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Purpose: Hemifacial spasm (HFS), a rare neuromuscular movement disorder, is
characterized by unilateral, irregular, and paroxysmal facial muscle contractions. To
explore the central neural mechanisms of HFS, we conducted vertex-wise shape
analyses to investigate volume and shape alterations of subcortical structures, which
could help to better understand the abnormality in distinct subcortical regions and
determine alternative biomarkers of HFS.

Methods: Thirty patients with HFS and 30 age- and sex-matched healthy controls
provided written informed consent. T1-weighted structural magnetic resonance imaging
(MRI) data were collected from all participants. Vertex-wise shape analyses were
performed to assess the volume and shape alterations of subcortical structures following
HFS. Post hoc correlations with spasm severity and measures of mood dysfunction were
applied to characterize subcortical brain alterations.

Results: Compared with healthy controls, patients with HFS showed increased volume
in the right caudate specifically. Furthermore, patients exhibited significant shape atrophy
in the anterior medial aspect of left pallidum, together with shape expansion in the anterior
ventrolateral aspect of right caudate head. In addition, shape alteration in right caudate
was positively correlated with both anxiety and depression severity in patients with HFS.

Conclusions: This is the first study to employ vertex-wise shape analysis to investigate
subcortical brain abnormalities in patients with HFS. Our findings provide compelling
evidence for subcortical brain alterations specific to HFS, and further may shed light on
the pathophysiology of HFS and apply to the translational medicine.

Keywords: hemifacial spasm, orofacial muscle contractions, subcortical brain abnormalities, affective symptoms,
translational medicine

INTRODUCTION

Hemifacial spasm (HFS), a rare neuromuscular movement disorder, is characterized by unilateral,
irregular, and paroxysmal facial muscle contractions (1, 2). Its spasms usually start in the orbicularis
oculi muscle of the eyelid (3). As this disorder progresses, spasms spread to the orbicularis oris
around lips and buccinator muscles at the cheekbone (4). HES is not a life threating condition
with low incidence in the general population (5), but it is more prevalent among older adults and
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inevitably causes social embarrassment and mental distress,
which can affect patients’ functioning and quality of life (6).
Notably, patients with HFS demonstrate negative emotional
symptoms, which have been reported to be related to brain
structural alterations (7).

Subcortical structures including the basal ganglia and parts
of the limbic system (8) have vital roles in learning, attention,
memory, motor control, as well as emotion (9). Furthermore,
they are integrally involved in cognitive executive functions
through their structural and functional connectivity with
high-order cortical areas (10). Prior studies have revealed
alterations of subcortical regions in various psychiatric disorders
including autism spectrum disorders (11), depression (12),
and schizophrenia (13). However, little is known about the
contribution of subcortical abnormalities to the progress of HFS,
and it is not clear whether those alterations cause or result from
HEFS symptoms. To date, only one study has observed subcortical
alterations in HFS, which demonstrated reduced gray matter
volume in the thalamus, putamen, pallidum, and amygdala in
patients with HFS compared to healthy volunteers (7). The
data were processed by voxel-based morphometry (VBM) and
traditional volumetric (i.e., total volume) approach with inherent
limitations. Furthermore, the findings reflect a mix of variations
in shape, volume, and position of subcortical structures, and
depend on smoothing extents and accurate classification of
tissue type.

Vertex-wise shape analysis has been applied in studies of
subcortical morphology in various disorders (14-16), and has
been approved to overcome the limitations from the VBM and
traditional volumetric approach. This method uses a joint shape
and appearance model to robustly determine the subcortical
boundary. It then provides a local and direct measure of
geometric change that does not depend on the tissue-type
classification or arbitrary smoothing extent (17). To date, vertex-
wise shape analysis has not been performed to characterize
subcortical brain abnormalities in HFS condition.

Hence, in current study, we conducted vertex-wise shape
analyses to investigate volume and shape alterations of
subcortical structures in patients with HFS compared with
matched healthy controls. The objectives of this study are to: (1)
identify subcortical volume alterations in patients with HFS, (2)
identify subcortical shape abnormalities in patients with HFS.
Finally, we will test whether these subcortical abnormalities are
associated with clinical data.

