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Abstract. Recent studies have reported structural and functional 
abnormalities in multiple brain regions of classical trigeminal 
neuralgia (CTN) patients. Differences in spontaneous 
neuronal activity between CTN patients and healthy subjects, 
however, remain unknown. The aim of the present study was 
to investigate alterations in brain activity by application of 
amplitude of low frequency fluctuation (ALFF), thus analyzing 
the correlation between durations of spontaneous pain intensity 
and ALFF values in CTN patients. A total of 28 CTN patients 
(male, n=12; female, n=16) and 28 healthy controls (HCs; male, 
n=12; female, n=16) matched for age and sex were enrolled. 
All subjects underwent resting‑state functional magnetic 
resonance imaging and changes in spontaneous brain activity 
were investigated using an ALFF method. Receiver operating 
characteristic (ROC) curve analysis was applied to differentiate 
ALFF values of CTN patients from HCs. Altered ALFF values 
and clinical manifestations were evaluated using Pearson's 
correlation analysis. ALFF values of the bilateral inferior 
cerebellum, bilateral fusiform gyrus, right precentral gyrus, 
left inferior temporal gyrus, right superior cerebellum, left 
inferior occipital gyrus and right superior occipital gyrus were 
significantly higher in CTN patients when compared to HCs. 
ROC curve analysis of each brain revealed a near‑perfect AUC 

accuracy. Pearson's correlation analysis revealed the visual 
analog scale of the right eye to be positively correlated with both 
left inferior temporal and occipital gyral findings, while episode 
duration likewise was positively associated with left inferior 
temporal gyral findings. CTN patients exhibited abnormal 
spontaneous activity in multiple brain regions closely related to 
pain regulation and perception, while VAS and CTN episode 
duration were positively correlated with ALFF signal values in 
some brain regions. The present findings provide further insight 
into the pathological mechanisms underlying CTN.

Introduction

First described by John Fothergill in 1773, trigeminal neuralgia 
(TN) is the most common cranial neuralgia (1,2). The incidence 
of TN in China has been reported to be 182.8/100,000, with a 
predilection age of 37‑67 years and a ratio of 1:3 for males and 
females. Classical trigeminal neuralgia (CTN) is described 
by electrical pain sensations not due to intracranial tumors 
or bone compression in the area where one or more branches 
of the facial nerve distribute. Pain typically manifests briefly, 
lasting only a few sec, and patients do not complain of obvious 
discomfort between episodes. Patients primarily report a fixed 
pain trigger point at the mouth or nasal wing as well as allevia-
tion or control of pain by oral medication (3).

Multiple theories concerning the etiology of CTN have 
been suggested, including increased excitability of sensory 
neurons and abnormal action potentials as a result of neuronal 
damage (4). Abnormal action potentials or external stimulation 
excite adjacent resting neurons through direct interneuronal 
connections, producing abnormally synchronized discharges 
and resulting in pain. Another theory holds that root exit zone 
compression caused by local axonal demyelination allows 
exposed nerve fibers to come into contact, thus producing 
abnormal conduction. Transmission of minor stimuli elicits 
efferent central nervous system impulses, which change into 
afferent impulses via such contact. Such signaling eventually 
results in pain (5). To date, however, little is known about the 
pathogenesis of CTN despite its wide prevalence and consid-
erable healthcare burden. However, increasing evidence has 
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suggested that cerebral abnormalities are closely related to 
pain (6). A prior study which detected brain activity when using 
an estrogenic stimulation in CTN patients reported that their 
gray matter in the bilateral superior/middle temporal gyrus, 
thalamus, putamen, caudate nucleus, forebrain and hindbrain, 
as well as the primary somatosensory cortex significantly 
differed from healthy controls (7).

Few studies to date have explored altered brain activity in 
CTN patients. The aim of the present study was to investigate 
whether changes in neuronal activity of related brain regions 
can be considered as a therapeutic target which could help 
patients alleviate pain and improve their quality of life.

