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Abstract

Purpose Structural magnetic resonance imaging is widely used to explore brain gray and white matter structure in trigeminal
neuralgia (TN) but has yielded conflicting findings. This study investigated the relationship between disease duration as a
clinical feature of TN and changes in brain structure.

Methods We divided 49 TN patients into three groups (TN1-TN3) based on disease duration (TN1=1.1+0.7 (0-2) years,
TN2=4.8+1.5 (3-7) years, TN3=15.1+5.5 (10-30) years). We used voxel-based morphometry (VBM) to compare the
gray matter volume (GMV) across groups and between TN patients and 18 matched healthy control subjects.

Results The TN1 group showed reduced GMV of pain-related regions in the cerebellum; the TN2 group showed reduced
GMV in the thalamus and the motor/sensory cortex; and the TN3 group showed reduced GMV in the emotional and reward
circuits compared with healthy controls. Similar brain regions, including bilateral hippocampi, caudate, left insular cortex,
and medial superior frontal cortex, were affected in TN2 and TN3 compared with TN1.

Conclusion Disease duration can explain differences in structural alterations—especially in pain-related brain regions—in
TN. These results highlight the advanced structural neuroimaging method that are valuable tools to assess the trigeminal
system in TN and may further our current understanding of TN pathology.
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VBM Voxel-based morphometry
WM White matter
Introduction

Trigeminal neuralgia (TN) is a severe neuropathic pain
disorder characterized by intense electric shock-like pain
in one or more trigeminal distributions [1]. As the disor-
der progresses, pain becomes more frequent and sustained,
increasing the risks of anxiety and depression and greatly
diminishing patients’ quality of life [2, 3]. The pathogenesis
of TN is not fully understood, and it is not known whether it
originates in the central or peripheral nervous system.

Neuroimaging techniques such as structural and functional
magnetic resonance imaging (fMRI) are effective tools for
exploring the mechanisms underlying the development and
progression of TN. Diffusion tensor imaging (DTI) has been
used to evaluate the plasticity of the brain white matter (WM),
axial kurtosis, and axial diffusivity in the sensory and cogni-
tive aspects of pain [4, 5]. Voxel-based morphometry (VBM)
has been used to measure gray matter volume (GMV) and cor-
tical thickness in chronic pain such as changes in GM in the
thalamus, hippocampus, cerebellum, and anterior cingulate
cortex (ACC) associated with pain processing and emotional
perception [6-8]. Functional connectivity and the amplitude
of low-frequency fluctuations (ALFF) can reflect neuronal
activity and are correlated with hemodynamic fluctuation [9].
The alteration of brain structure and function are associated
with chronic pain. However, the relationship between brain
reorganization and chronic pain is not fully understood.

Human brain imaging studies have been carried out with
the aim of identifying markers for pain processing, but the
reported findings have varied [10-12]. For example, vari-
ous studies have reported that GMV in the thalamus was
decreased [2, 6, 13], increased [14, 15], or showed no
changes [3, 16, 17] in patients with chronic pain, such as TN.
These conflicting results may be partially due to the focus on
different brain regions such as the thalamus, hippocampus,
insula, ACC, prefrontal cortices (PFC), basal ganglia, and
amygdala. Additionally, drugs used for treatment, the surgi-
cal history, disease duration, and the severity and pattern
of pain are major reasons for the discrepancies reported by
brain imaging studies [10, 18]. Differences in pain sensi-
tivity and abnormal regions have also been demonstrated
between men and women [19, 20]. Thus, more longitudinal
studies integrating different imaging techniques are needed
to clarify the neural basis of pain in TN.

In addition, to explain the differences in gray matter
between previous studies, we identified the brain struc-
tures involved in pain and pain-related regions. Alterations
in GMV over time have been reported [8]. These changes
are not in a specific region but involve the whole brain
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and reflect the variable susceptibility of different cortical
structures. While decreases in GMV are likely to be the
consequence and not the cause of pain [21], evaluating the
dynamics of GMV decreases such as that in TN could pro-
vide etiological insight and guide management strategies.

In the present study, we evaluated GMV in patients with
TN grouped according to disease duration and healthy con-
trol subjects (HCs) using structural MRI to clear the bias
reported in the literature and identify changes in neural
structures at different stages of TN.

