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Introduction: Migraine is a recurrent neurological disorder, the symptoms of which can

be significantly relieved by acupuncture. However, the central mechanism via which

acupuncture exerts its therapeutic effect in migraine is unclear. The aim of this study

was to compare the differences in regional homogeneity (ReHo) between patients

with migraine without aura (MwoA) and healthy controls (HCs) and to explore the

immediate and cumulative therapeutic effect of acupuncture in patients with MwoA using

resting-state functional magnetic resonance imaging (fMRI).

Methods: The study subjects were 40 patients with MwoA and 16 matched HCs. The

patients with MwoA received acupuncture on 2 days per week for 6 weeks for a total of

12 sessions followed by 24 weeks of follow-up. The primary clinical efficacy outcomes

were the number of days with migraine and the average severity of headache. Secondary

outcomes were the Migraine-Specific Quality of Life Questionnaire, Self-Rating Anxiety

Scale, and Self-Rating Depression Scale scores. In the migraine group, resting-state

blood-oxygen-level-dependent fMRI scans were obtained at baseline and after the first

and 12th acupuncture sessions to measure the ReHo value. In the HCs, only a baseline

resting-state blood-oxygen-level-dependent fMRI scan was obtained.

Results: Compared with the control group, the migraine group had a significantly

lower ReHo value in the cerebellum, which increased after the first acupuncture session.

Long-term acupuncture significantly improved migraine symptoms and mood with a

therapeutic effect that lasted for at least 6 months. After 12 acupuncture sessions, there

were significant increase of cerebellum and angular gyrus in the migraine group.

Conclusion: These findings suggest that migraine is related to cerebellar dysfunction.

Acupuncture can relieve the symptoms of migraine, improve dysfunction of cerebellum,

and activate brain regions involved in modulation of pain and emotion The

cumulative therapeutic effect of acupuncture is more extensive and significant than its

immediate effect.

Keywords: acupuncture, migraine without aura, resting-state functional magnetic resonance imaging, regional

homogeneity, cerebellum, angular gyrus
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INTRODUCTION

Migraine is a common neurological disorder that manifests as
recurrent, unilateral, moderate or severe, throbbing, pulsating
headaches which lasting from several hours to several days.
The headache is often accompanied by nausea or vomiting
and sensitivity to sound or light and is triggered by tiredness,
changes in weather, and fluctuations in mood (1, 2). Migraine
is an important social and public health issue because of
its high prevalence, its substantial economic burden, and
the limitations it imposes on daily life (3). The medications
used to prevent and treat migraine have limited efficacy and
multiple adverse effects, including weight gain, fatigue, sleep
disturbance, gastrointestinal upset, and medication overuse–
induced headache (4, 5). Acupuncture is widely used as a non-
pharmacological treatment for migraine in China and Western
countries. Many large multicenter randomized clinical trials have
confirmed the beneficial effects of acupuncture for migraine.
Acupuncture can significantly relieve pain during an acute
episode of migraine, attenuate future episodes by reducing the
frequency, severity, and duration of headaches, and improve
quality of life (6–9).

In recent years, with the advent of neuroimaging technology,
functional magnetic resonance imaging (fMRI) has become a
powerful tool that can map intrinsic brain activity and could
potentially elucidate the neural mechanisms of migraine. Several
fMRI studies have confirmed that migraine is a central nervous
system disorder. Structural and functional alterations have been
documented in the insula, anterior cingulate cortex, thalamus,
prefrontal cortex, parahippocampal cortex, periaqueductal gray
matter, and cerebellum, and frequent episodes of migraine
may lead to further damage in pain-related resting-state brain
networks over time (10–12). There is evidence showing that
acupuncture can modulate pain-related brain regions and neural
activity with distinct patterns at different periods (13, 14).
Therefore, we believe that fMRI could be used as a tool to
investigate the neural responses to acupuncture in patients with
migraine. Thus far, the fMRI studies that have investigated the
therapeutic effect of acupuncture in migraine have mostly been
limited to before and after comparisons, with no research on the
effect of acupuncture in different periods of treatment.