Functional magnetic resonance imaging (fMRI), offering 
such advantages as convenience and noninvasiveness, is 
widely used for studying brain functions (8). Based on cerebral 
blood flow and metabolic analysis, researchers can evaluate 
specific brain activity and explore brain structure, elucidating 
how the brain of CTN patients is affected by this condition (9). 
The active state‑MRI captures the brain activity of subjects 
when they are performing specific tasks, which has the advan-
tage of directly observing which brain regions are activated 
during tasking state and enabling more direct comparison with 
psychological behavioral studies. In addition, it highlights the 
importance of the relationship between tasks and activated 
brain regions (10). However, this model is greatly influenced 
by the experimental design and it is also difficult to control 
the baseline level. Furthermore, the subjects need a strong 
psychological background. Since certain subjects cannot finish 
the task or short task time, this pattern has poor clinical prac-
ticability (11). Resting‑state functional magnetic resonance 
imaging (RS‑fMRI) has attracted wide attention in the field 
of neuroimaging and is suitable for the study of the central 
mechanism. It also has become a useful tool for the study of 
functional connections in the human brain  (12). RS‑fMRI 
is considered to be the circuit that forms the information 
processing and physiological basis of psychological represen-
tation (13). It captures the brain activity of subjects when they 
remain at rest without any other activity, which has the advan-
tage of directly observing the spontaneous neurological brain 
activity of subjects. It is closer to the physiological state and 
highlights the importance of the parallelism of human brain 
neural networks and the interrelation between different brain 
regions (14). In addition, the resting state can last longer which 
leaves enough time to collect data. Moreover, this pattern also 
has the advantage of simple design and easy baseline control. 
However, the RS‑MRI method can be influenced by a variety 
of physiological noises such as the beating heart and breathing 
as well as other noises (15).

Amplitude of low‑frequency fluctuation (ALFF), a type of 
resting state fMRI, can be applied to evaluate intrinsic fluctua-
tions of bold signals to reveal local spontaneous static state 
brain activity (16). Previous studies have demonstrated that 
ALFF exhibited good to moderate test‑retest reliability (17,18). 
The simple calculation and reliable characterization of the 
ALFF measurement makes it a suitable and useful tool for 
resting‑state fMRI data analysis in order to investigate a 
disease trait. Furthermore, it has been demonstrated to be a 
valuable parameter to reflect the intensity of spontaneous 
nerve activity (19). In our previous studies, the ALFF method 
was successfully used to evaluate certain eye diseases (20,21).

The present study, demonstrated that CTN patients had 
dysfunction of brain activities. These findings may provide 
important information to explain the underlying neural 
mechanisms of CTN, which are beneficial to clinical diag-
nosis. Based on fMRI and ALFF findings, our aim was to 
explore the local features of spontaneous brain activity in 
patients with CTN and the relationship between ALFF with 
the clinical manifestations, thus possibly helping to elucidate 
the underlying pathological mechanisms involved in CTN and 
agreed to publish their brain scan images.

Materials and methods

Subjects. The study recruited 28 patients with TN (male, n=12; 
female, n=16) from the First Affiliated Hospital of Nanchang 
University. Inclusion criteria were: i) Unilateral pain involving 
at least one of either the maxillary (V2) or mandibular (V3) 
branches of the trigeminal nerve; ii) intense, sharp, burning 
or stabbing paroxysmal facial pain precipitated by trigger 
factors or zones; iii) conventional MRI T1WI, T2WI sequence 
examination revealing no evident abnormal brain signals; 
iv) no clinically evident neurological or sensory dysfunction 
attributed to other conditions; v)  no previous surgical or 
other invasive treatments for TN; and vi) no contraindica-
tions to magnetic resonance scanning. Exclusion criteria 
were: i)  headaches, or other paroxysmal or chronic pain 
conditions; ii) patient family history of headache or other 
pain in first degree relatives; iii) other somatic or psychiatric 
conditions; and iv) contraindications to magnetic resonance 
scanning. The study was approved by the Ethics Committee 
of the First Affiliated Hospital of Nanchang University 
(no. CDYFY‑E‑160802), Jiangxi, China.

A total of 28 healthy controls (HCs; male, n=12; female, 
n=16) matched for age, sex and economic status were 
also recruited. All subjects were right‑handed. The ages 
of patients and healthy controls were 51.392±9.372 and 
51.357±9.302 years, respectively. The range of CTN episode 
duration was 3.73±4.10 years and visual analogue scale (VAS) 
scores ranged from 6.32±1.44 (Table I ). Inclusion criteria 
were: i) No TN symptoms; ii) no diagnosed organic conditions 
including chronic pain; iii) not suffering from neurological or 
psychiatric disorders; and iv) no contraindications to magnetic 
resonance imaging (MRI) scanning.

