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Accumulating evidence from neuroimaging studies has supported that chronic pain could
induce changes in brain function. However, few studies have focused on the dynamic
regional homogeneity (dReHo) of trigeminal neuralgia (TN). In this study, twenty-eight
TN patients and 28 healthy controls (HC) were included. Based on the resting-state
fMRI (rsfMRI), we detected abnormalities in dReHo in the TN patients. Patients with
TN had decreased dReHo in the left middle temporal gyrus, superior parietal lobule,
and precentral gyrus, and increased dReHo in the thalamus. Furthermore, the increase
in dReHo in the thalamus was positively correlated with duration of TN (r = 0.485, p
= 0.012). These results provide compelling evidence for abnormal resting-state brain
activity in TN and suggest that the duration of TN may play a critical role in brain function.
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INTRODUCTION

Trigeminal neuralgia (TN) is a common disease of the nervous system that manifests as episodes
of severe pain over a distributed area of one or more branches of the trigeminal nerve (1). TN has
an annual incidence of four to five per 100,000, and it is estimated that one in every 15,000-20,000
people worldwide is affected by TN (2-4). Despite the potential personal and social burden of TN,
its pathogenesis remains poorly understood.

Neuroimaging studies have shown that chronic pain (e.g., back pain, migraine, and
fibromyalgia) causes changes in brain structure and function (5-7). Recent studies have shown
that TN is associated with pain, attention, emotion, and structural changes in the brain (8-11).
Obermann et al. used voxel-based morphometry (VBM) to compare the brain morphology between
TN patients and healthy individuals and showed that TN patients had a reduction in the gray-
matter volume within multiple brain regions, which was similar to that found in our previous
study of TN gray-matter volume (8, 11). However, to the best of our knowledge, fewer studies have
explored the resting-state regional-homogeneity (ReHo) changes in TN patients and have yielded
inconsistent results (12-14). For example, a study by Yuan et al. showed an increased ReHo in
the anterior cingulate gyrus, middle temporal gyrus, and superior frontal gyrus and a decreased
ReHo in the insula and cerebellum of TN patients, compared with those of the control group
(13). In contrast, Wang et al. showed an increased ReHo in the inferior temporal gyrus, thalamus,
inferior parietal lobule, and precentral and postcentral gyri of TN patients and a decreased ReHo
in the amygdala, parahippocampal, and cerebellum (12). Xiang et al. reported an increased ReHo
in the inferior temporal gyrus, fusiform gyrus, middle temporal gyrus, superior frontal gyrus,
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and precentral gyrus of TN patients and no decrease in
ReHo (14). As such, whether or not TN development affects
spontaneous neural activity remains uncertain.

ReHo analysis is a form of data-driven resting-state functional
magnetic resonance imaging (rsfMRI) that measures the
temporal similarity of a given voxel to that of adjacent voxels
and does require knowledge of the experimental design in
advance (15, 16). Recently, dynamic ReHo (dReHo) has been
used as a research indicator to provide a new perspective for
abnormal brain activity (16). A previous dReHo study using the
sliding-window approach showed that brain regions with large
fluctuations in dReHo are often functional centers in the brain
(17). In addition, this research method has been extensively used
in the study of depression, schizophrenia, and bipolar disorder
(18-20). However, no relevant studies have reported in the
changes of dReHo in TN patients.

To investigate the spontaneous neural activity in the brain of
TN patients during the resting state, the present study measured
the dReHo throughout the entire brain. Based on our previous
findings, we hypothesized that TN patients have changes of
dReHo compared to that of controls in some temporal, parietal
regions. In addition, studies of different types of chronic pain
have shown that the structural and/or functional changes in
patients with pain are often associated with pain duration.
Therefore, we also hypothesized that the duration of pain is
related to abnormal dReHo.