Given that patients with migraine have multiple functional
and structural abnormalities and that acupuncture is an effective
treatment for migraine, we performed a study in which we
compared the regional homogeneity (ReHo) (15) in patients with
migraine without aura (MwoA) with that in healthy controls
(HCs). All patients with MwoA in that study received 6 weeks
of standard acupuncture treatment and were followed up for 24
weeks thereafter to assess the effects of treatment. In order to
explore the modulating effect of acupuncture, we obtained fMRI
scans on three occasions, namely, at baseline and after the first
and 12th acupuncture sessions. The relationship between change

Abbreviations: fMRI, functional magnetic resonance imaging; HCs, healthy

controls; MSQ, Migraine-Specific Quality of Life Questionnaire; MwoA, migraine

without aura; ReHo, regional homogeneity; SAS, Self-Rating Anxiety Scale; SDS,

Self-Rating Depression Scale.

in ReHo and improvement in migraine symptoms was also
examined. We then hypothesized that there could be a difference
in ReHo values between patients with MwoA and HCs in that
acupuncture may have different modulating effects by improving
dysfunctional brain regions and activating brain regions related
to pain and emotional modulation. The purpose of the present
study was to compare the differences in ReHo values between
patients with MwoA and HCs and to explore the immediate
and cumulative therapeutic effect of acupuncture in patients with
MwoA using resting-state fMRI.

MATERIALS AND METHODS

Participants
Forty patients with MwoA were recruited from the neurology
outpatient clinic or acupuncture clinic at the Shuguang
Hospital affiliated to Shanghai University of Traditional Chinese
Medicine (16). MwoA was diagnosed based on the International
Classification of Headache Disorders, 3rd Edition ICHD-III
criteria (17). The inclusion criteria were as follows: age 18–
65 years, right-handedness, 2–8 migraine attacks during the
past month, diagnosis of migraine at least 6 months earlier, no
prophylactic headache medications during the past month, no
psychoactive or vasoactive agents during the past 3 months, no
history of acupuncture, and ability to provide informed consent.
Sixteen right-handed HCs matched for age and education level
were recruited by advertisements and required to have a normal
neurological examination. The following exclusion criteria were
applied: other type of primary or secondary headache, history
of a clinically significant disorder, pregnancy or breast-feeding,
contraindications to MRI or acupuncture, severe head deformity,
and intracranial lesions.

The study protocol was approved by the Ethics Committee
of the Shuguang Hospital affiliated to Shanghai University
of Traditional Chinese Medicine and is registered on
www.chictr.org.cn (ChiCTR1900023105). Informed consent
was obtained from all study participants.

Study Design
The patients with MwoA were observed for a total of 34 weeks.
Weeks −4 to 0 served as a baseline phase, during which the
headache status at baseline was recorded. Weeks 1–6 served
as an intervention phase, during which patients with migraine
received standard acupuncture treatment. Weeks 7–30 served as
the follow-up period when headache status was monitored. All
the patients kept a headache diary throughout the study period.
fMRI scans were obtained from the patients with MwoA before
and after the first and 12th acupuncture sessions immediately
(all fMRI scanned within 1 h before and after acupuncture). All
patients with MwoA had been migraine-free for at least 72 h
at the time of the fMRI scans. Only a baseline fMRI scan was
obtained from the HCs.

Interventions
All patients received 12 sessions of acupuncture, consisting
of 2 sessions per week, each lasting 20min for 6 weeks.
Acupoints were selected according to the Chinese guidelines for

Frontiers in Neurology | www.frontiersin.org 2 May 2021 | Volume 12 | Article 680896

http://www.chictr.org.cn
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Liu et al. A Resting Functional Magnetic Resonance Study

acupuncture in patients withmigraine and those used in previous
randomized controlled trials. The following acupoints were
selected: Baihui (DU20), Taiyang (EX-HN5), bilateral Fengchi
(GB20), Shuaigu (GB8), Xuanlu (GB5), Toulinqi (GB15), Hegu
(LI4), and Taichong (LR3) (6, 18). Two licensed acupuncturists
administered all the acupuncture treatments. Sterile, single-use
acupuncture needles with a length of 25–40mm and a diameter
of 0.25mm were inserted to achieve the Deqi sensation (19).
Electric stimulation was applied at GB20 and GB8 bilaterally;
the stimulation frequency was 2Hz and the intensity was varied
from 0.1 to 1.0mA until the patient felt comfortable (20). All
patients agreed not to take any regular medications for migraine
for the duration of the study. In the event of severe pain,
ibuprofen (as 300-mg sustained-release capsules) was allowed as
rescue medication.

