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AIM: To characterise the corticoreticular pathway (CRP) in a caseecontrol cohort of
adolescent idiopathic scoliosis (AIS) patients using high-resolution slice-accelerated readout-
segmented echo-planar diffusion tensor imaging (DTI) to enhance the discrimination of
small brainstem nuclei in comparison to automated whole-brain volumetry and tractography
and their clinical correlates.
MATERIALS AND METHODS: Thirty-four participants (16 AIS patients, 18 healthy controls)

underwent clinical and orthopaedic assessments and brain magnetic resonance imaging (MRI)
on a 3 T MRI machine. Automated whole-brain volume-based morphometry, tract-based
spatial statistics analysis, and manual CRP tractography by two independent raters were
performed. Intra-rater and inter-rater agreement of DTI metrics from CRP tractography were
assessed by intraclass correlation coefficient. Normalised structural brain volumes and DTI
metrics were compared between groups using Student’s t-tests. Linear correlation analysis
between imaging parameters and clinical scores was also performed.
RESULTS: AIS patients demonstrated a significantly larger pons volume compared to controls

(p¼0.006). Significant inter-side CRP differences in mean (p¼0.02) and axial diffusivity
(p¼0.01) were found in patients only. Asymmetry in CRP fractional anisotropy significantly
correlated with the Cobb angle (p¼0.03).
CONCLUSION: Relative pontine hypertrophy and asymmetry in CRP DTI metrics suggest

central supranuclear inter-hemispheric imbalance in AIS, and support the role of the CRP in
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axial muscle tone. Longitudinal evaluation of CRP DTI metrics in the prediction of AIS pro-
gression may be clinically relevant.
� 2024 The Authors. Published by Elsevier Ltd on behalf of The Royal College of Radiologists.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Adolescent idiopathic scoliosis (AIS) is a progressive
musculoskeletal disease characterised by a lateral spinal
deformity and a Cobb angle >10�.1 It affects up to 7.5% of
adolescents, with a female predilection.1 AIS progression
may lead to severe back pain requiring surgical intervention.
Apart from spinal lateral curvature, vestibular, postural, and
locomotor dysfunction have been observed in patients with
AIS.2,3 Neurophysiological evidence from transcranial mag-
netic stimulation and intraoperative monitoring of motor-
evoked potentials and somatosensory evoked potentials
point towards an inter-hemispheric imbalance of motor
inhibition and output, possibly related to anomalous
sensorimotor integration in AIS patients, as distinct from
that in adult degenerative scoliosis. These support an un-
derlying neurological aetiopathogenetic basis.4,5

The corticoreticular pathway (CRP), as part of the corti-
coreticulospinal tract, plays an important role in truncal
muscular tone and posture, and locomotion.6,7 Cortico-
reticular fibres are a major extrapyramidal output pathway
from the premotor cortex to the brainstem that integrate
with the reticulospinal neurons through widespread pro-
jections within the pontomedullary reticular formation8;
however, the role of the CRP in AIS has not been explored.

Recent fully automated tools for brain morphometry
have allowed objective evaluation of regional volumetric
changes in neurological disorders.9,10 Tract-Based Spatial
Statistics (TBSS) is also an objective, whole-brain, open-
source tool for analysis of diffusion tensor imaging (DTI)
data,11 based on anisotropic water molecular movement in
white matter.12 Through diffusion tensor data gathered
across voxels, mathematical models of fibre tracts re-
constructions that simulate anatomical connectivity
extrapolate information about the state of neural tissue
micro-architecture; however, tractography of specific white
matter tracts of interest that traverse the brainstem, such as
the CRP, is not included in the TBSS suite of tools.

Tractography of the CRP requires careful discrimination
of the small brainstem nuclei, which is challenging with the
distortion prevalent in the posterior fossa on the often
employed single-shot echo-planar DTI sequences. Multi-
shot or readout-segmented diffusion-weighted echo-
planar imaging, such as RESOLVE-DTI,13,14 partitions fre-
quency encoding of the k-space into shorter segments and
affords superior image quality with the shorter echo
spacing and train length. The resultant longer scan time is
mitigated by coupling with slice acceleration, with no sig-
nificant net scan time penalty. In this study, slice-
accelerated RESOLVE-DTI was incorporated into a
caseecontrol, multimodal quantitative magnetic resonance
imaging (MRI) approach to characterise changes in the CRP
in AIS, in comparison to automated whole-brain volumetry
and tractography, and their clinical correlates. It was
hypothesised that AIS patients would demonstrate struc-
tural hindbrain and diffusion changes in the CRP, which
would correlate with the Cobb angle.
Materials and methods

This study was approved by the local Centralised Insti-
tutional Review Board. Informed consent was obtained
from all participating subjects or parents of subjects <21
years old.

