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Altered Spontaneous Brain Activity in Patients
With Idiopathic Trigeminal Neuralgia

A Resting-state Functional MRI Study
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Objectives: To identify the changes of local coherence and intrinsic
brain activity in resting-state idiopathic trigeminal neuralgia (ITN)
patients by using regional homogeneity (ReHo) and fractional
aptitude of low-frequency fluctuation (FALFF) analysis.

Methods: ReHo and fALFF were analyzed in 23 ITN patients and
23 age-matched and sex-matched pain-free controls to detect the
functional abnormality in the brains of ITN patients. Correlations
between ReHo and fALFF were analyses. ITN pain intensity were
also assessed in the ITN group.

Results: Compared with pain-free controls, ITN patients exhibited
significantly abnormal ReHo and fALFF in several brain regions,
including the cerebellum, cingulate cortex, temporal lobe, putamen,
occipital lobe, limbic lobe, precuneus, insula, medial, and superior
frontal gyrus compared with healthy controls. Correlation analysis
showed that ReHo values of several altered brain areas positively
correlated with visual analog scale values. But no correlation was
found between fALFF and visual analog scale.

Discussion: Our results showed that ITN patients exhibited sig-
nificantly abnormal spontaneous brain activity in several brain
regions that are involved in pain modulation and perception. The
present study reflects the maladaptive process of daily pain attacks
and may enhance the understanding of how chronic pain affects
local intrinsic brain activity.
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chronic pain, regional homogeneity (ReHo), fractional aptitude of
low-frequency fluctuation (FALFF)

(Clin J Pain 2018;34:600-609)

Received for publication July 31, 2017; revised November 9, 2017; accepted
December 2, 2017.

From the *Department of Anesthesiology, Shanghai Children’s Medical
Center, Shanghai Jiaotong University School of Medicine, Shang-
hai; Departments of Anesthesiology; §Radiology, Affiliated Hos-
pital of Zunyi Medical College; and {Guizhou Key Laboratory of
Anesthesia and Organ Protection, Zunyi Medical College, Zunyi,
Guizhou, China.

Supported by the Shanghai Municipal Commission of Health and Family
Planning, Key Developing Disciplines (grant no. 2015ZB0106),
Shanghai, Chian, Pudong New District Science and Technology
Development Innovation Foundation, Shanghai, China (grant
no. PKJ 2013-Y61). The authors declare no conflict of interest.

Reprints: Mazhong Zhang, PhD, Department of Anesthesiology,
Shanghai Children’s Medical Center, 1678 Dongfang Road,
Shanghai 200127, China (e-mail: shmzmzz@sina.com).

Copyright © 2018 The Author(s). Published by Wolters Kluwer Health,
Inc. This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download
and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from
the journal.

DOI: 10.1097/AJP.0000000000000578

600 | www.clinicalpain.com

diopathic trigeminal neuralgia (ITN), the most prevalent

disease resulting in facial pain, is characterized by parox-
ysmal, electric, lancinating pain sensations, and a variety of
sensory experiences.! It is usually evoked by innocuous sen-
sory stimuli but often occurs spontaneously. According to
current opinion, ITN is supposedly caused by an ectatic blood
vessel (either an artery or vein) affecting the trigeminal nerve
at the root entry zone of the brain stem and secondary
demyelination, probably mediated by microvascular ischemic
damages.2 The annual incidence of ITN is 0.04%, and it is
estimated to affect 1 in 15,000 to 20,000 people worldwide.>*
Jannetta® first reported that 88% of his ITN patients had a
nerve-vessel conflict (usually involving the superior cerebellar
artery). And almost 90% of ITN patients will get pain relief
after the microvascular decompression surgery, but there is no
explanation why 30% of patients will experience recurrence of
their pain.7 Therefore, Hamlyn and King® proposed that a
nerve-vessel conflict may represent a risk factor for the
development of ITN but alone does not elicit the disease. To
date, despite the prevalence of ITN and its potential medical
and social burdens, the pathogenesis underlying ITN remains
poorly understood.

