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Abstract

Objective: This is the first systematic review and meta-analysis on the overall incidence of intraspinal abnormalities
in patients with congenital scoliosis (CS) and potential influencing factors.

Methods: We searched three large electronic databases (PubMed, EMBASE, and Cochrane Library) for
potentially relevant studies. The quality of the included studies was assessed independently by two
authors using the Methodological Index for Non-Randomized Studies (MINORS) criteria. Data on the
number of CS patients, number of CS patients with intraspinal abnormalities, sex of the patients, and CS
types were extracted from the included studies. R software was used to pool and analyze all the
extracted data.

Results: This meta-analysis included 10 articles, and 671 of 1863 CS patients undergoing magnetic
resonance imaging (MRI) examinations were identified to have intraspinal abnormalities. The overall
incidence of intraspinal abnormalities in the patients with CS was 37% (95% Cl, 29-45%). Diastematomyelia
was the most common intraspinal abnormality and was detected in 45.60% of the patients with intraspinal
abnormalities (306/671). The remaining intraspinal abnormalities included syringomyelia (273/671, 40.69%),
tethered cord (190/671, 28.32%), low conus (58/671, 8.64%), intraspinal mass (39/671, 5.81%), Chiari
malformation (32/671, 4.77%), fatty filum (27/671, 4.02%), spina bifida (occulta excluded) (17/671, 2.53%),
tumor (17/671, 2.53%), cyst (12/671, 1.79%), syringomyelus (4/671, 0.60%), dural ectasia (1/671, 0.15%), and
undiagnosed cord MRI hyperintensity (1/671, 0.15%). The patient’s sex and CS type were not factors that
affected the incidence of intraspinal abnormalities in CS patients (all P > 0.05).

Conclusions: This meta-analysis revealed that the overall incidence of intraspinal abnormalities detected
by MRI in CS patients was 37%. Diastematomyelia was the most common intraspinal abnormality. The
patient’s sex and CS type were not factors that affected the incidence of intraspinal abnormalities in CS
patients.
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Introduction

Congenital scoliosis (CS) is a curvature of the spine resulting
from abnormal vertebral development during 4 to 6 weeks of
gestation [1, 2]. The incidence of CS in the general popula-
tion is approximately 1/1000 to 1/2000, and CS is greatly af-
fected by environmental and genetic factors [3—5]. Vertebral
anomalies leading to CS are classified according to whether
there is failure of formation, failure of segmentation, or
mixed abnormalities [6]. The embryonic development of ver-
tebrae is closely related to the development of the spinal cord
and organs from the mesoderm [7]. As a result, CS is often
associated with intraspinal abnormalities and defects of other
organs [1, 8-11]. During the surgical correction of scoliosis,
the risk of neurological injury considerably increases with the
presence of intraspinal abnormalities [7, 12—14]. It is neces-
sary to detect intraspinal abnormalities in patients with CS
before corrective surgery is performed.

For decades, the incidence of intraspinal abnormal-
ities in patients with CS has been noticeable. In 1984,
McMaster found intraspinal abnormalities in 18% of
251 patients with myelography [15]. Currently, mag-
netic resonance imaging (MRI) is considered more
sensitive and noninvasive in detecting intraspinal ab-
normalities [16-18]. Its use has been suggested to
comprehensively evaluate CS patients before surgical

(2020) 15:485

Page 2 of 7

interventions are performed [19, 20]. However, the in-
cidence of intraspinal abnormalities detected by MRI
is highly variable, ranging from 21.8 to 53.7% [1, 16,
19-28]. In addition, it is not known whether sex and
CS types affect the incidence of intraspinal abnormal-
ities in patients with CS. Shen et al. [19] found that
the incidence of intraspinal abnormalities in patients
with a failure of segmentation or mixed abnormalities
was significantly higher than that in patients with a
failure of formation. Liu et al. [1] reported that there
is no significant difference in the incidence of intrasp-
inal abnormalities among patients with different CS
types, but the incidence of intraspinal abnormalities
was found to be higher in females than in males.
Ghandhari et al. [24] showed that there is no signifi-
cant difference in the incidence of intraspinal abnor-
malities between males and females.

