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Study Design: Prospective study.
Purpose: To determine the role of routine preoperative magnetic resonance imaging (MRI) to detect the incidence and risk factors for 
intraspinal anomalies in patients with idiopathic scoliosis.
Overview of Literature: The incidence and risk factors for intraspinal anomalies in patients with idiopathic scoliosis are controver-
sial, and the indications for preoperative MRI in these patients vary among centers. 
Methods: Information on patients with idiopathic scoliosis who were surgical candidates over 10 years (age at presentation, sex, 
magnitude and apex of major curve, intraspinal anomalies detected by MRI, and neurological examination results) were recorded, the 
patients were grouped according to the intraspinal anomaly, and the data were analyzed. 
Results: Of the 271 patients with idiopathic scoliosis, 27 had neuroaxial abnormalities (9.9%). Of these 27 patients, 14 (52%) under-
went a neurosurgical procedure. Significant differences were observed in the frequency of early disease onset and male sex (p<0.05) 
between the group of patients with neuroaxial abnormalities on preoperative MRI and those who did not have a cord anomaly. No 
difference was detected in the magnitude or direction of the curve.
Conclusions: Neuroaxial abnormalities in patients with idiopathic scoliosis and a normal neurological examination were highly 
frequent (9.9%). Missing these abnormalities before surgery could inflict catastrophic postoperative complications. The incidence of 
neuroaxial abnormalities was higher in male patients and in those with early onset disease. Thus, MRI is essential for all patients 
with idiopathic scoliosis who require medical intervention.
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Introduction

Scoliosis is a lateral deviation in the spine from the mid-
line. It is usually accompanied by vertebral rotation, lead-
ing to three-dimensional deformities on sagittal, coronal, 

and frontal views. The most common form is idiopathic 
scoliosis, in which the cause of the deformity is unknown. 
Other types include congenital scoliosis, caused by a ver-
tebral defect or segmentation, and neuromuscular scolio-
sis, caused by a neuromuscular disorder, such as cerebral 
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palsy or poliomyelitis [1]. Idiopathic scoliosis is confirmed 
in patients with scoliosis if there are no comorbid diseases 
on a physical examination and no spinal anomalies on a 
simple vertebral radiograph [2]. 

Although the etiology of idiopathic scoliosis is un-
known, a relationship has been observed between scolio-
sis and neuroaxial abnormalities, such as syringomyelia 
or a Chiari malformation. More neuroaxial abnormalities 
have been identified in patients with idiopathic scoliosis 
since the development of magnetic resonance imaging 
(MRI) [3-6]. 

A higher probability of neuroaxial abnormalities has 
been reported in patients with idiopathic scoliosis <11 
years of age (26.7%). Other cases requiring MRI based on 
a presurgical examination include patients with pain, rapid 
progression, a left thoracic deformity, neurological disor-
ders (changes in abdominal reflexes), and other neurologi-
cal findings, such as bladder and bowel dysfunctions [1].

Not all diagnosed abnormalities require intervention, 
but it is essential to identify these abnormalities before 
surgery to correct scoliosis and outfitting with instru-
mentation because correcting scoliosis in a patient with 
a missed diagnosis results in catastrophic complications 
[7]. MRI is the most sensitive modality for identifying 
neuroaxial abnormalities. Yet, the indications for MRI in 
patients with idiopathic scoliosis vary among centers. 

The prevalence of intraspinal anomalies in patients with 
idiopathic scoliosis varies and is unknown [8]. We de-
termined the incidence rate of neuroaxial abnormalities 
in patients with idiopathic scoliosis at our center over 10 
years and identified the relationships between intraspinal 
lesions and age, sex, and curve details.

Materials and Methods

Neurological examinations and MRI were routinely per-
formed for patients with idiopathic scoliosis requiring 
surgery. A neurosurgeon was consulted when neuroaxial 
abnormalities were detected on MRI. 

