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Introduction

Caused by complicated interactions between genetic and 
environmental factors, congenital scoliosis includes a 
heterogeneous and complex group of skeletal dysplasias (1). 
Segmental and developmental disorders of the vertebral 
body in the embryonic stage result in serious congenital 

spinal deformities. These conditions are often complicated 
with neural tube dysplasia and other malformations (2). 
Because of the asymmetric growth and development of both 
sides of the spine, the deformity is progressively aggravated 
with increasing age. Two recent reports demonstrated a 
significantly higher incidence of intraspinal anomalies in 
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patients with congenital scoliosis and rib abnormalities than 
in those without (3,4).

Routine two-dimensional ultrasound (2D-US) is the 
main prenatal examination method for screening skeletal 
disorders. It is used to identify abnormalities in fetal bones, 
primarily osteogenesis imperfecta. However, due to the 
complexity and diversity of these skeletal disorders, the 
accuracy of prenatal diagnosis of these diseases by 2D-US 
remains approximately 65% in Britain (5,6). Previous studies 
have suggested that a three-dimensional ultrasound (3D-US) 
may have better sensitivity than 2D-US for the antenatal 
diagnosis and characterization of skeletal dysplasias (7,8). 
The application of 3D-US seems to show a more accurate 
prenatal diagnosis of congenital scoliosis by obtaining 
coronal plane images of the fetal spine. However, except for 
cases with other serious complications or genetic defects, 
there are no semi-quantitative or quantitative diagnostic 
criteria for congenital scoliosis found in prenatal screening. 
Therefore, the relationship between fetal scoliosis severity 
and prognosis requires further evaluation and observational 
research. The prognosis of congenital scoliosis varies, 
however, prenatal diagnosis of the severity of congenital 
scoliosis is lack of quantitative indicators. In patients with 
adolescent idiopathic scoliosis, the Cobb angle has been 
shown to be a reliable method for assessing curvature 
severity using X-ray screening (9,10). However, there is 
currently no literature that has assessed whether the Cobb 
angle could be measured on fetal spine coronal images to 
provide information for the prognosis of congenital scoliosis.

This study measured the Cobb angle on coronal plane 
images of the fetal spine using 3D-US, with the final 
diagnosis made by postmortem or postnatal radiological 
examination. In addition, by following up the children 
born with congenital scoliosis, we assessed the relationship 
between the Cobb angle and the prognosis of the disease.

We present the following article in accordance with 
the standards for reporting of diagnostic accuracy studies 
(STARD) reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-558/rc).

Methods

General design

From March 2015 to June 2019, this retrospective study 
recruited women with singleton pregnancies of 18–38 weeks 
who underwent special ultrasound examinations of the fetal 
spine in the Department of Ultrasonic in Obstetrics and 

Gynecology of the First Affiliated Hospital of Sun Yat-
Sen University. Fetuses with spinal skeletal dysplasia were 
suitable for inclusion in our study. Cases were excluded 
if they satisfied the following criteria: (I) structural 
malformations other than fetal spinal skeletal dysplasia 
were found during the examination; (II) fetal macrosomia 
or intrauterine growth restriction were observed; (III) the 
pregnant women had clinical symptoms that could affect 
fetal growth (such as diabetes, chronic hypertension, and 
preeclampsia); or (IV) the image quality of fetal spine 
was too poor to show vertebral alignment. The study 
protocol was approved by the review board of Institutional 
Ethics Committee for Fetal Medicine. As we were using 
a standard of care clinical protocol, the responsible ethics 
committee did not require additional approval for the 
non-interventional design of our retrospective study. All 
the women gave informed consent to participate in the 
study. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Patients

A total of 77 pregnant women whose fetuses had suspected 
fetal spinal skeletal dysplasia and who consented to undergo 
a 3D-US examination following a conventional 2D-US 
examination were included in this study. Their ages ranged 
from 19 to 45 years, with a mean age of 29.3 years. The 
gestational ages (GAs) of the fetuses were 24.9±3.1 weeks. 
Of the 77 cases, 18 were failed to be followed up because 
the imaging data were incomplete or no further examination 
was performed after induced labor. Pregnancy outcome 
confirmation and follow-up of Child’s development were 
performed in 59 cases.

