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ABSTRACT

Objectives: Adolescent idiopathic scoliosis (AIS) has been rigorously discussed in academia for the better part
of a century, primarily due to its nuanced and complex management. To date, there are no universal criteria
for its management. The use of pre-operative magnetic resonance imaging (MRI) in all patients with AIS is still
debatable. We aimed to determine the necessity of using pre-operative routine MRI assessment in all patients
treated for AIS.

Methods: A retrospective and descriptive medical chart review study was done. We examined AIS patients
diagnosed between 10 and 18 years of age who underwent surgical treatment between 2016 and 2020. A full
medical history and a complete spine clinical examination were performed on all patients.

Results: Of 267 consecutive patients with verified AIS who underwent surgical correction, 176 were included
in the analysis. All patients had normal pre-operative physical and neurological examinations. There were
138 (78%) female and 38 (22%) male patients. MRI findings of neural axis abnormalities were observed in eight
of 176 patients (4.54%).

Conclusion: In our study, the incidence of abnormalities in the neural axis was low and no additional
neurosurgical procedures were performed. This could be due to our strict inclusion criteria. However, we
cannot establish a recommendation regarding the routine use of pre-operative MRI. A meta-analysis of the
currently available data may provide a better assessment in terms of cost-effectiveness and pave the way for the
implementation of guidelines for screening protocols.
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INTRODUCTION

Adolescent idiopathic scoliosis (AIS) has been rigorously discussed in academia for the better
part of a century, primarily due to its nuanced and complex management. To date, there are no
universal criteria for its interventions.!"! AIS is defined as rotation with lateral deflection of the
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vertebral bodies, presenting most commonly in adolescent
females.” The term “idiopathic” holds tremendous
importance here, as we cannot pinpoint a specific cause
(e.g., congenital deformities, various genetic syndromes, and
neuromuscular conditions). The condition’s idiopathic nature
makes the physical examination, clinical history, and — most
importantly — the radiological diagnosis modality of choice
particularly important.®! Many ongoing debates are regarding
the risk factors and neural axis abnormalities associated
with AIS. Neurological abnormalities associated with
AIS have been documented since the early 1940s." Intra-
spinal diseases such as tethering of the cord (cauda equina
fibrous adhesion), Arnold-Chiari malformation, and
syringomyelia are among the more frequent neural axis
abnormalities.” Prominent recent papers estimate that
anywhere from 2 to 26% of AIS patients have associated
neural axis abnormalities.**”) Neurological abnormalities are
asymptomatic for the most part and are subclinical, as pointed
out by Dewan et al.® Nevertheless, these abnormalities are
clinically pertinent to the surgical correction of scoliosis. The
use of standard pre-operative magnetic resonance imaging
(MRI) to investigate these anomalies in AIS patients is still
debatable.*) Many authors recommended the routine use
of MRI for pre-operative assessment.>” Two papers reported
similar prospective surveillance methods and a similar
prevalence range (3.8% and 9.9%, respectively).**! Therefore,
the authors hypothesized that the use of pre-operative MRI
to diagnose neural axis anomalies in AIS patients could
be critical. Conversely, other authors, like Dewan et al.,®
found no significant rates of complications and thus do not
recommend MRI preoperatively.

Furthermore, risk factors have also seen their fair share
of debate. At present, abnormal neurological examination
prompts the use of MRI. However, other risk factors have
been historically debated with regard to whether they warrant
MRI. For example, age, gender, curve type, and direction
are still intensely discussed. In their massive prospective
cohort study of 2206 individuals, Diab et al.!! concluded
that juvenile-onset and hyperkyphosis were significantly
associated with neural axis abnormalities. However, many
other studies could not confirm the same results and often
found other factors, such as male gender and curve direction,
to be of importance."> For example, Nakahara et al.l"!
estimated that (13.3%) males had neural axis abnormalities;
in contrast, (2.8%) female patients had abnormalities
detected by MRI. One of the few studies that revealed no
strong links between neural axis anomalies and AIS was
published by Dewan et al.®¥ While most existing studies
have estimated a range of incidence for AIS and neural axis
abnormalities, none have explicitly confirmed the incidence
of neural axial anomalies in our region. The goal of our study
was to determine the incidence of neural axis anomalies in
MRI in AIS patients receiving deformity correction surgery

at our institution, as well as to describe the risk variables that
necessitate MRI screening.

MATERIALS AND METHODS

A retrospective and descriptive medical chart review were
performed with 257 consecutive AIS patients between 10 and
18 years of age who underwent surgical treatment between
2016 and 2020. Patients diagnosed with muscular dystrophy
or connective tissue disorders, congenital scoliosis, syndromic
scoliosis, and atypical curves (such as left thoracic curves or
kyphoscoliosis) were excluded in addition to patients who did
not do MRI or surgery. In total, 176 patients were included
in the study. All patients underwent a comprehensive medical
history and back examination, which included a forward
bend test and upper and lower motor neuron testing, as well
as deep tendon and abdominal reflex evaluation.

