the 405 cases by disease identi-
fied the relative frequency for the three most
common disorders as osteogenesis imperfecta type
2 (16%, 65 cases), thanatophoric dysplasia (12%, 50
cases), and achondrogenesis type 2 (6%, 24 cases).
These percentages were similar to those obtained
from the much larger retrospective analysis and they
accounted for slightly greater than one-third of the
prenatal-onset skeletal dysplasias referred to the
ISDR. These three lethal disorders, all share small
chest circumferences with abnormal chest to
abdominal circumference ratios. However, they can
be differentiated based on the on several ultrasound
findings. In osteogenesis imperfecta type 2, the
abnormal ultrasound findings included: under-min-
eralization of the calvarium, flattened profile, frac-
tureswith asymmetric appearing longbones, beaded
(callus formation) ribs, and hands appearing grossly
normal (Fig. 4). Thanatophoric dysplasia was char-
acterized by relative macrocephaly with narrowed or
closedcranial sutures,metopicbossingonprofile, very
shortened, symmetric long bones that were either
bowed or straight, present but flattened vertebral
bodies, very short hands and digits and no delay in
the secondary ossification centers (Fig. 5). Achon-
drogenesis 2 was frequently associated with cystic
hygromas or very large nuchal lucencies, a flattened
facial profile with micrognathia, almost absent miner-
alization of the vertebral bodies, very short appendic-
ular long bones with metaphyseal spikes and very
small hands and feet (Fig. 6). Among the other 2/3 of
the 405 cases, the final radiographic diagnoses varied
and Table I catalogs the heterogeneity of the skeletal

FIG. 3. Bar graph showing the percent correlations between prenatal
ultrasound versus radiographic diagnoses for specific skeletal dysplasias in
the retrospective analysis. TD, thanatophopric dysplasias, ACH II, achondro-
genesis 2, OI II, osteogenesis imperfecta type 2, other SD, other skeletal
dysplasias.

FIG. 4. Sonographic images of osteogenesis imperfecta type 2 (OI type 2) showing abnormal findings. A: Absent mineralization of the calvarium (18 weeks
gestation). B: Diminished mineralization of the calvarium (16 weeks gestation); arrow points to an area of calvarium mineralization. C: Femur (18 weeks gestation)
showing bright areas (echodense) representing fracture and callus formation (arrow). D: Femur (16 weeks gestation) showing irregular bending (arrow). E: Saggital
chest view in OI type 2 showing wavy or S-shaped ribs (arrow) and ribs that do not surround two-thirds of the chest circumference.
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dysplasias and dysostoses that can be visualized in
the prenatal period.

DISCUSSION

The skeletal dysplasias have been estimated to
account for about 5% of the genetic disorders seen in

the newborn period [Orioli et al., 1986] and represent
a significant burden to many families because of
potential lethality, and short- and long-term medical
complications, and recurrence risk. Therefore,
informing parents and physicians caring for these
patients with accurate diagnoses and natural history
information is critical to providing the best care for

FIG. 5. Sonographic images of thanatophoric dysplasia. A: Femur (16 weeks gestation) in thanatophoric type 2 (TD 2) is straight and very short with metaphyseal
spikes. B: Femur (20 weeks gestation) in thanatophoric type I (TD1) is curved with metaphyseal flaring. C,D: Two dimensional sonogram of a fetus with thanatophoric
type I (TD1) (18weeks gestation)with a tall/highmetopic ridge, almost absent nasal bone (D), and facial disproportion since themetopic suture andmandible are not in
the same plane, suggesting coronal synostosis. E: Three dimensional sonographic image of TD1 at 24 weeks showing a flattened nasal bridge and brachydactyly.