MATERIALS AND METHODS

Participants

Thirty patients with HFS (18 females, mean age 48.80 4 11.73
years) were recruited from neurological clinics. The diagnosis
of HES was assessed by two experienced neurologists according
to the following criteria as typical hemifacial muscle spasms
with involuntary and intermittent onset and no neurological
deficit or sensory loss. Exclusion criteria were: secondary HES
caused by tumors and cysts, significant premorbid psychiatric
or neurological history, alcohol or substance misuse, and MRI
contra-indicators (e.g., metal implants, claustrophobia). Thirty

age- and sex-matched healthy controls were recruited (18
females, mean age 49.77 £ 11.61 years). Participants had no
history of psychiatric or neurological illness, alcohol or substance
misuse. This study was conducted in accordance with the
Declaration of Helsinki and had full ethical approval from the
ethics committee of the first affiliated hospital of Xi’an Jiaotong
University. Each participant gave written informed consent.

Neuropsychological Assessment

All subjects underwent a structured clinical interview and
completed a brief psychological assessment. The Hamilton
Anxiety Rating Scale (HAM-A) was used to evaluate anxiety
symptoms (18, 19), and the Hamilton Depression Rating Scale
(HAM-D) measured feelings of depression (20). The obtained
data were reviewed by a psychiatrist who was blinded to the
experimental groups. In addition, patients with HFS were also
assessed by Cohen evaluation scale (21) to quantify severity of
facial muscle contraction [0—4 scale: 0 = none; 1 = increased
blinking caused by external stimuli; 2 = mild, noticeable
fluttering, not incapacitating; 3 = moderate, very noticeable
spasm, mildly incapacitating; 4 = severely incapacitating (unable
to drive, read, etc.)].

MRI Data Acquisition

Neuroimaging data from patients with HES and healthy controls
were acquired on a 3.0-T scanner (Signa HDxt; GE Medical
Systems, Waukesha, WI, USA) with an 8-channel phased-array
head coil. For each subject, a T1-weighted high-resolution
structural image was acquired using axial fast spoiled gradient
recalled sequence with the following parameters: field of view
(FOV) = 256 mm x 256 mm, matrix size = 256 x 256, time
of repetition (TR) = 10.7 ms, time of echo (TE) = 4.9 ms, flip
angle (FA) = 15°, voxel size = 1.00 x 1.00 x 1.0 mm?>, and
scan duration = 4 min and 51 s. Next, a resting-state functional
magnetic resonance image scan and a diffusion tensor image scan
were carried out immediately after the survey, but they were not
discussed in this study.

Statistical Analysis of Demographical and

Clinical Variables

Demographical and clinical characteristics of all subjects were
analyzed using SPSS 25.0 software (Statistical Package for Social
Sciences, Release 25.0, IBM, Chicago, IL), and parametric
and non-parametric statistics were used as appropriate. Group
differences in age, HAM-A score, HAM-D score were evaluated
using independent samples t-tests; chi-square test was used to
estimate sex difference between groups.

Vertex-Wise Shape Analyses

MRI data analysis was processed using FSL tools (FMRIB
Software Library v6.0, https://fsl.tmrib.ox.ac.uk/fsl/) (22). First,
brain tissue volume, normalized for participant head size, was
estimated with SIENAX (Structural Image Evaluation, using
Normalization, of Atrophy) (23), part of FSL. By using SINEAX,
the volumes of neocortical gray matter (GM), total GM, white
matter (WM), cerebral spinal fluid (CSF), total intracranial
volume (TIV), and a volumetric scaling factor were acquired.
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Second, FSL-integrated registration and segmentation toolbox
(FIRST, part of FSL, https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FIRST)
(17), a model based automated registration and segmentation
tool, was used to specifically investigate neuroanatomical
alterations of subcortical structures in shape. Briefly, all
subcortical structures were segmented, from high-resolution
structural images, based on shape and appearance models using
Gaussian assumptions combined with a Bayesian probabilistic
approach (17). Then, the volumetric labels in terms of meshes
were automatically parameterized using deformable surfaces of
each subcortical structure. And the normalized intensities along
the surface of meshes were sampled and modeled. Finally, a
shape appearance model was performed based on multivariate
Gaussian assumptions. The shape was expressed as a mean with
modes of variation. Quality of segmentation and registration of
all subcortical structures were manually checked and confirmed
for each subject.