MATERIALS AND METHODS
Subjects

Permission to undertake this study was granted by the ethics
committee of Guangdong Second Provincial General Hospital.
In 2017, we recruited 28 TN patients. Each of the TN patients
was screened according to the International Classification of
Headache Disorders version III criteria (1) to confirm the
diagnosis of TN. Prior to the examination, none of the patients
had undergone any psychotherapy. The inclusion criteria for
the patients were as follows: (i) age > 18 years; (ii) right-
hand dominance; (iii) unilateral pain in the distribution of one
or more branches (the ophthalmic [V1], the maxillary [V2],
and the mandibular [V3]) of the trigeminal nerve; (iv) no
psychiatric medications or substance abuse; (v) no MR imaging
contraindications; and (vi) no head trauma or neurologic
disorders. Exclusion criteria were: (i) patients with neural-
associated diseases or chronic pain other than TN; (ii) patients
with brain surgery history; (iii) contraindications to MRI.

Twenty-eight age- and gender-matched healthy controls (HC)
were also recruited for this study. The inclusion criteria for
healthy controls were as follows: (i) age > 18 years; (ii) right-hand
dominance; (iii) no psychiatric medications or substance abuse;
and (iv) no MR imaging contraindications. Written informed
consent was obtained from each subject.

Assessment of Mental Status

Before undergoing resting-state MRI, all TN patients were
screened for International Classification of Headache Disorders-
III and with visual-analog scales (VAS) in order to estimate the

intensity and frequency of the symptoms. In addition, emotional
assessments were conducted for all participants, via the self-
rating anxiety scale (SAS) (21) and the self-rating depression scale
(SDS) (22).

Data Acquisition

The MR imaging data was acquired on a 3.0T Philips
Ingenia MR scanner using a 32-channel head coil at the
department of Medical Imaging in Guangdong Second
Provincial General Hospital. The resting-state fMRI data
were acquired using gradient echo-planar imaging (EPI) with
the following parameters: repetition time (TR)/echo time (TE)
= 2,000 ms/30 ms; matrix = 64 x 64; field-of-view (FOV) =
230x230 mm; flip angle (FA) = 90; slice thickness = 3.6 mm,
0.6-mm gap; interleaved scanning; 38 transverse slices; 240
volumes; each volume was aligned along the anterior-posterior
commissure. T1-weighted 3D high resolution brain structural
images were obtained using a fast field echo (FFE) pulse
sequence with TR/TE = 7.9/3.6 ms, matrix = 256 x 256, (FOV)
= 256 x 256 mm, FA = 8°, slice thickness = 1.0 mm, and 186
sagittal slices.

Resting-State fMRI Data Preprocessing

The preprocessing of the functional images was performed with
the DPARSF 4.3 Advanced Edition (http://rfmri.org/DPARSF)
and the SPM12 package (www.fil.ion.ucl.ac.uk/spm) based in
MATLAB (Mathworks, Inc., Natick, MA, USA). First, for signal
equilibration the first 10 volumes of each dataset were discarded,
and the remaining data were processed with following steps:
slice-timing correction, realignment and co-registration with
the anatomical scan. Second, individual T1-weighted images
were co-registered with the functional images, and then were
segmented into gray matter, white matter and cerebrospinal fluid.
Third, these functional images were then normalized into the
Montreal Neurological Institute (MNI) space with a voxel size of
3 x 3 x 3 mm?>. We eliminated the data of subjects with motion
of more than 1.5-mm maximum displacement in any dimension
and 1.5 degrees of angular motion during the entire fMRI scan.
Fourth, linear-detrending processing was conducted to remove
the linear-signal drift. Individual-level regression analysis was
conducted to minimize the influence of head motion (Friston 24
model), white-matter signal noise, and cerebrospinal-fluid signal
noise. A temporal band-pass filter (0.08-0.10 Hz) was applied to
the data to remove the physical noise. Last, we performed spatial
smoothing with an 8-mm full-width at-half-maximum (FWHM)
kernel before performing the dReHo group analysis.

The dReHo calculation was as follows. The ReHo algorithm
measured the voxel-wise short-distance functional connectivity
with Kendall’s coefficient of concordance (KCC) (15) using the
following formula:

_ YR NR’ )
===
LK2(N3 = N)

where W is the KCC among the given voxels, N denotes the
length of the time series, K = 27 is the size of the voxel cluster
containing 3 x 3 x 3 adjacent voxels, Rj denotes the summation
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TABLE 1 | Demographic characteristics of the trigeminal neuralgia (TN) patients
and the healthy controls (HC).

