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Abstract

Objective: To describe the contribution of 3-dimensional
computed tomography (3D-CT) in the prenatal diagnosis of
skeletal dysplasias (SD) in a cohort of patients with inconclu-
sive diagnosis by ultrasound (US). Methods: Between May
2007 and February 2010, six pregnant women with suspect-
ed fetal SD on US examination but with no specific diagnosis
were studied with 3D-CT. The images were evaluated by a
multidisciplinary team who proposed a likely diagnosis. Fur-
ther postnatal workup included clinical and radiological
evaluation in all cases. Prenatal and postnatal diagnoses
were compared. Results: The use of 3D-CT provided a pre-
cise diagnosis confirmed postnatally in 5/6 patients. These
included osteogenesis imperfecta type Il (n = 2), osteogen-
esis imperfecta type Ill (n = 1), chondrodysplasia punctata
(n = 1) and thanatophoric dysplasia type | (n = 1). A precise
diagnosis could not be made in 1 case - either pre- or post-

natally. Conclusion: Prenatal 3D-CT contributed to the diag-
nosis of the specific fetal SD in the majority of these cases.
3D-CT may have a complementary role to US where fetal SD
is suspected, but no specific diagnosis can be made using US
alone. Further studies on clinical performance and risk-ben-

efit analysis are needed. Copyright © 2011 S. Karger AG, Basel

Introduction

Osteochondrodysplasias or skeletal dysplasias (SD)
are a genetically heterogeneous group of disorders affect-
ing the development of chondro-osseous tissues and
leading to abnormalities in the size and shape of various
segments of the skeleton [1]. The internationally recog-
nized classification system currently places 372 differ-
ent conditions into 37 groups defined by molecular,
biochemical and/or radiographic criteria [2]. Although
pathogenic and molecular criteria have been integrated
for classification purposes, SD are still identified by clin-
ical features and imaging appearance.
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Although individual skeletal disorders are rare, col-
lectively the prevalence of SD recognized at birth likely
ranges between 2.3 and 3.2/10,000 births [3], and they ac-
count for a significant number of newborns with genetic
disorders [4]. The Latin-American Collaborative Study of
Congenital Malformations database (live and stillbirths)
reported that the most common SD at birth were achon-
droplasia (0.5 and 1.5/10,000 births), thanatophoric dys-
plasia and achondrogenesis (0.2-0.5/10,000 births), and
osteogenesis imperfecta (0.4/10,000 births) [4]. During
pregnancy, the most commonly defined SD were osteo-
genesis imperfecta type II, thanatophoric dysplasia and
achondrogenesis type II, accounting for almost 40% of
the 2,000 prenatal cases reported to the International
Skeletal Dysplasia Registry [5]. Precise prenatal diagnosis
of the specific SD allows accurate counseling with respect
to perinatal lethality, consideration for focused molecu-
lar analysis, prediction of neonatal complications, recur-
rence risk and maternal management [5].

The fetal skeleton is relatively well visualized by ultra-
sound (US) during the routine morphology scan so that
SD with prenatal onset, especially those severe disorders
with pronounced shortening of long bones, are often sus-
pected. However, given the large variety and complexity
of these anomalies, antenatal diagnosis of the specific
disorder remains difficult [6-8]. Although the potential
advantages of 3-dimensional ultrasound (3D-US) over
2-dimensional ultrasound (2D-US) have been postulated,
neither performs as effectively as postnatal radiological
evaluation [9]. It has previously been proposed that 3-di-
mensional computed tomography (3D-CT) may comple-
ment US in the prenatal diagnosis of SD [10-12].

We describe the contribution of 3D-CT to the prenatal
diagnosis of SD in a cohort of patients where US had not
definitely defined the disorder concerned.

Subjects and Methods

Between May 2007 and February 2010, six pregnant women
were referred to our Fetal Medicine Unit with suspected fetal SD.
The US findings for each pregnancy were reviewed and discussed
by a multidisciplinary team, but no definitive diagnosis could be
reached. All women were offered and consented to a fetal 3D-CT
examination in an attempt to reach a formal diagnosis. This in-
cluded counseling about the potential biological risk related to
exposure to ionizing radiation.

For the first case, image acquisition was done at 32 weeks of
gestation and carried out using a single-detector CT scanner (Se-
cura, Philips) with the following parameters: 40 mAs, 120 KV, 1
pitch and 2 mm slice thickness. For the remaining cases, image
acquisition was done between 30 and 34 weeks of gestation and
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carried out using a 64-multidetector CT scanner (Aquilion,
Toshiba) with the following parameters: 40 mAs, 100 KV, 0.75
pitch and 0.5 mm slice thickness. This corresponded to a mean
irradiation dose given to the fetus of 3.12 mGy which was auto-
matically calculated and displayed on the control panel of the CT
scanner. Image acquisition took 15 s for the first case and 5 s for
remaining cases and these were synchronized with periods of ma-
ternal apnea to reduce kinetic artifacts that could mimic fractures
or bone deformations. A total of 350-500 images/fetus were
stored for further analysis.