Clinical

Thirty-four subjects comprising 18 controls and 16
neurologically intact patients diagnosedwith AIS based on a
national screening programme were included. The patients
were reviewed at the adolescent spinal deformity clinic in a
tertiary referral hospital before recruitment. Exclusion
criteria included contraindications to MRI, concomitant
neurological/spinal disorders, and spinal/head injury.
Healthy volunteers of similar age and gender to the AIS
patients, screened by the clinical team to exclude scoliosis,
were recruited into the study. Handedness was assessed
using the Edinburgh Handedness Inventory Scale. The
clinical demographics of the subjects are detailed in Table 1.
The cohorts were dominantly female. Full orthopaedic
assessment including the Lenke classification for AIS, site,
and side of primary curve, Cobb angle, and number of spinal
segments involved in the scoliosis was made for all AIS
patients and detailed in Table 2.

Brain imaging

All participants underwent MRI brain on a 3 T MRI ma-
chine (MAGNETOM Skyra, Siemens Healthcare, Erlangen,
Germany) using a 32-channel head coil. The parameters of
the sequences employed were (1) T1-weighted sagittal 3D
magnetisation-prepared rapid gradient echo (MPRAGE)
acquisition: 2,300ms repetition time (TR), 2.88ms echo time
(TE), 900 ms inversion time (TI), 256 � 256 matrix, 1 �1 �1
mm3 resolution, GeneRalised Autocalibrating Partially Par-
allel Acquisition (GRAPPA) factor of 2; and (2) simultaneous
multi-slice (SMS) RESOLVE-DTI11,12: 3,000 ms TR, 70 ms TE,
RESOLVE factor of¼ 5, SMS factor of¼ 3, GRAPPA factor of¼
2, 64 non-collinear diffusion-sensitising gradient directions
with b-value of ¼ 0, 1,000 s/mm2, 128 � 128 matrix,

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1
Study demographics and clinical characteristics.

Groups Adolescent idiopathic scoliosis patients Controls p-Value

No. 16 18 e

Age (years) 21.2 � 2.3 (17e27) 21.3 � 2.2 (16e25) 0.92
Gender (M/F) 6/10 4/14 0.33
Handedness (right/mixed) 14/2 16/2 0.90
Side of major curvature 12 right thoracic/4 left thoraco-lumbar or lumbar e e

Cobb angle (degrees) 47 � 13.5 (29e78) e e

No. of vertebral levels 9 � 3.3 (4e15) e e

Values shown for age, Cobb angle, and number of vertebral levels are mean � SD (range). Demographic and clinical characteristics variables were compared by
their mean or proportions between adolescent idiopathic scoliosis patients and healthy controls using Student’s t-test or ManneWhitney U-test, respectively.
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2 � 2 � 2.5 mm3 resolution, in 60 contiguous sections par-
allel to the anterior commissureeposterior commissure line.

Image analysis

Automated brain volume-based morphometry was per-
formed on MPRAGE images using the Morphobox proto-
type6 to estimate individual brain structure volumes in
millilitres, which were normalised as a percentage of total
intracranial volume. Voxel-wise statistical analysis of frac-
tional anisotropy (FA) from the DTI data was carried out
using Tract-Based Spatial Statistics (TBSS) in the FMRIB
Software Library (www.fmrib.ox.ac.uk/fsl/).11 Image nor-
malisation was performed by registering the individual DTI
images to the FMRIB58 standard-space image as the target
in FSL for TBSS analysis. TBSS projected all subject FA data
onto an averaged FA tract skeleton, before applying voxel-
wise cross-subject statistics. The Johns Hopkins University
white matter tractography atlas, based on the DTI database
of the International Consortium of Brain Mapping (ICBM),
was used to extract the DTI parameters from white matter
tracts.

Following previously described methodology for identi-
fication of the CRP, tractography of the CRP was performed
on the individual DTI space by an experienced MRI tech-
nologist using a deterministic tracking algorithm in DSI
studio (Fiber Tractography Lab, University of Pittsburgh,
Table 2
Clinical orthopaedic parameters in adolescent idiopathic scoliosis patients.

