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Introduction

The association between spinal cord abnormalities and 
spinal deformity is well established (1). The continued 
improvement and availability of more specialist and detailed 
imaging has meant that the actual prevalence of underlying 
spinal cord abnormalities is only now being appreciated (2). 
However, many of these abnormalities are subclinical and 
the patient may have no associated signs or symptoms. As 
a result, the need for routine magnetic resonance imaging 

(MRI) of the whole spine is debated (3). Many institutions 
rely on certain criteria, either from the history, clinical 
examination or plain radiographic findings, in determining 
whether further imaging is indicated. Other institutions, 
such as ours, perform whole spine MRI in all patients 
referred to the spinal deformity service as part of routine 
care to rule out any neural axis abnormality (NAA) that may 
alter management or change the consent process. 

The aim of this study was to perform a retrospective 
review of the MRI findings, both intra- and extraspinal, 
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of all patients presenting to the spinal deformity service at 
our institution. This is to determine if the indications for 
MRI as stated in the literature are indeed true indicators of 
underlying abnormalities and to also identify the incidence 
of incidental extra-spinal findings.

Methods

All patients referred to our centre with scoliosis undergo 
routine neurological examination and plain film radiography 
(whole spine PA and lateral views in the standing position). 
MRI is performed as routine care in all patients, provided 
there is no contraindication and regardless of whether 
surgical intervention is undertaken, to ensure that there is 
no underlying NAA that may alter the treatment pathway 
away from what is otherwise expected. All MRIs are 
reported by consultant radiologists with a special interest 
in musculoskeletal radiology and spinal deformity. Any 
MRI abnormalities are identified and referred on to the 
appropriate specialty as required. Corrective procedures for 
scoliosis are then undertaken once all such anomalies had 
been investigated and managed. 

The MRI reports of all patients under the age of 18 who 
underwent a whole spine MRI between January 2009 and 

February 2014 were reviewed by 3 assessors. The scoliosis 
was also assessed from a contemporaneous radiograph. 
The findings were then analysed by age, subdividing the 
group in to early onset and adolescent scoliosis groups as 
defined by Skaggs et al. (4). The details recorded included 
patient demographics, curve pattern, intra- and extraspinal 
abnormalities. The inclusion criteria were all patients who 
underwent whole spine MRI between the ages of 1 and 
18 years for investigation of their scoliosis at our institution. 
Statistical analysis using the Fisher exact test was conducted 
with P<0.05. 

Results

There were 1,008 patients who underwent whole spine 
MRI at our institution during the study period. Of these, 
851 underwent MRI scans for investigation of their scoliosis 
and were included in our study. The average age was  
14.08 years (SD =2.34). There were 211 male patients and 
640 female patients. A breakdown of the abnormalities 
found can be seen in Tables 1,2.

Neural axis abnormality

The incidence of NAAs in our population was 13.4% with 
143 intraspinal abnormalities in 114 patients. The most 
common abnormality seen were AC malformations (n=88, 
10.3%), and the presence of a syrinx (n=47, 5.5%). The 
prevalence of all abnormalities in our series can be seen in 
Table 3. The majority of these were in the adolescent age 
group as can be seen in Figures 1,2.

Neural axis abnormalities indicators

Age
Diagnosis before the age of 10 was found in only a small 
proportion of the population (n=39, 4.58%). Four of these 
children were found to have a NAA. When compared to 
the remainder of the population, this was found not to be 
statistically significant (P=0.81). The incidence of NAAs 
was found to be proportionally higher in the adolescent 
population in our series (Table 2). This is likely to be due 
to the fact that they represented a larger proportion of the 
population. Again, this was not found to be statistically 
significant (P=0.25).

