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ABSTRACT
Aim: We evaluated the diagnostic accuracy of ultrasound, postmor-
tem and genetic studies in classifying skeletal dysplasias in the first
vs second trimester of pregnancy.
Methods: We retrospectively gathered data from a 15 year period of
all the prenatal ultrasounds, autopsies, and available genetic studies
on fetuses with skeletal dysplasias from our institution.
Results: Five (23%) and 17 (77%) fetuses were diagnosed during the
first and second trimester of pregnancy respectively. Only partial
characterization was possible with ultrasound in the first trimester.
Complete characterization was established in five cases (30%) in the
second trimester with ultrasound alone. Pathology provided an add-
itional diagnostic yield of 40% and 47% and genetics an additional
40% and 11% in the first and second trimesters respectively.
Conclusion: Ultrasound is an effective screening but not a diagnos-
tic tool. Complete characterizations of dysplasia increased from 22%
by ultrasound alone to 86% with pathology and genetics.
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Introduction

Skeletal dysplasias are a heterogeneous group of more than 350 diseases of genetic
etiology affecting bone and cartilage. They show diversity in their form of inheritance,
natural history, treatment and prognosis. The great degree of phenotypic variation
makes diagnosis based on ultrasound alone particularly challenging. Although substan-
tial progress in the identification of the underlying genetic defect has been achieved in
recent years and has become a valuable complement to sonographic evaluation, it is not
routinely practiced [1].
With an estimated prevalence of 2/10 000 births, these are uncommon fetal malfor-

mations [2]. About 50% of these are compatible with life. Of the remaining cases 23%
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are stillborn and 32% die during the first week of life [3]. An early distinction between
lethal and non-lethal forms is therefore of great importance as it allows timely counsel-
ing of parents regarding fetal outcomes as well as risk calculation for future gestations.
This article reviews first and second trimester ultrasound, pathology and genetic

reports that suggest or confirm the diagnosis of skeletal dysplasia and its subtype. The
diagnostic contributions of each exam modality are assessed and concordance between
outcomes compared.

Materials and methods

A retrospective study was performed in a tertiary university hospital. All cases of skel-
etal dysplasia, irrespective of type, submitted for termination of pregnancy (TOP) from
2002 to 2018 from a mixed referral and screening population were included. Data was
collected from electronic clinical databases regarding ultrasound, genetic and patho-
logical evaluations. Cases are chronologically ordered.
The first trimester ultrasound examination included crown-rump length (CRL),

nuchal translucency (NT), ductus venosus (DV) and nasal bone (NB) evaluation. CRL
was used to calculate gestational age in all cases. The second trimester ultrasound exam-
ination included measurement of the long bones in all segments of all four extremities,
examination of the hands, spine and head and assessment of mineralization and bone
shapes, in addition to a full fetal anatomical survey [4]. For the purposes of this study,
biometric data (femur length (FL), biparietal diameter (BPD), head circumference (HC)
and thoracic circumference (ThC)) were collected and analyzed in relation to published
normal values [5]. Karyotype was available in all cases. Additional genetic studies,
including array comparative genomic hybridization (aCGH) and molecular studies (tar-
geted gene, skeletal dysplasia panel or multi gene panel) were undertaken after ultra-
sound evaluation or after evaluation of necropsy study.
Termination of pregnancy was performed according to a pharmacological protocol

with mifepristone and misoprostol. After 22weeks of gestation, feticide was systematic-
ally adopted.
Parental informed consent was always obtained before autopsy. All cases were sub-

mitted to postmortem examination at the Developmental Perinatal Unit of the
Department of Pathology, according to standardized procedures previously described
[6]. Macroscopic, radiological and histological study were performed in all cases.
A correlation between ultrasound and pathology was performed. “Complete” corre-

sponds to complete concordance between ultrasound and pathology. “Partial” refers to
cases where the postmortem dysplasia was more specific than the ultrasound diagnosis.
When available, genetic studies were undertaken to validate diagnosis. “Undefined skel-
etal dysplasia” refers to cases where dysplasia is seen on ultrasound but the subtype was
not fully characterized by ultrasound, pathology and/or genetics.
The study was approved by the S. Jo~ao University Hospital Ethics Committee.
Statistical analysis was performed with SPSS Statistics. Continuous variables were ana-

lyzed and expressed by the median due to their non-normal distribution. Percentages
illustrate the number of cases diagnosed at each step.