Over the past 2 decades, accumulated neuroimaging
studies have improved our understanding of how chronic pain
—such as migraines, phantom limb pain, fibromyalgia,
chronic back pain, and visceralgia—induces brain morpho-
logic and functional changes in the brain’s nociception mod-
ulatory areas.”!! Possible involvement of central components
has come more and more into focus in current research, but
still has an indistinct role in the pathophysiology of ITN.
Several independent voxel-based morphometry studies
showed gray matter (GM) changes in the bilateral superior
temporal gyrus (STG)/middle temporal gyrus (MTG), thala-
mus, putamen, anterior and posterior insula, and primary
somatosensory cortex in patients with ITN compared with the
healthy controls.'>!% Central hyperexcitability of the trige-
minal system caused or sustained by peripheral mechanisms
(eg, nerve-vessel conflict) was also discussed.!>1°

However, to the best of our knowledge, very few
studies have explored intrinsic brain activity alterations in
individuals with ITN. Therefore, the present study was
designed to determine whether changes of local coherence
and intrinsic brain activity as well as associated brain
regions that can become therapeutic targets, to help pain
specialists relieve the suffering and improve quality of life of
individuals with ITN.

Resting-state functional magnetic resonance imaging
(rs-fMR]) is widely used to investigate the central mecha-
nisms of chronic pain.!”!® Rs-fMRI allows a shorter
scanning time and provides a wide variety of results from
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multiple analytic approaches. Recently, data-driven meth-
ods like regional homogeneity (ReHo0)?%2! and fractional
aptitude of low-frequency fluctuation (FALFF)?2 have been
introduced. Data-driven methods do not need to determine
a hypothesis-based seed region of interest for analysis, and
they are useful for studies of symptomatic individuals
without known underlying specific pathology such as our
study population of ITN patients. Moreover, because it
differs from the more commonly used seed-based resting-
state functional connectivity analysis; the new data-driven
method allows us to investigate intrinsic brain activation
patterns in the whole brain.

Among the data-driven methods, ReHo was first pro-
posed by Zang et al,? suggesting that ReHo exhibits
superior performance compared with model-driven meth-
ods, due to its sensitivity in the detection of unpredicted and
complex spontaneous hemodynamic responses in human
brain function.”> Baumgartner et al** used the Kendall
coefficient of concordance (KCC) for purification of the
activated brain clusters. On the basis of their purification
work and Zang’s own previous region growing method,?
ReHo assumes that a given voxel is temporally similar to
that of its neighbors. KCC was used to measure ReHo of the
time series of a given voxel with those of its nearest neigh-
bors in a voxel-wise way. Then, ReHo evaluates similarities
between time series of a given voxel and its nearest neigh-
bors, so ReHo reflects the local coherence of local sponta-
neous neuronal activity.26 Specific alterations of ReHo
values have been identified for the various types of chronic
pain.2”2 In contrast, the amplitude of low-frequency fluc-
tuations (ALFF) is an index and its value is the average
square root of power of spectrum, which is used to detect the
regional spontaneous neuronal activity by rs-fMRI.3? This
index was subsequently used to differentiate 2 resting states,
that is, eyes open versus eyes closed.>! Moreover, ALFF has
already been applied to patient studies including chronic
pain,3>33 attention deficit hyperactivity disorder,3* and early
Alzheimer disease.?® However, it has been indicated that the
ALFF is also sensitive to the physiological noise.3® Then, a
fractional ALFF (fALFF) approach was proposed. fALFF
is measured by dividing the chosen low-frequency band (eg,
0.01 to 0.08 Hz) by all the frequencies measured and has
proven to be more gray-matter—specific and sensitive to
detect spontaneous brain activities.?>3* The advantage of
this method thus is its ability to determine the corresponding
region of impairment, which may prove to be a therapeutic
target in the future.

