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Abstract

Purpose This study systematically analyzed and assessed the interrelationships among vertebral anomaly location, congenital
scoliosis (CS) type and associated abnormality prevalence.

Methods We retrospectively extracted medical records of 1289 CS inpatients surgically treated in our institute from January
2010-December 2019. All patients underwent spinal X-ray, CT, MRI, echocardiogram, urogenital ultrasound and systemic
physical examination. We analyzed information on demographics, CS type, associated anomalies and vertebral anomaly
location.

Results Cervical, thoracic and lumbar vertebral anomalies were found in 5.7%, 78.1% and 33.6% of patients, respectively.
82.7% had one region involved. 59.5% with cervical malformations had mixed defects and 61.1% with lumbar malformations
exhibited failure of formation. The musculoskeletal defect prevalence was 28.4%, 19.1% and 9.0% in patients with cervical,
thoracic and lumbar anomalies. The intraspinal defect prevalence was 33.4% and 20.7% for thoracic and lumbar anomalies.
86.5% of patients with cervical anomalies had more than one region involved, while 78.1% and 62.2% with thoracic and
lumbar anomalies, respectively, had only one region involved.

Conclusions Cervical malformations had higher prevalence of mixed defects, musculoskeletal and intraspinal defects and
multi-region involved. Thoracic malformations had higher prevalence of intraspinal and musculoskeletal defects and more
involvement of only one vertebral region. Lumbar vertebral malformation patients had much lower prevalence of intraspinal
and musculoskeletal defects and more involvement of only one vertebral region. Cervical malformation was a risk factor for
more associated anomalies and more severe vertebral anomalies, which deserves more attention from surgeons in outpatient
clinic.
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Introduction

Congenital scoliosis (CS), previously usually referred to
as congenital vertebral anomaly (CVA), is the 3D curva-
ture of the spine resulting from vertebral deformities like
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failure of vertebral formation, segmentation, or mixed ones
that develop between 4 and 6 weeks of gestation. CS was
reported to occur in approximately 1 in every 1000 live
births [1]. Congenital scoliosis is caused by abnormal ver-
tebral development, and a multifactorial etiology of CS is
universally accepted [2—4]. However, the specific etiology
of most CS cases remains unclear.

It is widely observed in clinical practice that CS patients
usually have other comorbid congenital abnormalities.
Among all kinds of congenital defects, intraspinal, cardio-
vascular and genitourinary defects are the most common.
Several previous studies have reported the prevalence of dif-
ferent congenital defects in CS patients [5—16]. However,
very few studies have revealed the interrelationship between
vertebral anomaly location and prevalence of associated
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anomalies, and contradictory findings have been suggested
in different cohorts with no more than 300 CS patients.

Thus, this study retrospectively analyzed 1289 surgical
CS patients in a single center and aimed to systemically
analyze and assess the interrelationships among vertebral
anomaly location, CS type and prevalence of associated
abnormalities.

Materials and methods

We retrospectively searched the inpatient database using
ICD-10 codes (Q67.501, Q67.502) for patients who were
admitted for CS from January 2010 to December 2019 in
our institute. In total, we consecutively included 1289 CS
inpatients in our study.

The CS types, namely failure of formation (FF), failure
of segmentation (FS) and mixed defects (MD), and vertebral
anomaly location were diagnosed from the patients’ X-ray
and spine CT [17, 18]. The vertebral anomaly location was
classified as cervical (C1 to C7/T1 disc), thoracic (T1 to
T12/L1 disc) or lumbar (L1 to L5/S1 disc). Echocardiogram,
urogenital ultrasound, spine imaging including spine MRI,
X-ray and CT and systemic physical examination were per-
formed for all inpatients to screen and diagnose associated
anomalies.

After automated extraction of patient information from
the inpatient database, all patients’ medical records, includ-
ing imaging reports, were reviewed and reevaluated case by
case to minimize missing data.

Statistical analysis

Descriptive statistics are expressed as the mean + stand-
ard deviation for continuous variables and percentage (%)
for categorical variables. The chi-square test was used to
evaluate the relationships between categorical variables. p
value < 0.05 was considered to indicate a statistically sig-
nificant result. Statistical analysis was performed using IBM
SPSS Statistics 23 (SPSS Inc., Beijing, China). Statistical
graphs were plotted using GraphPad Prism 7.