3D-US examination and measurement of the Cobb angle

A conventional 2D-US and a 3D-US examination were 
performed by a radiologist with over 30 years of experience 
in prenatal ultrasound diagnosis. To test the consistency 
of the obtained measurements, another radiologist with  
9 years of experience also performed the same examinations 
back-to-back, based on the stored images. Two ultrasound 
scanners were used: an RAB6-D and an eM6C G2 (GE 
Healthcare, Milwaukee, WI, USA). The probe power was 
less than 100 mW/cm.

After a traditional ultrasound examination of the fetal 
structure, the 3D skeletal mode setting was used to obtain 
images of the fetal spine in 3 directions. To acquire the 
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entire spine, the volume box and the angle for volume 
sampling were varied depending on GA and the bone 
involved (Figure 1A,1B). These images were stored on 
the hard drive of the machine and analyzed. Scoliosis was 
defined as a lateral deviation of the spine. On the coronal 
plane images of the fetal spine acquired by 3D-US, the 
Cobb angle measurement was based on the 2 most tilted 
cranial and caudal vertebrae on the radiographs, seen 
from the apex of the curve of scoliosis and defined as the 
“for a given group of vertebrae, lines are drawn across the 
vertebral column on the upper surface of the upper vertebra 
and the lower surface of the lower vertebra”. The angle 
measured may be either that between these 2 lines or that 
between lines drawn perpendicular to them (Figure 1C).

The Cobb angles measured by 3D-US imaging 
were compared with radiological images on postnatal 
or postmortem (following induced labor) examination. 
Microsoft Office Excel 2003 (Microsoft Corporation, 
Redmond, Washington) was used for data collection. 
Statistical analysis was performed using SPSS version 13 
software (SSPS Inc., Chicago, IL, USA) and MedCalc 
(MedCalc Software, Mariakerke, Belgium). Receiver 
operating characteristic (ROC) curves were used to 
describe the diagnostic performance of the 3D-US. The 

Spearman correlation coefficient was calculated to assess the 
relationship between the Cobb angle measurements on x-ray 
examination and on the coronal plane of the fetal spine 
image acquired by 3D-US. The difference was considered 
significant when P<0.05.

The reliability of the Cobb angles measured by 3D-
US image was evaluated by a 2-way mixed model single-
measurement intraclass correlation coefficient (ICC) for 
absolute agreement. Intra-observer reliability was evaluated 
by comparing the measurements obtained by each observer 
at different times (1 week apart) with a different order of 
measurements and calculating intra-observer ICCs for 
observer A and observer B. Interobserver reliability was 
evaluated by comparing the independent measurements 
obtained by the 2 observers. All ICCs were calculated 
with 95% confidence interval (CI), and the reliability was 
defined as slight (0–0.2), fair (0.21–0.4), moderate (0.41–0.6), 
substantial (0.61–0.8), or almost perfect (0.81–1.0) for 
clinical application. Absolute agreement was determined by 
analyzing intra- and interobserver variations for categorical 
variables using an extension of the Bland-Altman method 
for continuous variables, whereby the 95% CI of the 
agreement was calculated. If the lower limit of the 95% CI 
was less than 0.50, the agreement was considered poor.

Figure 1 The process of obtaining coronal images of the fetal spine by three-dimensional ultrasound (3D-US) and the measurement of the 
Cobb angle. (A) A normal case at a gestational age of 26 weeks. The whole sagittal plane of the fetal spine should be displayed as much as 
possible in the ultrasonography scanning process. Then, the preset 3D mode of skeleton imaging should be selected, with the region of interest 
set to include the spine. (B) After obtaining the 3D data, adjustments to the 3 planes should be made to represent the fetal spinal sagittal plane 
(upper right, plane A), the longitudinal plane (upper left, plane B), and coronal image (lower right, plane 3D). Plane 3D displays a three-
dimensional image of the coronal plane of the fetal spine, which can be enlarged and adjusted to make the long axis of the spine vertical. (C) 
The 3D-US display of the coronal plane of a 23-week-old fetal spine diagnosed with hemivertebra (the third lumbar vertebra). Scoliosis is 
defined as a lateral deviation of the spine. The Cobb angle should be measured at the scoliosis segment, with lines drawn across the vertebral 
column on the upper surface of the upper vertebra and the lower surface of the lower vertebra. The angle measured may be either that between 
these 2 lines or that between lines drawn perpendicular to them. In this case the measured Cobb angle was 32.7°.
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Results 

Of the 77 fetuses, 18 were loss of follow-up, and 5 were 
diagnosed with caudal regression syndrome, which did not 
cause congenital scoliosis. These 23 fetuses were excluded 
from the final analysis group. Of the 54 remaining fetuses, 
29 were found not to have congenital scoliosis by 3D-US. 
Of these, 19 were born, and the remaining 10 pregnancies 

were terminated. Of the 25 fetuses diagnosed with 
congenital scoliosis by 3D-US, 5 cases were born, and the 
remaining 20 pregnancies were terminated (Figure 2). 