Clinical and demographic data were retrieved from medical
files, including age at diagnosis, age at surgery, gender, body
mass index (BMI), and type of complication before and
after 30 days of surgery. Furthermore, any data regarding
neurosurgery intervention were done before scoliosis
correction was retrieved. Plain radiographs of the spine were
performed, including standing posterior-anterior and lateral
images. Images in Digital Imaging and Communications in
Medicine format were retrieved from the Picture Archiving
and Communications System and uploaded to the online
imaging software KeOps (SMAIO, Lyon, France). The
Cobb method was used to determine the magnitudes of the
curves.” Measurement involved curve type according to
the Lenke classification system.!'] Cobb’s angle of <45° was
considered as mild scoliosis, between 46° and 80° denoted
more moderate scoliosis and more than 81° indicated severe
scoliosis. Using a 1.5 Tesla MR Scanner (Sonata; Siemens,
Erlangen, Germany), all patients had a whole-spine MRI
with T1- and T2-weighted sagittal and axial scans. The cord
appearance, the position of the conus medullaris, and the
presence or absence of syringomyelia, cord tethering, and
diastematomyelia were all reported. A single musculoskeletal
radiologist analyzed MRI scans and Cobb angles to minimize
intra-observer variation.

Statistical measures

Means and standard deviations, as well as frequencies and
percentages, are used to present data. When comparing
categorical variables, the Chi-square test was employed,
whereas when comparing continuous variables, the t-test
was utilized. Statistical significance was defined as P < 0.05.
To determine the degree and direction of the association
between variables, the Pearson correlation coeflicient test was
utilized. The data were analyzed using R software (Vienna,
Austria), which can be found at https://www.R-project.org/.
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RESULTS

The study looked at a total of 176 AIS patients who had
surgery to correct their scoliosis. Physical and neurological
examinations were normal in all patients before surgery.
There were 138 (78%) female and 38 (22%) male patients.
The mean age at diagnosis was 14.35 years and the overall
mean age of surgery was 16.91 years. The average BMI was
20.9 kg/m? The average Cobb angle was 62.61°, indicating
that most of the patients had moderate spine curvature.
According to Lenke classification, 31 patients were Lenke
Type 1, 19 were Type 2, 44 were Type 3, 23 were Type 4, 51
were Type 5, and eight were Type 6. MRI findings of neural
axis abnormalities were observed in eight of 176 patients
(4.54%). Four patients had syringomyelia and one patient
had diastematomyelia.

One patient had lumbar spine stenosis and posterolateral
disc L4-L5 and L5-S1. Two patients had tethered cords. All
patients consulted with the neurosurgical department, and
they required regular outpatient follow-up, without any
additional surgical management.

Furthermore, all patients underwent intra-operative
neuromonitoring that included both motor and
somatosensory evoked potentials (MEP/SSEP), with
no abnormalities in MEP/SSEP. None of our patients
had immediate intra- or postoperative neurological
complications. During the follow-up period, no changes
were detected in the numbers or dimensions of syrinxes in
postoperative MRI. No additional anomalies of the medulla
spinalis or a change in spur were noticed in the patient
with diastematomyelia. No systemic complications or late
neurological deficits developed during follow-up.

A Chi-square test of independence was performed to
examine the relationship between curve magnitude (mild,
moderate, and severe) and patients with normal MRI
findings; no statistically significant difference was found
(P = 0.934) with 95% confidence that the mean lies between
(1.8564 and 2.0414) [Figure 1]. Furthermore, there was no
statistically significant difference between patient gender and
MRI findings (P = 0.522). The degree and direction of the link
between BMI (ratio variable) and MRI (nominal variable)
data were assessed using the Pearson correlation coefficient
test. The value of R? the coefficient of determination, was
0.0011, indicating that BMI did not have a strong correlation
with MRI findings [Figure 2].

DISCUSSION

With the increased use of MRI, the prevalence of neural
axis disorders has increased. Patients with AIS have been
documented to have neuraxial anomalies such as Chiari
malformation and syringomyelia. Correction of scoliosis in
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Figure 1: The relationship between curve magnitude and magnetic
resonance imaging.
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Figure 2: The relationship between patient body mass index and
magnetic resonance imaging findings.

people with neural axis anomalies may cause neurological
complications.!#12]