Outcome Measures
The primary efficacy outcomes were the number of days with
migraine attacks and average severity of headache [visual analog
scale (VAS) pain score] and the secondary outcomes were and
the Migraine-Specific Quality of Life Questionnaire (MSQ), Self-
Rating Anxiety Scale (SAS), and Self-Rating Depression Scale
(SDS) scores. Headache status in the previous 4 weeks was
evaluated before treatment (week 0), at the end of treatment
(week 6), and at follow-up 1 month (week 10), 3 months
(week 18), and 6 months (week 30) later. Researchers recorded
all acupuncture treatments and the reasons for dropping out
during the study. Acupuncture-related adverse events, including
bleeding, subcutaneous hemorrhage, severe pain, fainting, and
local infection, were recorded at each treatment session.

Acquisition of fMRI Data
All fMRI scans were obtained at the Shuguang Hospital MRI
Center using a 3.0-T MRI scanner (uMR780 Platform, United
Imaging Medical Systems, Shanghai, China) with a 12-channel
flexible head coil. All subjects were required to stay awake, remain
motionless, and keep their eyes closed and ears plugged during
the scan. A high-resolution structural image for each subject
was acquired using a three-dimensional MRI sequence with a
voxel size of 1 mm3 employing an axial fast-spoiled gradient-
recalled sequence (repetition time, 7.2ms; echo time, 3.1ms; slice
thickness, 1.0mm; flip angle, 10◦; field of view, 256 × 256mm;
and data matrix, 256 × 256). Eight-minute blood-oxygen-level-
dependent resting-state fMRI scans were obtained with echo-
planar imaging (30 contiguous slices with a slice thickness of
3.5mm, a repetition time of 2,000ms, an echo time of 30ms, a
slice thickness of 3.5mm, a flip angle of 90◦, a field of view of 240
× 240mm, and a data matrix of 64× 64).

Clinical Data Analysis
The statistical analysis was analyzed IBM SPSS Statistics
for Windows 22.0 (IBM Corp., Armonk, NY). The baseline
characteristics and clinical outcomes were presented as mean
(standard deviation) and categorical variables as the number
(percentage). Chi-square was applied for categorical variables
comparisons. Two sample t-test/Mann-Whitney U were
applied for two-group comparisons, and one-way ANOVA

was applied when there were multiple assessment points. All
tests were two-tailed and a P-value of <0.05 was considered
statistically significant.

MRI Data Collection
The fMRI data were preprocessed and analyzed using
SPM12 (https://www.fil.ion.ucl.ac.uk/spm/software/spm12/)
in MATLAB. The main steps were as follows: (1) the first 10
volumes of each scan were removed to avoid instability due to a
T1-related relaxation effect; (2) slice timing, to correct the time
difference between the data at each point in time; (3) realigning,
the data at all time points were spatially aligned with the data
collected at the first time point to obtain the head motion
parameters of the subject in the scanning time series [with
excessive motion (>3mm) were discarded]; (4) normalization,
all the data collected were resampled according to the Montreal
Neurological Institute (MNI) standard template space with a 3
× 3 × 3mm voxel size for spatial normalization; (5) detrending,
mean signals from white matter and cerebrospinal fluid were
regressed out, leaving the gray matter signal for denoising; (6)
filtering, the band-pass filtering range was set at 0.01–0.08Hz
to physiological and high frequency noise; and (7) smoothing,
conducted on final ReHo maps with a Gaussian kernel of 6mm
full width at half-maximum.

ReHo Value Analysis
Group analysis was performed with a random effects model
using SPM12. We first compared the difference in ReHo between
patients with MwoA and HCs using two-sample t-test. We
then compared the changes in ReHo in different stages during
acupuncture treatment using one-way ANOVA within subjects;
post-hoc comparisons were used to test the changes in ReHo
between different periods. To explore the association between
clinical outcomes and the ReHo value, we extracted the Z-values
for each patient in the regions of interest, in which patients
with MwoA showed a decreased ReHo value before acupuncture
when compared with HCs and a significantly increased ReHo
value after acupuncture, and used Pearson/Spearman correlation
to explore the association between these brain regions and the
corresponding migraine symptoms. A threshold of family-wise
error (FWE) corrected P-value of <0.05 at the voxel level or at
the cluster level were applied for all analyses.