No. Lenke Primary
site

Cobb angle
(degrees)

No. of vertebral
levels

Structural
curves

1 3 Right 52 12 T5-L4
2 1 Right 55 8 T5-T12
3 1 Right 63 7 T6-T12
4 3 Right 78 12 T5-L4
5 1 Right 53 9 T5-L1
6 4 Left 43 15 T2-L4
7 1 Right 33 4 T5-T8
8 1 Right 45 8 T8-L3
9 5 Left 25 6 T10-L3
10 1 Right 45 8 T5-T12
11 2 Left 50 13 T2-L2
12 4 Left 45 15 T2-L4
13 3 Right 58 12 T5-L4
14 5 Right 29 6 T10-L3
15 1 Right 46 8 T4-T11
16 1 Right 32 8 T4-T11
Pennsylvania, USA; Fig 1) under the supervision of a
neuroradiologist with more than two decades of experi-
ence. A seed region of interest (ROI) was placed at the
reticular formation of the medulla. First and second target
ROIs were placed at the midbrain tegmentum and premotor
cortex, respectively. The ROI sizes employed were fixed and
defined. Fibre tracking was performed using standardised
FA threshold of >0.2 and angle threshold of <70�. The CRP
streamlines were inspected visually to verify their expected
anatomical course through the ipsilateral subcortical white
matter and brainstem, with erroneous streamlines or
crossing fibres deleted. Quantitative DTI parameters were
extracted, namely FA, mean (MD), radial (RD), and axial
diffusivity (AD) of the CRP streamlines. The procedure was
repeated by the same technologist 1-week later and inde-
pendently by a second experienced MRI technologist for
intra-rater and inter-rater reliability analysis, respectively.
Quantitative DTI parameters were additionally extracted
from the pons using DSI studio.

Statistical analysis

Statistical analysis was conducted using the Statistical
Package for Social Science software. Intra- and inter-rater
reliability of CRP tractography were assessed by intraclass
correlation coefficient and Dice coefficient analysis. Stu-
dent’s t-tests were carried out to compare the structural
brain volume data and DTI parameters from whole-brain
TBSS analysis and CRP tractography between AIS patients
and controls. Linear correlation analysis was performed to
evaluate the association between imaging parameters with
clinical scores. Statistical significance was defined at
p<0.05.

Results

Twelve (75%) patients had a right-sided primary curve. In
14 (87.5%) patients, the primary curve was thoracic (Lenke
1e4) based on the Lenke classification. There was no evi-
dence of Arnold Chiari malformation or syringohydromyelia
at the craniocervical junction and included upper cervical
cord on the structural T1 series in all subjects.

The normalised pons volume was larger in AIS patients
(1.42 � 0.12%; absolute volume: 15.94 � 1.47 cm3)
compared to controls (1.31 � 0.10%; absolute volume:
15.07 � 1.93 cm3; p¼0.006), and the left insula smaller in
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Figure 1 ROI placement for CRP tractography. Axial colour FA images demonstrating placement of (a) a seed ROI at the reticular formation of the
medulla with magnified view (inset), (b) first target ROI at the midbrain tegmentumwith magnified view (right), and (c) second target ROI at the
premotor cortex.
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AIS patients (0.55 � 0.04%; absolute volume: 6.21 � 0.71
cm3) compared to controls (0.57 � 0.02%; absolute volume:
6.61 � 0.54 cm3; p¼0.04). DTI parameters extracted from
the pons showed no significant difference in FA (p¼0.17)
and MD (p¼0.24) between the groups: AIS patients (FA:
0.46 � 0.02, MD: 0.91 � 0.03) and controls (FA: 0.45 � 0.02,
MD: 0.92 � 0.03).

In whole-brain TBSS voxel-wise analysis, there was a
trend towards lower FA in the AIS group, albeit not statis-
tically significant (AIS: 0.42 � 0.02, HC: 0.43 � 0.01;
p¼0.08). Further subsegmental analysis of the corpus cal-
losum also showed no significant difference between the
two groups (Electronic Supplementary Material Table S1).

A sample image of the CRP vis-�a-vis corticospinal tract is
depicted in Fig 2. Intra-rater and inter-rater Dice coefficients
for the CRP streamlines were 0.88 (very good) and 0.73
(good), respectively. Both intra-rater and inter-rater intra-
class correlation coefficients for all DTI parameters of the
CRP streamlines were >0.9 (excellent). DTI parameters of
the CRP were similar between patients and controls
(Table 3); however, significant differences in MD (p¼0.02)
and AD (p¼0.01) were observed between the left and right
CRP streamlines in AIS patients, with higher MD and AD in
the right CRP. Similar results were found after excluding
two AIS patients who were ambidextrous (Electronic
Supplementary Material Table S2). There was no asymme-
try in DTI parameters between sides in the CRP streamlines
in the control cohort (Table 4).

