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ABSTRACT

Background: The role of acupuncture in treating migraine has been widely recognized, but the systematic, comprehensive and,
multi-spatial voxel-scale mechanism of brain function changes is still unclear.

Objective: Resting-state functional magnetic resonance imaging (rs-fMRI) was used to investigate the modulatory effect of
acupuncture on brain activity in patients with migraine without aura (MwoA) at different spatial voxel scales.

Methods: A total of 64 patients with MwoA were randomized into true acupuncture (TA) and sham acupuncture (SA) groups.
MwoA patients received TA or SA three times a week for four weeks, a total of 12 sessions. A clinical symptoms assessment and rs-
fMRI scans were evaluated before and after four weeks of treatment. Amplitude of low frequency fluctuation (ALFF) and fractional
ALFF (fALFF), regional homogeneity (ReHo), and degree centrality (DC) were used to evaluate the spontaneous activity, activity
coherence and connectivity importance of brain function at the single voxel, local voxel, and global voxel scales, respectively.
Results: The clinical symptoms of both groups were improved compared with baseline. There were significant differences between
the TA group and the SA group in migraine frequency, days and pain intensity. The neuroimaging data suggest that TA modulates a
broader and more significant brain neural activity than SA. TA modulates the neural activity of the default mode network (DMN),
visual network (VN), and sensorimotor network (SMN) at the single voxel scale, local voxel scale and global voxel scale, and these
changes are correlated with the improvement of the migraine and quality of life.

Conclusions: TA could exert therapeutic effects at different spatial voxel scales by modulating the DMN, VN, and SMN, which
may be the neuroimaging mechanism of acupuncture for MwoA.

1 | Introduction ing, photophobia, or phonophobia (“Headache Classification

Committee of the International Headache Society (IHS) The
Migraine is a common neurological disorder characterized by = International Classification of Headache Disorders, 3rd Edition,”
recurrent headache attacks accompanied by nausea, vomit- 2018). Epidemiology shows that migraine affects approximately
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1 billion people worldwide (Ashina et al. 2021). The 2019 global
burden of the disease shows that migraine is ranked as the
second leading cause of disability worldwide (Stovner et al. 2022),
accounting for 5.6% of the global burden of disease (Ashina et al.
2021). Migraine has become a serious public health problem in
society because of its repetition (Ashina 2020; Terwindt et al.
2000). The exact mechanism of migraine is currently unknown,
and increasing studies have shown that migraine is associated
with changes in central nervous system (CNS) activity (Ferrari
et al. 2022; Messina et al. 2022, 2023). In the process of disease
development, the default mode network (DMN), visual network
(VN), salience network (SN), sensorimotor network (SMN), and
other networks show abnormal functional activity (Chong et al.
2019; Messina et al. 2022; Schramm et al. 2023). At present,
the first-line treatment for mild-to-moderate acute migraine is
primarily nonsteroidal anti-inflammatory drugs (Ashina 2020;
Ferrari et al. 2022), however, some patients have significant
adverse reactions and irregular medication, leading to medica-
tion overuse headache (P.-K. Chen and Wang 2019). Therefore,
physicians began to seek other nonpharmacologic treatments as
an effective supplement to pharmacologic therapy.

Acupuncture, as part of complementary and alternative
medicine, has been proven in several studies to be safe and
effective for the treatment of migraine (Y. Li et al. 2012; Xu
et al. 2020; Zhao et al. 2017), and the long-term prophylaxis
effects of acupuncture may be at least as effective as preventive
medications(Linde et al. 2016). Acupuncture has been found to
reduce chronic pain by modulating various brain networks (Yu
et al. 2022). The analgesic effect of acupuncture is a multilevel
and multifactor compound therapeutic method, which mainly
acts by integrating pulses from the pain regions and acupoints
at different levels in the CNS (Qiao et al. 2020). In migraine,
multiple pain-modulating systems have been observed to be
involved in the modulatory effects of acupuncture on abnormal
brain activity and brain networks (C. Li et al. 2023; Z. Li
et al. 2017; Ma et al. 2021; Raichle 2015; Zhao et al. 2014).
These findings from neuroimaging studies have supported the
central modulatory effect of acupuncture on migraine, but the
mechanisms underlying the multispatial, voxelscale modulation
of brain function remain unclear.