Left thoracic curve
There were 49 patients in our population who had a left 

Table 1 Breakdown of the incidence of intra- and extraspinal 
anomalies by age group 

Age at scan 
(year)

Intraspinal anomaly,  
n (%)

Extraspinal anomaly,  
n (%)

5 0 (0) 1 (5.88)

6 2 (1.75) 0 (0)

7 1 (0.88) 0 (0)

8 0 (0) 0 (0)

9 1 (0.88) 0 (0)

10 1 (0.88) 0 (0)

11 5 (4.39) 2 (11.76)

12 14 (12.28) 2 (11.76)

13 22 (19.30) 5 (29.41)

14 23 (20.18) 4 (23.53)

15 20 (17.54) 0 (0)

16 14 (12.28) 2 (11.76)

17 6 (5.26) 1 (5.88)

18 5 (4.39) 1 (5.88)
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thoracic curve (5.76%). Five of these patients were in the 
early onset population, but none of them had an underlying 
NAA. Of the remaining patients, 8 were found to have 
NAAs. There were six patients who had a syrinx, one 
patient who had an AC malformation and one patient who 
had a tethered cord and cerebellar tonsillar descent. Having 
a left-sided thoracic curve was not statistically significant for 
the presence of an NAA (P=0.23) compared to other curve 
patterns. 

Double thoracic curve
There were 13 double thoracic curves in our population 
with 1 NAA in this population (a small syrinx). Two of these 
were in the early onset group and 11 in the adolescent age 

group. The patient with the NAA abnormality was in the 
adolescent population. The presence of a double thoracic 
curve was not found to be significant in either population 
(P=1.00).

Gender
There were 14.2% (n=30) and 13.1% (n=84) of the 
overall male and female patients, respectively, found to 
have a NAA. Being male was not found to be statistically 
significant for the presence of a NAA (P=0.91)

Other spinal abnormalities

Of the cohort, 33.7% of patients, overall, demonstrated 
other spinal abnormalities. A total of 538 abnormalities 
(Table 4) were seen in 288 patients. The most commonly 
seen pathology was a disc anomaly in 145 patients (50.3%). 
There were 68 patients who also demonstrated a sagittal 
plane change although the nature of this was not always 
characterized. As one may expect given the focus of this 
study, a proportion of patients also demonstrated congenital 
anomalies (n=112, 38.9%).

Extraspinal abnormalities

There were 17 patients found to have extraspinal 

Table 2 Incidence of anomalies by age group (note: no anomalies noted between ages 1–4 years) 

Age at scan (year) AC malformation Tethered cord Syrinx Tumour Other spinal Non-spinal

5 0 0 0 0 1 0

6 1 0 0 0 0 0

7 0 1 1 0 2 0

8 0 0 0 0 6 0

9 1 0 0 0 5 0

10 0 0 0 0 7 0

11 5 1 1 0 7 2

12 14 1 1 0 15 2

13 20 0 0 0 49 5

14 17 1 1 2 48 4

15 13 0 0 0 56 0

16 9 1 1 0 46 4

17 5 1 1 0 30 1

18 3 0 0 0 12 2

Table 3 Abnormalities seen on MRI scan

MRI finding Number

AC malformation 88

Tethered cord 6

Syrinx 47

Tumour 2

Other spinal abnormalities 288

Non-spinal anomalies 17
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abnormalities. Fourteen of these patients were female and 
the average age of this cohort was 13.8 years. The most 
common region for extraspinal abnormalities was the 
abdominal and pelvic region within the renal system and/
or ovarian system as can be seen in Table 5. Three of these 
patients were also found to have NAAs.

Discussion

The first presentation of patients with a NAA may be to a 
spinal deformity surgeon. The association between scoliosis 
and syringomyelia has been established since the mid-
1940s (1). Subsequent work by Evans et al. (5) has shown 
that the incidence of syringomyelia or an Arnold Chiari 

malformation with scoliosis is 22.6%, whereas in another 
series it was just under 50% (6).