The present study was approved by the Medical Research 
Ethics Committee of The First Affiliated Hospital of Nanchang 
University. All individuals provided signed informed consent 
to participate in the study.

Pain evaluation. Pain in TN patients was assessed using the 
VAS. Researchers guided patients in rating their pain on a 
scale of 0‑10 using a 10‑cm ruler. A higher score indicated 
greater pain intensity. A rating of ‘0’ represented no pain, and 
a ‘10’ meant intolerable pain.

MRI parameters. For the MRI scan, a Trio 3.0T MRI machine 
(Siemens AG) was used for scanning. All participants were 
instructed to close their eyes, stay awake, and breathe quietly 
until the scan was completed. 3D damage‑gradient echo 
sequences to collect functional data were used; parameters were 
as follows: 176 structural images (repetition time=1,900 msec; 



Molecular Medicine REPORTS  20:  1707-1715,  2019 1709

echo time=2.26  msec; thickness=1  mm; gap=0.5  mm; 
acquisition matrix=256x256; field of view=250x250  mm; 
turning angle=9 degrees), and 240 functional images (repeat 
time=2,000  msec; echo time=30  msec; thickness=4  mm; 
gap=1.2 mm; acquisition matrix=64x64; turning angle=90 
degrees; field of view=220x220 mm, 29 axial). Each scanning 
process lasted 15 min.

fMRI data processing. To process fMRI images, MRIcro 
software (https://www.mccauslandcenter.sc.edu/crnl/mricro) 
was used to classify functional data and exclude incomplete 
data. The first fifteen time‑points were discarded to maintain 
magnetization equilibrium. Data Processing Assistant for 
Advanced Edition of Resting‑State fMRI (DPARSF 4.0; 
http://rfmri.org/DPARSF) software was used for head motion 
correction, spatial normalization, slice timing, form conversion 
of digital imaging communications in medicine (DICM), and 
full‑width smoothing with a Gaussian kernel of 6x6x6 mm3 
at half‑maximum based on the rs‑fMRI data analysis toolkit 
(REST; http://www.restfmri.net) and the Statistical Parametric 
Mapping software (version 8; http://www.fil.ion.ucl.ac.uk/spm). 
Subjects were excluded if 1.5 angular motion or an offset 
exceeding 1.5 mm in either x, y, or z axes were detected during 
imaging. Friston six‑head motion parameters (23) were used to 
negate any influence of head motion. After correction for head 
motion, obtained functional images were standardized using a 
standard echo plane image template, conforming to standards 
set forth by the Montreal Neurological Institute (MNI).

ALFF processing. First, to calculate ALFF, remaining data 
were smoothed with a full‑width Gaussian kernel of 6x6x6 mm3 
at half‑maximum. Next, fMRI images were detrended 
and bandpass‑filtered (0.01‑0.08  Hz) to reduce effects of 
low‑frequency drift and physiological high‑frequency respira-
tory and cardiac noise. Then, the smoothed signals of each 
voxel were converted from time to frequency domains using 
the fast Fourier transform (FFT) algorithm and obtained the 
power spectrum. Finally, all ALFF maps were divided by the 
mean value of each ALFF map.

Brain‑behavior correlation analysis. For the purposes of 
brain‑behavior correlation analysis, areas with significant 
ALFF changes were selected as regions of interest (ROIs). 
Each ROI was calculated by finding each original ALFF value 

corresponding to each of the original voxels. Correlations 
among ALFF signals of distinct regions within the cerebrum 
and clinical manifestations of CTN patients were evaluated 
using Pearson's correlation analysis.

Data processing. Demographic and clinical variables of CTN 
and HC groups were statistically analyzed using SPSS 20.0 soft-
ware (IBM Corp.) and applying an independent sample t‑test; 
P<0.05 was considered to indicate a statistically significant 
difference. Voxel differences between CTN and HC subjects 
were studied using REST software and a two‑sample t‑test. 
By applying the Gaussian random field theory, the statistical 
voxel threshold of multiple comparisons was set to P<0.05. 
Calibration was carried out under the condition of a voxel level 
of P<0.01 and a cluster size >40 voxels. Mean ALFF values in 
different brain regions were classified by a receiver operating 
characteristic (ROC) curve. Pearson correlation coefficient was 
conducted to assess the relationships between the ALFF values 
of different brain regions and clinical variables (VAS scores and 
duration of disease) in CTN using SPSS version 20.0 software.