Although many studies have reported the incidence of
intraspinal abnormalities in CS patients, no meta-
analyses or systematic reviews have pooled seemingly
disparate incidence values to determine the risk of
intraspinal abnormalities in CS patients. Therefore, this
study was performed to investigate the overall incidence
of intraspinal abnormalities in patients with CS and po-
tential influencing factors.
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Table 1 Basic characteristics of included studies
No. Author Year Mean age CS patients with Sex CS types MINORS
(year) |n;:.aesr5)t|snal abnormalities/CS Male Female Failure of Failure of Mixed
pati formation segmentation abnormalities
1 Belmont 2004 4.9 18/76 NR  NR NR NR NR 12
2 FErfani 2007 NR 19/46 NR  NR NR NR NR 8
3 Furdock 2019 NR 113/267 NR  NR NR NR NR 8
4 Ghandhari 2015 135 44/202 16/ 28/112  28/108 10/64 6/30 17
90
5 Gupta 2016 53 56/119 16/ 40/75 21/61 15/23 20/35 8
44
6 Hou 2018 1225 54/120 NR NR NR NR NR 13
7 Liu 2011 128 132/539 37/ 95/325 71/301 45/168 16/70 8
214
8 Sevencan 2019 126 124/231 43/ 81/137  65/129 41/64 18/38 8
94
9 Shen 2013 139 99/226 33/ 66/132 27/9%6 29/48 43/82 8
94
10 Suh 2001 NR 12/37 6/17 6/20 5/19 1/4 6/14 8

No. number, CS congenital scoliosis, MINORS Methodological Index for Non-Randomized Studies, NR not reported

Methods

Search strategies and selection criteria

We thoroughly searched three large electronic databases
(PubMed, EMBASE, and Cochrane Library) up to October
2019 using the following keywords: “congenital”, “scoliosis”,
“magnetic”, “resonance”, “imaging”, and “MRI”. All articles
we retrieved from the three databases were published from
1988 to 2019. Two authors (Wang, Yu) independently
screened all potentially relevant titles and abstracts, and any
disagreements were resolved by a third author.

Studies were included if they (1) included patients
with a diagnosis of CS, (2) included more than 30 pa-
tients with CS, and (3) detected intraspinal abnormal-
ities by MRI of the whole spine. The exclusion
criteria were as follows: (1) no specific intraspinal ab-
normalities were reported; (2) duplicate data were re-
ported by the same author in the same institution; (3)
the article was not published in English; (4) the

articles were conference abstracts, animal trials, or a
case report; and (5) the patients had metabolic dis-
eases, adolescent idiopathic scoliosis, degenerative
scoliosis, simple kyphosis, mixed deformity, or scoli-
osis secondary to infection or tuberculosis.

Data extraction

Two authors independently extracted data from the in-
cluded articles. The following information were ex-
tracted: (1) the name of the author, (2) the publication
year, (3) the number of patients with CS, (4) the number
of CS patients with intraspinal abnormalities, (5) the sex
of the patients, (6) the CS types, and (7) any manifesta-
tions of intraspinal abnormalities.

Quality assessment
The quality of the included studies was assessed inde-
pendently by two authors using the Methodological

Study Events Total Proportion 95%-Cl Weight
Belmont et al. 18 76 —H+— 0.24 [0.15;0.35] 9.1%
Erfani et al. 19 46 — 0.41 [0.27;0.57] 8.6%
Furdock et al. 113 267 —a— 0.42 [0.36; 0.48] 10.9%
Ghandhari et al. 44 202 —— 0.22 [0.16; 0.28] 10.4%
Gupta et al. 56 119 — 0.47 [0.38;0.56] 10.2%
Hou et al. 54 120 — 0.45 [0.36; 0.54] 10.2%
Liu et al. 132 539 — 0.24 [0.21;0.28] 11.1%
Sevencan et al. 124 231 : —— 0.54 [0.47;0.60] 10.8%
Shen et al. 99 226 —— 0.44 [0.37;0.51] 10.8%
Suh et al. 12 37 : 0.32 [0.18;0.50] 7.9%
Random effects model 1863 ———— 0.37 [0.29; 0.45] 100.0%
Heterogeneity: /2 = 91%, 12 = 0.2724, p <0.01 | ' f f I
02 03 04 05 06
Fig. 2 The overall incidence of intraspinal abnormalities in patients with congenital scoliosis
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Table 2 Manifestations of intraspinal abnormalities

