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Vertebral and Intraspinal Anomalies in Indian 
Population with Congenital Scoliosis:  
A Study of 119 Consecutive Patients
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Study Design: Retrospective case study by clinical and radiological data analysis.
Purpose: To analyze different types of vertebral anomalies and the incidence of associated intraspinal anomalies in the Indian population.
Overview of Literature: This is the largest study of congenital scoliosis and  associated intraspinal anomalies in Indian population. 
Incidence of intraspinal anomaly in this series is 47% which is higher than previous literature. Hemivertebra was the most common 
anomaly as seen in previous studies.
Methods: A total of 119 patients with congenital scoliosis who underwent surgery between December 2006 and December 2012 
were studied. Data was reviewed with medical records, plain radiographs, and magnetic resonance imaging (MRI) scans.
Results: Thoracolumbar curve was most common, seen in 43.6% of patients. In addition to scoliotic deformity, kyphosis was seen in 
26% of patients. Failure of formation, the most common vertebral anomaly, was seen in 51.2% of patients, failure of segmentation 
was seen in 19.3% of patients, and there were 29.4% patients having both formation and segmentation anomalies. Hemivertebra 
was the most common vertebral anomaly seen in 66.3% of patients and for whom 63.2% were in thoracic spine. Intraspinal anoma-
lies were associated with 47% of patients with congenital scoliosis. Tethered cord was the most common intraspinal abnormality and 
was found in 48.2% patients with intraspinal anomalies. The patients with failure of segmentation and mixed deformities were found 
to have a significantly higher incidence of intraspinal anomalies (65% and 57%, respectively) than those with failure of formation (34%). 
Out of 31 patients with kyphotic deformity 29% had intraspinal anomalies, and amongst them tethered cord was the most common 
anomaly seen in 66% patients. Out of 12 patients with neurocutaneous markers, 83% patients had intraspinal anomaly.
Conclusions: Intraspinal anomalies were seen in 47% of patients with congenital scoliosis in the Indian population. Tethered cord 
was the most common intraspinal anomaly, seen in 48% cases of congenital scoliosis. Hemivertebra was seen in 66% cases and was 
the most common vertebral defect. Hence MRI imaging of whole spine should be done in all cases of congenital scoliosis before any 
surgical intervention. Special attention should be given to physical examination and visualization of any neurocutaneous markers, 
which are associated with a higher incidence of intraspinal anomalies; absence of a neurocutaneous marker, however, does not rule 
out intraspinal anomaly.

Keywords: Congenital scoliosis; Intraspinal anomalies; Tethered cord; Hemivertebra; Deformity

Copyright Ⓒ 2016 by Korean Society of Spine Surgery
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Asian Spine Journal • pISSN 1976-1902 eISSN 1976-7846 • www.asianspinejournal.org

Received Jul 08, 2015; Revised Jul 21, 2015; Accepted Jul 21, 2015
Corresponding author: Neeraj Gupta
Department of Orthopaedics and Spine Surgery, Ganga Hospital , Coimbatore ,India 
E-mail: neerajgupta691@gmail.com 

ASJ

Clinical Study Asian Spine J 2016;10(2):276-281  •  http://dx.doi.org/10.4184/asj.2016.10.2.276