For the normalized volume of brain tissue (GM, total GM,
WM, CSE and TIV) from SIENAX, we conducted a univariate
mixed ANOVA with normalized volume as a dependent variable,
group (patients with HFS and healthy controls) as a between-
subjects factor and brain tissue as a within-subjects factor. SPSS
25.0 software was used for this statistical analysis.

Vertex-wise shape analyses of subcortical structures
were performed using a general linear model (GLM) with
permutation-based non-parametric testing (5,000 times
permutation using randomize) to examine group differences.
Maps showing significant group differences between patients
with HFS and healthy controls were generated by thresholding
the images of t statistics with cluster-based family-wise error
(FWE) correction of P < 0.05.

Quality Control of Structural MRI

For anatomical data, we checked the image quality to ensure that
there was no apparent motion artifact in each subject. All scans
were field inhomogeneity corrected. During the structural MRI
analysis, we inspected any artifact that could affect the processing,
including segmentation, normalization, etc. All structural MR
images from each participant were good for further analysis, so
we included all participants (30 patients with HFS and 30 healthy
controls, details seen in Table 1) in this study.

Volumetric Analyses

The absolute volumes of subcortical structures were calculated
from FIRST using fslstats command (https://fsl.fmrib.ox.ac.uk/
fsl/fslwiki/Fslutils). Then, normalized volumes of subcortical
structures were obtained by multiplying those absolute volumes
by a volumetric scaling factor of each subject from SINEAX.

To investigate volumetric alterations of subcortical structures
in HFS, three-way mixed ANOVA with a between-subjects
factor “group” (patients with HFS and healthy controls) and
two within-subjects factors “hemispheres” (left and right)
and “subcortical structures” (accumbens, amygdala, caudate,
hippocampus, pallidum, putamen, and thalamus) was performed
on normalized volumes. Post hoc analysis of simple-simple
effect was carried out with Bonferroni corrections using SPSS

TABLE 1 | Demographics and clinical variables of patients with HFS and
healthy controls.

Patients with Healthy Significance,
HFS (SD) controls (SD) P-value

Age (years) 48.80 (11.73) 49.77 (11.61) tsg =0.32, P =0.75
Sex (female/male) 18/12 18/12 x2 <0.01,P > 0.99
Duration of 3.38 (3.53) NA NA
disease (years)
Scores of Cohen 2.938 (0.74) NA NA
Scores of HAM-A 5.23 (2.66) 0.23(0.57) tss = 10.06, P < 0.01*
Scores of HAM-D 4.97 (2.77) 0.23(0.77) tss = 9.01, P < 0.01*

HFS, hemifacial spasm; SD, Standard Deviation; Scores of Cohen, spasm severity rating
via the Cohen evaluation scale; HAM-A, Hamilton Anxiety Rating Scale; HAM-D, Hamilton
Depression Rating Scale; NA, not applicable. *Significant difference between patient and
control groups.

25.0 software, and a threshold of P < 0.05 was considered
statistically significant.

Correlation Analyses

To examine whether subcortical structures alterations would be
associated with clinical parameters, non-parametric Spearman
correlation analyses were performed between volume index or
vertex index and clinical parameters in patients with HFS. The
significance threshold was Bonferroni corrected for multiple
comparisons. Therefore, findings were considered significant if
the P value was <0.0042 based on a P value <0.05/(3 subcortical
abnormality indexes x 4 clinical variables per subcortical
abnormality index).

RESULTS

Demographics and Neuropsychological

Assessment

Patients with HES and healthy controls were matched well for age
(48.80 £ 11.73 years old for patients and 49.77 = 11.61 years old
for controls, t53 = 0.32, P = 0.75) and sex (60% female patients
vs. 60% female controls, X% < 0.01, P > 0.99). In addition,
patients with HES reported significant levels of anxiety (t53 =
10.06, P < 0.01) and felt more depressed (t53 = 9.01, P < 0.01)
than healthy controls, which were measured by HAM-A and
HAM-D, respectively. Patients with HFS had moderate spasm
severity (2.93 £ 0.74) with a mean disease duration of 3.38 years.
Demographic and clinical data were all presented in Table 1.

Measures of Brain Tissue Volume

A 2 x 5 (Groups x Brain Tissue) mixed measures ANOVA was
performed to examine group differences according to brain tissue
volume. Notably, there was no significant Group-by-Brain Tissue
interaction [F(4 gy = 1.218, P = 0.303], reflecting the fact that
there were no significant group differences in brain tissue (GM,
total GM, WM, CSE, and TIV) volume.