Patients and methods
Study design

This single-center, prospective, cross-sectional study
enrolled 49 patients diagnosed with idiopathic TN accord-
ing to the international Classification of Headache Disor-
ders, 3rd edition (ICHD-3) [22] (30 females; mean age:
58.4+11.5 years) who were referred to neurosurgery depart-
ment at Hebei General Hospital between October 2019
and June 2020, as well as 18 HCs (11 females; mean age:
59.8 +8.0) matched in terms of age, sex, and education level.
All participants were right-handed. Patients with a history
of multiple sclerosis or other lesions that could cause TN
(e.g., brain tumor), cerebral hemorrhage, cerebral infarction,
brain trauma, epilepsy, and other neurological or psychiat-
ric disorders were excluded. All patients never received any
form of surgery.

Clinical characteristics and outcome assessment

The 49 patients were divided into the following three
groups based on mean disease duration: TN1 (n=16),
1.1+0.7 years; TN2 (n=17), 4.8+ 1.5 years; and TN3
(n=16), 15.1+5.5 years. The following demographic and
clinical data were collected: sex, age, duration of TN, visual
analog scale (VAS) score, and medications. The duration
of TN was defined as the amount of time from the initial
TN diagnosis to the preoperative brain MRI examination.
Subjects were asked to rate the extent of their neuralgia on a
visual analog scale (VAS) with scores ranging from O to 10
(0=no pain and 10=maximum imaginable pain).

MRI data acquisition

MRI scanning was performed by an imaging technician with
15 years of experience using a 3.0 T MRI scanner (Dis-
covery 750w; GE Healthcare, Cleveland, OH, USA) with
a standard 8-channel head coil. High-resolution whole-
brain T1-weighted images were acquired using a 3D-T1
BRAVO sequence with the following parameters: matrix
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size =256 x 256, field of view =25.6 cm, repetition time
(TR)=8.5 ms, echo time (TE)=3.2 ms, flip angle=13°,
slice thickness = 1.0 mm, and acquisition time (TA)=3 min
15 s. Subjects were instructed to close their eyes and not
think about anything in particular and not to fall asleep.
None of the patients reported falling asleep during the scan.

MRI data analysis

VBM analysis was performed with Statistical Parametric
Mapping (SPM12 http://www.fil.ion.ucl.ac.uk/spm)-which
including the VBM toolbox (http://dbm.beuro.uni-jena.de/
vbm/) and Diffeomorphic Anatomical Registration Through
Exponentiated Lie Algebra (DARTEL) algorithm using
Matlab (The MathWorks, Natick, MA, USA). Preprocessed
images were automatically segmented into GM, WM, and
cerebrospinal fluid (CSF), spatially normalized with diffeo-
morphic anatomical registration through DARTEL to the
subject-specific template and then smoothed with an iso-
tropic Gaussian kernel of 8 mm full-width at half-maximum.
Total intracranial volume (TIV), total GMV, WM volume,
and CSF were calculated and averaged for each group.

Statistical analysis

Differences in age, sex, education level, and pain score
between groups were evaluated with the Wilcoxon signed-
rank test. Differences in voxel-wise GMV images were ana-
lyzed with TIV, age, and sex as covariates with a two-sample
t-test and by analysis of covariance using the Data Process-
ing and Analysis for (resting state) Brain Imaging (DPABI)
toolbox [23]. Significant clusters were identified using the
threshold-free cluster enhancement (TFCE) method [24].
The threshold of corrected P <0.005 was applied, and cor-
rection for multiple comparisons at the cluster level was
performed. All reported cluster coordinates were expressed
in Montreal Neurological Institute (MNI) standard space.

Results
Patient demographics

Patients’ demographic information is shown in Table 1.
The majority of patients were taking medications for TN
at the time of MRI examination if necessary; the most
common drugs were carbamazepine and gabapentin. There
were no significant differences among TN1, TN2, and TN3
and HCs groups in age or sex ratio (P> 0.05), and there
were no significant differences in pain score among the
three TN groups. There were six (37.5%) left sides in the
TN1 group, three (21.4%) left sides in the TN2 group, and
eight (50%) left sides in the TN3 group.