Asian Spine Journal



Vertebral and intraspinal anomaliesAsian Spine Journal 277

Introduction

Congenital scoliosis is the presence of abnormal coro-
nal plane curvature in spine secondary to an anomalous 
congenital vertebral defect. It occurs 1 in 1,000 newborns 
[1,2] and is much less common than idiopathic scoliosis. 
Vertebral anomalies can produce imbalance in the longi-
tudinal growth of spine and lead to progressive congeni-
tal scoliosis [3,4]. Being a developmental anomaly, it is 
associated with intraspinal, genitourinary, cardiovascular, 
and other general abnormalities [4,5]. Congenital scolio-
sis is often associated with intraspinal anomalies. The em-
bryonic development of vertebrae is closely related with 
that of spinal cord and it is not surprising that neural and 
vertebral malformations often co-exist [5]. These intra-
spinal anomalies include tethering of the cord, diastema-
tomyelia, lipomas, syringomyelia and lipomeningocele. 
McMaster [5] reported intraspinal anomaly in 18% of 251 
patients with myelography. Magnetic resonance imag-
ing (MRI) is noninvasive and more sensitive in detecting 
the intraspinal abnormalities. Using MRI, Bradford et 
al. [6] reported that 38% of the 42 patients in their study 
had an intraspinal anomaly. Liu et al. [7] evaluated 539 
Chinese patients with congenital scoliosis using MRI 
and found intraspinal anomalies in 24.5% of the patients 
and were more common in females. Out of 539 patients, 
70% patients had failure of formation of vertebrae, 31.2% 
had failure of segmentation, and 13.2% had mixed ab-
normalities. There exists a high incidence of intraspinal 
anomalies in patients with congenital scoliosis but since 
the overlying skin is normal and associated neural ab-
normalities are mild or absent [5], they are sometimes 
overlooked. And in these patients, the normal movement 
of spinal cord in the spinal canal may be restricted, and 
any attempt to correct scoliosis could result in stretching 
of spinal cord and serious neurological complications. 
Therefore, before correcting scoliosis, it is essential to 
detect any intraspinal anomaly. There has been no long-
term study in the Indian population to study the inci-
dence of various vertebral anomalies and associated in-
traspinal anomalies in congenital scoliosis. In the present 
study, our aim was to study and analyze different types of 
vertebral anomalies and the incidence of associated intra-
spinal anomalies in 119 consecutive cases of congenital 
scoliosis in the Indian population at a single center.

Materials and Methods

A total of 119 patients with congenital scoliosis under-
went surgical treatment between December 2006 and 
December 2012. A sequential study was done to analyze 
the different types of structural vertebral anomalies and 
the incidence of various intraspinal anomalies in con-
genital scoliosis patients in the Indian population. Insti-
tutional Review Board approval was obtained before the 
study. All patients underwent a full clinical examination, 
plain radiograph of the entire spine and neural axis MRI 
of whole spine including the posterior cranial fossa to 
screen the intraspinal and craniovertebral junction ab-
normities. Evaluation of the clinical findings, neurologi-
cal examination and treatment, which were documented 
in medical records, was performed. Plain X-rays and 
MRI of all the patients were analyzed using Picture Ar-
chiving and Communication System. The congenital sco-
liosis was classified as resulting from the failure of forma-
tion, failure of segmentation, and mixed abnormalities. 
MRIs were studied by an experienced radiologist for any 
abnormalities in the hind brain, brain stem, spinal cord, 
nerve roots and covering membranes. Arnold Chiari-I 
malformation was considered when the tonsillar hernia-
tion was 5 mm or below the level of foramen magnum. 
The presence and type of anomaly in MRI was correlated 
to patient symptoms, clinical signs, and curve character-
istics. 

1. Inclusion criteria 

All the patients with congenital scoliosis with clinical 
and radiological findings, with or without intraspinal 
anomalies in the above study period were included in the 
study. 

2. Exclusion criteria 

Patients with adolescent idiopathic scoliosis, pure kypho-
sis, adult onset scoliosis, scoliosis secondary to trauma, 
infection, tumor, meningocele, meningomyelocele, and 
neurofibromatosis were excluded from the study. Differ-
ent types of structural bony abnormalities in congenital 
scoliosis, and incidence of intraspinal anomalies in them 
were analyzed. 
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Results

1. Demographics 

In the present study, out of 119 cases operated for congen-
ital scoliosis, 44 were males (36.9%) and 75 were females 
(63%), depicting higher incidence of congenital scoliosis 
in females. Patient age at the time when the curve was no-
ticed ranged from younger than 1 to 26 years with a mean 
of about 5.3 years.