The most common anatomic abnormality in the 
fetuses with congenital scoliosis was hemivertebra(one 
side of a vertebra fails to develop completely). For those 
without congenital scoliosis, the most common anatomic 
abnormality was calcification dysplasia (uneven calcification 
of vertebral body) (Table 1). The number and location of the 
vertebral abnormalities are shown in Figure 3. In addition, 
25 of 54 cases chose to use prenatal chromosome and gene 
detection, and 5 of 25 cases revealed abnormal findings.

The sensitivity, specificity, accuracy, positive predictive 
value (PPV), and negative predictive value (NPV) of the 
3D-US were 91.7%, 90.0%, 90.7%, 88.0%, and 93.1%, 
respectively. The area under the ROC curve for 3D-
US was 0.908 (Figure 4). The Spearman correlation 
coefficient between the Cobb angle measurement on 
X-ray examination and on the coronal plane of the fetal 
spine image acquired by 3D-US was 0.84, which showed 
a significant correlation (P<0.05). The interobserver ICC 
of the Cobb angle measurements was 0.890 (95% CI: 
0.882–0.907), whereas the intra-observer ICC for observer 
A was 0.852 (95% CI: 0.889–0.917), and for observer B was 
0.828 (95% CI: 0.889–0.917). Absolute agreement values 
between the 3D-US-based and the X-ray-based Cobb angle 
measurements were calculated, and the ICCs were 0.876 
(95% CI: 0.832–0.912) for observer A and 0.857 (95% CI: 
0.830–0.872) for observer B.

Among the 29 fetuses diagnosed were found not to have 
congenital scoliosis by 3D-US, 19 were born, and the follow-
up range was from 1 to 42 months. Spinal appearance, 

Figure 2 A flow chart showing participant enrolment and analysis.

77 cases

3D-US

59 cases

54 cases

-18 
 Lost to follow-up

-5
Caudal regression syndrome 

25 congenital scoliosis Born

No 20

Yes 5

No 10

Yes 19

Born29 no congenital scoliosis

Table 1 Anatomic abnormalities in 54 patients with or without 
congenital scoliosis diagnosis by 3D-US 

Diagnosis n

Congenital scoliosis 25

Hemivertebra 14

Multiple vertebral dysplasia 5

Fused vertebrae 3

Calcification dysplasia 2

Vertebral dysplasia 1

No congenital scoliosis 29

Calcification dysplasia 14

Multiple vertebral dysplasia 6

Hemivertebra 4

Trigonometric vertebra 2

Vertebral dysplasia 1

Butterfly vertebrae 1

Hemivertebrae + Fused vertebrae 1

3D-US, three-dimensional ultrasound.
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Figure 3 A pie chart showing the abnormal vertebral body distribution. C: cervical vertebra; T: thoracic vertebra; L: lumbar vertebra; S: 
sacral vertebra.

Figure 4 Receiver operating characteristic (ROC) curves for 3-D 
ultrasound (3D-US) diagnosis of fetal scoliosis.

Table 2 Prenatal diagnosis and postnatal findings in the group of patients with congenital scoliosis diagnosed by 3D-US 

Case
Gestational age  

at diagnosis 
(weeks)

Diagnosis

Cobb angle Follow-up result

3D-US 
prenatal

X-ray 
postnatal

Age 
(months)

Spinal appearance Standing Movement

1 30 Hemivertebrae in T9, T10 45.8° 42.7° 23 Scoliosis to the right Normal Significantly 
behind peers

2 25 Calcification dysplasia in T7-L9 32.7° 34.3° 44 Slightly convex to the left Normal Normal