Alterations in GMVin TN

GMV in the cortex differed significantly between TN
patients and HCs (P < 0.005; Table 2). All of the abnormal
regions are shown in Fig. 1. Only the cerebellum exhibited
alower GMV in patients (TN1 group) compared with HCs.
The left thalamus, medial superior frontal cortex (MFC),
bilateral postcentral, and orbitofrontal cortex (OFC) exhib-
ited reduced GMYV in patients (TN2 group) compared with
HCs. Right anterior cingulate cortex, left hippocampus,
bilateral insular cortex, and OFC exhibited reduced GMV
in patients (TN3 group) compared with HCs. The distri-
bution of the main regions is shown in Fig. 2. GMV in
the cortex had similar abnormal regions between TN2 and
TN3 compared with TN1 (P < 0.005; Table 3). GMV was
reduced in bilateral hippocampi, caudate, left insular cor-
tex, and MFC in the TN2 and TN3 group compared with
the TN1 group (Fig. 3). All of the overlapping regions are
shown in Fig. 4.

There were no significant differences in GMV between
TN2 and TN3 groups, and no brain regions exhibited
increased GMV at a threshold of uncorrected P <0.005.

Table 1 Demographics and TN1 TN? TN3 HCs
clinical data of the participants
Number of subjects 16 17 16 18
Age (y) 59.1+5.2 60.5+10.0 63.6+6.8 59.8+8.0
Sex (F/M) 10/6 11/6 9/7 11/7
Disease duration, (y) 1.1+0.7 (0-2) 4.8+1.53-7) 15.1+5.5 (10-30) n.a
Sides (left/right)’ 6/10 3/14 8/8 n.a
Pain score 8.7+0.7 8.6+0.9 8.8+1.0 n.a
Medication CBZ/GBP/CBZ&GBP CBZ/GBP/CBZ&GBP CBZ/GBP/CBZ&GBP n.a

TN trigeminal neuralgia, HC healthy controls, CBZ carbamazepine, GBP gabapentin, n.a. not applicable.

!Significant difference between-group revealed by chi-square test (P <0.05).
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Table 2 Regions of reduced gray matter volume in TN1, TN2, and TN3 patients with trigeminal neuralgia compared to healthy controls

(P<0.005)
Anatomical region Group one Group two Group three

Peak coordinates x, y, z T score Peak coordinates x, y, z T score Peak coordinates x, y, z T score
Right cerebellum 36, -69, -21 -5.3685
Left thalamus -9,-30,6 —7.7343
Left frontal_Tri —54,21, 18 —-4.5711
Left occipital —-27,—-69, 30 —4.1925
Left postcentral —63,-9,24 —-4.518
Right postcentral 39,-30, 39 —3.6242
Right MCC 12, -24, 39 —4.8762
Right precentral 60, 9, 18 —-6.4621
Left MFC —6,54,36 —5.433]
Right MFC 9,57, 30 —5.1205
Left OFC —33,30,-21 —5.367 —-30, 27, -21 —3.6248
Right OFC 45,39,—18 -7.9674 45,39,—18 —5.5334
Left hippocampus -30,-30,-9 —8.0986
Left insula -33,-21,9 -7.3716
Right insula 36, -15,6 —5.6427
Right ACC 12,42,6 —4.7514

MFC Frontal_Sup_Medial, OFC Frontal_Inf_Orb, ACC Cingulum_Ant, MCC Cingulum_Mid.

Discussion

To the best of our knowledge, this is the first study to
investigate the relationship between the duration of TN
and changes in brain structure over time. There were three
main findings: (1) TN patients were classified into three
groups based on disease duration. As the pain severity
and sex ratio of patients were similar to those reported in
other studies, our results appeared to be reliable, suggest-
ing that previously observed variations among TN patients
can be explained by changes in brain structure occurring
during TN progression. GMV decreased between TN1
(<2 years) and TN2 (3-7 years) and between TN1 and
TN3 (> 10 years), but the difference between TN2 and
TN3 was non-significant. (2) In the between-group analy-
sis, the TN2 group showed engagement of the thalamic-
somatosensory circuit compared with HCs, as evidenced
by patients’ restricted movements of the trigeminal
branches. Moreover, over time, the TN3 group was more
reliant on the salience region, which involves emotion
and reward circuits. Some overlapping brain regions were
affected in both the TN2 and TN3 groups, including bilat-
eral hippocampi, caudate, left insular cortex, and MFC.
(3) The cerebellum, thalamus, and ACC are important in
pain processing. GMV was reduced in these regions in TN
patients compared with HCs. These findings demonstrated
that brain reorganization in response to pain follows a bot-
tom-up process of stimulus filtering.
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Reduced GMV in the cerebellum in TN1