Results

Differences of ALFF. Compared to HCs, CTN patients 
had significantly higher ALLF values in the right inferior 
cerebellum (RIC), left fusiform gyrus (LFG), left inferior 
cerebellum (LIC), left inferior temporal gyrus (LITG), right 
fusiform gyrus (RFG), right superior cerebellum (RSC), 
left inferior occipital gyrus (LIOG), right precentral gyrus 
(RPG) and right superior occipital gyrus (RSOG), as revealed 
in Fig. 1 (red) and Table I. The voxel level statistical threshold 
for multiple comparisons using the Gaussian random field 
theory was set at a level of P<0.05. Data was corrected to 
>40 voxel clusters. The histogram in Fig. 2 details mean 
altered ALFF values of both groups. No correlation was 
noted between mean ALFF values of relevant brain regions 
and clinical manifestations in CTN subjects (P>0.05).

ROC curve. Brain region ALFF values differed between CTN 
and HC subjects and were thus recognized as differentiating 
markers. Areas under the curve were as follows and are 
detailed in Fig. 3: LIC (0.966), RIC (0.957), LFG (0.929), LITG 
(0.966), RFG (0.957) (Fig. 3A); RIC (0.969), RSC (0.926), 
LIOG (0.960), RSOG (0.901), and RPG (0.929) (Fig. 3B).

Table I. Demographics and behavioral results of CTN and HC groups (22).

	 CTN	 HC	 T‑value	 P‑value

Male/female	 12/16	 12/16	 N/A	 >0.99
Age (years)	 51.392±9.372	 51.357±9.302	 0.297	 0.769
Handedness	 28 R	 28 R	 N/A	 >0.99
Duration (years)	 3.733±4.102	 N/A	 N/A	 N/A
VAS	 6.321±1.442	 N/A	 N/A	 N/A

Independent t‑tests comparing the age of two groups (P<0.05 represented statistically significant differences). Male/female and Handedness 
were analyzed using chi‑squared test. CTN, classical trigeminal neuralgia; HC, healthy control; N/A, not applicable; R, right; VAS, Visual 
Analogue Scale.

https://www.spandidos-publications.com/10.3892/mmr.2019.10404
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Correlation analysis. Left eye VAS findings were positively 
correlated with left inferior temporal gyral ALFF signal values 
in CTN patients (r=0.609, P=0.003; Fig. 4A). Likewise, left eye 
VAS findings was also positively correlated with left inferior 
temporal gyral values (r=0.534, P=0.013; Fig.  4C). Right 
eye pain duration positively was correlated with left inferior 
occipital gyral values (r=0.822, P<0.0001; Fig. 4B).

Discussion

ALFF has been successfully applied to the study of a variety 
of pain-causing conditions (24-29) (Table II) and holds great 
promise in future research. In the present study, for the first 
time we studied altered spontaneous brain activity in CTN 
patients using the ALFF method. ReHo was used to study 
patients with TN in our previous study  (23). Both ReHo 
and ALFF can be used to study spontaneous brain activity 
through BOLD signals. ALFF exhibit fluctuation amplitude 

of time course while ReHo describes local synchroniza-
tion of neighboring voxels. Therefore, the results obtained 
by the two methods will be different. Both of them provide 
complementary information about the regional spontaneous 
brain activity in CTN patients. No other interventions were 
imposed and only altered spontaneous brain activity in the 
resting state was detected in CTN patients compared with 
healthy controls in the present study. LIC, RIC, LFG, RFG, 
RPG, LITG, RSC, LIOG and RSOG ALFF values were 
significantly higher in CTN patients when compared to HCs 
(Table III; Fig. 5).

The fusiform gyrus is located on the basal surface of the 
temporal and occipital lobes, and is associated with multiple 
sensory integration and cognitive processing (30). This region 
is also a vital component of the marginal system, closely 
related to psychological faculties such as emotion, behavior, 
learning and memory  (31‑33). Schwedt et al  (34) revealed 
that patients suffering migraines exhibited stronger fusiform 