3 26 Calcification dysplasia in L2-L4 17.9° 20.0° 21 Normal Normal Normal

4 24 Hemivertebra in L2 24.2° 22.5° 18 Normal Normal Slightly slower 
than peers

5 24 Hemivertebrae in T8, T9 22.9° 21.4° 20 Normal Normal Normal

3D-US, three-dimensional ultrasound.
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walking ability, and athletic performance in 18 of the babies 
were not significantly affected at the final follow-up. Only 1 
baby was diagnosed with closed spina bifida after birth and 
underwent surgery at 5 months. At the last follow-up, this 
baby was 1 year and 9 months old, and his walking ability 
and athletic performance lagged behind those of his peers. 
Among the 25 fetuses diagnosed with congenital scoliosis 
by 3D-US, 5 were born. The Cobb angles measured on the 
coronal plane images of their fetal spines were 45.8°, 32.7°, 
17.9°, 24.2°, and 22.9°. Prenatal imaging data, together with 
postnatal findings, are shown in Table 2.  

Discussion

A prenatal diagnosis of skeletal dysplasia is often difficult 
to make, especially in the absence of family history. Most 
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skeletal system abnormalities are caused by autosomal 
dominant or autosomal recessive inheritance, either from a 
new gene mutation or from typical family history. Even if 
there is a family history of dominant inheritance, the clinical 
performance of each patient is different and depends on the 
degree of gene expression (2,11). In our study, 25 fetuses 
with spinal abnormalities were examined for chromosomal 
variations, 6 variations were identified, 5 of which were 
considered benign heteromorphoses. In diagnosing fetal 
spinal abnormalities, analysis of Karyotyping of chromosome 
by amniocentesis may not be able to provide enough 
information and more specific examinations and prognostic-
related analyses are also necessary. Unfortunately, there is little 
literature on the relationship between the prenatal ultrasound 
evaluation of congenital scoliosis and prognostic features.

We found that hemivertebra was the most common 
anatomical anomaly leading to scoliosis. Hemivertebra is 
defined as a wedge-shaped vertebra with 1 pedicle on 1 
side. Hemivertebra can be subdivided into fully segmented, 
semi-segmented, and unsegmented variants based on the 
relationship with the cranial and caudal adjacent vertebral 
bodies. McMaster (12) reported that the variant most at 
risk for progression was a unilateral bar with contralateral 
hemivertebra, followed by a unilateral bar, hemivertebra, 
wedge vertebra, and block vertebra, the last of which is the 
least likely to cause any significant deformity. We also found 
that multiple vertebral abnormalities are more likely to lead 
to scoliosis, and the most common site of deformity is the 
lumbar spine, followed by the thoracic spine. McMaster also 
reported the rate of deterioration in patients with various 
types of congenital spine anomalies (13). Unfortunately, this 
was a postnatal observational study with no information on 
prenatal diagnosis. Determining which congenital curves 
will progress rapidly is a difficult proposition, making 
additional observations and research related to prognosis 
necessary. Pre-delivery diagnosis and prognostic evaluation 
would greatly benefit a patient’s family.

2D-US is the method routinely used for prenatal 
detection of most abnormalities. It has a sensitivity of 
approximately 60% and the 3D-US method has been 
reported to have better diagnostic efficiency for various 
fetal abnormalities (5,6), including skeletal system 
abnormalities such as facial dysmorphisms and anomalies 
involving the limbs. Because of its physical characteristics, 
2D-US has obvious deficits in the display of the fetal spine 
in the coronal plane, the most crucial view for diagnosing 
scoliosis. The 3D-US can display the coronal plane, sagittal 
plane, and longitudinal plane of the fetal spine clearly. 

By adjusting the view of the coronal plane, the structural 
arrangement of the vertebral body can be clearly seen. 
The ability to observe whether the spine is vertical and/
or whether there is left or right bending in 3D-US is also 
adequate. Consequently, the diagnostic efficiency of two 
dimensional ultrasound for fetal spinal deformity is greatly 
improved. In this study, 3D-US showed high sensitivity and 
specificity for evaluating congenital scoliosis.

