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Surface-Based Morphometry Findings Reveal Structural Alterations
of the Brain in Meige Syndrome

Yunyu Tang and Ruen Liu
Department of Neurosurgery, Peking University People’s Hospital, Beijing, China

ABSTRACT:Objective: To compare structural alterations in the brains of Meige syndrome (MS) patients with those of healthy controls (HCs)
by using surface-based morphometry (SBM) and compare structural differences between the brains of MS patients with sleep disorders and
those of MS patients without sleep disorders. Methods: We investigated cortical surface parameters in 42MS patients and 30 HCs.
T1-weighted images were acquired and processed using CAT12 to perform vertexwise between-group comparisons of cortical thickness,
gyrification, cortical complexity and sulcus depth with validated quality control protocols. We also performed SBM to analyze data from 19
patients with sleep disorders and 23 patients without sleep disorders. Results: Compared with HCs, MS patients had differences in large
clusters of cortical regions, especially in postcentral, precentral, superior frontal and paracentral thickness. Differences were also observed in
the parietal and occipital areas. Among MS patients with and without sleep disorders, altered cortical complexity and sulcal depth were
observed. Conclusions: This study strongly suggested that MS patients have cortical structural abnormalities compared with HCs, thus
elucidating the underlying pathophysiology of motor and nonmotor symptoms in MS patients.

RÉSUMÉ : Altérations de certaines structures du cerveau, observées à lamorphométrie surfacique chez des patients atteints du syndrome
de Meige Objectifs : L’étude visait à comparer, par morphométrie surfacique (MS), les changements structuraux qui se produisent dans le
cerveau chez les patients atteints du syndrome de Meige (SM) avec les parties correspondantes chez des témoins en bonne santé (TBS), ainsi
qu’à comparer les différences de structure du cerveau entre les patients qui éprouvent des troubles du sommeil et ceux qui en sont exempts.
Méthode : Ont été examinés des paramètres relatifs à la surface corticale chez 42 patients atteints du SM et chez 30 TBS. L’équipe de recherche
a d’abord procédé à l’acquisition d’images pondérées en T1, puis au traitement des données à l’aide d’une TDM12 afin d’établir des
comparaisons de structures, à partir du vertex, entre les groupes, quant à l’épaisseur du cortex, à la gyrification, à la complexité corticale et à la
profondeur du sillon, et ce, selon des protocoles validés du contrôle de la qualité. À cela s’est ajoutée uneMS permettant d’analyser les données
recueillies chez 19 patients qui avaient des troubles du sommeil (TS) et 23 patients qui n’en avaient pas. Résultats : Comparativement aux TBS,
les patients atteints du SM présentaient des différences en grosses grappes dans les régions corticales, plus particulièrement en ce qui concerne
l’épaisseur des zones postcentrale, précentrale, frontale supérieure et paracentrale. Des différences ont également été observées dans les régions
pariétales et occipitale. Enfin, une altération de la complexité corticale et de la profondeur du sillon a été relevée chez les patients atteints du SM
qui souffraient ou non de TS. Conclusion : Les résultats de l’étude donnent fortement à penser que les patients atteints du SM présentent des
anomalies des structures corticales comparativement aux TBS, ce qui expliquerait la physiopathologie sous-jacente des troubles moteurs et
non moteurs observés chez ces patients.
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Introduction

Meige syndrome (MS) is a focal movement disorder charac-
terized by orofacial dystonia and involuntary eyelid movements
involving the orbicularis oculi muscles and periocular muscles.1

The average age of MS onset is approximately 50–60 years, and
this disorder is more common in females. The etiology and
pathophysiological mechanism underlying MS are poorly under-
stood. Altered synaptic plasticity and cortical hyperexcitability

may contribute to the development of MS.2 Deep brain
stimulation (DBS) has emerged as a safe and effective treatment
option for patients with MS; however, the mechanism underlying
the effect of DBS onMS remains unclear. The key to optimal DBS
application may lie in differential brain structural and functional
alterations.3,4 Recently developed image analysis techniques, such
as voxel-based morphometry (VBM) and surface-based morph-
ometry (SBM), have been shown to be effective at detecting subtle
anatomical alterations in the brain.5 Surface-based methods have
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advantages over VBM because of their superior ability to measure
cortical characteristics, including cortical thickness and folding
patterns, and their lower level of bias during the image
registration and alignment processes.6

In addition to motor symptoms, nonmotor symptoms,
including emotional disorders and sleep disorders, have been
found to be comorbidities in MS patients.7 Sleep disorders are
likely to occur intrinsically rather than secondary to motor
symptoms, as they are not effectively alleviated by botulinum toxin
injection.8 However, no existing study has investigated the
mechanism of sleep disorders in MS patients.