In the early stage of TN (disease duration of 1 year), GM
was reduced only in lobule VI of the cerebellum. This is
consistent with the findings of a meta-analysis [10] that
included three studies reporting decreased GMYV in the cer-
ebellum. In two of these studies, the average reported illness
duration of TN was 8.3 +6.7 years [13] and 5.8 + 6.3 years
(right side TN)/5.2 +4.9 years (left side TN) [6]; the median
duration was less than 2 years, indicating that many patients
were in the early stage of disease. In the third study [25],
the shortest TN duration was 2 years, but the median dura-
tion was 8 years; moreover, the average age of patients was
45.9 years (the youngest that has been reported), and there
were fewer females than males. These factors may have
caused the observed inconsistencies observed across studies
[19]. The posterior cerebellum (e.g., lobules VI and VIIb)
is involved in motor control and pain processing and directs
pain-related action [26]. The cerebellum was shown to be
activated in response to noxious heat and unpleasant images
[27], demonstrating that it is sensitive to aversive stimuli,
as well as responding to acute and chronic pain [28, 29] as
a key component of the endogenous analgesia system. We
found that the decrease in GMV in the cerebellum was not
significant in the TN2 and TN3 groups compared with HCs,
suggesting that other brain regions became more relevant
with disease progression. In fact, it was shown that pain-
associated decreases in GMV were reversed after pain relief,
for example, in the thalamus arthroplasty [30] and insular
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Fig.1 GMYV in TN patients compared to HC subjects evaluated by MRI. Images show reduced GMV in TN1 (top 2 rows), TN2 (middle 2 rows),

and TN3 (bottom 2 rows) compared to HCs

cortex after surgery for the treatment of TN [31]. Thus, the
cerebellum may not be involved in the processing of persis-
tent pain, and its gray matter may reverse.

GM changes in TN2

The average duration of disease in TN2 was 5 years. In this
group, GMV was decreased in the thalamus, OFC, visual

cortex, middle CC, the primary somatosensory cortex (S1),
and primary motor cortex (M1), in accord with previous
studies [2, 6, 13, 15, 16]. Previous studies have reported
that the GMV is reduced in the thalamus of patients with
TN [2, 6, 13] with an average duration of disease was of
5-8 years, which is similar to the duration in the TN2 group.
However, there was no decrease in GMV in the thalamus in
TN patients with an average disease duration of 14 years
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Fig.2 Comparisons of altered
brain regions between TN
groups and HCs. The blue
triangle, yellow circle, and red
diamond represent regions with
reduced GMV in TN1, TN2,
and TN3, respectively, com-
pared to HCs

Table 3 Regions of reduced

. Anatomical region
gray matter volume in TN2 and

Group two

Group three

TN3 patients with trigeminal Peak coordinates x, y,z T score Peak coordinates x,y,z T score
neuralgia compared to TN1
(P<0.005) Left fusiform —-30,—15,-33 —6.1442
Right fusiform 33,-24,-27 —4.2576
Left OFC —45,36,—18 -6.3187
Right OFC 24,24,-21 —3.7303
Left insula -30,15,9 —6.3422 -36,9,-9 -5.67
Right insula 36,12,-12 —5.1253
Frontal_Inf Tri_R 51,39,0 —7.7918
Left hippocampus —-33,-27,—-12 —4.4969 -30,-30,-9 —8.6341
Right hippocampus 33,-21,—-15 —5.2303 33,-24,-12 —5.4367
Left caudate —-15,0, 18 —6.2381 -15,-9,21 —4.4499
Right caudate 18,6, 18 —6.4356 18,-12,21 -64314
Left MFC -9,66,6 —4.5826 —42,39,21 —4.6963
Right MFC -6,33,54 —4.1346
Right supp_Motor_Area 9,15, 63 —4.2373
Right MCC 12,—-24,39 —-4.7621
Left calcarine —-9,—-45,3 —4.6657

OFC Frontal_Inf_Orb, MFC Frontal_Sup_Medial, MCC Cingulum_Mid.

[16] (classified as the TN3 group in our study), consistent
with our results. However, two studies reported that the
GMYV in the thalamus was increased in TN [14, 15]. It is
likely that differences in data analysis methods, sex ratio,
and symptom severity are responsible for these contradic-
tory findings. The thalamus plays an important role in pain
processing in TN [6]. We observed that GMV was reduced
in the cerebellum but not in the thalamus in the TN1 group,
whereas thalamic GMV was decreased in TN2 but not TN3.
Thus, these two brain regions may be sequentially activated
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in the transmission of pain information, with the cerebel-
lum initially responding to short-term pain followed by the
thalamus responding to long-term pain. One neural area is
activated, while adjacent areas are inhibited [32].