Intraspinal abnormality Number of patients Percent
Diastematomyelia 306 4560
Syringomyelia 273 40.69
Tethered cord 190 2832
Low conus 58 8.64
Intraspinal mass 39 581
Chiari malformation 32 4.77
Fatty filum 27 402
Spina bifida (occulta excluded) 17 253
Tumor 17 253
Cyst 12 1.79
Syringomyelus 4 0.60
Dural ectasia 1 0.15
Undiagnosed cord MRI hyperintensity 1 0.15

Index for Non-Randomized Studies (MINORS) criteria
[29]. It was established to evaluate the quality of com-
parative and noncomparative studies; the maximum
score is 24 for comparative studies and 16 for noncom-
parative studies. For noncomparative studies, scores of
0—4 corresponded to very low quality, 5-7 corresponded
to low quality, 8—12 corresponded to fair quality, and >
13 corresponded to high quality. For comparative stud-
ies, scores of 0—6 corresponded to very low quality, 7—
10 corresponded to low quality, 11-15 corresponded to
fair quality, and > 16 corresponded to high quality.

Statistical analysis

R software (version 3.6.1; http://www.r-project.org) was
used to pool and analyze all the extracted data from the
selected studies. A chi-squared-based Q statistical test
was used to determine the statistical heterogeneity
among the studies. The degree of heterogeneity for each
included study was quantified using the I* statistic.
When P > 0.1 and/or I* < 50%, the heterogeneity was
considered to be low, and a fixed-effects model was used
to generate a forest plot. Otherwise, a random-effects
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model was used for the meta-analysis. Initially, we calcu-
lated the point incidence of intraspinal anomalies in pa-
tients with CS and its 95% confidence interval (CI) for
each study. Afterwards, the pooled incidence and 95%
CI were calculated. The overlap of the 95% Cls showed
no differences at the P < 0.05 level.

Results

Study selection and characteristics

Initially, 654 potentially relevant studies were identified
from three large electronic databases. A total of 215 stud-
ies were removed because of overlap. Then, 410 articles
were excluded after the titles and abstracts were screened.
After the full-text articles were assessed, a total of 10 stud-
ies were included in the present study. A flow diagram of
the literature selection process is shown in Fig. 1. A total
of 10 studies published from 2001 to 2019 described
intraspinal abnormalities in CS patients undergoing MRI
examinations [1, 16, 19-25, 28]. The basic characteristics
of the included studies are shown in Table 1.

Quality and bias assessment

Two authors evaluated the quality of the included stud-
ies independently by using the MINOR criteria. For 8
noncomparative studies, the average MINORS score was
8.5 (range from 8 to 12), suggesting fair quality. The
other two comparative studies had scores of 13 and 17,
suggesting fair and high quality, respectively.

Incidence of intraspinal abnormalities

This meta-analysis included 10 articles, and 671 of the
1863 CS patients undergoing MRI examinations were
identified to have intraspinal abnormalities. A random-
effects model was used due to the high level of hetero-
geneity (I* = 91%). The overall incidence of intraspinal
abnormalities in patients with CS was 37% (95% CI, 29—
45%) (Fig. 2).

Diastematomyelia was the most common intraspinal
abnormality and was detected in 45.60% of patients with
intraspinal abnormalities (306/671). The second and
third most common intraspinal abnormalities were syr-
ingomyelia (273/671, 40.69%) and tethered cord (190/

Study Events Total Proportion 95%-Cl Weight
Ghandhari et al. 16 90 ——— 0.18 [0.11;0.27] 16.9%
Gupta et al. 16 44 — 0.36 [0.22;0.52] 16.1%
Liu et al. 37 214 —w— 0.17 [0.12;0.23] 18.7%
Sevencan et al. 43 94 P — 0.46 [0.35;0.56] 18.3%
Shen et al. 33 94 — 0.35 [0.26; 0.46] 18.1%
Suh et al. 6 17 - 0.35 [0.14;0.62] 12.0%
Random effects model 553 _ 0.30 [0.20; 0.42] 100.0%
Heterogeneity: /2 = 85%, 12 = 0.3645, p <0.01 ! ' ' !
02 03 04 05 06
Fig. 3 The pooled incidence of intraspinal abnormalities in male patients with congenital scoliosis
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Study Events Total Proportion 95%-Cl Weight
Ghandhari et al. 28 112 — 0.25 [0.17;0.34] 17.1%
Gupta et al. 40 75 — 0.53 [0.41;0.65] 16.9%
Liu etal. 95 325 = 0.29 [0.24;0.35] 18.5%
Sevencan et al. 81 137 — 0.59 [0.50;0.67] 17.8%
Shen et al. 66 132 — 0.50 [0.41;0.59] 17.8%
Suh et al. 6 20 : 0.30 [0.12;0.54] 11.9%
Random effects model 801 _ 0.41 [0.29; 0.54] 100.0%
Heterogeneity: /2 = 91%, 12 = 0.3859, p < 0.01 ! ' ' ' '
02 03 04 05 06
Fig. 4 The pooled incidence of intraspinal abnormalities in female patients with congenital scoliosis