In rs-fMRI, the amplitude of low frequency fluctuation (ALFF) is
an important indicator to calculate the intensity of brain neural
activity (Zhang et al. 2019). Fractional ALFF (fALFF)fALFF is
considered to be an improvement of ALFF detection (Zou et al.
2008) and reduces the influence of ventricular and blood flow
noise on ALFF detection (Zuo et al. 2010). Regional homogeneity
(ReHo) assesses the similarity or synchrony of the time series
between a particular voxel and its neighbors (Y.-F. Zang et al.
2007). Degree centrality (DC) can calculate the number of
connections between the brain area and other brain areas, and
then reflect the functional importance and influence degree of
the brain region in the whole-brain network (Zuo et al. 2012).
These four voxel-based indicators reflect brain functional features
from different scales and show a progressive and complementary
relationship, which can identify the abnormalities of brain areas
more comprehensively and sensitively. Therefore, it is appropri-
ate to synthesize these indicators to explore the multi-spatial,
voxel-scale modulation mechanisms of acupuncture on the CNS
in migraine patients.

In this study, a randomized controlled trial and rs-fMRI ALFF,
fALFF, ReHo, and DC were used to compare the modulatory
effects on brain function at single-voxel, local-voxel, and global-
voxel scales of migraine without aura (MwoA) between true
acupuncture (TA) and sham acupuncture (SA). In addition,
correlation analyses were performed to investigate possible cor-
relations between clinical variables and changes in brain regions.
We hypothesized that TA could modulate the default network
and pain-related abnormal brain network activity from different
scales. This study is expected to deepen the understanding of the
role of acupuncture in the central modulation of MwoA.

2 | Methods

In this study, MwoA patients were recruited and screened from
the hospital of Chengdu university of TCM and the third affiliated
hospital of Chengdu university of TCM (Pidu district TCM
hospital), and their clinical data and fMRI data were collected.
This study was registered in the Chinese clinical trial registry
(ChiCTR) (clinical trial registration: ChiCTR2000032308) and
reviewed by the ethics committee of the Hospital of Chengdu
university of TCM (ethical approval number: 2020KL-003). The
recruitment process began in May 2020 and continued through
September 2022.

2.1 | Participants

The diagnostic criteria of MwoA were according to the Interna-
tional Classification of Headache Disorders, 3rd edition (ICHD
- 3) diagnostic criteria of MwoA formulated by the IHS) in
2018 (“Headache Classification Committee of the International
Headache Society (IHS) The International Classification of
Headache Disorders, 3rd Edition,” 2018). The inclusion criteria
were as follows: (1) age of 18-55 years old (onset age less than
50 years old), both sexes, >6 years of education; (2) meet the
diagnostic criteria of MwoA of ICHD - 3; (3) the number of
attacks per month in the recent three months was greater than
or equal to two times, and the number of headache days was less
than 15 days per month; (4) baseline headache was defined as
moderate headache (mean visual analog scale [VAS] 3-7 cm); and
(5) informed consent was obtained from patients.

Exclusion criteria were as follows: (1) combined with other
primary headache or headache of unknown diagnosis; (2) serious
primary diseases of the cardiovascular and cerebrovascular, liver,
kidney, hematopoietic system, and other organic lesions; (3)
those with a history of head trauma, mental, or intellectual
disability, who could not cooperate with the questionnaire; (4)
received acupuncture or other preventive treatment within the
past four weeks; (5) patients with metal implants, claustrophobia,
or other contraindications to MRI examination; (6) severe brain
anatomical asymmetry or definite lesions on MRI scan; and (7)
participated in similar research within the past three months.
Detailed inclusion and exclusion criteria can be found in the
published protocol (J. Chen et al. 2022).
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FIGURE 1 | Acupointslocations. Abbreviation: BL, bladder meridian of foot sun; GV, governor meridian; GB, gallbladder meridian of foot shaoyang;

LI large intestine meridian of hand yangming; LR, liver meridian of foot Jueyin; PC, pericardium meridian of hand jueyin; SI, small intestine meridian

of hand sun; ST, stomach meridian of foot yangming; TE, triple energizer meridian of hand shaoyang.