Results

In total, 1289 CS patients were included in our study. The
mean patient age was 12.4 + 8.1 years old, and 54.0% were
female (Table 1). Among all 1289 CS patients, FF was
seen in 633 patients (49.1%), FS in 251 patients (19.5%),
and MD in 405 patients (31.4%) (Table 1). Regarding
vertebral anomaly location, cervical, thoracic and lumbar
vertebral anomalies were found in 74 patients (5.7%), 1008
patients (78.1%) and 434 patients (33.6%), respectively.
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Table 1 Demographic details, vertebral anomaly information and
associated anomaly information of congenital scoliosis patients iso-
lated from our hospital database

Sample size (n) 1289

Demographic information

Age Mean 12.4+8.1

Sex Male 593 46.0%
Female 696 54.0%

Vertebral anomaly information

Anomaly type Formation 633 49.1%
Segmentation 251 19.5%
Mixed 405 31.4%

Region Cervical (C) 74 5.7%
Thoracic (T) 1008 78.1%
Lumbar (L) 434 33.6%

Number of regions involved 1 1067 82.7%
2 217 16.8%
3 5 0.4%

Associated anomaly information

Systems of associated anoma-  Intraspinal 379 29.4%

lies Musculoskeletal 211 16.4%

Cardiac 177 13.7%
Urogenital 75 5.8%
Gastrointestinal 46 3.6%

Most patients (n=1067, 82.7%) had only one region
involved (C, T or L), whereas only 5 patients (0.4%) had
all three regions involved (Table 1). Typical X-rays and
spine CT 3D-reconstructions of three CS types and differ-
ent vertebral anomaly regions were shown in Fig. 1.

The prevalence of cervical, thoracic and lumbar mal-
formations was compared according to sex in Table 2.
The prevalence of cervical and lumbar malformations was
higher in male patients, while the prevalence of thoracic
malformation was higher in female patients. However,
none of the differences was statistically significant.

In the analysis of the interrelationship between CS type
and malformation location, we found that in patients with
cervical malformation, the prevalence of mixed defects
was significantly higher than that in the total population,
while the prevalence of failure of formation and failure of
segmentation was lower (59.5% vs 31.4% for MD, 27.0%
vs. 49.1% for FF, 13.5% vs 19.5% for FS, p<0.001).
Patients with thoracic malformations were found to have
lower prevalence of FF, and higher prevalence of FS and
MD (41.7% vs 49.1% for FF, 22.4% vs 19.5% for FS,
35.9% vs. 31.4% for MD, p < 0.001). However, in patients
with lumbar malformations, most patients were found to
have FF (61.1% vs. 49.1% for FF, 12.7% vs. 19.5 for FS,
26.3% vs. 31.4% for MD, p <0.001) (Table 3).
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Fig. 1 Typical X-ray and CT 3D-reconstruction of three CS types. a

X-ray and CT 3D-reconstruction of a patient with failure of forma-
tion (a hemivertebrae between L2 and L3), b X-ray and CT 3D-recon-
struction of a patient with failure of segmentation (T6 to T8 segmen-

tation defect), ¢ X-ray and CT 3D-reconstruction of a patient with
mixed defects (a hemivertebrae between L4 and LS5, T8 to T11 seg-
mentation defects)

Table 2 Interrelationship

. Total population Male Female p value
between sex and malformation
location Cervical malformation 5.7% (74) 6.4% (38) 5.2% (36) 0.203
Thoracic malformation 78.1% (1008) 77.4% (459) 78.9% (549) 0.283
Lumbar malformation 33.6% (434) 35.4% (210) 32.2% (224) 0.122

Table 3 Interrelationship between CS type and malformation location

Total population

Cervical malformation

Thoracic malformation Lumbar malformation

Failure of formation 49.1% (633) 27.0% (20)
Failure of segmentation 19.5% (251) 13.5% (10)
Mixed defect 31.4% (405) 59.5% (44)
p value p<0.001

41.7% (420) 61.1% (265)