Therefore, we aimed to identify structural alterations in MS
brains, to examine structural differences between MS patients with
sleep disorders and those without sleep disorders using SBM, to
clarify the pathogenic mechanism of MS and to elucidate the effect
of DBS on MS patients.

Methods

Participant information

Clinical data from 42 right-handed patients with primary MS were
consecutively collected in the Department of Neurosurgery of Peking
University People’s Hospital from January 2020 to June 2023. The
diagnosis of MS was made by an experienced chief neurosurgeon
based on the previously established diagnostic criteria. The exclusion
criteria were as follows: (1) had neurological diseases other than MS;
(2) had severe psychotic disorders or cognitive impairment; (3) had
metabolic diseases, such as diabetes, hyperthyroidism or hypothy-
roidism; (4) had a positive urine toxicology or pregnancy test; (5) used
psychotropic drugs in the past 2 months; (6) had other serious
systemic diseases; and (6) had MRI contradictions. In addition, 30
healthy, right-handed, age- and sex-matched individuals without MS
were selected as healthy controls (HCs). All subjects provided written
informed consent, and this study was approved by the Ethical Review
Committee of Peking University People’s Hospital.

Clinical assessment

The baseline data included age, sex, education level, assessment of
dystonia and sleep-related clinical symptoms. Symptom severity
was assessed by an experienced neurosurgeon who was not
involved with the study, thus ensuring objectivity and accuracy.
The severity of motor symptoms was assessed using the Burke–
Fahn–Marsden Dystonia Rating Scale for motor symptoms
(BFMDRS-M) (scores ranged from 0 to 40, with higher scores
indicating more severe symptoms).9 The severity of sleep disorders
was assessed using the Pittsburgh Sleep Quality Index (PSQI),10 a
scale that differentiates “poor” sleep from “good” sleep by
measuring the following aspects: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturb-
ances, usage of sleeping medications and daytime dysfunction over
the last month. A score of 5 or greater indicates the presence of
sleep disorders. In this study, patients were divided into a sleep
disorder group (SD, PSQI score of 5 or greater) and a normal sleep
group (NS, PSQI score of less than 5).

MR data acquisition

T1-weighted thin-slice structural images of the brain were acquired
with the following parameters: repetition time= 4.9 ms, echo
time = 2.0 ms, field of view= 240 × 240 mm,2 flip angle= 15°, slice
thickness= 1 mm, in-plane resolution = 1 × 1 mm2 and 170 slices.
A body coil was used for transmission, and a normal quadrature

coil was used for reception. All MR data were collected by an
experienced radiologist on a Discovery 750 3.0T MRI (GE
Healthcare, Waukesha, WI).

SBM processing

Imaging data were processed using SPM12-v7771 software and the
CAT12.7-Beta (r1615) toolbox, both of which were installed in the
MATLAB 2017b operating environment.11 In the initial step of
voxel-based processing, T1 images were first screened for quality,
artifacts and potential abnormalities. Anatomical images that met
the criteria were then converted and reoriented on the anterior
commissure-posterior commissure (AC-PC) line. Reoriented
images were subjected to preliminary denoising, coarse affine
bias correction and registration, followed by skull stripping, whole-
brain signal calibration, redenoising and rapid registration with
locally adaptive segmentation. Preprocessed images were then
fitted to a DARTEL12 template and segmented. The Desikan-
Killiany 40 (DK40) atlas was chosen as the reference atlas.