Deformity curve distribution and vertebral anomalies 
(Table 1).

Thoracolumbar curve was most common and was seen 
in 43.6% of patients (52/119). In addition to scoliotic de-
formity, kyphosis was seen in 26% of patients (31/119). 
Failure of formation was the most common vertebral 
anomaly seen in 51.2% of patients (61/119). Failure of 
segmentation was seen in 19.3% of patients (23/119), and 
there were 29.4% of patients (35/119) having both for-
mation and segmentation anomalies. Of the 61 patients 
with failure of formation, 60.6% (37/61) were in thoracic, 
31.1% (19/61) in lumbar, 4.9% (3/61) in thoracolumbar, 
and 3.2% (2/61) were in sacral region. Of the 23 patients 
with failure of segmentation, 65.2% (15/23) were in tho-
racic, 4.3% (1/23) in cervical, 4.3% (1/23) in cervicotho-
racic, 13% (3/23) in thoracolumbar, and 13% (3/23) were 
in lumbar region. Out of the 35 patients having mixed 
defects (both formation and segmentation defects), 65.7% 
(23/35) were in thoracic, 22.8% (8/35) in thoracolumbar, 
8.5% (3/35) in lumbar region, and 2.8% (1/35) were in 
cervicothoracic region. Hemivertebra was the most com-
mon vertebral anomaly seen in congenital scoliosis. Out 
of 119 patients, 79 (66.3%) had hemivertebra out of which 
63.2% (50/79) were in thoracic spine, 30.3% (24/79) were 
in lumbar spine, 2.5% (2/79) were in sacral region, and 
3.7% (3/79) were in multiple locations. 

2. Intraspinal anomalies

Of all the patients included in the study, 56 patients (47%)  
were found to have intraspinal anomalies (Table 2). Females  
had significantly higher incidence of intraspinal anoma-
lies than males, as there were 71.4% females (40/56) and 
28.5% males (16/56) with intraspinal anomalies. 35.7% of 
patients (20/56) had multiple intraspinal abnormalities. 
Tethered cord was the most common intraspinal abnor-
mality and was found in 48.2% of patients (27/56). Next 
most common intraspinal anomaly was diastematomyelia 
seen in 32.1% patients (18/56). Out of these, 11% (2/18) 
were males and 89% females (16/18). Thirty-three percent 
patients (6/18) were of Type I and 67% (12 /18) patients 
were of Type II diastematomyelia. Syringomyelia was seen 
in 30.3% of patients (17/56) with intraspinal anomalies. 
Syringomyelia alone was seen in 17.8% (10/56) and was 
associated with tethered cord in 8.9% (5/56) and diaste-
matomyelia in 3.5% of cases (2/56). 

Intraspinal anomalies and vertebral anomalies analysis 
(Table 3).

Intraspinal anomalies were seen in 34.4% of patients 
(21/61) with failure of formation, 65.2% of patients (15/23) 
with failure of segmentation, and 57.1% of the patients 
(20/35) with mixed deformity. The patients with failure 
of segmentation had higher incidence of intraspinal 

Table 1. Vertebral anomaly distribution

Vertebral anomaly Number Cervical Cervicothoracic Thoracic Lumbar Thoracolumbar Sacral

Failure of formation 51.2 (61/119) - - 60.6 (37/61) 31.1 (19/61)   4.9 (3/61)  3.2 (2/61)

Failure of segmentation 19.3 (23/119) 4.3 (1/23)  13 (1/23) 65.2 (15/23)  13 (3/23)   13 (3/23) -

Mixed 29.4 (35/119) - 2.8 (1/35) 65.7 (23/35) 8.5 (3/35) 22.8 (8/35) -

Values are presented as percent (number).