22.4% (226) 12.7% (55)
35.9% (362) 26.3% (114)
p<0.001 p<0.001

Regarding the interrelationship between different asso-
ciated anomalies and vertebral malformation locations, we
found that cardiac, urogenital and gastrointestinal defects
were not related to any of the three spinal regions. How-
ever, musculoskeletal defects, including rib deformities,
absent rib, fused rib, polydactyly, syndactyly, foot deformi-
ties and developmental dysplasia of hip, exhibited signifi-
cantly higher prevalence in patients with cervical (28.4%
vs 15.6%, p=0.005) (Fig. 2a) and thoracic malformations
(19.1% vs 6.4%, p<0.001) (Fig. 2b), but lower prevalence
in patients with lumbar malformations (9.0% vs. 20.1%,
p<0.001) (Fig. 2¢). Similarly, intraspinal defects exhibited
significantly higher prevalence in patients with thoracic
malformations (33.4% vs. 14.9%, p<0.001) (Fig. 2b) and
significantly lower prevalence in patients with lumbar mal-
formations (20.7% vs. 33.8%, p <0.001) (Fig. 2¢).

As intraspinal defects were greatly interrelated with tho-
racic and lumbar malformations, we further analyzed inter-
relationship between specific intraspinal defects, namely
diastematomyelia, syringomyelia and tethered cord, and
malformation location. We found that in patients with tho-
racic malformations, all three intraspinal defects had signifi-
cantly higher prevalence (23.2% vs. 5.3% for diastemato-
myelia, 15.2% vs. 6.0% for syringomyelia and 10.5% vs.
3.9% for tethered cord, p <0.001) than in patients without
thoracic malformations (Fig. 3a). However, in patients with
lumbar malformations, the prevalence was significantly
lower (20.7% vs. 33.8% for diastematomyelia and 11.5% vs.
23.3% for syringomyelia, p < 0.001) than in patients without
lumbar malformations (Fig. 3b).

After analyzing the interrelationship between involved
region number and vertebral malformation location, we also
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Fig.2 Interrelationship between different associated anomalies and
vertebral malformation location. a Interrelationship between different
associated anomalies and cervical malformation, b Interrelationship
between different associated anomalies and thoracic malformation, ¢
Interrelationship between different associated anomalies and lumbar
malformation, *p <0.05; **p <0.01; ***p <0.001

found that 86.5% of patients with cervical malformations
had more than one region involved (p < 0.001), whereas most
patients with thoracic (78.1%, p <0.001) and lumbar mal-
formations (62.2%, p <0.001) had only one region involved
(Table 4). A recommended diagnostic algorithm was sum-
marized in Fig. 4.

Discussion
Very few independent studies covering different ethnic

populations analyzing vertebral anomaly locations in CS
patients have been published. However, most of these
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Fig. 3 Interrelationship between specific intraspinal anomalies and
vertebral malformation location. a Interrelationship between different
associated anomalies and thoracic vertebral malformation, b Interre-
lationship between different associated anomalies and lumbar verte-
bral malformation, *p <0.05; **p <0.01; ***p <0.001

studies did not analyze the interrelationships among ver-
tebral anomaly location, all common associated anomalies
and types of CS. Therefore, we conducted this study to
systemically analyze and fully describe the distribution
of vertebral anomaly locations and the interrelationships
among location, associated anomalies and CS type. To the
best of our knowledge, this is the largest CS series and the
first systemic analysis of all common associated anoma-
lies and all CS types so far. In our study, a total of 1289
CS patients were included and all their medical records,
including imaging examination reports, were reviewed and
reevaluated.

In the study of Eliane et al. [13], cervical, thoracic and
lumbar malformations were found in 18.9%, 67.8% and
38.8% of patients, respectively. In our CS cohort, a large
percentage of patients were found to have thoracic and lum-
bar malformations, but very few patients presented with
cervical malformations. This result is similar to previous
findings, although the prevalence of cervical malformation
in a previous study was much higher. This finding indicates
that thoracic vertebrae are the most commonly affected,
while cervical vertebrae are the least commonly affected in
the natural CS population. 17.2% of patients in our cohort
had anomalies affecting multiple spinal regions; this value
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Table 4 Interrelationship between involved region number and malformation location
Number of involved region Cervical malformation Thoracic malformation Lumbar malformation
With Without With Without With Without
1 region involved 13.5% (10) 87.0% (1057) 78.1% (787) 99.6% (280) 62.2% (270) 93.2% (797)
1 +regions involved 86.5% (64) 13.0% (158) 21.9% (221) 0.4% (1) 37.8% (164) 6.8% (58)
p value <0.001 <0.001 <0.001
| Congenital scoliosis
‘ Outpatient Inpa:;el:celr);fore

v

—_

Cervical or thoracic spinal defects

v

All patients are recommended to undergo:

2. Lumbar spinal defects ¢ Spine X-ray
¢ Spine CT and 3-D reconstruction
1 2 * Spine MRI
* Echocardiogram
¢ Abdominal ultrasound
Reconmended: Symptoms of other systems
* SpineX-ray No Yes .
* Spine MRI 3 Associated congenital defects with symptoms
* Systemic physical - I .
o Recommended: Recommended: Yes
examinations, esp. for . ‘
* SpineX-ray | ¢ Spine X-ray
motor system .
* Other responsible Consulting surgeons in corresponding department
examinations i

Fig.4 Recommended diagnostic algorithm based on findings in our study

is slightly lower than the 29.7% identified in the study of
Eliane et al. [13].

Regarding the analysis of malformation location and sex,
we found no statistically significant differences according to
sex, although males had slightly higher prevalence of cervi-
cal and lumbar malformation, while females had slightly
higher prevalence of thoracic malformation. This result is
similar to the findings in the study of Ghandhari et al. [10],
but the correlation was more significant in their study. This
difference might result from the much larger patient popula-
tion in our study (1289 vs. 202) or the different ethnicities
included (Chinese vs Caucasian).

In this study, we first analyzed the interrelationship
between CS type and vertebral malformation location. In
short, we found that patients with cervical malformations
had significantly higher prevalence of MD, whereas patients
with lumbar malformations had significantly higher preva-
lence of FF. This result is in accordance with our experi-
ence in clinical practice. Most patients with cervical defects
treated in our hospital had quite complex anomalies, whereas

most patients with lumbar defects had only simple hemiver-
tebrae. During embryonic development, the paraxial meso-
derm develops into 42 pairs of somites, and each somite then
differentiates into a dermomyotome and a sclerotome which
further become the skeleton of the vertebral column in a
craniocaudal direction [19]. Therefore, cervical vertebrae
develop earlier than lumbar vertebrae. In addition, in the
early stage of development, embryos are more vulnerable to
teratogenic factors. Thus, abnormalities in cervical vertebral
development might affect the development of subsequent
vertebrae and other systems, leading to complex defects and
MD in patients with cervical defects.

Regarding associated anomalies, some previous studies
suggested an association between spine level and concomi-
tant anomalies, while other studies did not. Several previous
studies have revealed that cardiac, gastrointestinal and uro-
genital defects are not correlated with the location of verte-
bral anomalies [5, 6]. However, Bollini et al. [20] found that
there was higher prevalence of cardiac defects in patients
with thoracic malformations but urogenital defects are not
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associated with the location of vertebral anomalies. How-
ever, all the sample sizes of these studies were small, and the
largest study included no more than 300 cases. In our cohort,
we analyzed a much larger cohort of 1289 CS patients and
found that gastrointestinal and urogenital defects showed
no interrelationship with vertebral anomaly levels. Cardiac
defects were slightly more frequent in patients with tho-
racic malformations, but the difference was not significant
(p=0.054).

Ghandhari et al. [10] showed that patients with rib defects
had higher prevalence of thoracic malformation and lower
prevalence of lumbar malformation. In this study, musculo-
skeletal defects were found in 16.4% of the total population.
Patients with cervical and thoracic malformations had sig-
nificantly higher prevalence of musculoskeletal anomalies,
while patients with lumbar malformations had lower preva-
lence. As most musculoskeletal defects in our cohort were
rib defects, this finding is consistent with the result of the
study of Ghandhari et al. Based on our clinical practice, CS
individuals with rib defects tend to have more severe and
progressive curves as rib defects lead to additional forces
that accelerate the promotion of spinal deformities.