Cortical thickness

Cortical thickness was estimated using the automatic surface
preprocessing algorithm in the CAT12 toolbox by reconstructing
the central surface of the left and right hemispheres through a
projection-based thickness calculation method. This algorithm
also estimates the white matter (WM) distance using tissue
segmentation and projects the local maxima (which are equivalent
to cortical thickness) to other gray matter (GM) voxels. The WM
distance defines this adjacent relationship.13 A 15-mm full-width-
at-half-maximum (FWHM) smoothing kernel was applied.

Gyrification

To calculate the local gyrification index (GI) maps, the absolute
mean curvature approach was utilized. A mesh of the central
surface, located between the GM/CSF and the GM/WM boundary,
was constructed through cortical surface extraction.13 We then
calculated the local absolute mean curvature of the ventral surface
by averaging the mean curvature values from each vertex point
within 3 mm of a specific position. To smooth the GI maps, a
20-mm FWHM kernel was applied.

Cortical complexity (fractal dimension)

The cortical complexity, that is, fractal dimension, was determined
using the spherical harmonic reconstructions method, as detailed
in a previous study.14 This technique yields a consistent number of
vertices across all reconstructed surfaces, thereby minimizing the
effects of individual vertex alignment, resampling and interpola-
tion, thus leading tomore precise reconstructions. After generating
individual vertexwise fractal dimension maps, a 20-mm FWHM
kernel was applied for smoothing.

Sulcus depth

The sulcus depth was determined by calculating the Euclidean
distance between the central surface and its convex hull, which was
further computed from the surface and smoothed with a 20-mm
FWHM kernel.13 The surface data were visually inspected for
artifacts and homogeneity, and the overall image quality was
checked to ensure compliance with the statistical quality control
criteria.
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Statistical analyses

The data are presented as the mean ± standard deviation (SD)
unless otherwise indicated. Demographic and clinical data, such as
age, sex, BFMDRS-M scores and PSQI scores, were analyzed using
either the chi-square test (for categorical variables) or the
independent samples t test or ANOVA, as appropriate (for
continuous variables). P< 0.05 was considered to indicate
statistical significance. Two-tailed t tests were used to compare
cortical thickness, fractal dimension, gyrification and sulcus depth
across different brain regions between groups, and data were
corrected using the familywise error rate (FWE) for multiple
comparisons to control for type I errors. A threshold of p< 0.001
(FWE uncorrected) or p< 0.05 (FWE corrected) for statistical
significance was applied for regions in the DK40 cohort. Statistical
analyses were conducted with SPSS statistical software (version
24.0; IBM Corp.).

Results

Demographic and clinical characteristics

A total of 42 patients (13 males and 29 females) with MS were
included in this study; their ages ranged from 35 to 69 years, with
an average age of 56.90 ± 8.17 years. The years of education ranged
from 5 to 24 years, with an average of 11.62 ± 4.79 years. The
disease durations of MS ranged from 1 to 12 years, with an average
of 3.99 ± 3.23 years. The BFMDRS-M scores ranged from 4.0 to
17.0, with an average of 8.76 ± 4.40. The PSQI scores of the MS
patients ranged from 0 to 15 points, with an average of 5.24 ± 4.32
points. Additionally, a total of 30 HCs (11 males and 19 females)
were included in this study, with an average age of 54.63 ± 7.74
years. The years of education ranged from 6 to 21 years, with an
average of 12.23 ± 4.76 years. The BFMDRS-M and PSQI scores of

theMS group were significantly higher than those of the HC group
(p< 0.05). There were no significant differences in age, sex or years
of education between the MS patients and HCs (Table 1).

After dividing patients into groups based on their PSQI scores,
there were 19 patients in the SD group and 23 patients in the NS
group. There were no significant differences in age, sex or
BFMDRS-M scores between the SD and NS groups (p> 0.05)
(Table 2).

Surface-based morphometry metrics

Comparison between MS patients and healthy controls
Cortical thickness
A comparison of cortical thickness measurements between MS
patients and HCs revealed significant increases in MS patients in
bilateral posterior cingulate, isthmus cingulate, caudal anterior
cingulate and left medial orbitofrontal and rostral anterior
cingulate regions (Table 3, Figure 1). Significant decreases in
cortical thickness among MS patients were detected in bilateral
postcentral, precentral, superior frontal, paracentral, superior
parietal, lateral occipital, pericalcarine, lingual, cuneus, para-
hippocampal, entorhinal, fusiform, inferior temporal and left
inferior parietal, insula, temporal pole, middle temporal, The banks
of the superior temporal sulcus (BANKSSTS) and right precuneus
regions (pFWE > 0.05) (Table 3, Figure 2).