Data related to patients with idiopathic scoliosis at our 
center between September 2004 and September 2014 were 
recorded. Patients with congenital, neuromuscular, or 
syndromic scoliosis and those with incomplete data were 
excluded. Patients with a neurological deficit and those 
diagnosed by an orthopedics team (except for asymmet-
ric abdominal cutaneous reflexes), were also excluded. 
Thus, we enrolled patients with: (1) a spinal deformity as 

the chief complaint, (2) a normal neurological examina-
tion (apart from asymmetric abdominal reflexes), (3) no 
congenital spinal defect on a simple radiograph, and (4) 
scoliosis requiring medical intervention.

Patients underwent total spinal MRI, and details related 
to age, sex, age at disease onset, neurological results, pres-
ence or absence of neuroaxial abnormalities on MRI, and 
curve type and size were recorded. These data were com-
pared in patients with and without neuroaxial abnormali-
ties. 

Results

We enrolled 271 (208 females and 63 males) surgical can-
didates who qualified for inclusion in the study. Twenty-
seven patients (9.9%) showed neuroaxial abnormalities 
on presurgical MRI. The patient characteristics of age, 
sex, direction and size of the curve, and MRI results were 
recorded, and the abnormalities and frequencies of each 
anomaly are shown in Table 1.

Scoliosis curvature was the same in male and female 
patients (p=0.362) (Table 2). Table 3 presents the dis-

Table 1. Description of neuroaxial abnormalities detected on preop-
erative magnetic resonance imaging evaluation

Type of neuraxial abnormality Number 0 case

Syrinx with Chiari malformation   3

Isolated syrinx 11

Tethered cord   4

Syrinx with tethered cord   2

Isolated Arnold Chiari   2

Hydromyelia   2

Dural ectasia   1

Split spinal cord with low lying conus   2

Total 27

MRI, magnetic resonance imaging.

Table 2. Comparing sex and apex side of deviation  

Apex side of 
deviation

Sex
Total

Female Male

Right 150 49 199

Left   58 14   72

Total 208 63 271
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tribution of patients in terms of sex. Eleven of 63 male 
patients had neuroaxial abnormalities, whereas only 16 of 
208 female patients had anomalies (p=0.024). No differ-
ence was found between direction (right or left) and size 
of the curve and neuroaxial abnormalities (p=0.313 and 
p=0.217, respectively). However, patients with a neural 
anomaly were significantly younger (p=0.017).

A neurosurgical procedure was performed preopera-
tively in 14 of the 27 patients (51%). Table 4 shows the 
neurosurgical procedures, and Figs. 1 and 2 show the 
presurgery MRI and radiographic abnormalities in two 
patients.

Discussion

No clear MRI screening guidelines exist for patients with 
idiopathic scoliosis. Recommended indications for MRI 

in the literature include pain, rapid progression, left tho-
racic deformity, neurologic disorder [1], early onset [9,10], 
double thoracic curvature [11,12], and male sex [13]. 
Several studies have reported the incidence of intracanal 
impairments in patients with idiopathic scoliosis, some of 
which are briefly cited below.

Gupta et al. [14] reported that 18% to 20% of 98 pa-
tients with idiopathic scoliosis had neuroaxial problems. 
However, the effects of age, sex, and type of curve were 
not assessed. Ouellet et al. [15] studied 93 patients but 
did not report the incidence neuroaxial abnormalities; 
however, a relationship was reported between neuroaxial 
abnormalities, male sex, and a left curve, but not with age.

Nakahara et al. [16] reported that 3.8% of 472 patients 
had neuroaxial abnormalities, which was directly related 
to factors, such as early onset <11 years of age, male sex, 
neurological results, and size of the curve. Rajasekaran et 

Table 3. Comparison between patients with and without neuroaxial anomaly on preoperative magnetic resonance imaging 

Variable Patients with no neural 
anomaly (n=244)

Patients with neural 
anomaly (n=27) Statistic analysis p-value

Male:female (ratio) 52:192 (1:3.6) 11:16 (1:1.45) Chi-square 0.024

Degree of curve   63.2±19.7 69.5±19.6 Independent t -test 0.217

Right:left (ratio)a) 177:67 (2.6:1) 22:5 (4.4:1) Chi-square 0.313

Average at presentation (yr) 14.05±2.47 12.8±3.06 Independent t -test 0.017
a)Side of curve.