2 M. P. MACEDO ET AL.



Results

In this study we included 22 fetuses from TOP in which skeletal dysplasia was diag-
nosed by prenatal ultrasound. This represented 22/671 (3.3%) of all TOP due to fetal
pathology. Median maternal age at diagnosis was 32 (range 26-42) years, median gesta-
tional age at ultrasound diagnosis 18weeks (range 11-22) and median age at autopsy
22weeks (range 12-28). Male fetuses represented 59% of cases and female 41%.

First trimester

Five fetuses (23%) were diagnosed with some form of skeletal dysplasia during the first
trimester of pregnancy (Table 1, Figures 1 and 2). For this subgroup median maternal
age at diagnosis was 34 years (range 29-40), the median gestational age at ultrasound
diagnosis was 12 weeks (range 11-13). The median gestational age of pathology examin-
ation was 14 weeks (range 12-15). The median gestational age of pathology was
14weeks range (12-15). Three fetuses were male and two were female. One case was
from a bichorionic biamniotic twin pregnancy (case 16) (Table 1). In this particular
case, post mortem analysis was not completed due to poor specimen preservation.
Complete skeletal dysplasia characterization was achieved in 4/5 (80%) of cases and par-
tially characterization in 1/5 (20%)

Ultrasound
Only partial characterization was possible with ultrasound during the first trimester
scan. No incorrect ultrasound diagnosis was described. No specific skeletal dysplasia
subtype was identified based on imaging alone. Limb morphology regarding long bones
was the most frequent morphological alteration .

Genetics
Karyotype analysis showed no chromosomal alterations in any of the five cases.
The twin pregnancy was characterized by a normal 46,XY fetus and an abnormal
46,XX fetus with p.Gly974Cys in COL1A1gene (case 16). Case 19 was diagnosed with
Grieg Syndrome with p.Gln1103� inGLI3gene. When performed, genetics alone contrib-
uted to the complete characterization of dysplasia subtype in 1/5 (20%) of first trimes-
ter cases.

Pathology
Pathology alone provided complete characterization in 2/5 (40%) cases. In no case was
the diagnosis of skeletal dysplasia ruled out by pathological findings. Addition informa-
tion was gained mainly with regards to bone structure and cardiac morphology.

Second trimester

Seventeen fetuses (77%) were diagnosed with some form of skeletal dysplasia during the
second trimester of pregnancy (Table 2). For this subgroup median maternal age at

FETAL AND PEDIATRIC PATHOLOGY 3
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diagnosis was 32 years (range 26-42), median gestational age at ultrasound was
21weeks (range 16-22) and median gestational age at autopsy was 22 weeks (range
17–28). Nine fetuses were male and eight were female. Complete skeletal dysplasia
characterization was achieved in 15/17 (88%) of cases. Case 14 and 17 were from the
same mother.

Ultrasound
Complete characterization was established in five cases (30%) and partial characteriza-
tion in 12/17 (70%). In all recorded cases, the first trimester scan had shown nuchal
translucency within normal range, normal flow in the ductus venosus and the presence
of nasal bones. Long bone morphology of the limbs remained an important diagnostic
contributor, but cranial and finger number alternations become relevant sources of
information.

Genetics
Karyotyping showed no chromosomal abnormalities in any case. From the 17 cases
with genetics studies, these provided the final diagnosis in two (12%) and in six (35%)
confirmed pathology findings. aCGH identified two cases with pathological alterations
and one case classified as possibly pathogenic because it did not explain the morpho-
logical changes observed. In two cases specific pathogenic sequence variations were
found by targeted gene studies and in three by skeletal dysplasia panels.