Figure 1. Comparison of average ALFF values between the patients with CTN and HCs. (A) Significant differences in mean ALFF values between CTNs and 
HCs were recognized in the bilateral IC, bilateral FG and SOG. The red or yellow regions indicate higher ALFF values (P<0.01 for multiple comparisons using 
the Gaussian random field theory, z>2.3, P<0.01, cluster >40 voxels, AlphaSim corrected). (B) Stereoscopic form of the cerebrum. (C) Stereoscopic form of the 
cerebellum and the brain stem. CTN, classical trigeminal neuralgia; HCs, healthy control groups; IC, inferior cerebellum; FG, fusiform gyrus; SOG, superior 
occipital gyrus; ALFF, amplitude of low frequency fluctuation.
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gyral pain responses compared to controls. It has also been 
reported that the bilateral fusiform gyrus possesses unique 
visual processing mechanisms for text and objects, indicating 
that this region is affected in CTN patients. Further research, 
however, is required to elucidate precise structural and func-
tional relationships between the fusiform gyrus and CTN. 
Ter Minassian et al (35) induced pain in healthy adults by elec-
trical stimulation, which revealed evident abnormal activity 
in the left fusiform gyrus, and was negatively correlated with 
the pain response level, which revealed that fusiform gyrus 
plays an important role in acute pain response. Therefore, we 
inferred that the increase of ALFF signal values and neuronal 
activity in the bilateral fusiform gyrus of CTN patients may be 
related to pain to a great extent. In addition, the fusiform gyrus 
is related to classification and recognition function, which is 
integrated by connecting with multiple brain regions  (36). 
Researchers speculated that the abnormal increase activity of 
these brain regions may relate to retrieval of similar feelings in 
patients with CTN during recurrent electrical‑shock‑like pain.

The occipital lobe is located in the posterior part of the 
parietal and temporal lobes. It is a visual processing center 
responsible for visual communication (33). However, a recent 
study in rats revealed that the occipital lobe was associated 
with pain‑descending inhibitory mechanisms  (37). The 
occipital cortex of migraine patients was reported to possess 
decreased left infratemporal gray matter mass and decreased 
cerebral blood flow (38). In addition, the cortical network 
activity of this region was revealed to be negatively correlated 
with intensity of diabetic neuropathic pain (39). In addition, in 
the present study, increased ALFF signals were revealed in the 

left supraoccipital gyrus and the right inferior occipital gyrus, 
which may be related to the activation of pain‑descending 
inhibitory mechanisms. It was also revealed that the ALFF 
value of the suboccipital gyrus was positively correlated with 
VAS, which indicated that the occipital lobe is associated 
with CTN. Higher RSOG ALFF signals indicate that pain 
may continue to stimulate visual processing networks despite 
patients keeping eyes closed during scanning.

Inferior temporal gyrus is an important part of the default 
network of the brain, which plays a key role in self‑cognition, 
emotional processing and regulation. Wang et al (40) revealed 
that the ReHo value of the right inferior temporal gyrus 
increased in patients with ITN, indicating that chronic diseases 
may affect the function of the aforementioned areas. The 
Gray matter volume of the temporal lobe revealed a negative 
correlation to disease duration and thus may be an important 
structure for the development and maintenance of chronic 
pain in general and TN in particular (41). In the present study, 
increased ALFF in the inferior temporal gyrus may be associ-
ated with the inhibition of pain induced by negative emotions 
and cognitive degradation. In addition, the ALFF value of the 
LITG was positively correlated with VAS and duration, and 
the longer the pain lasted, the stronger the inhibitory effect 
was. The observed ALFF signal changes in the occipital lobe 
and temporal lobe further support the assumption that they are 
related to chronic manifestation of CTN.

It was also revealed that the ALFF signal values of the 
CTN subjects were abnormally decreased in the LIC and RIC 
regions. Although the cerebellum has been mainly understood 
for its role in motor regulation, it also implicated in a range of 
movement disorders (42,43). Although, the cerebellum has been 
mainly recognized for its role in motor regulation, a previous 
study reported that it can receive extensive somatosensory 
input, underscoring its additional role as a sensory organ (44). 
Changes in intensity of spontaneous cerebellar and activity in 
CTN patients provides a basis, on the contrary. In the present 
study, the brain areas evoked by pain were mainly involved in 
the cognitive aspects of pain perception, such as pain aware-
ness and memory. Most abnormal brain regions, however, had 
elevated ALFF signal values. It was speculated that due to 
chronic and frequent pain input, the flow and integration of 
information among different brain regions ultimately becomes 
affected, and spontaneous cerebral activity is strengthened, 
manifesting in response to pain.