Table 4. Neurosurgical procedures in idiopathic scoliosis with neuroaxial abnormalities

No. Diagnosis Age (yr) Sex Neurosurgical procedure

1 Syrinx with tethered cord 14 Female Tethered cord release

2 Tethered cord 14 Female Tethered cord release

3 Large syrinx 12 Male Syringotomy

4 Tethered cord 13 Female Tethered cord release

5 Arnold Chiari 14 Male Posterior fossa decompression

6 Tethered cord with diplomyelia 11 Female Tethered cord release

7 Arnold Chiari 12 Male Posterior fossa decompression

8 Arnold Chiari with syrinx 14 Male Posterior fossa decompression

9 Tethered cord 14 Female Tethered cord release

10 Arnold Chiari with syrinx   6 Female Posterior fossa decompression

11 Arnold Chiari with syrinx 18 Male Posterior fossa decompression with syringotomy

12 Arnold Chiari with syrinx 10 Female Post fossa decompression

13 Syrinx with tethered cord 12 Male Tethered cord release

14 Tethered cord 14 Male Tethered cord release
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al. [17] reported that 16% of 94 patients had neuroaxial 
abnormalities and believed that the incidence of neuro-
axial lesions was related to a double curve, neurological 
results, and disease incidence but unrelated to curve size 
and an atypical curve. 

The prevalence of neuroaxial abnormalities in patients 
with idiopathic scoliosis differs among studies. Patients 
with specific neurologic abnormalities, such as a positive 
Babinski reflex or an exaggerated deep tendon reflex, were 
included in studies reporting a high prevalence, whereas 
only juveniles or adolescents were included in studies 
reporting a low prevalence. In the present study, all pa-
tients with idiopathic scoliosis, including juveniles and 
adolescents, were enrolled, but patients with a specific 

neurological disorder (except for symmetric abdominal 
reflexes) were excluded.

Male sex is an important factor predicting potential 
neuroaxial lesions [15,16]. Yet, some studies have report-
ed inconsistencies with this result [18-20]. We found a 
significant relationship between male sex and neuroaxial 
abnormalities.

A left-sided thoracic curve has been highly associated 
with neuroaxial abnormalities [8,21], whereas other stud-
ies report contrasting results [22]. We found no relation-
ship between a left apex and the incidence of neuroaxial 
abnormalities. Curve size has been investigated at disease 
presentation, but most studies found no relationship 
between curve size and the incidence of neuroaxial ab-

Fig. 1. (A) An 11-year-old female with idiopathic adolescent scoliosis with a right thoracic curve, (B) diplomyelia and (C) 
low conus at L3 and a tetherd cord on magnetic resonance imaging. She had a normal neurological exam and was oper-
ated on for release of a tethered cord before the scoliosis treatment.

A

B

C
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normalities [17,19,20,22,23]. We did not find a relation-
ship between curve size and the incidence of neuroaxial 
abnormalities.  

A patient’s age at disease presentation is another fac-
tor that has not been related to neuroaxial abnormalities 
[15,20,21], whereas other studies found a relationship 
between early disease onset and neuroaxial abnormalities 
[16,17,21]. We found that patients with neuroaxial abnor-
malities developed scoliosis at a younger age.

Conclusions

Neuroaxial abnormalities are prevalent in patients with 
idiopathic scoliosis (9.9%). Although factors, such as age, 
curve size, atypical curve, sex, or a normal neurological 
examination, rule out neuroaxial lesions, performing MRI 
is essential in all patients with idiopathic scoliosis requir-
ing medical intervention. Furthermore, failure to identify 
these abnormalities before corrective surgery (distraction 
force) can result in the development of central nervous 
system lesions. Identifying and treating these abnormali-
ties may prevent curve progression or improve curvature 
[24,25]. This is particularly true in cases of syrinx and a 
tethered cord. We found a relationship between neuroaxi-

al abnormalities, young age, and male sex. Therefore, neu-
roaxial abnormalities are more likely in male patients and 
in patients with early onset idiopathic scoliosis disease.
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