The concern in performing corrective surgery in 
patients with a NAA is whether there is an increased risk 
of neurological complications. Caution may be required in 
these patients as correction may result in the development 
of a neurological deficit (7). This may be because of changes 
in the anatomy of the canal causing damage to the spinal 
cord, threat to the vascularity of the spinal cord (8), changes 
in the cerebrospinal fluid pressure (9) or increased traction 
on already altered neural tissue (10). The evidence, however, 
is inconclusive. Whilst some support this theory, there is 
recently published evidence that the presence of NAA is not 
associated with an increased complication rate (11).
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Figure 1 The incidence of abnormalities on MRI by age group. MRI, magnetic resonance imaging.

Figure 2 The prevalence of neural axis abnormalities by age.
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Diagnosis of such NAAs relies on MRI cross sectional 
imaging of the neural axis but the evidence for the routine 
usage of pre-operative MRI is not clear. In some studies, 
the prevalence of abnormalities has been reported as low as 
2–4% (2,12). These studies were comparatively small in size 
than others published. Our study, as with Inoue’s study (13), 
suggests that the true incidence is higher than that. 

There is some consensus regarding the indications 
for a pre-operative MRI. It is universally acknowledged 
that abnormal neurological examination is an indication 
for MRI. However, it has also been shown that a high 
proportion of patients with a normal neurological 
examination have an underlying NAA (14-16). The other 
indications for a pre-operative MRI are: early onset (5,14), 
atypical curvature (17,18), rapid progression (19), double 
thoracic curve (2) and male gender (20). We performed 
statistical analysis on these factors wherever possible in this 
study. 

A right-sided thoracic curve in isolation or with a left 

lumbar curve have been described as ‘typical’ (12). A left-
sided thoracic curve is, therefore, regarded as ‘atypical’ and 
an indication to perform an MRI scan. Of the 49 patients 
in our study that had this ‘atypical’ curve, 9 NAAs were 
identified in 8 patients. However, as with other studies, 
there was no statistically significant association between 
curve pattern and the presence of a NAA. This was also the 
case for the presence of a double thoracic curve.

Early onset scoliosis (EOS) is defined as diagnosis of 
scoliosis before the age of 10 by the Scoliosis Research 
Society (4). EOS was again not found to be statistically 
significant for the presence of a NAA. No other age group 
was found to be statistically significant either. This was 
also the case with respect to the sex of the patient. Being 
male is routinely used as an indication for performing MRI, 
but this was not found to be statistically significant in our 
population. Interestingly, in a subgroup of 3 male children, 
under the age of 10 with an ‘atypical’ curve, none were 
found to have an underlying NAA.

The cost of performing routine pre-operative MRI scans 
is one of the reasons it is not done in all centres. The only 
routine imagining modality used are plain radiographs. 
Thoracic apical segment lordosis is a feature on the lateral 
view that has been shown to be associated with and linked 
to adolescent idiopathic scoliosis (AIS) (21-23). Hence, 
its absence is regarded as pathognomonic of a NAA (24). 
However, the adequacy of these lateral radiographs is 
often lacking and as a result can be difficult to pick up (24). 
Reliance on this as a means of determining the presence of 
a NAA is ill-advised. 

A further reason for the reluctance in performing 
routine MRIs, is that advances in MRI may have resulted 
in an over diagnosis of NAAs that are subclinical. Often no 
neurosurgical intervention is required or recommended. 
The relevance of these lesions and the risk associated 
with performing corrective surgery has never been truly 
established (5). There are reports of stabilization of 
the curve, prevention of further progression, and even 
resolution, once an underlying abnormality has been 
addressed (25,26). But, this improvement is generally only 
seen in those below the age of 10 years or with a flexible 
curve (18,26). Brockmeyer (27) in his study found that 
whilst a significant number in this age group do show an 
improvement following syrinx decompression, those over 
the age of 12 had a decreased chance. This may be due 
to permanent structural changes to the spine occurring 
as the child reaches skeletal maturity (28), believed to 
have been caused by the muscle imbalance produced by 