Left-right FA ratio of the CRP streamlines was found to
have a statistically significant correlation with the magni-
tude of Cobb angle (p¼0.03), with greater inter-side FA
asymmetry associated with greater Cobb angle. There was
no statistically significant correlation between tractography
parameters and the total affected scoliosis segments
(p¼0.10); however, a statistically significant correlation
between the normalised total ventricular volume (including
lateral, third, and fourth ventricles) and the total number of
vertebral levels affected by scoliosis (p¼0.02) was noted.
This was not significant for the Cobb angle (p¼0.97;
Table 5).
Discussion

The AIS patients had a larger pons than the controls on
automated brain morphometry. Liu et al. also reported a
significantly larger brainstem in AIS patients than controls.2

Posture, proprioception, and equilibrium control functions
are integrated by structures in and around the brain-
stem.3,15,16 A hindbrain abnormality, and specifically one
affecting the paramedian pontine reticular formation, link-
ing motor, preocular motor nuclei and vestibular nuclei, has
been implicated in AIS.1,2,17 Preclinical studies have also
shown that creating lesions in the pons and periaqueductal
grey matter could induce scoliosis.18 Hence, the present
findings support the role of the hindbrain in the aetiopa-
thogenesis of AIS.

The use of slice-accelerated RESOLVE-DTI in the present
imaging protocol allowed for sampling of the k-space tra-
jectory along the readout direction in separate partitioned
segments, thereby reducing susceptibility artefacts and
image blurring whilst reducing scan time.13,14,19 This pro-
vided superior high-resolution depiction of the small
brainstem nuclei that enabled excellent reproducibility of
manual CRP tractography (Figs 1 and 2), as the latter
required careful seed placement in hindbrain structures
within the posterior fossa.7,20 In spite of the increasing
availability of various automated tract-based tractography
software packages,11,21 automated tract-based analysis of
neural tracts of interest involving seed points in the brain-
stem remain elusive, partly related to the aforementioned
reasons. The neuroanatomical location of the CRP stream-
lines in the present study was established in relation to the
clinically robust tractography of the corticospinal tract, and
familiarity with less clinically routine tractography of the
spinothalamic tract and medial lemniscus.22,23 The FA and
MD values of the CRP in controls are also congruent with
those reported in the literature.7

The CRP plays a critical role in motor function, being
primarily responsible for innervation of the axial and
proximal muscles, which are required for gross motor skills
such as postural and gait control. DTI studies demonstrating



Figure 2 Three-dimensional depiction of the CRP streamlines in relation to the corticospinal tract (CST) projected on two-dimensional axial FA
maps of DTI data. The CRP is validated with reference to the CST along its entire pathway as it descends from (a) the premotor cortex, (b) through
the corona radiata, (c) posterior limb of the internal capsule anterior to the CST, (d) mesencephalic tegmentum in a medio-posterior direction,
and traversing (e) the pontine reticular formation, before terminating at (f) the pontomedullary reticular formation. (CRP: blue and CST: red).
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loss of integrity of the CRP have been reported in sarcope-
nia, stroke, and post-traumatic brain injury.20,24 Significant
inter-side differences were found in the DTI parameters of
the CRP only in the AIS patients. Similar trends of higher MD
and AD in the right CRP (Table 4) remain when only right-
handed patients were analysed (Electronic Supplementary
Material Table S2), suggesting that these are probably not
related to patient handedness. Microstructural tissue al-
terations causing a rise in MD and AD are generally
accompanied by a drop in FA, according to the FA equation;



Table 3
Comparison of DTI parameters from CRP tractography between AIS patients
and healthy controls.

Structure DTI parameter AIS Controls p-Value

CRP (right) FA 0.49 � 0.03 0.49 � 0.02 0.57
MD 0.84 � 0.05 0.83 � 0.02 0.78
AD 1.34 � 0.08 1.33 � 0.03 0.53
RD 0.58 � 0.05 0.58 � 0.03 0.97

CRP (left) FA 0.49 � 0.02 0.49 � 0.02 0.63
MD 0.82 � 0.04 0.84 � 0.03 0.08
AD 1.31 � 0.06 1.34 � 0.05 0.09
RD 0.57 � 0.04 0.59 � 0.03 0.14

Values shown are mean � SD; and MD, AD and R values are x10�3 mm2/s.
AIS, adolescent idiopathic scoliosis; AD, axial diffusivity; CRP, corticoreticular
pathway; DTI, diffusion tensor imaging; FA, fractional anisotropy; MD, mean
diffusivity; RD, radial diffusivity.