FIG. 6. Sonographic images of achondrogenesis type 2. A,B: Three dimensional sonographic image of a fetus with achondrogenesis type 2 at 22 weeks gestation
showing severe by flattened nasal bridge (arrow) and micrognathia (arrow). C: Cystic hygroma (arrow) at 20 weeks gestation. D: Increased nuchal fold (12 weeks
gestation) (arrow) in the same fetus from (C). E: Femur (16 weeks gestation) showing severe micromelia and metaphseal spikes.
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thesepatients. The routineuseof prenatal ultrasound
has dramatically increased in the last three decades
and has become widely accepted as a means of
diagnosing congenital anomalies. This was reflected
in the retrospective analysis, which showed an
increasing number of cases referred on an annual
basis. Because the fetal skeleton is well visualized by
ultrasound, the diagnostic accuracy of this modality
should be high for skeletal disorders. However, most
series note a diagnostic accuracy for the skeletal
dysplasias at less than 50% [Donnenfeld and Men-
nuti, 1987; Sharony et al., 1993; Rasmussen et al.,
1996; Gaffney et al., 1998; Tretter et al., 1998; Doray
et al., 2000; Parilla et al., 2003]. Because someof these

series are from the late 1980s and technical improve-
ments have subsequently been made in ultrasound
imaging, to make the variable of inferior equipment
less relevant, we chose to only analyze cases from
1990 to 2004 in the retrospective analysis. Even with
this selection, the 1,500 cases in the retrospective
analysis showed a diagnostic accuracy of 41%.

The reasons for the low diagnostic accuracy in
referring ultrasound prenatal diagnosis for the
osteochondrodysplasias are varied. There are over
350 clinically distinct skeletal dysplasias and even
more dysostoses syndromes, and they all occur
rarely. Table I illustrates the large number of distinct
disorders that were seen in the prenatal period. Few
centers may have the clinical experience to differ-
entiate all thesedisorders. Similar to the characteristic
radiographic findings in these disorders, the sono-
graphic findings can vary with gestational age. For
example, in this cohort, cloverleaf skull (kleebatt-
schädel), which is a characteristic finding in some
craniosynostosis disorders, was not seen before 16–
18 weeks gestation. The skeletal elements also
undergo mineralization at different gestational ages,
and ultrasound findings based on the appearance of
specific bones that lead to diagnostic clues may not
be apparent at certain gestational ages. The
earliest secondary epiphysis seen by sonogram is
the calcaneus appearing at approximately 20 weeks.
Thus, attempting to diagnose epiphyseal delay prior
to that gestational age is not possible. In many of the
nonlethal skeletal dysplasias, such as achondroplasia
and spondyloepiphyseal dysplasia congenita
(SEDC), the fall-off in long bone measurements
(below the 5th centile) was not observed until
the second half of the second trimester (18 weeks).
Therefore in addition to recognizing the character-
istic sonographic findings in each skeletal dysplasia,
prenatal diagnostic centers need to know the gesta-
tional age at which the skeletal abnormalities appear
on sonogram.

To address whether the diagnostic accuracy of
ultrasound could be improved upon, a prospective
analysis of the prenatal diagnosis of the skeletal
dysplasias was performed by analyzing the ultra-
sound findings from referred cases. The diagnostic
criteria used were based on a clinical and radio-
graphic approach. The diagnostic accuracy could be
improved to almost 80% by analyzing each case for
the known radiographic findings in individual
skeletal dysplasias. The sonographic findings were
categorized based on the components of the
appendicular and axial skeleton (spondylo-, rhizo-,
meso-, and acro- segments) that were abnormal. The
findings were then categorized into specific groups
of skeletal dysplasias, for example, a spondlyometa-
physeal dysplasia, and then the diagnosis was
refined within that radiographic group [Spranger
et al., 2002; Lachman, 2007] by differentiating the
disorders within that diagnostic category group. Not