Table 4 Incidence of non-neural axis spinal abnormalities

Spinal abnormality Number

Sagittal plane change 68

Vertebral body change 52

Congenital anomalies 112

Disc anomaly 145

Soft tissue masses 16

Degenerative changes 60

Cord anomaly 63

Joint changes 2

Abnormal ossification/bony change 17

Previous surgery 3

Table 5 Incidence of extraspinal abnormalities

Non-spinal abnormality Number

Renal system 5

Ovarian 4

Head & neck 4

Skeletal 2

Mediastinal soft tissue mass 1

Breast cyst 1
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the compromise of the cells responsible for muscle trunk 
balance (7). Nevertheless, there is good evidence that there 
would be an improvement in any underlying neurological 
deficit that without an MRI scan may have been attributed 
to the spinal deformity (29). The authors of this study 
were, however, keen to point out that improvement did not 
equate to complete resolution nor normalization. 

The whole spine protocol also raises the possibility of 
identifying an incidental lesion. An incidental lesion is one 
that is found whilst examining patient for an unrelated 
reason (30). These incidental findings (IFs) may be more 
significant than the reason for the original examination (31). 
The majority of these were in the abdominopelvic region as 
one would expect given the large number of organs present 
within this area. Since the introduction of PACS, there has 
been an increase in the number of IFs (30). The significance 
of these findings is difficult to determine and clinical 
correlation is required. Inevitably, some findings may be 
more significant than others and, in some circumstances, 
may account for the patient’s symptoms. Malignancies may 
be identified and those that are identified ‘incidentally’ have 
a superior prognosis and survival rate (32,33). 

Whilst not a reason to perform a routine MRI, 
identification of such extraspinal findings is of paramount 
importance not only for the reasons above, but also in view 
of the fact that the they are a major source of litigation. A 
retrospective review of 18,860 lawsuits found that 47% of 
radiology lawsuits were related to missed diagnoses (34). 
in America and 60% of claims against radiologists in an 
Italian study (35,36). In order to aid radiologists in the 
detection and reporting of such IFs, the European Society 
of Radiology has issued specific guidance (37).

IFs in lumbar spine MRIs have been reported as high as 
68.6% when using a systematic method of reporting (38). 
Most papers have, however, shown a much lower rate when 
performing a retrospective review of the original radiology 
report of between 7–8% (30,38,39). The incidence in our 
study represented 2.34% of the overall population. This 
may in part be explained that our paper looks exclusively at 
a paediatric and adolescent population. Some papers also 
report anatomical variations as IFs which may artificially 
inflate their incidence. Another plausible explanation for 
the wide variation in the reported IFs relates to the fact that 
the focus of the reporting radiologist will be on the spinal 
disease or complaint and it may have been reported by a 
radiologist with an interest in the musculoskeletal system. 
As a result, they may not recall much of their general 
training that may be necessary for determining the presence 

of extraspinal pathology (38). Nevertheless, caution must 
also be exercised in the manner in which these lesions are 
reported. The vast majority of IFs are benign and may 
result in unnecessary medical costs and anxiety. Therefore, 
the communication, discussion and reporting of any IFs 
should be conducted in a sensitive manner. 

The weaknesses of this study are that it has not proved 
possible to analyse the data further for other associations 
of NAA and curve behaviour (progressive versus not 
progressive), curve size (small versus large) or those that 
did or did not go on to surgical intervention due to the 
small numbers of NAAs identified. A larger sample would 
be required for this. It has not been possible to identify 
whether any of these anomalies required intervention 
separate to the management of the scoliosis.

Conclusions

The question when performing any investigation is how 
it could alter management. The evidence with respect to 
routine pre-operative MRI, scoliosis and underlying NAA 
is mixed. There appears to be no real consensus whether 
it would alter the outcome in these patients, leave them 
with an increased risk of complication or influence the 
progression of their scoliosis. What is clear from our study 
is that the incidence may well be greater than has been 
previously quoted. Furthermore, many of the indications 
used for performing an MRI of the spine cannot be 
regarded as genuine predictors of an underlying NAA and, 
therefore, they cannot be relied upon. The data presented 
here acts as normative values for the incidence of both 
neural axis anomalies and extra spinal anomalies and in a 
large population of children with scoliosis at different ages.
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