Gyrification
Gyrification measurements indicated significant decreases in the
right fusiform, parahippocampal, inferior temporal (pFWE> 0.05)
and right precentral, postcentral, lingual, fusiform, pars trian-
gularis, lateral occipitofrontal, insula and left superior temporal
and BANKSSTS (p < 0.001, uncorrected) regions among MS
patients. Additionally, a significant increase was observed in the
right medial orbitofrontal region (p < 0.001, uncorrected)
(Table 4).

Cortical complexity
MS group showed significant decrease in cortical complexity in the
right lingual, parahippocampal, isthmus cingulate, precuneus
(pFWE < 0.05) and left parahippocampal (p< 0.001, uncorrected)
regions. Additionally, the MS group showed an increase in left
superior parietal and precuneus regions (p< 0.001, uncorrected)
(Table 5).

Sulcus depth
The comparison of the sulcus depth between the MS group and the
HCs revealed a decrease in left inferior temporal, middle temporal
and fusiform regions among the MS patients (p< 0.001,
uncorrected) (Table 6).

Comparison between the SD group and NS group

The comparison of cortical thickness measurements and gyrifi-
cationmeasurements between the SD andNS groups did not reveal
any significant differences.

The comparison of cortical complexity between the study
groups revealed increased complexity in the right insula and
decreased complexity in the left lateral occipital and right pars
triangularis regions of the SD group (p< 0.001, uncorrected)
(Table 7). The comparison of sulcus depth measurements revealed
that the SD group showed a decrease in the right inferior parietal
region (p< 0.001, uncorrected) (Table 8).

Table 1. Demographics and clinical information of MS group and HC group

MS patients
(n= 42)

Healthy controls
(n= 30) p

Gender (male/female) 13/29 11/19 0.618

Age (years) 56.9 ± 8.2 54.6 ± 7.7 0.099

Education (years) 11.6 ± 4.8 12.2 ± 4.8 0.604

BFMDRS-M score 8.8 ± 4.4 0.4 ± 0.5 <0.001

PSQI score 5.2 ± 4.3 2.1 ± 1.7 <0.001

Disease duration (years) 4.0 ± 3.2 – –

MS = Meige syndrome; HC = healthy control.

Table 2. Demographics and clinical information of SD group and NS group

SD group (n= 19) NS group (n= 23) p

Gender (male/female) 5/14 8/15 0.247

Age (years) 55.2 ± 8.1 59.0 ± 8.0 0.780

Education (years) 11.2 ± 5.0 12.1 ± 4.7 0.697

BFMDRS-M score 9.3 ± 4.3 8.1 ± 4.5 0.980

PSQI score 8.3 ± 3.5 1.6 ± 1.4 <0.001

Disease duration (years) 5.1 ± 3.3 2.6 ± 2.6 0.337

SD = sleep disorder; NS = normal sleep.
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Discussion

The etiology of primary MS has not been fully elucidated. In the
present study, we observed significant differences in cortical
thickness, cortical complexity and gyrification across the whole
brain between MS patients and HCs, with the most significant
differences observed in the central cortical regions. Additionally,
substantial differences were observed in occipital and temporal
lobes, suggesting widespread alterations in cortical characteristics
associated with MS. To our knowledge, this is the first SBM-based
study of MS.