TABLE I. Skeletal Disorders Identified in the Prenatal Period

Acheiropody
Achondrogenesis 1B
Achondrogenesis 2
Achondroplasia
Acromandibular syndrome
Apert syndrome
Asphyxiating thoracic dystrophy
Atelosteogenesis types 1, 2, and 3
Barnes syndrome
Brachydactyly B
Caffey disease—perinatal type
Campomelic dysplasia
CHILD syndrome
Chondrodysplasia Punctata—rhizomelic type
Chondrodysplasia Punctata—Conradi-Hunerman
Cleidocranial dysplasia
Desbuquois dysplasia
Diastrophic dysplasia
Ectrodactyly syndrome
Ehlers-Danlos syndrome type 7B
Ellis van Creveld syndrome
Focal femoral hypoplasia with/without unusual facies
Gracile bone dysplasia
Hypochondrogenesis
Hypophosphatasia—perinatal lethal type
Kniest dysplasia
Larsen syndrome
Lethal Platyspondylic dysplasia—Torrance type
Metaphyseal Chondrodysplasia—McKusik type
Metatropic dysplasia
Mucolipidosis 2
Multiple synostosis syndrome
Nail-Patella syndrome
Neu-Laxova syndrome
OSMED dysplasia
Opsismodysplasia
Osteogenesis Imperfecta type 2 and 3
Otopalatodigital syndrome type 2
Pfeiffer syndrome
Pseudodiastrophic dysplasia
Roberts SC Phocomelia
SMD—Sedaghatian type
Schneckenbecken dysplasia
Short-rib polydactyly syndrome—types 2, 3, and 4
Spondyloepiphyseal dysplasia congenita
Spondylothoracic dysplasia
Stuve-Wiedemann syndrome
Thanatophoric dysplasia 1 and 2
Tibia–Ectrodactyly syndrome
Type 2 hemimelia
Unclassified skeletal dysplasias
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only did this approach lead to increased diagnostic
accuracy, it also provided a differential diagnosis list
for prognostic and genetic counseling purposes.

Further comparisons noted from the prospective
analysis showed that many of the referring centers
did not obtain ultrasound measurements of the chest
circumference or lateral views of the chest for
configuration. Without these views, it is very difficult
to distinguish lethal from non-lethal skeletal dyspla-
sias. By determining which skeletal elements are
abnormal, and if either the configuration or size of
the chest suggests lethality, then a more accurate
diagnosis can be made. If the specific diagnosis or
differential diagnosis list predominantly includes
skeletal dysplasias known to be lethal by natural
history, the families can be more accurately
informed.

Detailed analysis of the hands, feet and facies were
also useful in refining the differential diagnosis.
Evaluation of the hands and feet for brachydactyly or
abnormal configuration/posturing was extremely
helpful and allowed for improved diagnostic accu-
racy. In addition, the facies in the skeletal dysplasias
are frequently dysmorphic and many of the findings,
such as frontal bossing, hypertelorism, midface
hypoplasia and micrognathia, are readily visualized
by sonogram [Krakow et al., 2003]. Evaluation of the
distal extremities and the facies, in addition to the
skeleton, provides information that allows ultra-
sonographers and clinical geneticists to group
together a constellation of findings to determine
the diagnosis.

Perhaps another reason for the difficulty in
prenatal diagnosis of the skeletal dysplasias is due
to the variability in appearance of ultrasound
findings in individual skeletal dysplasias. As com-
monly seen in their clinical presentation and radio-
graphic findings, there can be marked variability
within each phenotype. The cases studied repre-
sented a wide spectrum of disease severity. For
example, there were cases of osteogenesis imper-
fecta type 2 with a single fracture at initial evaluation
and others with crumpled long bones. There were
cases of campomelic dysplasia with and without
campomelia. This variability in appearance may
explain why the referring diagnostic accuracy for
even the more common skeletal dysplasias, that is,
thanatophoric dysplasia, osteogenesis imperfecta
type 2 and achondrogenesis 2 only approached
50%. Thus, in addition to knowledge regarding the
specific radiographic and clinical features of these
disorders, clinicians need to be aware of the varied
phenotypic manifestations in the fetal period.