Most skeletal system malformations can be screened 
by prenatal ultrasound examination. However, it is often 
difficult to make a specific diagnosis. A final diagnosis of 
skeletal system malformations often depends on postnatal 
radiology. As observed in the present study, most skeletal 
dysplasia cases were detected late in the second or third 
trimester of pregnancy. In this study, the diagnostic 
efficiencies of 3D-US and X-ray examinations were highly 
correlated. Furthermore, as a non-radioactive examination, 
3D-US could promote safer, more accurate diagnosis and 
aid in clinical decision-making in obstetrics. In clinical work, 
we observed that many fetuses with congenital scoliosis 
but no other structural or chromosomal abnormalities 
achieved satisfactory prognosis and postnatal development. 
Therefore, a parameter that could correlate the degree of 
fetal spinal curvature with prognosis is necessary. As the 
spine develops, and weight bearing changes occur in the 
growing child, other, more complex evaluative systems for 
spinal surgery can be employed, such as the Lenke method 
(14,15). As a preliminary study, we chose a relatively simple 
index—the Cobb angle—to analyze the fetal spine in the 
coronal plane on 3D-US, which, to our knowledge, has not 
been reported in previous studies. Measurement of the Cobb 
angle is the standard technique for evaluating radiographs 
for spinal deformities and is used to document curve 
progression, select the method of treatment, and evaluate 
treatment outcomes (16-18). This study measured the Cobb 
angle in all 25 fetuses with scoliosis confirmed by ultrasound 
and 5 fetuses were born. The Cobb angles measured on 
the coronal plane images of those 5 fetal spines were 45.8°, 
32.7°, 17.9°, 24.2°, and 22.9° (Figure 5). All 5 babies were 
followed up by regular visits until they learned to walk. Only 
1 baby, whose Cobb angle was 45.8°, showed athletic ability 
behind that of his peers. The paediatric spinal surgeon 
advised surgery and long-term follow-up for this patient. For 
Cobb angles measured on radiographs, a Cobb angle greater 
than 40° typically indicates that spinal surgery is needed to 
correct the deformity (18), consistent with our observations 
in this study. However, whether 40 degrees is suitable 
as the diagnostic threshold for ultrasonic measurement 
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requires further study. In 2018, a study of 101 children with 
adolescent idiopathic scoliosis suggested that the Cobb 
angle could be measured reliably on US images with specific 
algorithms (19). We believe that the measurement of the 
fetal Cobb angle is more meaningful because it provides 
an earlier evaluation index for clinical decision-making. 
Termination of the pregnancy was recommended in cases 
where congenital scoliosis was combined with other serious 
deformities (3). Chromosomal abnormality testing is needed 
for fetuses with simple scoliosis, while fetuses with negative 
test results could be kept under continuous observation 
and follow-up. In these cases, the Cobb angle becomes an 
important evaluation index.

Our study had several limitations. First, the manipulation 
of 3D-US is somewhat experience-dependent. Correctly 
acquiring 3D images of the fetal spine requires practice. 
Second, the sample size for this study was small, especially 
the number of fetuses born with congenital scoliosis, 
which made statistical analysis difficult. Whether these 
measurements can provide parameters for the quantitative 
analysis of prognoses still requires a large-scale, multi-
center study. Third, the feasibility and image quality of 3D-
US may decrease as gestation progresses. Of the 54 patients 
in this study, 17 were of a GA of between 18 weeks and  
23 weeks+6 days, 28 were of a GA of between 24 weeks 
and 27 weeks+6 days, and 9 cases were of a GA between  
28 weeks and 33 weeks+5 days. The sensitivity of 3D-US in 
the diagnosis of congenital scoliosis in each GA group were 
88.2%, 92.9%, and 88.9%, respectively. The difference 

was not statistically significant. We suggest that pregnant 
women whose fetuses have suspected spinal deformity 
should be consulted by a prenatal diagnostic consultation 
center as soon as possible. We also believe that multiple 
examinations at different GAs for each patient are necessary 
to observe the process of change and provide more 
information to guide prognosis.

Conclusions

The method of 3D-US can clearly show 3D anatomical 
characteristics of the fetal spinal structure, vividly express 
the curvature of the spine, and directly display the shape 
of each vertebral body. In our study, 3D-US successfully 
diagnosed congenital scoliosis. Its diagnostic efficiency was 
also highly correlated with that of radiological detection. 
We suggest that the prenatal Cobb angle be measured on 
the coronal plane image of the fetal spine obtained from 
3D-US and used as an auxiliary index for the prognostic 
evaluation of a fetus with congenital scoliosis.
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