RESULTS

Forty patients with MwoA and 16 HCs matched for age and sex
were recruited for this study. Three patients were lost to follow-
up, leaving clinical data for 37 patients available for analysis.
Three patients withMwoA and one HCwere excluded because of
excessive headmovement during scanning. Finally, fMRI data for
37 patients and 15 HCs were included in the analysis (Figure 1).

Baseline Characteristics
There were no significant differences in demographic
characteristics, including age, sex, and educational level,
between the two study groups (P > 0.05; Table 1).
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FIGURE 1 | Flow chart showing the screening, enrollment, treatment, and follow-up periods. fMRI, functional magnetic resonance imaging; MRI, magnetic resonance

imaging; MwoA, migraine without aura.

TABLE 1 | Clinical characteristics of patients with migraine without aura and healthy controls.

Characteristic Patients with MWoA

(n = 37)

Healthy controls

(n = 15)

P-value

Sex (male/female) 6/31 2/13 1.00

Age (years) 37.97 (9.82) 34.88 (6.66) 0.50

Education (years) 15.03 (3.14) 15.94 (1.95) 0.30

Duration of migraine (years) 16.19 (12.81) / /

Data are shown as the mean (standard deviation). Results from independent-samples t-test of the comparison between patients and healthy controls. MwoA, migraine without aura.

Clinical Outcomes
At the end of the acupuncture treatment, days with migraine
and the average VAS score for headache severity were
significantly lower than at baseline (P < 0.01). The restrictive,
preventive, and emotional functional subscales of the MSQ
in the migraine group showed significant improvement when
compared with baseline (P < 0.01). The SAS and SDS scores were

significantly improved compared with baseline in the migraine
group (P < 0.05; Table 2).

The effects of acupuncture seemed to be maintained during
the follow-up period. Days with migraine, the VAS score, the
restrictive, preventive, and emotional functional subscale scores
on the MSQ, and the SAS and SDS scores in the migraine group
were significantly lower at the end of acupuncture treatment than
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TABLE 2 | Clinical outcomes in patients with migraine without aura during the study period.

Assessment

points (wks)

Days with

migraine

VAS

score

MSQ score,

restrictive

subscale

MSQ score,

preventive subscale

MSQ score,

emotional functional

subscale

SAS

score

SDS

score

P-value for pairwise

comparison

VS

baseline

VS

treatment

Baseline,

−4–0

5.16 (1.66) 7.73

(1.41)

55.14 (14.81) 61.49 (20.91) 62.52 (23.06) 43.76

(9.33)

47.38

(9.80)

<0.001

Treatment,

1–6

1.57 (1.21) 4.08

(1.26)

75.21 (13.15) 83.38 (14.96) 83.42 (15.53) 39.73

(8.84)

40.38

(10.61)

<0.001

Follow-up,

7–10

1.16 (0.99) 4.49

(1.48)

78.61 (13.38) 85.68 (13.75) 84.32 (14.42) 39.46

(8.24)

41.03

(11.40)

<0.001 >0.05

Follow-up,

11–18

1.54 (0.77) 4.43

(1.46)

78.07 (12.90) 85.27 (11.30) 84.50 (13.25) 39.49

(8.51)

39.89

(11.03)

<0.001 >0.05

Follow-up,

19–30

1.44 (0.70) 4.89

(1.08)

74.29 (14.00) 80.00 (12.83) 83.70 (11.70) 40.97

(7.98)

42.70

(9.62)

<0.001 >0.05

Data are shown as the mean (standard deviation). The P-values indicate the results of one-way analysis of variance for comparison between different periods of treatment in the migraine

group. MSQ, Migraine-Specific Quality of Life Questionnaire; SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; VAS, visual analog scale.

at baseline at each interview during weeks 7–30. There was no
difference in any of the clinical data between weeks 10, 18, and 30.