Therefore, the aim of the present study was to detect
alterations in intrinsic brain activity in individuals with ITN

and to use these data to identify specific brain areas that
may be associated with the development and persistence of
this debilitating facial pain, as well as to perform a corre-
lation analysis between the intrinsic neural activity index
and clinical variables.

METHODS

Participants

This fMRI study was approved by the ethics committee
of the local hospital and informed consent was obtained
from all participants. In total, 23 right-handed ITN patients
were recruited from the Pain Medicine Department of this
hospital between March 2016 and 2017. The diagnosis of
ITN was reconfirmed in a face-to-face interview by experi-
enced neurologists according to the International Classi-
fication of Headache Disorders (ICDH-II) criteria.?”3% All
patients had active painful attacks at time of study inclusion
and all patients receive no preventative treatment before
scan. The following criteria for an ITN diagnosis were used:
(1) unilateral pain in the distribution of one or more
branches (the ophthalmic [V1], the maxillary [V2], and the
mandibular [V3]) of the trigeminal nerve; (2) stereotypical
attacks with characteristic (intense, sharp, superficial, or
stabbing paroxysmal) pains precipitated from trigger areas
or by trigger factors for each patient; (3) no additional
neurological or sensory deficits in all patients; and (4) no
prior microvascular decompression surgery or other invasive
treatments for ITN (ie, percutaneous radiofrequency ther-
mocoagulation). Three patients were excluded for remark-
able cerebral infarctions or head movement. Finally, data
from 23 patients were analyzed: 14 men and 9 women,
ranging in age from 41 to 84 years (mean, 59.6y). In total,
23 age-matched and sex-matched right-handed pain-free
volunteers (12 men and 11 women, ranging in age from 45
to 78y, mean 63.1y) were recruited as controls. Nineteen
patients showed a nerve-vessel conflict on MRI. All
participants had no head traumatic before fMRI scan. All
volunteers in the control group were free from pain, brain
structural abnormalities, and neuropsychiatric disorders.
For demographics and participants characteristics, see
Table 1.

Image Acquisition

fMRI experiments were performed using a GE Sigma
HDxT 3.0-T MRI scanner (General Electric Company) with a
standard 8 channel head coil. Rs-fMRI data were acquired
using an echoplanar image sequence with parameters as
follows: thickness/gap=4.0/0 mm, matrix =64x64, repetition

TABLE 1. Demographic and Clinical Characteristics of the Participants

n=23
ITN Patients Pain-free Controls P
Age (mean  SEM) (y) 59.6+12.5 63.1£9.8 0.29 (2-sample ¢ test)
Sex (male:female) 14/9 12/11 >0.76 (x> test)
Education (y) 9.4+32 11.3+4.3 0.72 (2-sample ¢ test)
Duration of illness (y) 5.69%+3.33 NA —
Pain location V1/V2/V3 (%) 2 (0.22)/11 (0.39)/10 (0.39) NA —
VAS score (mean = SEM) 8.1t1.6 NA —
Nerve-vessel contact detected on MR1 19 NA —

ITN indicates idiopathic trigeminal neuralgia; MRI, magnetic resonance imaging; NA, not applicable; SEM, SE of the mean; V1, ophthalmic; V2, maxillary

division; V3, mandibular division; VAS, visual analog scales.
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time = 2000 ms, echo time =40 ms, flip angle =90 degrees, field
of view (FOV)=240x240 mm. A total of 210 timepoints and
33 axial slices were obtained in 7 minutes. High-resolution
anatomic 3-D T1 (repetition time = 5.8 ms, echo time=1.8 ms,
flip angle=12 degrees, thickness/gap=1.0/0 mm, 196 sagittal
slices, FOV =256X256 mm, matrix =256%X256) images were
also acquired.