In the analysis of intraspinal defects, Beals et al. [5]
showed that hemivertebrae located higher up in the spine
(cervical or thoracic) had a higher risk of intraspinal abnor-
malities. Similarly, Basu et al. [6] revealed that in patients
with lumbar hemivertebrae, only 20% of patients had abnor-
mal spinal MRI findings; this percentage is significantly
lower than the prevalence of intraspinal defects. They also
found that intraspinal defects were more frequent in patients
with cervical and thoracic malformations. However, Bollini
et al. [20] found that intraspinal defects are more common
in patients with lumbosacral anomalies and less common in
patients with thoracic anomalies. In our CS series, we also
found that the prevalence of intraspinal defects was higher in
patients with cervical and thoracic malformations but lower
in patients with lumbar malformations. After further analyz-
ing specific intraspinal defects, we found higher prevalence
of diastematomyelia, syringomyelia and tethered cord in
patients with thoracic malformations and lower prevalence
in patients with lumbar malformations. As the spinal cord
ends at approximately the L1 level 2 months after birth, we
assumed that vertebral defects at the cervical and thoracic
regions might affect the normal development of the spinal
cord. However, this concept still needs further clarification.

Finally, by analyzing the interrelation between vertebral
anomaly location and the number of involved regions, we
found that in patients with cervical malformations, 86.5%
had more than one region involved, while in patients with
thoracic and lumbar malformations, the majority had only
one region affected.

Generally, we found that patients with cervical vertebral
malformations were more severe and complex. For example,
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Fig. 5 showed a typical patient with cervical vertebral mal-
formation. The patient has mixed defects of vertebral mal-
formations located in cervical and upper thoracic spine. CT
3D-reconstruction also showed fused ribs and spinal MRI
showed syringomyelia. This case demonstrated our results
that patients with cervical malformations had higher preva-
lence of mixed defects, musculoskeletal and intraspinal
defects and multi-region involved.

The results found in our study have significant instruc-
tions for surgeons, especially in the outpatient clinic. In the
setting of outpatient clinic, only spinal imaging, instead of
multi-system examinations, will be prescribed by surgeons
in most time in our institute. In addition, from the perspec-
tive of economic burden, it is helpful for both patients and
the government that only CS patients with risk factors of
more comorbidities and associated anomalies, which were
defined as cervical and thoracic vertebral deformities in this
study, are prescribed with thorough examinations. Based on
our findings, we recommended that patients with risk factors
for more associated intraspinal defects should be prescribed
with spinal MRI in the setting of outpatient clinic.

In summary, our study has two major strengths. First, to
our knowledge, CS series in previous studies included no
more than 300 patients, thus this is one of the largest CS
cohorts. Second, we are the first to comprehensively ana-
lyze the interrelationships among sex, CS type, all common
associated anomalies and vertebral malformation location in
a single CS cohort. However, as this is a retrospective study
of extracted medical records, the quality and reliability of
this study were largely influenced by the recorders, imaging
interpreters and medical record quality.

Conclusions

As described above, our study revealed that cardiac, uro-
genital and gastrointestinal defects were not correlated with
vertebral anomaly location. We also found that patients with
cervical vertebral malformations had higher prevalence of
MD, musculoskeletal and intraspinal defects, and involve-
ment of more than one region. Thoracic vertebral malfor-
mation patients had higher prevalence of intraspinal and
musculoskeletal defects and more involvement of only one
vertebral region. Patients with lumbar vertebral malforma-
tions had much higher prevalence of FF and lower preva-
lence of intraspinal and musculoskeletal defects. This find-
ing is consistent with our clinical experience that patients
with cervical anomalies had more associated anomalies and
more complex vertebral abnormalities, while patients with
lumbar anomalies usually had simple hemivertebrae with
less associated anomalies. Thus, we suggest that cervical
malformation could be considered as a risk factor for more
associated anomalies and more severe vertebral anomalies
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(5a)

Fig.5 A typical patient with cervical vertebral malformation. a
Spine antero-posterior and lateral X-ray showed that the patient had
severe mixed defects of vertebral malformations located in cervical
and upper thoracic region, b left and right bending X-ray showed that
the scoliosis had poor flexibility, ¢ CT 3D-reconstruction showed that
the patient had C6 to T2 and T4 to T5 segmentation defects, T1, T3,

in CS patients, which deserves more attention from surgeons
in the setting of outpatient clinic. Based on such findings,
we have originally proposed a recommended diagnostic
algorithm in Fig. 4 for developing regions to help reduce
economic burden and examination accessibility.
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