ReHo Results
Migraine Group vs. Control Group
To explore the neural pathophysiology of migraine, we first
compared the ReHo values between the migraine group and
the control group using two sample t-test. The ReHo for the
cerebellum was significantly lower in the migraine group than
in the HC group (P < 0.05, FWE-corrected at the cluster level;
Table 3).

Modulating Effects of Acupuncture
The modulating effect of acupuncture during the different
periods of treatment was explored using ANOVAwithin subjects.
The ReHo values in the cerebellum and angular gyrus increased
in themigraine group during the different periods of acupuncture
treatment (P < 0.05, GRF-corrected at the cluster level). Post-hoc
comparisons showed that the ReHo value increased significantly
in the cerebellum after the first acupuncture session compared
with baseline (FWE, P < 0.05) and in the angular gyrus at
the end of the course of acupuncture compared with baseline
and after the first acupuncture session (FWE, P < 0.05;
Table 3).

Correlation Analyses Between ReHo and Clinical

Outcomes
We extracted the mean ReHo values in the cerebellum and
angular gyrus for which there were significant differences at
baseline and during different periods of acupuncture treatment
and performed correlation analysis with clinical outcomes (days
with migraine, VAS, MSQ, SAS, and SDS scores) across all
subjects. We found positive correlations of the change in ReHo
value in the angular gyrus with days of migraine at baseline (r
= 0.375, P = 0.029) and with the change in number of days
with migraine (r = 0.342, P = 0.048). There was no significant

correlation between the ReHo value for the cerebellum and any
clinical outcome (Table 3 and Figure 2).

DISCUSSION

A migraine attack is usually unilateral and related to the
circulation of the gallbladder meridian of foot Shaoyang. Based
on the characteristics of migraine and past clinical experience
with selection of acupoints (6, 18), we chose DU20, EX-HN5,
bilateral GB20, GB8, GB5, GB15, LI4, and LR3 combined with
electroacupuncture stimulation to achieve the best possible
clinical effect. Previous studies have shown that acupuncture has
a marked analgesic effect both immediately after an acupuncture
session and during a longer-term course of acupuncture. It
can reduce the frequency of migraine, days with migraine, and
severity of headache to a greater extent than sham acupuncture
or medication and improves quality of life and mood (21–23).
This study demonstrates that acupuncture is an effective way of
treating patients with MwoA in that it can significantly reduce
the number of days with migraine, attenuate the severity of
headache, improve quality of life, and relieve mood disorders,
such as depression and anxiety. Moreover, during follow-up,
the cumulative clinical effect of acupuncture was maintained
for at least 6 months after the end of treatment. Overall, the
therapeutic effects of acupuncture were significant, favorable,
and durable.

In order to evaluate the clinical efficacy of acupuncture
for migraine, we investigated the difference in ReHo between
patients with MwoA and HCs and observed the immediate
and cumulative effects at different periods during acupuncture
treatment in the group with MwoA. To the best of our
knowledge, this study is one of very few trials to have used
fMRI to investigate different clinical efficacy of acupuncture.
We found a difference in ReHo between patients with MwoA
and HCs, namely, a decreased ReHo value in the cerebellum
in patients with MwoA before the first acupuncture session
and a significantly increased ReHo value after the first and
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TABLE 3 | Changes in regional homogeneity in patients with migraine without aura and healthy controls during the study period.

(A) Difference in ReHo between MwoA and HCs

Contrast Brain region MNI (x, y, z) T-value Voxels

PM < HC Right cerebellum 18 −60 −42 4.4607 131

Left cerebellum −18 −63 −42 4.9429 102

(B) Changes in ReHo in different stages of treatment

Contrast Brain region MNI (x, y, z) F-value Voxels

PMa-PMb-PMc Left cerebellum −9 −36 −30 3.805 20

Left angular gyrus −60 −63 27 3.7857 23

(B1) Changes in ReHo in different stages (post-hoc analysis)

Contrast Brain region MNI (x, y, z) T-value Voxels

PMb > PMa Left cerebellum −12 −33 −33 4.7578 20

(B2) Changes in ReHo in different stages (post-hoc analysis)