CT volume data were transferred to a workstation (Vitrea, Vi-
tal Images, Minnetonka, Minn., USA). Postprocessing tech-
niques, including multiplanar reformation, maximum intensity
projection (MIP) and volume rendering (3D), with removal of ma-
ternal pelvic bones, were performed with dedicated software. The
whole postprocessing analysis took nearly 40 min/case. 3D-CT
images were evaluated by an interdisciplinary team consisting of
radiologists, specialists in fetal medicine and clinical geneticists
who were also aware of the US findings. The findings were also
discussed with a specialistin SD (1.0.). All pregnancies were man-
aged expectantly to delivery. Postnatal workup included clinical
and radiological evaluation in all cases and a formal postmortem
analysis of postmortem examination in case 3.

Results

Prenatal images are shown in figure 1, and the sus-
pected diagnoses and postnatal findings are described in
table 1.

Case 1

Referred at 22 weeks’ gestation with shortening of long
bones and bilateral bowing of the femur, tibia and fibula.
The 3D-CT showed that bowing of long bones was due to
fractures (bone callus) with normal appearance of the
spine and thin ribs. Wormian bones were noted. A diag-
nosis of osteogenesis imperfecta type III was made. All
findings were confirmed at birth, and blue sclera were
also observed. A definitive postnatal diagnosis of osteo-
genesis imperfecta type III was recorded (fig. 2).

Case 2

Referred at 19 weeks’ gestation with rhizomelic short-
ening and bowing of long bones, frontal bossing and tali-
pes. Additional findings detected by 3D-CT were frac-
ture of long bones and ribs. The spine had a normal ap-
pearance. Pre- and postnatal diagnoses of osteogenesis
imperfecta type IIB were made (fig. 3, 4).

Case 3

Referred at 20 weeks’ gestation with short long bones,
intrauterine growth restriction, a narrow thorax, post-
axial polydactyly, talipes and female genitalia. In addi-
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Table 1. Results of prenatal imaging techniques and postnatal findings in 6 cases with suspected SD

Case Prenatal US

Prenatal 3D-CT

Postnatal diagnosis

- findings additional findings diagnosis findings diagnosis

1 Shortening and bowing of Fractures of long bones Osteogenesis Blue sclera Osteogenesis
long bones Wormian bones imperfecta Short long bones imperfecta

type III Bowing of long bones type III
Wormian bones
Length at birth: 43 cm (3rd centile)

2 Rhizomelic shortening of Fracture of long bones Osteogenesis Blue sclera Osteogenesis
long bones Rib fractures imperfecta Rhizomelic shortening of long bones imperfecta
Bowing of long bones Decreased bone minerali-zation  type IT Bowing of long bones type I1B!
Frontal bossing Frontal bossing (day 18)
Club feet Club feet

Rib fractures
Length at birth: 40 cm (3rd centile)

3 Short long bones 11 pairs of ribs Campomelic Short long bones No diagnosis!
IUGR Pelvic malformation dysplasia TUGR (day 1)
Narrow thorax Platyspondyly Narrow thorax
Postaxial polydactyly Increased intervertebral lumbar Postaxial polydactyly
Club feet space 11 pairs of ribs
Female genitalia Pelvic malformation
(karyotype 46,XY) Platyspondyly

Increased intervertebral lumbar space
Club feet

Ambiguous genitalia

Micrognathia

4 Increased nuchal translucency Rhizomelic shortening of Osteogenesis Blue sclera Osteogenesis
Shortening and bowing of long bones imperfecta Short long bones imperfecta
long bones Decreased bone minerali-zation  type IT Bowing of long bones type Il
Hypoplastic nasal bones Rib fractures Decreased bone mineralization

Rib fractures
Decreased joint range of motion
Narrow thorax

5 Rhizomelic shortening of Bowing of long bones Chondro- Rhizomelic shortening of long bones Chondro-
long bones Scoliosis dysplasia Epiphyseal calcifications dysplasia
Epiphyseal calcifications Inferior maxilla asymmetry punctata, Malformation of vertebral bodies punctata,
Malformation of vertebral Club feet rhizomelic Scoliosis rhizomelic
bodies Distal phalangeal hypoplasia type Club feet type