671, 28.32%), respectively. The remaining intraspinal ab-
normalities included low conus (58/671, 8.64%), intrasp-
inal mass (39/671, 5.81%), Chiari malformation (32/671,
4.77%), fatty filum (27/671, 4.02%), spina bifida (occulta
excluded) (17/671, 2.53%), tumor (17/671, 2.53%), cyst
(12/671, 1.79%), syringomyelus (4/671, 0.60%), dural
ectasia (1/671, 0.15%), and undiagnosed cord MRI
hyperintensity (1/671, 0.15%). Many CS patients had two
or more intraspinal abnormalities. The manifestations of
intraspinal abnormalities are shown in Table 2.

The incidence of intraspinal abnormalities in males
and females could be pooled from 6 of 10 studies. A
random-effects model was used due to the high level
of heterogeneity (I = 85%), and the pooled incidence
of intraspinal abnormalities in males was 30% (95%
CI, 20-42%) (Fig. 3). A random-effects model was
used because of the high level of heterogeneity (I* =
91%), and the pooled incidence of intraspinal abnor-
malities in females was 41% (95% CI, 29-54%) (Fig.
4). There were no significant differences in the inci-
dence of intraspinal abnormalities between males and
females (P > 0.05).

In addition, 6 of 10 studies reported the incidence of
intraspinal abnormalities in patients with different CS
types. A random-effects model was used because of the
high level of heterogeneity (I* = 84%), and the pooled in-
cidence of intraspinal abnormalities in patients with a
failure of formation was 31% (95% CI, 23-41%) (Fig. 5).
A random-effects model was used due to the high level
of heterogeneity (I* = 91%), and the pooled incidence of

intraspinal abnormalities in patients with a failure of seg-
mentation was 43% (95% CI, 24-63%) (Fig. 6). The
random-effects model was used due to the high level of het-
erogeneity (I* = 78%), and the pooled incidence of intrasp-
inal abnormalities in patients with mixed abnormalities was
40% (95% ClI, 27-54%) (Fig. 7). There were no significant
differences in the incidence of intraspinal abnormalities
across patients with different CS types (P > 0.05).

Discussion

In the current study, ten studies published from 2001 to
2009 were included, with a total of 1863 patients with
CS. To the best of our knowledge, this was the largest
study to investigate the incidence of intraspinal abnor-
malities in patients with CS, and we concluded that the
overall incidence of intraspinal abnormalities in patients
with CS was 37%.

The intraspinal abnormalities observed in our study
included diastematomyelia (45.60%), syringomyelia
(40.69%), tethered cord (28.32%), low conus (8.64%),
intraspinal mass (5.81%), Chiari malformation (4.77%),
fatty filum (4.02%), spina bifida (occulta excluded)
(2.53%), tumor (2.53%), cyst (1.79%), syringomyelus
(0.60%), dural ectasia (0.15%), and undiagnosed cord
MRI hyperintensity (0.15%). Patients with CS can
have two or more intraspinal abnormalities. Diastema-
tomyelia was found to be the most common intrasp-
inal abnormality, as it was detected in 45.60% of CS
patients with intraspinal abnormalities. This result
was different from those in previous studies, which