The thalamic-somatosensory circuity contributes to dif-
ferent aspects of pain perception [32]. External nociceptive
stimuli induce the transmission of chemical substances and
action potentials to the thalamus via Az and C fibers [32],
which project this information to the neocortex generally. A
previous fMRI study demonstrated that, in patients with back



Neuroradiology (2022) 64:301-311

Fig.3 Comparison of GMV between TN patient groups with different disease durations. Images show reduced GMV in TN2 vs TN1 (top 2
rows) and in TN3 vs TN1 (middle 2 rows). There was no difference in GMV between TN2 and TN3 (bottom 2 rows)

pain, the transition from the acute to the chronic stage was
associated with a shift in brain activity from classical pain-
related area to circuit more strongly related to the affective
components of pain [33, 34]. Thalamic-somatosensory dys-
function was shown to reduce S1 activation [35]. Decreased
neuronal activity is linked to reduce GMV [32, 36]. GMV
was shown to be lower in the sensorimotor areas of patients
with persistent pain [37].

GM changes in TN3

In the persistent pain stage, the average duration of TN was
15 years; bilateral OFC, bilateral insula, left hippocampus,
right ACC, and right medial PFC showed lower GMYV, as
reported in earlier studies [13, 16, 38]. The average dis-
ease duration in these previous studies ranged from 7.1
to 8.5 years, which is shorter than the disease duration for
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Fig.4 Distribution of similar brain reions in intra-group comparisons
(between TN1 and TN2, between TN1 and TN3). Blue and green
represent comparisons between TN1 and TN2 and between TN1 and
TN3, respectively

the TN3 patients in the current study. It is possible that the
alterations observed in these previous studies would persist
for 15 years or more.

Facial pain involves broad brain regions including the
cingulate cortex (CC). The ACC receives input from the
thalamus and projects to the entorhinal cortex [39]. Just as
activation of the thalamus follows that of the cerebellum in
the middle stage of pain processing, the ACC is activated
after the thalamus during chronic pain. The role of the ACC
in specific tasks is not fully understood [40]. Our results sug-
gest that it is involved in the response to persistent pain. The
ACC and insula form the salience region [41]; the anterior
insula is thought to play a significant role in modulating
emotions and stress [42]. The ACC, which is activated by
noxious or painful stimuli [43], processes pain by interfering
with cortical activity. The integrity of the salience region
has been linked to better self-perceived physical health and
quality of life as well as pain perception and discomfort [44].
The decreases in GMV in both the insula and right ACC
observed in TN patients in the current study suggest impair-
ment of the salience region.

The OFC is involved in emotion and reward processing
[45]. The TN2 and TN3 groups showed decreased GMV in
the OFC compared to HCs and the TN1 group, although
there was no difference between them. Many patients with
pain are unable to maintain a normal emotional state and are
prone to depression [17]. Our results suggest that patients
with a long duration of TN maintain stability in emotional
control and regulation.
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GM alterations in different terms of chronic pain

There was no significant difference in GMV between TN2
and TN3, but there were significant differences between TN1
and TN2 and betweenTN1 and TN3. Patients who had TN
for less than 2 years made up less than half of the total sam-
ple size, and there appeared to be no relationship between
GM and duration, vice versa. In the current study, the dis-
tributions of abnormal brain regions associated with the dis-
ease duration of the sample were in line with the previous
literature [3, 6, 13, 14, 17, 25]. These findings may have
been caused by adaptive mechanisms induced after the early
onset of chronic pain stabilizing any neurodegeneration that
occurred in the later stage of the disease.

In general, the cerebellum exhibited reduced gray matter
in the TN1 group in the region near the trigeminal nerve. In
addition, the thalamus took the relay baton (process pain)
from the cerebellum, and the ACC maintained pain percep-
tion in the TN3 group rather than the cerebellum and thala-
mus. In previous studies, the thalamus has been reported to
play a key role in relaying ascending inputs from the spinal
cord to cortical areas, including the ACC [32, 36]. Knudsen
[46] proposed four basic procedures regarding the mecha-
nism of attention, including automatic bottom-up filtering
for salient stimuli. The current results suggest that the brain
exhibited the same features of filtering pain, from the cer-
ebellum to the thalamus and finally to the ACC.