Characteristic TN (n = 28) HC (n = 28) T-value P-value
Age (year) 37.4+£9.0 40.3+£10.3 —1.01 0.32
Sex (male/female) 14/14 14/14 1
Education (year) 11.8 £ 3.2 10.5 £4.3 1.20 0.24
Pain duration (year) 4.5+ 133 NA - -
Rating of clinical pain 89+ 16 NA - -
SAS 36.1 + 8.1 38.2+6.0 —0.97 0.34
SDS 38.1+95 39.1 £ 8.1 —0.39 0.70

SAS, self-rating anxiety scale (SAS); SDS, self-rating depression scale; NA, not applicable.

of the rankings of the BOLD signal amplitude of all K voxels at
the i time point, and R is the mean of R;.

First-level dynamic analyses were conducted as follows.
To compute the dReHo for these data, the time course was
segmented into 60-s Hamming windows (30 dynamics). By
sliding the onset of each window by two dynamics (4 s), for a total
of 101 overlapping windows in the first-level analysis, the dReHo
was estimated by using the calculated standard deviation (SD) of
the ReHo through the windows at each voxel, yielding a set of
ReHo maps for each participant.

Group-level dynamic analyses were completed as follows.
A two-sample t-test was performed to test the difference in
dReHo maps between the TN patients and healthy controls at
each voxel (23, 24) with head-motion parameters (mean FD
Jenkinson values), age, and sex as covariates. Correction for
multiple comparisons was performed with false discovery rate
(FDR) theory at the cluster level (p < 0.05, FDR correction).

In addition, we conducted analyses to test the association
between the clinical indicators (i.e., pain duration, SAS, and
SDS) of TN and dReHo within the TN group. We extracted the
mean signal of each dynamic and compared the ReHo variability
of the thalamus between TN patients and HCs (Figure 2). The
correlation analysis was performed with the SPSS software with a
signifcance threshold of p < 0.05 (uncorrected).

RESULTS

Demographic and Clinical Characteristics
The demographic and clinical data are summarized in Table 1.
No significant differences were observed between the TN and
HC groups in terms of age, gender, or education (p > 0.05). In
addition, SAS and SDS also showed no significant differences
between these two groups. The average duration of pain in the
TN group was 4.45 years.

dReHo Analysis

The TN patients exhibited an increased dReHo (more variability)
in the thalamus. We also found a decreased dReHo (less
variability) in the left middle temporal gyrus (MTG), superior
parietal lobule (SPL), and precentral gyrus (PCG; Table 2
and Figure 1).

Correlation Analysis

The correlation analysis revealed that the mean dReHo was
significantly positively correlated with the duration of TN in
the thalamus (r = 0.485, p = 0.012; Figure 2). However, no
other positive or negative correlations were found between the
mean dReHo values and disease duration in the other clusters
listed in Table 2. In addition, we found no significant correlations
between dReHo and pain duration, SAS or SDS.

DISCUSSION

In the present study, we used dReHo to explore the spontaneous
neural activity in the brain of TN patients and found abnormal
dReHo in TN patients compared to that of HCs. A decreased
dReHo was found in the left temporal lobe, parietal lobe, and
precentral gyrus. An increased dReHo was found in the thalamus
of the TN patients. Importantly, the increased dReHo in the
thalamus was related to the pain duration of the patients. This
study highlights the abnormalities of pain-perception, pain-
regulation, and motion-related systems in terms of altered
spontaneous neural activity in corresponding brain regions (12,
25, 26). The associated brain regions that we found were altered
in TN patients are known to be primarily involved in the pain-
management process of the central nervous system.