Volume Alteration in Right Caudate
The 2 x 2 x 7 (Groups x Hemispheres x Subcortical
Structures) mixed measures ANOVA of subcortical volumes
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revealed a significant Groups-by-Hemispheres-by-Subcortical
Structures interaction effect [F(s, g12) = 9.13, P < 0.001, Table 2].
A post hoc analysis was then performed on the interaction
effect with Bonferroni adjustment and confirmed a significant
difference in right caudate with greater volume in patients with
HEFS compared with healthy controls [F(;, g25) = 4.09, P = 0.043,
Figure 1]. Other subcortical structures did not show any volume
alterations in HFS patients.

Shape Abnormalities in Left Pallidum and
Right Caudate

Vertex-wise shape analyses revealed areas of significant shape
atrophy in the anterior medial aspect of left pallidum in patients
with HFS compared to healthy controls (P < 0.05, FWE

TABLE 2 | Normalized volumes (mm?) of subcortical structures in patients with
HFS and healthy controls.

Hemisphere Subcortical Patients with Healthy
structures HFS (SD) controls (SD)

Left Accumbens 683.47 (172.25) 660.86 (125.34)
Amygdala 1561.99 (225.25) 1537.49 (274.04)
Caudate 4505.34 (614.87) 4509.03 (618.91)
Hippocampus 5027.18 (583.45) 5020.36 (690.21)
Pallidum 2411.15 (156.19) 2545.55 (538.50)
Putamen 7002.80 (614.24) 7002.59 (748.26)
Thalamus 10848.63 (630.63) 10607.66 (1136.85)

Right Accumbens 522.71 (103.95) 519.07 (127.30)
Amygdala 1422.99 (272.76 1413.56 (317.02
Caudate 6350.62 (738.88 4632.59 (703.44

Hippocampus

( )
( )
5151.10 (535.87)
( )
( )

( )
( )

5193.64 (652.86)
( )
( )
(

Pallidum 2418.75 (186.37 2498.08 (568.78
Putamen 6854.08 (659.67 6802.52 (752.00
Thalamus 10507.01 (688.90) 10332.04 (1180.14)

HFS, hemifacial spasm, SD, Standard Deviation.

corrected; Figure2 and Table 3). Besides, patients with HFS
exhibited significant shape expansion in the anterior ventrolateral
aspect of right caudate head in contrast to healthy controls (P
< 0.05, FWE corrected; Figure 3 and Table 3). There were no
significant alterations in other subcortical structures in patients
compared to controls.

Subcortical Abnormalities Correlation With
Clinical Parameters

Shape alterations in right caudate was positively correlated with
both anxiety (p = 0.861, P < 0.001, Bonferroni corrected,
Figure 4) and depression scale (p = 0.723, P < 0.001, Bonferroni
corrected, Figure 4) in patients with HFS. No other significant
correlations were observed in patients with HFS between
other clinical parameters (disease duration, spasm severity) and
subcortical structural alterations (all P > 0.05).

DISCUSSION

To our knowledge, this is the first study to employ vertex-
wise shape analysis to investigate subcortical morphologic
abnormalities in patients with HFS. The goal of this study
was to examine subcortical aberrations in distinct subcortical
regions and determine informative biomarkers of HFS. Among
subcortical structures, we found increased volume specifically in
the right caudate in patients with HFS compared with healthy
controls. Moreover, patients with HFS exhibited significant shape
atrophy in the anterior medial aspect of left pallidum, along
with shape expansion in the anterior ventrolateral aspect of right
caudate head when compared to healthy controls. In addition,
more severe affective symptoms were associated with increased
shape expansion in the anterior ventrolateral aspect of right
caudate head in patients with HFS, providing support for the
evidence that subcortical brain abnormalities reflect emotional
disorders in patients with HFS (7).

Specifically, we observed that patients with HFS showed
shape atrophy in anterior medial aspect of the left pallidum,
which is known to link to motor abilities (24, 25). The
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FIGURE 2 | Results of vertex-wise shape analysis for left pallidum. The red-yellow colors indicate shape atrophy in anterior medial aspect of the left pallidum following
patients with HFS compared to healthy controls (P < 0.05, FWE corrected). Blue models represent the original left pallidum structure. The color bar indicates P values.