Pathology
In no case was the ultrasound diagnosis of skeletal dysplasia ruled out by pathological
findings. Pathology alone provided the complete characterization in 8/17 (47%)
of cases.

Figure 1. Ultrasound of Case 1. Achondrogenesis type 1B at 12weeks: micromelia (arrows), narrow
thorax, subcutaneous edema (star).

FETAL AND PEDIATRIC PATHOLOGY 5



Discussion

In our study, skeletal dysplasias represent a 3.3% of all TOP, a slightly smaller percent-
age than previous studies [2]. Although detection of a lethal dysplasia was always
achieved, correct classification of the dysplasia subtype by ultrasound alone remained
challenging. No single first trimester screening parameter practiced clinically exhibited
consistent alterations in cases of lethal skeletal dysplasia. Of all, nuchal translucency was
the most frequently altered parameter but only in 18% of all cases. Increased NT in the
first trimester scan had a high association with dysplasia in line with previous findings
[7] but when within normal limits did not prove effective in excluding it. Ultrasound
diagnosis remains highly dependent on morphological analysis, especially of limbs,
thorax and skull. It was most effective during the second trimester of pregnancy, when
skeletal abnormalities can be better perceived [8,9].

Figure 2. Histological examination of case 1. Achondrogenesis type 1B: 1 (H&E, x20) showing the left
femur, with resting cartilage on the right (�) and advanced endochondrial ossification on the left (þ);
2 A (H&E, �200) and 2B (H&E, �400) showing resting cartilage: celular disorganized cartilage, with
malformed agreggation of swollen chondrocytes with reduced matrix.

6 M. P. MACEDO ET AL.
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Although a greater number of cases were identified in the first trimester, when compared
with older studies [10] chronological analysis of diagnosis success does not show a higher
percentage of complete characterizations in recent years. It can be inferred that despite bet-
ter ultrasound equipment with increased image quality, diagnostic accuracy has not
increased with time. In our series only 30% of second trimester cases were completely char-
acterized by ultrasound alone, percentages similar to those achieved 20 years ago [11]. Even
with further technological advances, more specific and earlier diagnosis is unlikely. Other
diagnostic methods should therefore be considered to increase diagnostic yield [12,13].
The postmortem pathology examination represents an important adjuvant to specific

dysplasia subtype characterization (Figure 3). In our series, it alone provided 40% and
47% of complete dysplasia characterizations in the first and second trimesters respect-
ively. Osteogenesis imperfecta was the most frequent final diagnosis (22%) in line with
previous literature [14]. Results reinforce the use and need for systematic evaluation of
all cases of TOP by autopsy as previously stated for other conditions [15,16]. These
highlight the importance of corroboration or adjustment of the final diagnoses, quality
control of the sonographic assessment as well as future parental counseling.
Karyotyping showed no chromosomal abnormalities in any case. More specific gen-

etic studies including a-CGH, skeletal dysplasia panels and targeted gene analysis all

Figure 3. Pathology examination of case 3. Short rib polydactyly syndrome: macroscopy (a, b):
hyperflexion of the hands and clinodactyly of the 2nd finger of left hand and clinodactyly of the 3th
and 4th fingers of right hand (a); rocker-bottom feet (b). Radiological examination (c, d)
Cervicothoracic scoliosis, marked narrowing of the ribcage, short/thin ribs, almost parallel (c); long
bone growth discrepancy: normal ulna P50, short radius P5 and short humerus P10 (d).
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contributed to specific diagnosis. When undertaken, genetic studies were fundamental
in the characterization of one case (20%) in the first trimester and two cases (12%) in
the second trimester. In the remaining cases they confirmed pathology diagnosis. Their
regular application could be used in the first trimester when dysplasia is suggested by
ultrasound. However, the use of skeletal dysplasia panels as a screening method alone
would presently not be a substitute for ultrasound, in agreement with Zhou et al (2018)
due to the low frequency of these diseases [17]. Next generation sequencing shows great
promise in improving prenatal diagnosis of skeletal dysplasia [18]. When couples decide
for TOP, we suggest that genetic studies should follow pathology examination as path-
ology and ultrasound together were able to fully characterize 72% of dysplasias.
In our study the addition of pathology and genetics to ultrasound alone increased