The central prefrontal gyrus is located in the frontal 
lobe of the cerebral cortex, which is the main movement 
area cortex (45). It produces outgoing axons in the cortical 
tract and terminates in the motor neurons of the cranial 
and spinal cord (45,46). For patients with TN, even simple 
non‑painful movements can elicit attacks of pain, while if 
facial movements are restricted, the pain would be eased. 
The precentral gyrus (primary motor cortex) could there-
fore mirror sensory pain responses to repeated TN, motor 
inhibition of the maxilla and facial muscle tension (47). In 
the present study, an increased ALFF value of the RPG was 
revealed, indicating a link between intrinsic brain activity 
and pain modulation.

In fact, the ALFF values may be useful as clinical markers 
to reflect pain severity in CTN patients. A study on obses-
sive‑compulsive disorder (OCD) by Anticevic et al (48), used 

Figure 2. The mean altered ALFF values between CTN and HCs. Compared 
with the HCs, the ALFF of the following regions were increased to various 
extents: LIC (t=5.3163); RIC1 (t=5.3491); RIC2 (t=6.6204); LFG (t=6.0603); 
LITG (t=4.9039); RFG (t=5.8291); RSC (t=5.9398); LIOG (t=5.3456); 
RSOG (t=8.8391); RPG (t=5.7781) in CTN patients. *P<0.05 vs. HCs. 
Data are presented as the mean ± standard deviation. ALFF, amplitude 
of low‑frequency fluctuation; CTN, classical trigeminal neuralgia; HCs, 
healthy control groups; LIC, left inferior cerebellum; RIC1, right inferior 
cerebellum 1; RIC2, right inferior cerebellum 2; LFG, left fusiform gyrus; 
LITG, left inferior temporal gyrus; RFG, right fusiform gyrus; RSC, right 
superior cerebellum; LIOG, left inferior occipital gyrus; RSOG, right supe-
rior occipital gyrus; RPG, right precentral gyrus.

https://www.spandidos-publications.com/10.3892/mmr.2019.10404
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a global brain connective (GBC) analysis method to reveal an 
increase in GBC in the cerebellum at rest, indicating an exces-
sive functional connection between the cerebellum and other 
brain regions; and an increase in cerebellar GBC. The effec-
tive treatment of the drug against OCD could alter ligation 

activity, and break abnormal functional connection, thereby 
reducing the OCD symptoms of the patient. It suggests that 
the functional connection between the cerebellum and other 
important brain regions is related to the occurrence of OCD 
symptoms, and the cerebellum may participate in the OCD 

Figure 3. ROC curve analysis of the mean ALFF values for altered brain regions. (A) The area under the ROC curve was 0.966, (P<0.001; 95% CI: 0.917‑1.000) 
for LIC; 0.957 (P<0.001; 95% CI: 0.899‑1.000) for RIC; 0.929 (P<0.001; 95% CI: 0.842‑1.000) for LFG; 0.966 (P<0.001; 95% CI: 0.918‑1.000) for LITG; 0.957 
(P<0.001; 95% CI: 0.887‑1.000) for RFG. (B) The area under the ROC curve was 0.969 (P<0.001; 95% CI: 0.923‑1.000) for RIC; 0.926 (P<0.001; 95% CI: 
0.838‑1.000) for RSC; 0.960 (P<0.001; 95% CI: 0.882‑1.000) for LIOG; 0.901 (P<0.001; 95% CI: 0.798‑1.000) for RSOG; 0.929 (P<0.001; 95% CI: 0.851‑1.000) 
for RPG. ALFF, amplitude of low‑frequency fluctuation; ROC, receiver operating characteristic; CTN, classical trigeminal neuralgia; HC, healthy control; 
LIC, left inferior cerebellum; RIC, right inferior cerebellum; LFG, left fusiform gyrus; LITG, left inferior temporal gyrus; RFG, right fusiform gyrus; RSC, 
right superior cerebellum; LIOG, left inferior occipital gyrus; RSOG, right superior occipital gyrus; RPG, right precentral gyrus.