Distal phalangeal hypoplasia
Inferior maxilla asymmetry

6 Short long bones Bowing of long bones Thanato- Short long bones Thanato-
Brachycephaly Frontal bossing phoric Bowing of long bones phoric
Megalencephaly Platyspondyly dysplasia Brachycephaly dysplasia’
Short ribs typel Megalencephaly (2 h after
Narrow thorax Facial dysmorphy birth)

Frontal bossing
Short ribs
Narrow thorax
IUGR = Intrauterine growth restriction. ! Neonatal death.
tion, 3D-CT showed 11 pairs of ribs, a pelvic malforma- Case 4

tion, platyspondyly and increased intervertebral lumbar
space. No diagnosis was made prenatally, and this re-
mained the case even after autopsy. The parents declined
further molecular testing.

Referred at 22 weeks’ gestation with a history of in-
creased nuchal translucency, rhizomelic shortening and
bowing of long bones and hypoplastic nasal bones. In ad-
dition, 3D-CT detected rib fractures, leading to a prena-
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Fig. 1. Prenatal 3D-CT reconstructions of the entire fetus. a Case 1. b Case 2. ¢ Case 3. d Case 4. e Case 5.

f Case 6.

tal diagnosis of osteogenesis imperfecta type II, con-
firmed postnatally (fig. 5, 6).

Case 5

Referred at 23 weeks’ gestation with rhizomelic short-
ening of long bones, epiphyseal calcifications and malfor-
mation of vertebral bodies. 3D-CT also showed bowing
of long bones, scoliosis, inferior maxilla asymmetry, tali-
pes and distal phalangeal hypoplasia. A diagnosis of the
rhizomelic type of chondrodysplasia punctata was made
both pre- and postnatally (fig. 7).

Case 6

Referred at 22 weeks’ gestation with shortening and
bowing of long bones, brachycephaly, megalencephaly,
short ribs and a narrow thorax. The 3D-CT also revealed
platyspondyly, a small foramen magnum, a short base of
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the skull, cupped spur-like irregular flaring of metaphy-
ses, a lack of caudal widening of the spinal canal and a
square/short pelvis with a small sciatic notch and medial
spurs. A diagnosis of thanatophoric dysplasia type I was
made prenatally and confirmed after birth (fig. 8).

3D-CT contributed to a precise diagnosis, confirmed
postnatally, in 5/6 patients. In the only case where 3D-CT
did not enable prenatal diagnosis, no formal postnatal
diagnosis could be reached.

Discussion

In this cohort, 3D-CT contributed to a precise prenatal
diagnosis in 5/6 cases where an SD had been suspected,
but no formal US-based diagnosis could be reached. The
only case in which a specific diagnosis could not be rec-
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Color version available online

Fig. 2. Case 1: osteogenesis imperfecta
type III. a Prenatal 2D-US. p = Placenta.
b Prenatal 3D-CT: bowing of the femur
(arrowhead). ¢, d Prenatal 3D-CT of the
skull depicting the wormian bones (arrow-
head).
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Fig. 3. Case 2: osteogenesis imperfecta
type IIB. f = Femur; t = tibia; fb = fibula.
aPrenatal 2D-US. b Prenatal 3D-CT: bow-
ing and shortening of lower limbs and nor-
mal lumbar spine (open white arrow).
¢ Newborn with club foot. d Postnatal ra-
diological examination.
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Fig. 4. Case 2: osteogenesis imperfecta
type II. a 3D-CT MIP reconstruction of
the fetal thorax (sagittal view). h = Humer-
us; CS = cervical spine. b 3D-CT coronal
reconstruction of the entire fetus showing
multiple irregular ribs with fractures (¥).
¢ Postnatal chest X-ray confirming bilat-
eral fractures of ribs (¥).

Fig. 5. Case 4: osteogenesis imperfecta
type II. Abd = Abdomen; Tx = thorax;
Ul = upper limb; e = ear; h = humerus;
u = ulna; r = radius; f = femur. a Prenatal
2D-US: narrow thorax. b Prenatal 3D-US:
bowing of the right upper limb. ¢ Prenatal
2D-US: bowing of the femur. d Prenatal
3D-CT: shortening and bowing of the
upper limb. Note also the humeral frac-
ture (*).
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Fig. 6. Case 4: osteogenesis imperfecta
type II. a 3D-CT MIP reconstruction of
the fetal thorax showing 12 pairs of ribs,
some of which are fractured (¥). Also note
bowed upper limb (arrow). b 3D-CT MIP
reconstruction with lateral view of the
skull showing decreased bone mineraliza-
tion. ¢ Picture of the newborn.

ognized remained inconclusive after full postmortem
workup. Images obtained by 3D-CT allowed the visual-
ization of some additional details of the fetal skeleton that
were not clearly recognized in the US assessment and that
proved crucial for specific diagnosis. 3D-CT was espe-
cially effective in confirming/excluding bone fractures,
recognizing wormian bones and for detailed evaluation
of the fetal spine in respect of vertebral body shape and
intervertebral spaces. We also found that the 3D-CT re-
construction allowed visualization of the whole fetal skel-
eton without contamination from maternal anatomy.
The images were astonishingly clear and easily decipher-
able for experts in SD not familiar with prenatal US.