The present study found cortical thinning prominently in the
bilateral postcentral, precentral, superior frontal and paracentral
regions. The reduced cortical thickness found in these areas
accentuates abnormalities in the sensorimotor network amongMS
patients. The postcentral gyrus, which houses the primary
somatosensory cortex, serves as a primary receptor for general
bodily sensations receiving sensory data from the body from
thalamic radiation. Previous studies have consistently demon-
strated structural and functional alterations in the primary
somatosensory cortex in individuals with various forms of
movement disorders.15,16 Martino et al.17 analyzed whole-brain

Table 3. Between-group comparison of cortical thickness

Side Overlap with DK40 atlas Cluster size Cluster-level pFWE t value at peak

MS< HC Left 37% postcentral
37% precentral
18% superior frontal
5% paracentral
4% superior parietal

2017 <0.001 7.5

74% lateral occipital
10% inferior parietal
7% superior parietal
4% pericalcarine
4% lingual
2% cuneus

871 <0.001 7.6

31% parahippocampal
31% entorhinal
14% fusiform
11% inferior temporal
4% lingual
4% insula
3% temporal pole

560 <0.001 5.9

100% fusiform 335 <0.001 7.0

57% lingual
41% pericalcarine
3% cuneus

234 0.003 4.0

69% middle temporal
31% BANKSSTS

148 0.032 4.9

Right 45% precentral
31% postcentral
15% superior frontal
8% paracentral

1991 <0.001 7.9

29% fusiform
29% lingual
17% lateral occipital
15% pericalcarine
6% parahippocampal
4% cuneus

1911 <0.001 6.2

50% fusiform
50% inferior temporal

144 0.036 5.3

53% superior parietal
43% cuneus
4% precuneus

134 0.046 4.5

MS> HC Left 62% posterior cingulate
32% isthmus cingulate
2% caudal anterior cingulate

260 0.002 9.2

92% medial orbitofrontal
5% rostral anterior cingulate

173 0.017 7.7

Right 66% posterior cingulate
23% caudal anterior cingulate
8% isthmus cingulate

253 0.002 9.4

BANKSSTS = The banks of the superior temporal sulcus; MS = Meige syndrome; HC = healthy control.

4 The Canadian Journal of Neurological Sciences

https://doi.org/10.1017/cjn.2024.326 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2024.326


GM volume in patients with primary blepharospasm and found
decreased GM volume in the primary sensory cortex (S1).
Furthermore, functional imaging studies have reported hyper-
activity in primary sensory cortices in patients with primary
dystonia, including blepharospasm and cervical dystonia.18,19

Given that sensory symptoms such as dry eye, burning sensations
and photophobia are frequently reported inMS patients, structural

alterations may contribute to the impairment of sensorimotor
integration. The precentral gyrus includes the motor cortex and
part of the premotor cortex, which are differentially involved in the
initiation and subsequent execution of movements. VBM-based
studies of idiopathic blepharospasm have shown increased GM in
the bilateral precentral gyri with hypoactivity.20 Yang et al.21

observed significant increases in cerebral blood flow in the middle

Figure 1. Regions with increased cortical thickness in Meige syndrome than in healthy control, displayed from the left, bottom and right surfaces. The color scale represents the
range of t values.

Figure 2. Regions with decreased cortical thickness in Meige syndrome than in healthy control, displayed from the left, bottom and right surfaces. The color scale represents the
range of t values.
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frontal gyrus and bilateral precentral gyrus among MS patients.
The findings of our study are also consistent with previous research
using transcranial magnetic stimulation, which revealed abnormal
cortical activities in the motor cortex in several forms of dystonia.22

The superior frontal and paracentral areas are functionally
connected to other frontal and parietal regions, which are also
involved in motor functioning and subserve spatial attention.
Importantly, the supplementary motor area (SMA) occupies one-

Table 4. Between-group comparison of gyrification index and cortical complexity

Side Overlap with DK40 atlas Cluster size (no. of vertex) Cluster-level pFWE t value at peak

MS< HC Right 54% fusiform
41% parahippocampal
5% inferior temporal

239 0.003 4.2

62% precentral
38% postcentral

90 0.138 4.7

96% precentral
4% postcentral

70 0.223 4.0

86% lingual
14% fusiform

64 0.256 4.1

56% pars triangularis
26% lateral orbitofrontal
18% insula

34 0.481 3.7

Left 81% superior temporal
19% BANKSSTS

74 0.203 3.8

MS> HC Right 100% medial orbitofrontal 38 0.445 3.5

BANKSSTS = The banks of the superior temporal sulcus; MS = Meige syndrome; HC = healthy control.