Contrast Brain region MNI (x, y, z) T-value Voxels

PMc > PMa Left angular gyrus −57 −57 24 4.848 23

(B3) Changes in ReHo in different stages (post-hoc analysis)

Contrast Brain region MNI (x, y, z) T-value Voxels

PMc > PMb Left angular gyrus −60 −63 27 3.9827 20

(A) Comparison of ReHo between patients with MwoA and HCs. (B) Changes in ReHo in different periods of acupuncture treatment (P < 0.001, GRF, cluster P < 0.05, cluster >20). (B1)

Changes in ReHo between before and after first acupuncture session (FWE, P < 0.05). (B2) Changes in ReHo between before and after acupuncture (FWE, P < 0.05). (B3) Changes in

ReHo between after first acupuncture session and after 12th acupuncture session (FWE, P < 0.05). FWE, family-wise error; HCs, healthy controls; MwoA, migraine without aura; ReHo,

regional homogeneity; PM, patients with migraine; PMa, before acupuncture; PMb, after first acupuncture session; PMc, after 12th acupuncture session.

12th acupuncture session. The cerebellum is involved not
only in motor coordination and learning (24, 25) but also
in psychological processes, such as cognitive behavior and
emotional processing (26–28), and can respond to nociceptive
stimuli and participate in the management of pain (29, 30).
It also plays an important role in development of migraine
(31). Previous studies used voxel-based morphometry, amplitude
of low frequency fluctuation, and functional connectivity to
compare resting-state functional and structural abnormalities in
patients with MwoA and those in HCs. It was reported that
changes in amplitude of low frequency fluctuation and gray
matter volume in multiple cerebellar regions in patients with
MwoA were related to severity of headache and periodicity of
attacks and to decreased functional connectivity with higher
cognitive brain regions, such as the prefrontal lobe and posterior
parietal lobe (32, 33). Amin et al. (34) observed the brain
activity of drug-induced migraine by resting-state functional
connectivity and found a significant decrease in the connectivity
between the right cerebellum and the default network, which
established that the nociceptive stimulation caused by frequent
episodes of migraine affect the structure and function of the
cerebellum. The dysfunction of cerebellum in patients with
MwoA was caused by repeated episodes of migraine. Our results
of this research showed decreased ReHo in the cerebellum
which are consistent with previous reports. Russo et al.
(35) suggested the diminished functional cerebellar-thalamic
connectivity in patients with MwoA leading to susceptibility
for migraine attacks. And cerebellum performs a control
function on the descending pain modulatory system (32). Our
finding proved that therapeutic effects of acupuncture treatment
can modulate the dysfunction of cerebellum to improve
symptoms of migraine.

Furthermore, we observed that there was a significantly
greater ReHo change in the angular gyrus after 12th acupuncture
sessions. The angular gyrus is a part of the inferior parietal
lobule and is located in the posterior part of this lobule and the
junction of the occipital, temporal, and parietal lobes. It is mainly
involved in the response to pain and the sensation of temperature
and pressure (36, 37). It is also an important region in the
default mode network (DMN), which participates in the brain’s
cognitive, emotional, behavioral and other advanced functions
in the resting state (38). Previous fMRI studies have found a
significantly increased volume of gray matter in the angular
gyrus in patients with migraine, which may be related to self-
adaptation of the central nervous system, leading to abnormal
brain sensitization (39). Patients with MwoA have less functional
connectivity between the angular gyrus and pain and emotion
related brain regions such as the cerebellum, S1, and the temporal
lobe. The structural and functional changes in the key region of
the DMNwould impair cognition and painmanagement (40, 41).
The angular gyrus is an important part of the DMN, and an
abnormality in its structure and function affects transmission
and processing of pain and emotional cognition. The finding
of decreased connectivity between the angular gyrus temporal
lobe and frontal lobe has been found in the initial phase of
depression which proved that the angular gyrus also involved in
emotional response (42, 43). In this study, the activation of the
angular gyrus indicates that long-term acupuncture treatment
can not only regulate abnormal cerebellar regions but also
activate the angular gyrus which related pain and emotional
modulation to relief painful symptoms of migraine as well as
emotional disorder. Thus, with accumulation of more sessions,
the cumulative modulating therapeutic effect of acupuncture can
better promote the rehabilitation of migraine from more aspects,
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FIGURE 2 | Differences in ReHo values and modulating effects of acupuncture at different periods during treatment between patients with MWoA and HCs. (A) ReHo

value is lower in patients with MwoA than in HCs. (B) Increase in ReHo value during different periods of acupuncture treatment in patients with MwoA. (B1) Increase in