Table 2. Intraspinal anomalies

Serial
no. Intraspinal anomaly No. of patients 

(56/119)

1 Tethered cord and low conus 27 (48.2)

2 Diastematomyelia 18 (32.1)

3 Syringomyelia 17 (30.3)

4 Arnold Chiari malformation 11 (19.6)

5 Intradural cyst 1 (1.7)

6 Intradural lipoma 2 (3.5)

Values are presented as percent (number).
35.7% patients (20/56) had multiple intraspinal abnormalities.
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anomalies than patients with mixed deformities, which 
was higher than those with failure of formation. Out of 
the 21 patients with intraspinal anomalies with failure of 
formation, tethered cord was seen in 47.6% of patients 
(10/21), followed by syringomyelia in 38% (8/21) and 
diastematomyelia in 23.8% of patients (5/21). Out of the 
15 patients of intraspinal anomalies with failure of seg-
mentation, tethered cord was seen in 60% of the cases 
(9/15), followed by diastematomyelia in 40% (6/15), and 
syringomyelia in 13.3% of the cases (2/15). Syringomyelia 
was associated with diastematomyelia in both the cases. 
Out of the 20 patients with intraspinal anomalies with 
mixed deformities, tethered cord was seen in 40% (8/20), 
followed by diastematomyelia in 35% of the cases (7/20) 
and syringomyelia in 25% (5/20). Out of 31 patients with 
kyphotic deformity, 29% (9/31) had intraspinal anomalies, 
and amongst them tethered cord was the most common 
anomaly seen in 66% of patients (6/9).

3. Physical findings 

Out of all the cases (119) studied, 17 cases (14.2%) pre-
sented with pain, 11 cases (9.2%) with limb weakness, 7 
cases (5.8%) with sensory disturbances, 23 cases (19.3%) 
with difficulty in walking, 11 cases (9.2%) with headache 

and 18 cases (15.1%) with bowel bladder disturbances. 
Neurological examination at the time of presentation re-
vealed motor deficits in 13 cases (10.9%), sensory loss in 
4 cases (3.3%), asymmetric abdominal reflexes in 2 cases 
(1.6%), increased deep tendon reflexes in 14 cases (11.7%) 
and Babinski positivity in 12 cases (10%). Neural deficits 
were seen almost equally in patients, with or without 
intraspinal anomaly. Neurocutaneous markers (Table 4) 
were seen more commonly in patients with intraspinal 
anomalies. Out of 12 patients with neurocutaneous mark-
ers, 83% patients (10/12) had intraspinal anomaly.

Discussion

To our knowledge, this is the largest study of congenital 
scoliosis and analysis of associated intraspinal anomalies 
in the Indian population. Average age at which a patient 
presented with deformity was similar to McMaster [5] se-
ries. Female preponderance of congenital scoliosis and in-
traspinal anomalies was similar to all the previous reports 
[5,7-9]. Thoracolumbar curve was the most common 
deformity in our study, which was similar to the study of 
Mohanty and Kumar [10], but it differed from observa-
tion of McMaster and Ohtsuka [3] in which there was a 
preponderance of lower thoracic curve. In our study, there 
were 51.2% cases (61/119) of failure of formation, 19.3% 
cases (23/119) of failure of segmentation, and 29.4% cases 
(35/119) with mixed defects. There were no significant 
differences between our observation and in the study by 
Basu et al. [11] in which there were 53% (67/126) cases 
of failure of formation, 8% (10/126) of failure of segmen-
tation, and 26% (33/126) of mixed defects. In the study 
by Liu et al. [7] the failure of formation was seen in 70% 
(361/539) of cases with failure of segmentation in 31.2% 
(168/539) and mixed deformities in 13% (70/539) of cases. 
Hemivertebra was the most common vertebral anomaly 
as seen in previous studies [7-11].

Several studies have revealed the association of intra-

Table 4. Neurocutaneous markers

Serial 
no. Neurocutaneous marker No. of patients 

(12/119)

1 Tuft of hair 5a)+1=6

2 Dermoid cyst 1a)

3 Nevus 2a)

4 Dimple 1a)

5 Hypopigmented macule 1

6 Café au lait spot 1a)

a)Intraspinal anomaly present.