Table 5. Between-group comparison of cortical complexity

Side Overlap with DK40 atlas Cluster size (no. of vertex) Cluster-level pFWE t value at peak

MS< HC Right 85% lingual
15% parahippocampal

155 0.020 3.6

66% isthmus cingulate
31% precuneus
1% lingual

134 0.036 4.5

Left 100% parahippocampal 33 0.492 3.4

MS> HC Left 97% superior parietal
3% precuneus

39 0.434 3.8

MS = Meige syndrome; HC = healthy control.

Table 6. Between-group comparison of sulcus depth

Side Overlap with DK40 atlas Cluster size (no. of vertex) Cluster-level pFWE t value at peak

MS< HC Left 76% inferior temporal
24% middle temporal

46 0.381 3.9

94% inferior temporal
6% fusiform

33 0.484 4.0

MS = Meige syndrome; HC = healthy control.

Table 7. Comparison of cortical complexity between SD group and NS group

Side Overlap with DK40 atlas Cluster size (no. of vertex) Cluster-level pFWE t value at peak

SD<NS Right 100% pars triangularis 48 0.351 4.1

Left 100% lateral occipital 31 0.513 3.9

100% parahippocampal 33 0.492 3.4

SD>NS Right 100% insula 38 0.442 4.5

SD = sleep disorder; NS = normal sleep.
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third of the superior frontal gyrus and is considered to be crucial in
planning and coordinating complex movements. Xu et al. reported
greater GM volume in the bilateral SMA in patients with
blepharospasm than in hemifacial spasm patients and HCs,
suggesting that SMA plays a role in the genesis of dystonic
symptoms.23 Functional research has also shown altered excita-
bility of the SMA in other forms of dystonia.24 Taken together,
these findings suggest that abnormalities in the SMA may be
associated with the loss of control of undesired involuntary
movements in MS patients.

A significant decrease in cortical thickness was also observed
bilaterally in the fusiform, lingual, parahippocampal, lateral
occipital, inferior temporal, cuneus and pericalcarine regions as
well as in adjacent areas. The fusiform gyrus is integral to visual
processing, particularly emotional perception and stimulus-
response tasks. Structural and functional alterations of this region
have been identified in several forms of dystonia, including
blepharospasm, cervical dystonia and embouchure dystonia.20,25,26

The inferior temporal gyrus is a visual associative region that
receives input from the occipital lobe and connects comprehensive
information to the prefrontal cortex to achieve higher-level
functions. The inferior temporal gyrus, along with the lateral
occipital area, facilitates comprehensive visual information
processing. Lesions affecting this region may lead to visual
impairments observed in MS patients. The lingual gyrus is situated
on the posteroinferior portion of the medial surface of the occipital
lobe and, as it extends anteriorly, merges with the parahippo-
campal gyrus at the tentorial surface of the temporal lobe.
The parahippocampal gyrus has significant interconnectivity to
other cortical limbic structures as well as the amygdala, with many
recognized functions, including episodic memory, visuospatial
processing, complex emotive processing and cognitive func-
tion.27,28 Taken together, these findings suggest that cortical
thinning in these areas is associated with motor deficits in the eye
as well as nonmotor symptoms, such as anxiety and depression, in
MS patients.

Increases in cortical thickness were found bilaterally in the
posterior cingulate, isthmus cingulate and caudal anterior
cingulate regions as well as in the medial orbitofrontal and
rostral anterior cingulate regions of the left hemisphere. The
cingulate cortex, interconnected with the limbic system, plays
roles in attentional processes, memory retrieval and pain
modulation.29,30 Multimodal imaging studies have revealed
structural and functional alterations of the anterior, isthmus
and posterior cingulate areas in MS and other dystonias.24,31,32

The medial orbital gyrus is implicated in emotional processing
and reward responses, while increased cortical thickness may
indicate compensatory mechanisms following sensory circuit
imbalances.33