The TN2 and TN3 groups showed reduced GMV in
bilateral hippocampi, insula, and caudate compared with
TN1. In a previous study demonstrating a correlation
between GMYV and disease duration, neuronal loss was
suggested to be a consequence rather than the cause of
pain [47]. The lack of differences between TN2 and TN3
could potentially have occurred because, in persistent pain,
the rates of synapse elimination and formation are equal
[32, 36], thereby halting the loss of neurons. How these
changes affect neuronal function in other brain regions
remains to be determined [48].

The caudate and insular cortex, as well as somatomotor
and dorsal attention-related brain regions, are associated
with persistent pain [49]. In the current study, the TN2
group showed reduced GMV in the caudate and insula
cortex and somatomotor area, while the TN3 group only
showed a reduction in the caudate and insula cortex. Struc-
ture alteration in the left caudate and insula cortex was
shown to predict the evolution of pain intensity in chronic
pain [50] within 3 months [51]. It was reported that brain
activity patterns associated with acute and subacute pain
did not overlap with those of chronic back pain [33]. In the
current study, some patients had been affected by TN for
15 years, and there was overlapping activity in different
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brain areas throughout the long-term disease course, as
previously reported [33].

Subcortical structures including the hippocampus and
basal ganglia have been implicated in chronic pain [52]. The
hippocampus is a key region for memory and learning, which
are important aspects of chronic pain and depression [53] and
relevant to their co-occurrence [53, 54]. TN patients have
been reported to exhibit higher depression and anxiety scores
than HCs [17]. Importantly, more brain regions showed
reduced GMV in TN2 compared with TN1 (bilateral hip-
pocampi, insula, caudate, and temporal cortex) than in TN2
compared with HCs. We speculated that GMV was greater
in the TN1 group compared with HCs because of increased
neuronal proliferation induced by hyperactivation. This could
explain the increased GMV observed in some previous stud-
ies of TN [14, 15]. Our finding that the left hippocampus
showed reduced GMV in TN3 compared with HCs while
GMV in bilateral hippocampi was lower in TN3 compared
with TN1 suggests that the left hippocampus was affected
sooner by persistent pain than the right hippocampus.

The bilateral insula showed reduced GMYV in TN3 but
not TN2 compared with HCs, suggesting that there was a
continuous loss of neurons in the insula. Similar to the hip-
pocampus, the left insula was affected to a greater extent
than the right insula in the TN2 and TN3 groups. Finally, the
GMYV in the PFC reduced in the TN2 group compared with
the TN3 group suggests that ongoing pain-induced changes
in synaptic activation or function, which has been linked to
diminished cognitive abilities and emotional control[55],
although patients with chronic TN may experience partial
recovery as a result of adaptation.

Limitations

There were several limitations in the current study. First,
in the TN1 group, five patients had TN for only 3 months
and one patient had been diagnosed just 1 week before
enrollment. Thus, their pain symptoms were acute [56] and
involved brain regions that are distinct from those associated
with chronic pain [33]. As a result, there may have been
a bias toward positive results in the TN1 group. Second,
there was difference in sides among the three TN groups,
and this is maybe a covariant. In the only previous study
examining differences in sides, Tsai reported that abnormal
brain regions were similar between left and right sides in
TN patients (the right side: PFC, precentral gyrus, cerebel-
lar tonsil, and subcortical regions, such as the thalamus,
hypothalamus, and nucleus accumbens. the left side: PFC,
precentral gyrus, cerebellum, such as tonsil, and so on, and
subcortical regions, such as the thalamus, ventral striatum,
and putamen). Increasing the sample size may be useful

for confirming these results. Third, our grouping of cases
according to disease duration was somewhat arbitrary, with
a potentially insufficient time between the TN2 and TN3
groups. Finally, although we applied strict correction for
multiple comparisons, the sample size was relatively small,
and the results may have been affected by methodological
error. A meta-analysis reported that most previous stud-
ies examining this topic have been based on small sample,
typically with approximately 20 subjects. Because of the
COVID-19 pandemic, the number of accessible patients is
reduced, increasing the difficulty of collecting cases. In fur-
ther studies, we plan to expand the sample size.

Conclusions

Most of the variability in previous studies of TN can be
explained by classifying TN patients according to dis-
ease duration, which allows for more detailed analyses of
the mechanisms underlying TN. The results of our study
demonstrated that structural alterations occur in specific
pain-related brain regions at different stages of the disease
and that pain-related matrices involve different stages. The
brain automatically filters pain in a bottom-up manner. In
the future, further prospective and longitudinal studies could
help to elucidate the role of GMV alterations in the patho-
physiological processes underlying TN.
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