Table 5
Correlation between imaging parameters and clinical orthopaedic
assessment.

Clinical correlation Cobb angle No. of vertebral levels

R p-Value R p-Value

No. of vertebral levels 0.43 0.10 e e

FA left:right ratio 0.61 0.03a 0.08 0.78
Total ventricular volume (ml) �0.01 0.97 0.56 0.02a

Linear correlation analysis was performed to evaluate the association be-
tween imaging parameters with clinical scores. FA left:right ratio is defined
as the ratio between the FA on the left to the right CRP tract. Total ventricular
volume (left and right lateral, third and fourth ventricles) as derived from
automated brain morphometry.
FA, fractional anisotropy.

a p < 0.05.
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however, the present results also showed a rise in RD (albeit
insignificant), which could explain the unchanged FA (i.e., a
negligibly reduced) value. The DTI changes may be related
to different in vivo microstructural processes (which may
co-exist), such as axonal damage, changes to myelination,
membrane permeability, fibre density, axonal diameter
and/or congruence in orientation. Preclinical studies in AIS
using advanced diffusion modelling approaches at higher
field strengths would be needed to characterise these
properly.25,26 The typical “S” shape of the spinal scoliosis
(with either a primary right-sided thoracic or left-sided
lumbar/thoracolumbar curve) as is prevalent in the
normal population of AIS patients27e29 gives relevance to
the DTI findings. A statistically significant correlation be-
tween inter-side FA asymmetry and the Cobb angle was
found. These findings corroborate with proposals of the
central nervous system being the aetiopathogenetic site in
AIS.1,8 They bring new evidence for supranuclear white
matter microstructural alterations, albeit whether these DTI
changes in the CRP signify primary versus secondary
compensatory responses to brainstem developmental ab-
normality are moot. Besides highlighting the important role
of the CRP in axial muscular tone, the present findings
suggest a plausible role for longitudinal evaluation of the
CRP using DTI in the prediction of AIS progression.
Table 4
Comparison of DTI parameters between left and right CRP in AIS patients and
healthy controls.

Structure DTI parameter CRP (left) CRP (right) p-Value

AIS patients FA 0.49 � 0.02 0.49 � 0.03 0.71
MD 0.82 � 0.04 0.84 � 0.05 0.02a

AD 1.31 � 0.06 1.34 � 0.08 0.01a

RD 0.57 � 0.04 0.58 � 0.05 0.09
Controls FA 0.49 � 0.02 0.49 � 0.02 0.98

MD 0.84 � 0.03 0.83 � 0.02 0.30
AD 1.34 � 0.05 1.33 � 0.03 0.26
RD 0.59 � 0.03 0.58 � 0.03 0.53

Values shown are mean � SD; and MD, AD and R values are � 10�3 mm2/s.
AIS, adolescent idiopathic scoliosis; AD, axial diffusivity; CRP, corticoreticular
pathway; DTI, diffusion tensor imaging; FA, fractional anisotropy; MD, mean
diffusivity; RD, radial diffusivity.

a p < 0.05.
The present findings of inter-hemispheric differences
concur with findings of inter-side imbalance from studies
employing functional MRI utilising blood oxygenation
level-dependent contrast and neurophysiological assess-
ments in AIS patients.4,5,30,31 Intraoperative studies using
electrical stimulation found larger amplitudes in ipsilateral
motor-evoked potentials of scoliosis patients, suggesting
possible contribution of uncrossed descending pathways, of
which the CRP may be involved.4,32,33 Inter-side differences
in abnormal somatosensory evoked potentials were also
found in patients with AIS compared to congenital scoliosis
by Chen et al.31 Asymmetry of cortical excitability elicited
with transcranial magnetic stimulation5 and increased
asymmetry in cortical activation after motor activation
demonstrated using functional MRI30 have also been re-
ported. The present findings provide anatomical DTI quan-
titative data corroborating with this evidence of functional
neurological asymmetry.