Image Processing

Preprocessing was performed using the Data Process-
ing Assistant for Resting-State fMRI (DPARSF, http://rest.
restfmri.net/forum/DPARSF)*® and SPMS8 (Wellcome
Department, University College of London, UK) software
based on MATLAB R2012a (MathWorks). DPARSF was
used to allow for scanner calibration and participants’
adaptation to the scan, so the first 10 volumes were dis-
carded. The remaining 200 volumes were further analyzed.
Processing steps included slice timing, head-motion correc-
tion, spatial normalization in the Montreal Neurological
Institute space, and resampling with a 3x3x3 mm3 reso-
lution. Patients in pain may invariably move in the scanner;
participants with head-motion >2.0 mm of translation or
>2.0 degrees of rotation in any direction were excluded
from further processing. The linear trend of the fMRI data
was removed.

For ReHo, the band-pass filtering (0.01 to 0.08 Hz) was
conducted to discard high-frequency physiological noise and
the frequency drift <0.01 Hz.*0 The Resting-State fMRI
Data Analysis Toolkit (REST, http://rest.restfmri.net) 1.8*!
was then used to generate individual ReHo maps by cal-
culating the KCC of the time series of a given voxel with
those of its neighbors (26 voxels) in a voxel-wise way.20 As
such, ReHo reflects the local coherence of spontaneous
neuronal activity. Then a whole-brain mask was adopted to
remove the nonbrain tissues. For standardization purposes,
the individual ReHo maps were divided by their own global
mean KCC within the whole-brain mask. Then spatial
smoothing was performed on the standardized individual
ReHo map with a Gaussian kernel of 4 mm full-width at
half maximum.*? fALLF represents the power or amplitude
of intrinsic brain activity in a given voxel.

After the preprocessing, fALFF calculations were
performed described previously.*>** Briefly, the resampled
images were smoothed with a Gaussian kernel of 4 mm.
Then the frequency band filtering was set at 0.01 to 0.08 Hz,
and the time courses were converted to the frequency band
using a Fast Fourier Transform. To reduce the global effects
of variability across participants, each result map was
respectively normalized by the global mean of the ReHo
and the fALFF value.* The mean and SD of each indi-
vidual’s ReHo and fALFF values were calculated by
DPARSF within the whole-brain threshold mask. Z-scores
were then calculated in a voxel-wise way by subtracting the
mean ReHo and fALFF value from each voxel’s value, and
then dividing by the SD of ReHo and fALFF value,
respectively. In this way, the Z-score represents a voxel’s
ReHo and fALFF value in relation to all voxels in the whole
brain. Therefore, the positive Z-score represents higher
synchronicity (ReHo) or activity (fALFF) in that individu-
al’s brain. Likewise, a negative Z-score represents lower
synchronicity or activity.**

Statistical Analyses
Demographic and clinical data were analyzed with
Prism 6.0 (GraphPad Software Inc.). Two-sample ¢ tests

602 | www.clinicalpain.com

were used for detecting the differences in the age, visual
analog scale (VAS) scores, and pain duration between ITN
patients and pain-free controls. A x> test was used to assess
the difference in sex composition between the ITN and
pain-free controls. The threshold criterion for statistical
significance was P <0.05.

The protocol for determination of significance of ReHo
and fALFF was as reported previously.!®#* Briefly, 2-sam-
ple ¢ tests were conducted in a whole-brain voxel-wise way
with REST 1.8 to compare ReHo and fALFF between the
ITN patients and the pin-free controls. To determine the
significance of ReHo and fALFF, multiple comparison
corrections were performed by Monte Carlo simulations*®
using the REST AlphaSim utility.*! Voxels with P <0.05 (by
2-tailed tests, corrected by AlphaSim, rmm =4 mm, cluster
size > 1458 mm? [54 voxels]; http://afni.nih.gov/afni/docpdf/
AlphaSim.pdf) were regarded as showing a significant dif-
ference between 2 groups. For correlation analysis between
ReHo, fALFF, and VAS, the Pearson correlations were
performed in a whole-brain voxel-wise way with REST
toolbox. P<0.05 (2-tailed, AlphaSim corrected) again was
set as the threshold for a significant difference. The REST
Slice Viewer was routinely used for displaying the results*!
and generating graphs. The brain areas can be overlaid on
structural brain images. A color-bar was set to illustrate the
threshold.**