US is the primary tool for prenatal screening and di-
agnosis of SD. However, it is not uncommon that whilst
an SD is suspected, a precise diagnosis cannot be made.
Most SD prenatal series report a diagnostic accuracy
<50% [6-8, 13-15]. The International Skeletal Dysplasia
Registry, reporting a prospective analysis of 405 cases de-
fined by a standardized approach in specialized centers,

244 Fetal Diagn Ther 2011;29:238-247

found that the preliminary US diagnosis was right in 78%
of the cases [5]. That means that in the best hands, the
precise diagnosis will be wrong in 1 of 5 cases. Making a
specific prenatal diagnosis of SD by US is complicated by
a number of factors. Obesity, fetal position and advanced
gestational age are known limitations for US diagnosis in
general [16]. In addition, SD represent some of the most
complex birth defects seen — with a wide variety of rare
conditions; so few centers have sufficient experience to
differentiate between these disorders. The characteristic
sonographic findings of SD differ with advancing gesta-
tional age and vary between cases of an individual condi-
tion [5]. For example, osteogenesis imperfecta type Il may
present with a single fracture or with multiple crumpled
long bones, and campomelic dysplasia may present with-
out campomelia.

It has been suggested that 3D-US is more sensitive
than 2D-US for characterization of SD as it can identify
significantly more abnormalities, especially in respect of
facial dysmorphism and anomalies of the hands and feet

Ulla et al.
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Fig. 7. Case 5: chondrodysplasia punctata.
a3D-CT MIP. b 3D reconstructions of pel-
vic bones showing sacral body malforma-
tion (open arrow) and punctate calcifica-
tions in the sacrum, triradiate cartilage,
ischium and pubis (white arrows). Notice
widening of the symphysis (arrowhead).
¢ MIP reconstruction of pelvis and lower
limbs. Rhizomelic shortening of long
bones and punctate calcifications on the
knee and tarsum (arrows). d MIP recon-
struction of a foot shows tarsal calcifica-
tions (white arrow) and distal phalangeal
hypoplasia (red arrow, online version
only).

Fig. 8. Case 6: thanatophoric dysplasia
type 1. 3D-CT reconstructions. a Tele-
phone-receiver-like femurs, spinal and
pelvic malformation. f = Femur. b Pla-
tyspondyly. c Narrow chest with short ribs.
d Characteristic craniofacial appearance
(brachycephaly and megalencephaly).
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[17-19]. 3D-US is currently accepted as a complementary
technique to conventional 2D-US in the prenatal diagno-
sis of SD [20, 21]. In our series, the use of 3D-US was lim-
ited because it was not available for some cases and there
was a lack of experience with the technique. Other groups
have reported that 3D-CT is more accurate than US for
prenatal diagnosis of bone abnormalities [9-13]. In par-
ticular 3D-CT appears to be more effective for the evalu-
ation of the skull, ribs, pelvic bones, vertebrae and bone
mineralization [9]. In a recent review, Cassart [22] de-
scribes the possible role of this technique in the prenatal
diagnosis of SD. The author points out that CT images
give a precise view of the bone structure (cortical/medul-
lary bone ratio), metaphyseal deformities and possible
fractures, and allow the clinician to appreciate global
proportions and morphological deformities (e.g. curved
bones, short ribs, spinal shortening, luxations). 3D-CT
demonstrates skeletal findings that can be overlooked by
US such as deformities of the vertebral column, pelvic
bones and ossification centers. Notably, Cassart suggests
that 3D-CT is not currently accurate enough for the anal-
ysis of metaphyseal deformities and that US performs
better in the assessment of bone density [22].

3D-CT exposes the fetus to ionizing radiation. Theo-
retically, this is a similar dose (3 mGy) to conventional
fetal radiological examination and to that received dur-
ing CT pelvimetry [23-25]. Radiation exposure is a con-
cern in both adults and children, especially the potential
carcinogenic effect of low doses of X-ray radiation for
children [26]. Therefore, the risk of irradiation should be
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