The retrospective analysis allowed us to determine
the relative frequency of some individual skeletal
dysplasias. One of the potential limitations of this
study is ascertainment bias in the selection of cases
referred to the ISDR. However, there were 1,500
cases in the retrospective study, and the prospective

analysis yielded similar findings, so some conclu-
sions can be drawn. The most commonly seen
disorders were osteogenesis imperfecta (20%),
thanatophoric dysplasia (11%), and achondrogene-
sis type II (8.2%). This confirms the data obtained by
Stoll et al. [1989] and Orioli et al. [1986] on the birth
prevalence of skeletal dysplasias, which noted that
these were the most prevalent skeletal dysplasias,
though our frequencies vary slightly. In both of these
studies, achondroplasia was also noted to have high
birth prevalence. In both our retrospective and
prospective cohorts there were some cases of
achondroplasia, however they were not as common
as thanatophoric dysplasia, osteogenesis imperfecta
type 2 and achondrogenesis type 2. This bias may be
due to two factors: one, many cases of achondro-
plasia are not recognized by prenatal diagnosis,
especially if the ultrasound was performed in the
mid-second trimester, and two, perhaps recognized
cases of this common disorder are not as frequently
referred to the ISDR for consultation. Evaluation of
the cases of achondroplasia (second trimester) seen
in the prospective study showed that there were
some clues to diagnosis. These included relative
macrocephaly when compared to the femur lengths
(usually the femur lengths were 5th centile and the
head circumference was 90th centile or above),
metopic bossing, and widening of the distal femur
with normal secondary ossification centers. In
addition to the disorders listed above, campomelic
dysplasia was seen in 4% of our cases. Interestingly,
when comparing the referring diagnoses to final
diagnoses, this disorder was associated with the
highest diagnostic accuracy in the prenatal period
(50%). This is probably due to the characteristic
angulated femora seen on ultrasound in many cases
of campomelic dysplasia. Among the remaining
cases of campomelic dysplasia, osteogenesis imper-
fecta type 2 was the most common referring ultra-
sound diagnosis. Evaluation of the configuration of
the scapula (hypoplastic in campomelic dysplasia)
and profile (micrognathia in campomelic dysplasia)
can help differentiate these disorders.

There were cases in both the retrospective and
prospective analyses for which no conclusive
diagnosis could be made and these ‘‘unclassified’’
skeletal dysplasias accounted for 5% of the cases.
Approximately 12% of the cases reviewed were
dysmorphic syndromes with skeletal anomalies.
Only about 20% of those cases were correctly
assessed in the prenatal period. In 5% of the cases
seen, a skeletal dysplasia was suspected, yet the
radiographic findings were normal. We surmise that
these cases either represent early-onset intrauterine
growth retardation or significant biologic variability
in long bone length. This highlights the importance
of a full evaluation of the fetal axial and appendicular
skeleton, including the size and shape of the long
bones, epiphyseal centers and relative proportions
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to differentiate skeletal dysplasias from growth
restriction (suggested fetal ultrasound evaluation
for a suspected fetal skeletal dysplasia is listed at
http://www.cedars-sinai.edu/9934.html).

One of the concerning findings in the prospective
analysis was that for 18% of the 500 cases, no final
diagnosis could be made because post-delivery
radiographs and autopsy were not obtained.
Although these cases were excluded from the
analysis, absence of post-delivery radiographs can
compromise patient care because of the inability to
confirm the sonographic diagnoses and provide
recurrence risk. Since a firmdiagnoses cannot always
be made on the basis of ultrasound findings alone,
radiographic (autopsy) and histologic information
remain an irreplaceable component in defining
diagnoses and providing accurate counseling for
families.

With the increasing use of prenatal sonogram for
thedetectionof congenital anomalies, therehas been
increased detection of prenatal-onset skeletal dys-
plasias. The detailed approach to prenatal sonogram
described in the prospective analysis demonstrates
that this approach can lead to continued improve-
ment in the diagnostic accuracy of these disorders in
the prenatal period. The coordinated interaction
between prenatal diagnosticians, geneticists, radiol-
ogists, and scientists with focused expertise in these
disorders will continue to lead to improvements in
the care of these patients and their families.
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