RESULTS

Comparison of ReHo Between ITN and Control
Group

In comparison with the control participants, ITN
patients showed significantly increased ReHo in the poste-
rior lobe of the cerebellum, anterior cingulate and MTG, the
precuneus, and the medial and superior frontal gyrus. Lower
ReHo was mainly observed in the cerebellum and insula
(Table 2 and Fig. 1).

Comparison of fALFF Between ITN and Control
Group

In comparison with the controls, ITN patients showed
increased fALFF mainly in the left and right putamen.
Lower fALFF was observed in the occipital lobe (Table 3
and Fig. 2).

Correlation Between ReHo Value and VAS Score

As shown in Table 4 and Figures 3 and 4, the ReHo
value of the posterior lobe of the cerebellum and the MTG
were positively correlated with VAS score. Nevertheless, the
ReHo value of the anterior cingulate cortex (ACC), pre-
cuneus, medial frontal gyrus, superior frontal gyrus, and
insula were negatively correlated with VAS score (Table 4
and Figs. 3, 4).

Correlation Between fALFF Value and VAS Score

According to the correlation analysis, there was no
significant statistical relationship between the fALFF values
and the VAS score.

DISCUSSION
In this study, we evaluated abnormal local coherence
and spontaneous brain activity in ITN patients using data-
driven analyses, the ReHo and fALFF. Compared with
pain-free controls, ITN patients showed abnormal local
coherence (ReHo) and intrinsic brain activity (fALFF) in

Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Brain Areas With ReHo Differences Between the ITN and Control Groups (P<0.05, AlphaSim Corrected)

Peak MNI Coordinate

Region (R; L) x y z Peak T-value Voxel Size Brain Volume (mm?)
ITN > control
Cerebellum posterior lobe_R 57 —54 —-42 3.6763 84 2268
Anterior cingulate cortex_R 15 51 30 5.2292 61 1647
Middle temporal gyrus_L —42 -87 30 3.5438 84 2268
Precuneus_R -6 —-66 24 3.2829 141 3807
Medial frontal gyrus L -12 48 24 4.5206 259 6993
Superior frontal gyrus_L =21 15 66 3.6261 83 2241
ITN <control
Cerebellum_R 9 —48 0 —4.6973 431 11,637
Insula_L —42 -12 6 —4.6319 133 3591

Coordinates x, y, z (mm) are given in standard stereotactic MNI space. All regions listed are statistically significant at P <0.05, AlphaSim corrected.
ITN indicates idiopathic trigeminal neuralgia; L, left; MNI, Montreal Neurological Institute; R, right; ReHo, regional homogeneity.

many brain regions. The patterns of ReHo and fALFF
alterations we found in ITN patients were comparable with
what was previously described in other chronic pain con-
ditions, and seems to reflect the cortical ada })tatlon to long-
term, hlghly frequent pain perceptions.”’ Significantly
abnormal local coherence and spontaneous brain activity
occurred in regions of the brain that are associated with pain
perception and modulation. Compared with pain-free con-
trols, ITN patients showed widely distributed ReHo alter-
ations, such as decreased ReHo in right cerebellum and left
insula and increased ReHo in the posterior lobe of the right

cerebellum, as well as the right ACC, left MTG, right pre-
cuneus, left medial frontal gyrus, and left superior frontal
gyrus (Table 2 and Fig. 1). Most importantly, the abnormal
ReHo values of several regions were associated with self-
reported pain intensity (VAS) (Table 4 and Figs. 3, 4).
Compared with pain-free controls, the ITN patients
showed fALFF increases in the left and right putamen.
Lower fALFF was observed mainly in the left occipital
cortex and right limbic lobe (Table 3 and Fig. 2). Never-
theless, there was no significant correlation between the
fALFF and VAS value according to the Pearson correlation