Study Events Total Proportion 95%-Cl Weight
Ghandhari et al. 28 108 —a—— 0.26 [0.18;0.35] 17.7%
Gupta et al. 21 61 — . 0.34 [0.23;0.48] 16.3%
Liu et al. 71 301 . 0.24 [0.19;0.29] 19.7%
Sevencan et al. 65 129 — 0.50 [0.41;0.59] 18.8%
Shen et al. 27 96 — 0.28 [0.19;0.38] 17.5%
Suh et al. 5 19 : 0.26 [0.09;0.51] 10.0%
Random effects model 714 —_— 0.31 [0.23; 0.41] 100.0%
Heterogeneity: /2 = 84%, 12 = 0.2401, p <0.b1 T f '
0.1 02 04 05
Fig. 5 The pooled incidence of intraspinal abnormalities in congenital scoliosis patients with a failure of formation
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Study Events Total Proportion 95%-Cl Weight
Ghandhari et al. 10 64 —— 0.16 [0.08;0.27] 18.0%
Gupta et al. 15 23 — 0.65 [0.43;0.84] 16.8%
Liu etal. 45 168 - 0.27 [0.20;0.34] 19.6%
Sevencan et al. 41 64 — 0.64 [0.51;0.76] 18.9%
Shen et al. 29 48 —— 0.60 [0.45;0.74] 18.5%
Suh et al. 1 4 0.25 [0.01;0.81] 8.3%
Random effects model 371 _ 0.43 [0.24; 0.63] 100.0%
Heterogeneity: 12 = 91%, 12 = 0.9244, p < 0.01 I T T !
0.2 0.4 0.6 0.8
Fig. 6 The pooled incidence of intraspinal abnormalities in congenital scoliosis patients with a failure of segmentation
A

reported that tethered cord was the most common
intraspinal abnormality [20, 23].

Sex differences were implicated in the curve pro-
gression of scoliosis [30]. However, there is no con-
sensus on the sex differences in the incidence of
intraspinal abnormalities. Faloon et al. [31] con-
cluded that there was no difference between males
and females in the proportion of adolescent idio-
pathic scoliosis cases with neuraxial abnormalities.
Sevencan et al. [16] reported that in CS patients, fe-
males had a significantly higher incidence of intrasp-
inal abnormalities than males. In the present study,
we concluded that the incidence of intraspinal ab-
normalities in males and females were 30% and 41%,
respectively. However, there was no significant dif-
ference in the incidence of intraspinal abnormalities
between males and females (P > 0.05).

Currently, it is not clear whether CS types affect
the incidence of intraspinal abnormalities in patients
with CS. Xue et al. [32] conducted a study with a
total population of 118 and found that the incidence
of intraspinal abnormalities is higher in CS patients
with mixed abnormalities. Liu et al. [1] found that
the incidence of intraspinal abnormalities were simi-
lar in patients with a failure of formation, a failure
of segmentation, and mixed abnormalities. Shen
et al. [19] reported that the incidence of intraspinal
abnormalities in patients with a failure of segmenta-
tion or mixed abnormalities was significantly higher
than that in patients with a failure of formation.

Contrary to these findings, we found no significant
difference in the incidence of intraspinal abnormal-
ities across patients with different CS types (P >
0.05). Interestingly, the number of patients with a
failure of formation was higher than that of patients
with other types of abnormalities, but the corre-
sponding incidence rates of intraspinal abnormalities
were similar.

There are some limitations of our research study.
Initially, there was a high degree of heterogeneity
among the studies. The high degree of heterogeneity
may be caused by varieties of participants. In
addition, many studies did not report details regard-
ing the age of the CS patients, other corresponding
organ defects, and other potential factors that can in-
fluence the incidence of intraspinal abnormalities.
These data were not explicitly reported, limiting the
scope of our research. Finally, this current meta-
analysis excluded the article that was not published in
English. Therefore, it may be have language
restrictions.

Conclusions

In conclusion, this meta-analysis revealed that the over-
all incidence of intraspinal abnormalities found by MRI
in CS patients was 37%. Diastematomyelia was the most
common intraspinal abnormality. Sex and CS type were
not factors that affected the incidence of intraspinal ab-
normalities in CS patients.

Study Events Total Proportion 95%-Cl Weight
Ghandhari et al. 6 30 —+— 0.20 [0.08;0.39] 14.5%
Gupta et al. 20 35 — . 0.57 [0.39;0.74] 17.1%
Liu et al. 16 70 —— 0.23 [0.14; 0.34] 18.4%
Sevencan et al. 18 38 — 0.47 [0.31;0.64] 17.5%
Shen et al. 43 82 — 0.52 [0.41;0.64] 19.8%
Suh et al. 6 14 0.43 [0.18;0.71] 12.7%
Random effects model 269 _ 0.40 [0.27; 0.54] 100.0%
Heterogeneity: /2 = 78%, 2 =0.3810,p<0.41 T T T T T 1
0.1 0.2 0.3 04 05 0.6 0.7
Fig. 7 The pooled incidence of intraspinal abnormalities in congenital scoliosis patients with mixed abnormalities
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