Table 3. Vertebral and intraspinal anomalies

Vertebral anomaly Intraspinal anomalies Tethered cord Diastematomyelia Syringomyelia

Failure of formation    34 (21/61) 47.6 (10/21) 23.8 (5/21)    38 (8/21)

Failure of segmentation 65.2 (15/23)  60 (9/15)    40 (6/15) 13.3 (2/15)

Mixed 57.1 (20/35)  40 (8/20)    35 (7/20)    35 (5/20)

Values are presented as percent (number).
35.7% patients (20/56) had multiple intraspinal abnormalitie.
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spinal anomaly with congenital spine deformity. In the 
present study, the incidence of intraspinal anomaly was 
47%, which is higher than reported in previous literature. 
McMaster [5] reported incidence of 18.3% in his series, 
in which 106 of 251 underwent myelography, and diaste-
matomyelia was diagnosed in eight patients on the basis 
of midline spur in plain radiograph. Because of toxic ef-
fects of oil-based contrast, myelography was performed 
only in patients with neurological signs and before surgi-
cal correction. The lower incidence seen may be because 
myelography was not done in all patients. Intraspinal 
anomalies in Bradford et al. [6] and Erfani et al. [8] series 
was 38% (n=16) and 41.3% (n=19) in which 42 and 46 
patients with congenital scoliosis were respectively stud-
ied with MRI correlation, which is lower as compared 
to 47% in our study. This difference may be because the 
number of cases in Bradford and Erfani series were fewer. 
Tethered cord was the most common intraspinal anomaly 
seen, as also seen in previous studies [6,9,11-13]. Diaste-
matomyelia was the most common intraspinal anomaly 
in McMaster series [5]. Female preponderance of dia-
stematomyelia was similar to previous literature [4,14] 
but the percentage of Type I diastematomyelia was less 
as compared to study by Cheng et al. [14]. This may be 
due to less number of cases with diastematomyelia in our 
study.

The incidence of intraspinal anomaly in patients with 
failures of segmentation and mixed defects were signifi-
cantly higher than patients with failures of formation in 
this study, which was in line with studies by Basu et al. 
[11] and McMaster [5]. Intraspinal anomalies were seen 
in 34% of patients with failure of formation, 65.2% with 
failure of segmentation, and 57% with mixed deformity. 
In the study by Basu et al. [11] intraspinal anomalies 
were 30% in failure of formation, 40% in failure of seg-
mentation, and 40% in mixed deformity. There were no 
significant differences between the results. Thoracic spine 
was the most common site for vertebral malformations, 
either due to failure of formation, failure of segmentation 
or in mixed defects. There was no significant statistical 
difference between results of neurological examination 
between patients with or without intraspinal anomalies. 
In our study, 83% of patients with neurocutaneous mark-
ers had intraspinal anomaly. This was in contradiction to 
the studies by McMaster [5] and Bradford et al. [6] who 
found neurocutaneous stigmas as unreliable indicators of 
intraspinal anomalies. 

Conclusions

Intraspinal anomalies were associated with 47% of pa-
tients with congenital scoliosis in the Indian population. 
71% of congenital scoliosis patients with intraspinal 
anomalies were females. Hemivertebra was the most com-
mon vertebral anomaly in congenital scoliosis, and it was 
most commonly located in thoracic spine. Intraspinal 
anomaly was most common in vertebrae with segmen-
tation and mixed defects. Tethered cord was the most 
common intraspinal anomaly in the Indian population. 
Special attention should be given to physical examination 
and inspecting for any neurocutaneous markers, which 
are associated with high incidence of intraspinal anoma-
lies; however, absence of neurocutaneous marker does 
not rule out intraspinal anomaly. MRI should be the part 
of routine protocol for assessment of congenital scoliosis 
patients before contemplating any surgical procedure. 
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