According to the different studies, the incidence of neural axis
anomalies in AIS patients ranges from 2 to 26%.%%! According
to Dewan ef al.,’® 114 (14%) of 811 scoliosis patients showed
aberrant neural axis, with no significant link with a left-sided
thoracic curve, double thoracic curve, male gender, or scoliosis
diagnosis before the age of 10. Ameri et al.” reported that
9.9% of 271 patients had neural axis abnormalities and that
they were directly related to the male gender and early-onset
idiopathic scoliosis disease. Nakahara et al.”! found that 3.8%
of 472 patients had neural axis abnormalities and that these
correlated with several factors, such as early-onset scoliosis
(<11 years of age), male gender, abnormal neurological
findings, and size of the curve. Furthermore, Rajasekaran
et al."® observed that neural axis anomalies were highly related
to a double curve, clinical neurological abnormalities, and
scoliosis occurrence at an early age in 16% of 94 patients. They
found no correlation between curve size or atypical curves and
neural axial abnormalities. However, the previous studies have
indicated different risk factors for neural axis abnormalities
in patients with AIS. This disparity could be related to
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differences in study design and patient demographics, as well
as a lack of consistent language usage. For example, the terms
“syringomyelia,” “hydromyelia,” “dilated central canal,” and the
hybrid term “syringohydromyelia” are all used interchangeably
to describe fluid-filled cavities in the spinal cord."! More
and more intraspinal changes are being diagnosed as the
MRI use has been increasing over the past decade, but they
are considered a normal spinal variation. For example, an
idiopathic syrinx is usually asymptomatic and stable in size and
some would consider it a normal variation with the absence
of underlying pathology.'” Moreover, finding a central canal
with a 1-3 mm diameter should not be considered pathologic
in patients with no underlying pathology."*! Fruergaard et al.
presented a large cohort study of patients with AIS who had
MRI examinations to overcome this overestimation of the
incidence of neural axis abnormalities."?! They found neural
axis abnormalities in 8.9% of patients, but after applying more
conservative definitions of neural axis abnormality, they found
a prevalence of only 2.9%.

The need for routine pre-operative MRI of the spine to
evaluate AIS patients is still being debated. Despite this, there
are no established screening guidelines. Many institutions rely
on specific findings from the history, physical examination,
or plain radiograph to determine whether additional imaging
is required. In some hospitals, all patients undergoing surgery
have a routine pre-operative MRI of the entire spine. Neural
axis abnormalities could be identified in neurologically
asymptomatic patients and they are clinically pertinent to
the surgical management of scoliosis.'” The frequency of
syringomyelia or Chiari malformations in MRI with a normal
neurological examination is not completely understood.
In individuals with syringomyelia; however, neurological
problems have been reported after surgical scoliosis
correction without decompression.® Therefore, some authors
hypothesize that the routine use of pre-operative whole-spine
MRI to determine neural axis abnormalities in patients with
AIS can be critical.®*! However, some surgeons suggest that
pre-operative whole-spine MRI and decompression are not
indicated in the absence of neurological abnormalities.['*!”!
Notably, no post-operative neurological deficits were seen
in the present study, and no neurosurgical interventions
were needed. There were no pre-operative MRI findings that
mandated changing the surgical plan. Therefore, the question
at hand is whether a routine pre-operative MRI is necessary.
Some authors!">!! have questioned the value of routine MRI
for patients with apparent AIS, claiming that the incidence of
neural axis abnormalities is low and that surgically correcting
scoliosis without addressing the neural axial abnormality has
no significant increase in surgical complication rate when
individuals appear without neurologic symptoms. Wang
et al.l'! observed that it was safe to leave some neural axis
disorders, such as syringomyelia, untreated while addressing
the scoliosis deformity. Moreover, the largest report in the

literature - the study by Diab ef al.l'! highly against a routine
pre-operative MRI; the researchers found no significant
differences in outcome when comparing patients with normal
versus abnormal MRI findings. Fruergaard et al."?! discovered
no increased neurologic sequelae in AIS patients receiving
surgical correction, implying that MRI is not required
frequently. According to the different studies, patients with
unusual symptoms or neurological impairments should have
an MRLF7 Conversely, other authors suggested routine
pre-operative MRI concerning neural axis abnormalities
to prevent neurological complications following correction
surgery.'® Lee et al.”! recommended routine MRI for all
patients having surgical correction for AIS, claiming that
early diagnosis of these abnormalities would minimize
neurological sequelae with appropriate neurosurgical
interventions before final surgical management.

Because of its retrospective nature and limited sample size,
the present study has several limitations. In addition, because
the study was conducted retrospectively, the precision of
some clinical data may be limited. However, despite these
limitations, due to our precise inclusion criteria, we were
able to get a realistic incidence of neural axis anomalies
in individuals with AIS in the Saudi community. Finally,
because it encompassed consecutive AIS patients having
whole-spine pre-operative MRI at a single institute, our study
offers a better level of patient population homogeneity than
earlier investigations.

CONCLUSION

We cannot make a recommendation for standard pre-
operative whole-spine MRI because the incidence of neural
axis anomalies was modest in our study and no further
neurosurgery procedures were undertaken. However,
advance recognition of such problems in asymptomatic
individuals can enable surgeons to use more thorough
surgical correction techniques to avoid any neurological
consequences by allowing for proper neurosurgical
interventions before corrective surgery. To provide solid
recommendations, extensive multi-center studies are
required, as well as meta-analyses of the present data.
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