The gyrification index is one of the most commonly used
metrics for measuring cortical folding complexity. In this study, we
found a significant decrease in the gyrification index in the
fusiform, parahippocampal and inferior temporal regions of the
right hemisphere, consistent with our findings of cortical thickness

alterations. Abnormal folding patterns in the fusiform gyrus have
been associated with impairments in visual attention and cognitive
control in depression. Chen et al.34 reported a decreased
gyrification index in the right fusiform gyrus in patients with
major depressive disorder, which may indicate a correlation
between structural changes in the brain and psychological
symptoms in MS patients. The parahippocampal gyrus is a part
of the default mode network and is involved in pain processing,
memory and the stress response and plays roles in the
pathophysiological process of migraine, depression, anxiety and
tinnitus.35,36 In a study of patients with blepharospasm, Hou et al.37

demonstrated altered functional connectivity of the default mode
network, pointing toward its potential role in the pathogenesis of
dystonic symptoms. The inferior temporal cortex is crucially
involved in the visual recognition of objects, which could be related
to motor symptoms of the eye in MS patients.

The evaluation of cortical complexity revealed significant
increases in the left lingual, parahippocampal, isthmus cingulate
and precuneus cortexes in the MS group. Increased cortical
complexity in the left superior parietal gyrus and reduced sulcal
depth in the left inferior temporal gyrus, middle temporal gyrus
and fusiform gyrus were also observed. The lingual gyrus and
parahippocampal gyrus are implicated in visual and cognitive
functions, with structural abnormalities potentially under-
pinning nonmotor symptoms in MS. The precuneus, crucial for
memory and environmental perception, exhibits functional
abnormalities in movement disorders and depression.38,39 In
addition, the precuneus has been proven to be extensively
connected with the SMA,40 suggesting its role in MS
symptomatology.

Additionally, comparisons between MS patients with and
without sleep disorders revealed significant cortical indicator
changes in the inferior parietal, insula, lateral occipital and pars
triangularis regions. These regions are critical for motor control,
cognition, vision and language functions. Studies have highlighted
increased functional connectivity in the insula among individuals
with sleep disorders,39 Moreover, Kim et al.41 reported that the
activation level of the right insula correlates with the severity of
both sleep and depressive disorders, confirming the association of
this brain region with sleep disorders. Calcium imaging in the
cortical layers of mouse brains revealed spatiotemporal patterns of
global cortical activity related to sleep stages, with significant
activation observed in the occipital cortical areas, particularly
during rapid eye movement sleep.42 Cortical-level brain activity
participates in the control of sleep stages, while neurotransmitter
systems involving interactions among the brainstem, hypothala-
mus, basal forebrain, thalamus and cortex predominantly regulate
themodulation of sleep and wakefulness.43 However, this study did
not detect structural changes in these brain regions, underscoring
the need for further research with larger cohorts to explore the
underlying mechanisms of sleep disorders in MS patients.

Notably, although the detailed cortical metric SBM can be
extracted from the MS brain, it tends to attain less accuracy over
certain subcortical regions. For example, it is highly important

Table 8. Comparison of sulcus depth between SD group and NS group

Side Overlap with DK40 atlas Cluster size (no. of vertex) Cluster-level pFWE t value at peak

SD< NS Right 100% inferior parietal 45 0.388 3.7

SD = sleep disorder; NS = normal sleep.
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that alterations in the basal ganglia and the associated areas and
circuits are accounted for. However, due to the limitations of
mixed dystonia forms and relatively small sample sizes, previous
studies have produced inconsistent results, and the associations
of structural alterations in the basal ganglia of MS patients with
disease development and treatment response remain
unclear.17,44. In addition, although functional changes in certain
brain regions, such as the basal ganglia, are essential for the
development and maintenance of muscle tone disorders, they
may not necessarily lead to anatomical changes. As a result,
further research on a larger scale and with different modalities,
such as fMRI, is needed.

Conclusions

In summary, the findings of the present study strongly suggested
that MS patients have cortical structural abnormalities
compared with HCs. The alterations in cortical metrics are
predominant across the postcentral, precentral, superior frontal
and paracentral regions as well as the occipital and temporal
lobes, thus revealing the pathophysiology of motor and
nonmotor symptoms underlying MS. No significant difference
was detected when comparing MS patients with and without
sleep disorders. Future studies with larger sample sizes and
multiple modalities are needed to detect small but significant
differences in cortical parameters between groups of patients
with and without sleep symptoms.
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