ReHo value in the left cerebellum after the first acupuncture treatment compared with baseline. (B2) Increase in ReHo value in the left angular gyrus after the 12th

acupuncture treatment compared with baseline. (B3) Increase in ReHo value in the left angular gyrus after the 12th acupuncture treatment compared with the first

acupuncture treatment. (C1) The change in the ReHo value in the left angular gyrus was positively correlated with the number of days with migraine in the past 4

weeks at baseline. (C2) Change in the ReHo value in the left angular gyrus was positively correlated with a change in the number of days with migraine within the past

4 weeks. HCs, healthy controls; ReHo, regional homogeneity; MWoA, migraine without aura.

which seen on fMRI becomes more extensive and significant
than the immediate effect. Pervious study observed that frequent
episodic migraine showed decreased ReHo value in the angular
gyrus than infrequent episodic migraine group (44). Although,
the angular gyrus only showed significant increase after the 12th

sessions of acupuncture and no such decrease at baseline, this
may be caused by small sample sizes and days of migraine attack
were relatively low which need further studies with larger sample
size and larger ranges of migraine attack frequency to confirm
these results.

Frontiers in Neurology | www.frontiersin.org 7 May 2021 | Volume 12 | Article 680896

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Liu et al. A Resting Functional Magnetic Resonance Study

Moreover, we found that the change of mean ReHo value
in the angular gyrus which showed significant increased during
different periods of acupuncture treatment positively correlated
with days with migraine at baseline and the change in number
of days with migraine. This suggested that patients with MwoA
showed more days of migraine attacks at baseline, the greater
increase in the ReHo value of the angular gyrus after treatment.
And the greater reduction in number of days with migraine,
the more significant positive activation of the angular gyrus.
Therefore, the increased ReHo value of the angular gyrus
in patients with MwoA revealed that therapeutic effects of
acupuncture can modulate pain and emotional related brain
regions to improve the symptoms of migraine. ReHo value
Changes in the angular gyrus can be used as an objective index of
clinical efficacy to confirm the effect of acupuncture in patients
with migraine.

Acupuncture is a widely used form of physical and mental
therapy that improves various types of pain by enhancing the
interaction between endogenous analgesia, emotional processing,
memory, and the DMN to rebuild a dynamic balance of
psychophysical pain (45–47). Therefore, the therapeutic effect of
acupuncture may be related to its ability to regulate the structure
and function of these brain regions. In view of the results of
this study, we believe that reversal of the ReHo value in the
cerebellum and angular gyrus may have a beneficial effect in the
management of painful symptoms in patients with migraine.

This study has several limitations. First, it did not include a
control group that received sham acupuncture or medication,
which meant that the superiority of acupuncture and the
specificity of the acupoints used could not be confirmed.
Second, all MRI scans were performed when the patients
were not experiencing migraine, so the immediate clinical
efficacy and brain activity after the first acupuncture treatment
could not be assessed during an actual episode of migraine.
Finally, the patients with MwoA were not followed up by
fMRI scans. Therefore, any correlation between persistent
changes in ReHo in the brain and clinical efficacy could
not be investigated in depth. Further studies that include
control groups and more frequent acquisition of MRI scans
are needed.

CONCLUSION

Our results demonstrate that acupuncture is an effective
treatment for migraine that can significantly improve the

number of days with migraine, severity of headache, quality
of life, and mood and that these effects can persist for at
least 6 months. Patients with migraine have abnormalities
in pain-related brain regions. The immediate and cumulative
effects of acupuncture are different in that acupuncture can
activate abnormal brain regions immediately whereas long-
term acupuncture treatment exerts an effect by activating more
extensive areas of the brain. These objective findings confirm
that acupuncture can reverse abnormal brain regions and activate
pain and emotional modulation system to improve symptoms
of migraine.
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