The dReHo of the MTG was decreased in the present study.
Many studies of chronic pain have shown pain-related activation
of the temporal lobe, suggesting that MTG is involved in
the perception of pain (27-29). For example, Freund et al.
performed two experiments using fMRI. The tested subjects were
required to distinguish between different degrees of thermal
stimulations, and activations in the insula, parietal lobe, and
temporal lobe were found (28). A study by Rottmann et al.
evaluated the effects of low-frequency electrical stimulation on
brain activation and showed that the test stimulation activated
the insula, anterior cingulate cortex, superior temporal gyrus,
and prefrontal cortex. Brain morphological studies have also
confirmed changes in temporal cortical structure in patients
with different pain disorders (30). Schmidt-Wilcke et al. used
voxel-based morphometry (VBM) to study a reduction in gray-
matter volumes in the left anterior cingulate gyrus and left
temporo-insular region in patients with persistent idiopathic
facial pain (31). One of our previous morphological studies
on TN has shown a reduced gray matter volume in the
middle temporal cortex (11). Combined with previous studies,
our present findings might indicate that the temporal cortex
is susceptible to chronic pain, and abnormalities in the
MTG may be associated with chronic pain perception. In
addition, the present study showed that the dReHo of the
parietal cortex was reduced, and that both the MTG and
parietal cortex (especially the angular gyrus) belonged to the
default mode network (DMN) (32). The DMN is involved
in internal processing, including autobiographic memory, self-
reference, and stimulus-independent thoughts (32, 33). When
the DMN is not in contact with the external environment,
it is usually active (34). We observed a decreased ReHo
in the temporal cortex and the parietal cortex, suggesting a
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TABLE 2 | Brain regions showing significantly changed dynamic regional homogeneity in the trigeminal neuralgia (TN) patients compared to the healthy controls (HC).

Brain region Cluster size MNI coordinates AAL Brodmann’s area Peak
T-value
X Y z
L MTG 85 —42 —60 9 Temporal_Mid_L 39 —5.26
Thalamus 84 3 -3 12 Thalamus_L - 5.16
L SPL 60 —15 —72 51 Parietal_Sup_L 7 —-5.78
L PCG 41 -39 —6 66 Precentral_L 6 —5.81

All regions listed are statistically significant at p < 0.05, FDR corrected.
MNI, Montreal Neurological Institute; AAL, Anatomical Automatic Labeling; L, left hemisphere; MTG, middle temporal gyrus; SPL, superior parietal lobule; PCG, precentral gyrus.

-3 3
t values

FIGURE 1 | Group differences of dReHo variability were revealed by two-sample t-test. Clusters color-coded in blue (red) indicate significantly decreased (increased)
dReHo in the trigeminal neuralgia (TN) patients. L (R), left (right) hemisphere.

maladaptation of brain activity caused by pain. It has been  second level of the pain-information-processing circuit that
reported that the lateral parietal cortex is involved in pain  supports the active, conscious, and cognitive assessment of pain
prediction through meta-analysis, which may represent the  perception (7).
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FIGURE 2 | Scatter plots of the mean dReHo of the clusters in the thalamus
positively correlated with the pain duration in the patients with trigeminal
neuralgia (TN).

In addition, in the present study, an abnormal change in the
ReHo value of the left precentral gyrus was found compared
with that of HCs. The precentral gyrus is part of the primary
motor cortex that reflects the sensory pain response, inhibition of
maxillary movement, and facial muscle tension (35). Even simple
and painless exercise can cause painful episodes in TN patients
(12). Therefore, limiting facial movement can reduce pain. A
change in the dReHo value of the precentral gyri suggested
that there is a local synchronization of brain activity and pain
regulation in TN patients. Thus, we hypothesize that the primary
motor cortex inhibits the pain response of the trigeminal nerve
and inhibits the maxillary tension to relieve pain.

In addition, increased dReHo was mainly located in the
thalamus, which is consistent with previous findings (12, 36).
A previous study showed increased ReHo in the thalamus of
TN patients and a low N-acetylaspartate/creatine ratio in the
thalamus on the affected side (37). Moreover, brain structural
examinations showed that the thalamic volume of TN patients
was higher than that of controls in the previous study (36). Thus,
we speculate that the increased dReHo may reflect a persistent
injury-induced input caused by pain, which is closely related to
the symptoms of TN. We also found that the mean dReHo value
of the thalamus was positively correlated with the duration of
disease; the longer the pain lasted, the higher the dReHo of the
thalamus, suggesting that chronic pain alters spontaneous brain
activity in function.

This study has some limitations. First, the cross-sectional
design of this study was not able to study the causal relationship
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