Figure 4. Correlations between mean ALFF signal values and behavioral performance. (A) The VAS of the right eye in the CTN group was positively correlated 
with the ALFF signal values of the left inferior temporal (r=0.609, P=0.003). (B) The VAS of the right eye in the CTN group was positively correlated with the 
ALFF signal values of the left inferior occipital gyrus (r=0.822, P<0.0001). (C) CTN duration was positively correlated with the ALFF signal values of the left 
inferior temporal gyrus (r=0.534, P=0.013). ALFF, amplitude of low‑frequency fluctuation; CTN, classical trigeminal neuralgia; VAS, visual analogue scale.
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abnormal neural circuit. Although the study is not based on 
ALFF, it may provide us with inspiration. Perhaps therapeutic 
goals can be achieved by reducing the spontaneous activity of 
the CTN‑related brain regions at a resting state.

In actuality, TN is divided into several categories according 
to different criteria, such as, classical and non‑classical TN, 
primary and secondary trigeminal neuralgia. However, there 
may be a crossover between them. It would be of interest to 
explore the altered brain activity in patients with non‑classical 
TN, however the diagnosis of non‑classical TN is more difficult 
than that of CTN, which makes it harder to recruit qualified 

subjects. In future studies, larger sample sizes and detailed 
grouping of different types of TN are required, however in the 
present study, conditions were limited.
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Table II. ALFF method applied in pain‑related diseases.

Author	 Year	D isease	 (Refs.)

Xue et al	 2013	 Migraine	 (24)
Wang et al	 2017	C TN	 (25)
Pan et al	 2018	 Acute eye pain	 (26)
Zhang et al	 2017	L ow back pain	 (27)
Ma et al	 2015	 Visceral pain	 (28)
Liu et al	 2017	D ysmenorrhea	 (29)

ALFF, amplitude of low‑frequency fluctuation; CTN, classic trigem-
inal neuralgia. Figure 5. The ALFF results of the brain activity in the CTN group. The yellow 

spots represent brain regions in which the ALFF value was significantly 
higher in CTN patients when compared to HCs: 1‑LIOG; 2‑RSOG; 3‑RPG; 
4‑RFG; 5‑LFG; 6‑LITG; 7‑RSC; 8‑LIC; 9‑RIC. The sizes of the spots denote 
the degree of quantitative changes. ALFF, amplitude of low‑frequency fluc-
tuation; CTN, classical trigeminal neuralgia; HCs, healthy controls; LIOG, 
left inferior occipital gyrus; RSOG, right superior occipital gyrus; RPG, 
right precentral gyrus; RFG, right fusiform gyrus; LFG, left fusiform gyrus; 
LITG, left inferior temporal gyrus; RSC, right superior cerebellum; LIC, left 
inferior cerebellum; RIC, right inferior cerebellum.

Table III. Brain regions with differences in fALFF between 
CTN patients and HCs.

		  MNI
	 CTNs and HCs	 coordinates
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Brain areas	 BA	 T‑values	 Peak voxels	 x	 y	 z

LFG 	 20	 6.0603	 48	 ‑30 	 ‑12 	 ‑33
RFG 	 36	 5.8291	 93	 42 	 ‑33 	 ‑27
LITG 	 36,20	 4.9039	 22	 ‑51 	 ‑36 	 ‑27
LIOG 	 18	 5.3456	 77	 ‑24 	 ‑81 	 ‑6
RSOG 	 18	 8.8391	 1,310	 18	 ‑90	 15
RPG 	 4	 5.7781	 27	 33	 ‑18	 51
RSC 	 ‑	 5.9398	 28	 15	 ‑39	 ‑24
RIC1	 ‑	 5.3491	 34	 9 	 ‑45 	 ‑42
RIC2 	 ‑	 6.6204	 80	 24	 ‑63	 ‑51
LIC 	 ‑	 5.3163	 40	 ‑24 	 ‑51 	 ‑54

The statistical threshold was set at the voxel level with P<0.05 for 
multiple comparisons using the Gaussian Random Field theory 
(z>2.3; P<0.01; cluster >40 voxels; alphasim corrected). fALFF, 
fractional amplitude of low‑frequency fluctuations; CTN, clas-
sical trigeminal neuralgia; HCs, healthy controls; MNI, Montreal 
Neurological Institute; BA, Brodmann area; LFG, left fusiform 
gyrus; RFG, right fusiform gyrus; LITG, left inferior temporal gyrus; 
LIOG, left inferior occipital gyrus; RSOG, right superior occipital 
gyrus; RPG, right precentral gyrus; RSC, right superior cerebellum; 
RIC1, right inferior cerebellum1; RIC2, right inferior cerebellum2; 
LIC, left inferior cerebellum.
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