FIGURE 1. Clusters showing ReHo differences between ITN patients and pain-free controls in axial (A) and sagittal (B) slices. The cold
colors indicate lower ReHo in ITN patients than healthy control group, whereas the warm colors mean vice versa (P<0.05, AlphaSim
corrected). Brain images are displayed in radiology convention (eg, the left in the figure represents the right side of patients’ brains and
vice versa). ITN indicates idiopathic trigeminal neuralgia; ReHo, regional homogeneity.

Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 3. Brain Areas With fALFF Differences Between the ITN and Control Groups (P<0.05, Alphasim Corrected)

Peak MNI Coordinate

Region (R; L) x y z Peak T-value Voxel Size Brain Volume (mm?)
ITN > control
Putamen_R 24 6 9 4.4156 109 2943
Putamen_L =30 -3 -6 3.9996 122 3294
ITN < control
Occipital lobe_L =21 =72 -6 -3.915 56 1512
Cerebellum_R 33 =54 =30 —3.0042 56 1512

Coordinates x, y, z (mm) are given in standard stereotactic MNI space. All regions listed are statistically significant at P <0.05, AlphaSim corrected.
fALFF indicates fractional amplitude of low-frequency fluctuation; ITN, idiopathic trigeminal neuralgia; L, left; MNI, Montreal Neurological Institute;

R, right.

analysis. These brain regions with abnormal activity may be
important brain areas for the development and maintenance
of chronic pain in general and ITN in particular. Our study
underlined the impairment of local synchronization of pain
perception and modulation-related brain systems that is
associated with central pain processing in patients with ITN.

Our findings are in line with other functional and
structural brain imaging studies on chronic facial pain.
Wang et al*® found that ReHo values were reduced in
similar regions such as the cerebellum and increased in the
temporal gyrus in patients with ITN. Yu et al?’ investigated
26 patients with migraine without aura and reported that
they had significantly decreased ReHo values in the right

rostral ACC, the prefrontal cortex (PFC), the orbitofrontal
cortex, and the supplementary motor area. In structural
imaging studies, Obermann et al'* reported that GM
volume was reduced in the primary somatosensory and
orbitofrontal cortices, as well as the in the secondary
somatosensory cortex, thalamus, insula, ACC, cerebellum,
and dorsolateral PFC in patients with ITN. Li et al'3
demonstrated that the bilateral STG/MTG, bilateral para-
hippocampus, left ACC, caudate nucleus, right fusiform
gyrus, and right cerebellum had decreased GM volume in
patients with trigeminal neuralgia. Interestingly, a recent
structural study demonstrated that decreased GM volume
was found in the ACC and middle cingulate cortex, insula,

o
o
m
.

FIGURE 2. Clusters showing fALFF differences between ITN patients and pain-free controls in axial (A) and sagittal (B) slices. The cold
colors indicate lower fALFF in ITN patients than pain-free control group, whereas the warm colors mean vice versa (P<0.05, AlphaSim
corrected). Brain images are displayed in radiology convention (eg, the left in the figure represents the right side of patients’ brains and
vice versa). fALFF indicates fractional amplitude of low-frequency fluctuation; ITN, idiopathic trigeminal neuralgia.
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TABLE 4. Correlation Between ReHo Values and VAS Scores

Peak MNI Coordinate

Region (R; L) x y z Peak R-value Voxel Size Brain Volume (mm?)
+correlation
Cerebellum posterior lobe_R -36 -60 -63 0.7478 319 8631
Middle temporal gyrus_L 42 6 —45 0.7193 87 2349
—correlation
Anterior cingulate cortex_R -3 24 33 -0.7339 57 1539
Precuneus_R 30 =78 6 —-0.7033 68 1836
Medial frontal gyrus_L 39 18 21 -0.6275 56 1512
Superior frontal gyrus_L 18 9 48 —-0.6166 67 1809
Insula_L =30 21 -6 —0.6992 81 2187