Although the difference in normalised total ventricular
volume was not statistically significant between groups,
there was a positive correlation between normalised total
ventricular volume and the total number of vertebral levels
affected by scoliosis (p¼0.02) in the AIS patients. Co-
existing neuraxial abnormalities are known to exist in AIS
patients, which could impact surgical risks and outcomes,
including risks of neurological injury and curve progression
following standard posterior arthrodesis.34 A meta-analysis
by Faloon et al. showed the most common neuraxial ab-
normalities to be syringomyelia (35%), ArnoldeChiari Type
1 malformation with syrinx (28%), and isolated
ArnoldeChiari Type 1 malformation (25%).35 To date, there
is lack of consensus on MRI screening guidelines, with
variations existing across different centres. Recommended
indications for MRI in the literature include male gender,
early onset (<11 years old), pain, atypical curve patterns
(left-sided thoracic deformity, short segmental involvement
[four to six levels], decreased vertebral rotation, absence of
thoracic apical segment lordosis, hyperkyphosis, double
thoracic curvatures), rapid progression, and abnormal
neurological findings on physical examination.34e36 Spinal
MRI screening was not performed in the AIS patients given
the lack of atypical clinical features on orthopaedic
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assessment. Nevertheless, none of the present AIS patients
had abnormal neurological examinations or findings of an
ArnoldeChiari malformation or syringohydromyelia on
brain MRI, suggesting an intraspinal anomaly to be unlikely.
Given that the systolic pulse wave is well established as the
primary impetus for CSF propulsion and circulation in the
subarachnoid space, it is postulated that findings of a larger
total ventricular volume correlating with an overall longer
total vertebral segment of scoliosis involvement may be
explained by greater impedance to CSF flow in view of a
more sinuous CSF path within the central canal of the spinal
cord in the present AIS patients.37

TBSS provided automated, objective whole-brain DTI
analysis without time-consuming ROI prescriptions. The
present AIS patients had overall lower FA in the white
matter skeleton than healthy controls, but the difference
was not statistically significant (p¼0.077). Similarly, Xue
et al. found no significant difference in FA between AIS and
HC using whole-brain TBSS analysis.38 The corpus callosum,
the major white matter structure affording inter-
hemispheric connectivity and inter-side coordination, has
been of great interest to researchers in AIS38e40; however,
conflicting results for DTI analysis of the corpus callosum
exist in the literature. Xue et al. found significant FA differ-
ences only in the genu and splenium, while Joly et al.
observed differences only in the body of the corpus cal-
losum in AIS patients compared to controls.38,40 The present
study found no significant differences in FA between groups
in the subsegmental regional DTI analysis of the corpus
callosum (Electronic Supplementary Material Table S1).
TBSS may be sensitive to registration errors and differences
in templates used for corpus callosum segmentation, seg-
mentation approaches (manual versus automated versus
mixed) and sample sizes could also contribute to the con-
flicting results across studies.

Although the aetiopathogenesis of AIS remains poorly
understood, multifactorial contributions from genetic
polymorphisms, environmental triggers, disrupted hor-
monal and metabolic signalling, neuro-osseous dishar-
mony, and biomechanical elements have been proposed.1

This study in AIS showed that structural and diffusion MRI
are sensitive non-invasive tools with potential for tracking
and monitoring of disease progression in relation to clinical
markers. The pontine volumetric and diffusion-based CRP
changes, in association with the Cobb angle, add further to
the body of evidence that the hindbrain plays a central role
in AIS. More advanced diffusion modelling and analytics, in
conjunction with electrophysiological data, would better
dissect the complex connectomics of the CRP for axial
postural control, and shed further light on the associated
underlying microstructural changes.

Themajor limitation of the present study lies in the small
sample size; however, the cohort numbers are similar to
many AIS studies in the literature. Besides, the majority of
the present patients were Lenke 1 and 3, which correlates
well with a previous large radiographic study documenting
the prevalence of curve patterns in AIS.41 The distribution of
females to males in the present study cohort also mirrors
the prevalence of AIS.27,28 Hence, the finding of hindbrain
differences between healthy controls and AIS patients in the
present exploratory study are therefore a fair representa-
tion of the majority of AIS patients. Future work on CRP
tractography in a larger adolescent cohort, including the
effects of the sex hormones, would be interesting. Higher-
order diffusion techniques such as diffusion kurtosis imag-
ing or diffusion spectrum imaging could also be explored to
elucidate the non-Gaussian diffusion or crossing fibres in
the CRP.

In conclusion, AIS patients showed pontine hypertrophy
and asymmetry of diffusion parameters in the CRP, with the
latter showing significant correlation with the Cobb angle.
These findings highlight the importance of the brainstem in
the integration of truncal muscle tone, and the potential
role of longitudinal DTI evaluation of the CRP in the tracking
of AIS progression.
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