TABLE 3 | Shape abnormalities in left pallidum and right caudate following
patients with HFS compared to healthy controls.

Subcortical Side Vertices Peak MNI coordinates t P2
structure

X y z
SHAPE ATROPHY IN HFS
Pallidum L 23 11 5 -3 3.841 0.027
SHAPE EXPANSION IN HFS
Caudate R 57 20 22 -1 3.076  0.047

MNI, Montreal Neurological Institute; HFS, hemifacial spasm; L, left; R, right. 4P < 0.05,
family-wise error corrected.

pallidum is a hub inside the basal ganglia with widespread
projections to all the other subcortical structures of the motor
circuit (26) and receives highly convergent and topographically
organized projections from the dorsal striatum (26). Pallidum
alterations have been previously reported in other movement-
related disorders (27, 28). To date, only one study that used VBM
method reported volume alterations in the pallidum in patients
with HFS (7). Possible explanations for this discrepancy may
be the presence of focal disease related morphological changes
within subcortical structures which does not affect the global
brain volume significantly. Moreover, vertex-wise shape analyses
permitted detection of shape deformations in localized areas
among subcortical structures (17, 29). Shape atrophy of the
left pallidum was found in HFS group, although no significant
relationship was discovered between shape alteration of left
pallidum and spasm severity. As the disorder progresses, spasms

inevitably cause severe dysfunction of facial muscles (4). Further
research is needed to determine whether pallidum abnormality is
associated with other movement functions in HFS.

Furthermore, we detected increased right caudate volume
following HFS. Previous studies have observed caudate volume
reduction in various disorders and its associations with mood
symptoms (30, 31). However, our finding of the larger-than-
normal volume of caudate was inconsistent with these previous
findings. This discrepancy might be owing to social phobia
and depression accompanied by HEFS, which may, in turn,
have a cumulative effect on the caudate morphology. Moreover,
patients with HFS also exhibited shape expansion in the anterior
ventrolateral aspect of right caudate head. It should be noted
that the ventral caudate is well-known as a vital component of
the ventral striatum, and its related-neural circuits are involved
in emotional processing (32, 33). Hence, shape expansion of
ventral caudate in HFS may be due to the mood dysfunctions
suffered by patients inducing ventral caudate alterations as this
disorder progresses.

In addition, shape alteration in the right caudate was positively
correlated with both anxiety and depression scale in patients with
HES, supporting an interaction that links mood dysfunctions to
subcortical morphologic abnormalities in HFS. Previous studies
have proved that caudate abnormality was significantly associated
with depression severity in late-life depressive disorder (30) and
anxiety levels in generalized anxiety disorder (34). The right
caudate volume and shape abnormalities suggest that the caudate
plays a critical role in mood characteristic of HES, even though
the temporal or pathophysiologic nature of caudate alterations
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in HFS have not been previously reported. It is unknown
whether mood dysfunction leads to cellular alteration or vice
versa in caudate as HFS progresses. However, because these
relationships were identified in HFS, our findings suggest that
caudate abnormalities could be important for further study of
trans-diagnostic brain-behavior relations in HFS.

Several limitations of this study bear acknowledgment here.
First, the sample size of both groups is small. Future work
with larger samples is needed to confirm these findings and
improve the reliability of the results. Furthermore, the affected
side of HFS need to be considered with a large sample size
of patients in future work. Second, we could not examine
whether subcortical abnormalities observed herein precede HFS
symptoms, precipitating their development, or instead represent
sequelae of mood dysfunctions in our cross-sectional design.
Prospective longitudinal studies are needed to delineate causes
from consequences in the underlying mechanism of subcortical
brain alterations in HFS.

In summary, this is the first study to employ vertex-wise
shape analysis in HFS, which can reveal precisely subtle and
localized alterations among subcortical structures. Compared
with healthy controls, patients with HFS showed increased
volume specifically in the right caudate. In addition, patients with
HES exhibited significant shape atrophy in the anterior medial
aspect of left pallidum together with shape expansion in the
anterior ventrolateral aspect of right caudate head. Moreover,
shape alterations in right caudate were positively correlated
with both anxiety and depression scale in patients with HFS.
Taken together, our findings provide compelling evidence for
subcortical brain abnormalities specific to HFS, and further may
shed light on the pathophysiology of HES and apply to the

translational medicine.
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