Coordinates x, y, z (mm) are given in standard stereotactic MNI space. All regions listed are statistically significant at P <0.05, AlphaSim corrected.
L indicates left; MNI, Montreal Neurological Institute; R, right; ReHo, regional homogeneity; VAS, visual analog scales; +, positive; —, negative.

secondary somatosensory cortex (S2), and primary motor
cortex (M1), premotor area, and several regions in the
temporal lobe.*® Although inconsistency does exist in
structural and morphometric studies, the involved regions
may suggest a possible neuropathology in ITN.

Cerebellum

Our results demonstrated abnormal local coherence
(ReHo) and spontaneous brain activity (fALFF) in the
cerebellum, and the ReHo in the posterior lobe cerebellum
was positively related with VAS in participants. The

( AEAE DT R (F
___/\ 57 & /L/L/\ /\

4-

N
/*\

cerebellum receive input from multiple cortical areas. They
have been traditionally thought to modulate motor control,
but are also implicated in a range of movement
disorders.’%3! Thus, altered cerebellar function may be
related to impaired inhibition of the motor cortex. In con-
trast, the cerebellum receives extensive somatosensory
input via spinocerebellar pathways, and the cerebellum may
be a sensory organ.>? Functional changes in the cerebellum

could result from increased sensory input derived from long-
term and high-frequency inputs associated with trigeminal
neuralgia.

\f’

FIGURE 3. VAS value and ReHo correlation. Brain regions with colors showed significant correlation between ITN patients and pain-free
controls. Their distribution is displayed in axial (A) and sagittal (B) way. The warm colors indicate higher positive correlation, whereas cool
colors indicate negative correlation (P<0.05, corrected). Brain images are displayed in radiology convention (eg, the left in the figure
represents the right side of patients’ brains and vice versa). ITN indicates idiopathic trigeminal neuralgia; ReHo, regional homogeneity;

VAS, visual analog scale.
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FIGURE 4. Correlation between VAS score and the ReHo values in CPL, MTG, ACC, precuneus, MFG, SFG as well as insula in the ITN
patients. A, The ReHo value in CPL is positively correlates with vas in the ITN patients (*=0.536, P<0.0001). B, The ReHo value in MTG is
positively correlates with VAS in the ITN patients (r?=0.4671, P=0.0003). C, The ReHo value in ACC is inversely correlates with VAS in
the ITN patients (?=-0.4671, P=0.0003). D, The ReHo value in precuneus is inversely correlates with VAS in the ITN patients
(r?=-0.4838, P=0.0002). E, The ReHo value in MFG is inversely correlates with VAS in the ITN patients (r?=-0.5213, P=0.0001). F, The
ReHo value in SFG is inversely correlates with VAS in the ITN patients (2=-0.5175, P=0.0001). G, The ReHo value in insula is inversely
correlates with VAS in the ITN patients (?=-0.2824, P=0.0091). ACC indicates anterior cingulate cortex; CPL, cerebellum posterior
lobe; ITN, idiopathic trigeminal neuralgia; L, left; MFG, medial frontal gyrus; MTG, middle temporal gyrus; R, right; ReHo, regional
homogeneity; SFG, superior frontal gyrus; VAS, visual analog scale.
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Frontal Regions