complete dysplasia characterizations from 22% to 86%. Ultrasound can therefore be
viewed as an effective screening tool for the presence of dysplasia but not for its classifi-
cation. Future diagnostic approaches should incorporate new diagnostic imaging
approaches as well as pathology and genetics. One limitation to our study is the rela-
tively small number of cases. However, due to the frequency of these conditions and
concordance with previous studies we believe its conclusions are an important addition
to the limited literature available.
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steady-state free precession sequences, and volumetric 
interpolated breath-hold examination sequences should 
be performed(5). T2-weighted MRI appears particularly 
useful in the study of the fetal brain, as well as in that of 
organs with high water content, which should be evalu-
ated with a T2-weighted half-Fourier single-shot turbo 
spin echo protocol(6). For limb deformities, clubfoot, and 
arthrogryposis, 3D images obtained through thick-slab 
T2-weighted sequences generate easily recognizable im-
ages of the deformities with the additional advantage 
of the shine-through effect. Data collected with these 
techniques allow 3D reconstructions to be modeled into 
virtual reality constructs or 3D-printed representations 
(Figures 1 and 2), both of which are useful tools for fetal 
surgeons who are preparing to perform in utero or early 
postnatal corrective surgery(7). Such imaging techniques 
can also give parents a greater, more tangible understand-
ing of the defect, as well as strengthening the maternal-
fetal attachment(8).

Skeletal dysplasias are a heterogeneous group of over 
450 genetic diseases affecting bone and cartilage. They 
have an incidence of 2/10,000 live births and a lethality of 
approximately 50%, which makes their prenatal diagnosis 
of particular importance in determining fetal outcomes 
as well as in genetic counseling for future pregnancies(1). 

Ultrasound has for many years been the preferred 
method of screening for these conditions. Despite sig-
nificant advances in the last decades regarding image 
quality and acuity, the diagnostic success rate remains 
disappointingly low, a correct ultrasound diagnosis being 
made in only 67.9% of cases(2). Therefore, new diagnostic 
modalities should be considered to maximize morphologi-
cal information. Magnetic resonance imaging (MRI) and 
computed tomography (CT) have both proven to be use-
ful adjuncts in these conditions. Both techniques have 
the advantage of being operator independent and not be-
ing limited by maternal body mass index or the presence 
of oligohydramnios. Because it allows three-dimensional 
(3D) reconstruction, CT has proven to be a valuable 
complement in selected cases of fetal skeletal dysplasia 
in which the specific diagnosis cannot be made by ultra-
sound alone. It has been shown to be superior to ultra-
sound for the evaluation of bone abnormalities, especially 
those involving the skull, ribs, or pelvic bones(3). The di-
agnostic gain comes from an appreciation of the morphol-
ogy and deformities in their entirety. Although the use of 
CT is controversial because it exposes patients to radia-
tion, it has not been shown to increase the occurrence of 
malformations; if used judiciously, its benefits may well 
outnumber its risks(4). Regarding safety, unenhanced MRI 
(i.e., that performed without contrast) has not been asso-
ciated with teratogenic or adverse fetal effects. However, 
its use is currently not recommended before 22 weeks of 
gestation, and, even thereafter, it should be performed in 
1.5 T scanners. The initial MRI evaluation of congenital 
anomalies should include T1- and T2-weighted sequences. 
If musculoskeletal disorders are suspected, echo-planar 
imaging, thick-slab T2-weighted sequences, dynamic 
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Figure 1. Thoraco-omphalopagus conjoined twins at 31 weeks of gestation. A: 
3D view from a CT scan. B: 3D-printed model.
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Ultrasound continues to be an invaluable tool in the 
screening and diagnosis of fetal skeletal dysplasias and will 
not be replaced by either CT or MRI used in isolation. 
Rather, these serve as complementary imaging techniques 
that increase the overall sensitivity and specificity of the 
analysis, allowing a greater number of correct and early 
prenatal diagnoses.
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