Increased ReHo in the ACC and the medial and superior
frontal gyrus were detected in patients, and the ReHo was
negatively correlated with VAS. The ACC was often suspected
to be of paramount importance for the development of chronic
pain®3>* as a result of its integrative function on pain proc-
essing, cognition, emotion, and negative affect, all of which are
associated with chronic pain or their affection pose a risk factor
for the development of chronic pain, respectively.>> A variety of
cognitive processes have been shown to influence pain percep-
tion and these can specifically bias nociceptive processing in the
human brain.>® For instance, cognitive modulations of pain is
usually related to activation of the prefrontal brain areas, which
modulate pain perception in the cortex, including the ACC,
primary somatosensory cortex (SI), secondary somatosensory
cortex (SII), insula, and thalamus. This study also found
reduced ReHo in the medial and superior frontal gyrus. Our
previously work demonstrated that abnormal local synchroni-
zation and spontaneous brain activity were detected in the
medial and superior frontal gyrus in herpes zoster and post-
herpetic neuralgia patients.*>* Higher fALFF was found in
the right and left putamen in ITN group. The putamen is
located at the base of the forebrain and is one of the major sites
for cortical input into the basal ganglia loops.3” The putamen is
frequently activated during pain.>® Moreover, the activity of the
putamen during pain has been typically associated with the
processing of pain-related motor responses.”® Our findings
indicate there may be some disruption of the PFC related to
pain processing and this needs further investigation.

The Default Mode Network (DMN) and Insula

We also found that increased ReHo in the MTG and
precuneus and decreased ReHo in the insula. The MTG and
precuneus are parts of the DMN.28:%0 The DMN is the most
stable resting-state network and is generally active when it is
not engaged with any external environment.>® The DMN is
involved in mediating the recognition and rumination of pain
and also can be affected by chronic pain.®’92 Loggia et al®?
found that severe symptoms of chronic low back pain and
fibromyalgia were associated with greater intrinsic DMN and
DMN-insula connectivity. Moreover, patients with migraine
without aura showed decreased connectivity in the prefrontal
and temporal gyrus of the DMN.% Xue et al®® also demon-
strated that greater connectivity between the DMN and the
insula is directly associated with the duration of migraine
attacks. The insula cortex is another key region associated
with pain processing and modulation.®®%” The activity in the
insula was increased even if someone just imagines levels of
pain when looking at images of painful events (without any
actual physical injuries).® In our present work, abnormal
local coherence of the MTG, precuneus, and insula were
detected in the brain scans. However, the alternations of
functional connectivity between these regions and within the
DMN remain to be explored.

Occipital Lobe

We observed abnormal fALFF in the occipital lobe of
ITN patients. The occipital lobe is the visual processing
center of the mammalian brain, containing most of the visual
cortex.®” Our previously work showed that abnormal local
synchronization occurs in the occipital lobe of patients with
hemifacial spasm.'® A few ITN patients had symptoms
characterized by orbital pain when the lesion was located in
the ophthalmic (V1) division. We therefor can speculate that
persistent orbital pain may interfere with vision. Nevertheless,

Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc.

the functional abnormalities detected by fALFF might be
related, at least in part, to visual cortex of ITN patients. This
needs further investigation.

CONCLUSIONS

In summary, we used ReHo and fALFF to detect
abnormal spontaneous brain activity in ITN patients. Our
results showed that ITN patients had significantly abnor-
malities of brain activity in the cerebellum, cingulate cortex,
temporal lobe, putamen, occipital lobe, limbic lobe, pre-
cuneus, medial and superior frontal gyrus, and insula
compared with healthy controls. These brain regions are
mainly involved in pain modulation and perception. We
also documented that pain intensity (VAS) was associated
with alternative ReHo in the cerebellum, cingulate cortex,
precuneus, insula, and medial and superior frontal gyrus.
Our results add important information to the limited studies
on brain functional alterations in patients with ITN that
have been published.

Limitations

There were several limitations in the current results.
First, we only focused on functional changes in ITN patients
but did not examine the structural abnormalities. In the
future, we will research the structural abnormalities of ITN
patients’ brains using voxel-based morphometry or diffusion
tensor imaging analysis. Second, whether the functional
changes are a consequence of the chronic pain or preexistent
alterations of these regions that make patients more
susceptible to the development of ITN remains unclear.
Longitudinal investigations on ITN patients might help
answer this question.
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