2.2 | Study Design

In this trial, MwoA patients were observed for a total of eight
weeks, of which a baseline period of the first four weeks checked
whether MwoA patients were eligible, could correctly fill out
the headache diary, and were willing to participate in the study.
Statistical package for the social science statistics version 26.0
(SPSS 26.0; IBM Corp., Armonk, NY, USA) was used to generate
a random number table of 64 patients, and patients who met
the inclusion criteria were randomly divided into the TA group
and the SA group in a 1:1 ratio. The participants in the TA
and SA groups were blinded, and the acupuncturist could not
perform the blinded treatment due to the particularity of the
acupuncture process. The evaluators of clinical efficacy indicators
were not involved in acupuncture operation, and the three-
separation principles of researchers, operators, and statisticians
were implemented. In addition, each MwoA patient underwent
fMRI scans before and after treatment.

2.3 | Intervention

Patients in the TA and SA groups received a total of 12 acupunc-
ture treatments over four consecutive weeks, with one treatment
every other day, 3 times per week, each lasting 30 min. We selected
the five acupoints for each treatment based on the results of
previous studies (Zhao et al. 2017) and clinical expert consensus
meetings (Figure 1). Baihui (GV20), Fengchi (GB20), and Shuaigu
(GBB) were the three mandatory acupoints, and the other two
acupoints were selected according to the meridian identification
of the headache site, the details of acupoint selection can be seen
in the previously published protocol (J. Chen et al. 2022). Both TA
and SA were replaced by the park sham device (PSD). In the TA
group, deqi sensation (soreness, numbness, bloating, or radiation
sensation) was required at each acupoint, while the tip of PSD in
the SA group was blunt and would not penetrate the skin. None of
the patients were taking any medication to prevent MwoA during
the trial. Ibuprofen (Sino-american Tianjin Shike Pharmaceutical
Co., LTD), containing a 300-mg extended-release capsule, was
permitted in patients presenting with intolerable headaches, and
patients were asked to record ibuprofen use in a headache diary.

2.4 | Outcome Measurements

This research focused on the change in ALFF, fALFF, ReHo, and
DC asits primary endpoint. Clinical assessments included: (1) the
frequency of migraine attacks, defined as the number of migraine
headaches with a pain-free interval of at least 48 h; (2) days of a
migraine attack; (3) pain intensity, using VAS (0 - 10 cm); and (4)
duration of each migraine attack (hours). In addition, headache
impact test-6 (HIT-6) scores, and migraine specific quality of life
question (MSQ) scores were used to evaluate the quality of life
of the participants. Participants were evaluated before treatment
and after four weeks of treatment.

2.5 | MRI Data Acquisition and Preprocessing
Sessions of fMRI scanning were performed in the MRI room of
the hospital of Chengdu university of TCM. Patients should be
free of migraine attacks for at least 72 h at the time of scanning,
and brain images were acquired with a 3.0 Tesla system (GE
discovery MR750, GE healthcare) with an eight-channel head coil
system. The resting-state BOLD functional maps were acquired
using single gradient echo-planar imaging (EPI, repetition time
= 2000 ms, echo time = 30 ms, data matrix 64 x 64, field of
view 240 x 240 mm?, flip angle = 90 degrees, slice thickness =
5 mm, and voxel size = 3.75 X 3.75 X 5 mm?). The scan lasted for
seven min, and 205 time points were obtained. During the fMRI
scan, all participants were asked not to move their heads, to close
their eyes, to plug their ears, to remain conscious, and to avoid
wandering thoughts.

2.6 | MRI Data Preprocessing

The fMRI images were preprocessed using statistical parametric
mapping eight (SPMS, http://www.fil.ion.ucl.ac.uk/spm), and
data processing and analysis for brain imaging tools (C.-G. Yan
et al. 2016, http://rfmri.org/DPABI). The steps were as follows: (1)
remove the first five time points; (2) slice time and head motion
correction; (3) images of each participant were normalized to T1
using an EPI template; (4) T1 image were normalized to Montreal
neurological institute (MNI) space; (5) spatial smoothing was
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performed using a 6 mm Gaussian kernel with full width at half
maximum, and ReHo was calculated before smoothing; and (6)
eliminating the linear trend of the data. Participants with head
translations exceeding 2.0 mm or rotations exceeding 2.0° during
the scan were excluded.

2.7 | MRI Data Calculation

In this study, we extracted four rs-MRI metrics, including ALFF,
fALFF, ReHo, and DC. The location assignment of T1 maps
was based on the automated anatomical labelling (AAL) atlas
(Tzourio-Mazoyer et al. 2002). After data preprocessing, fast
Fourier transform was used to transform the BOLD signal time
series to the frequency domain to obtain the power spectrum.
The square root of the power spectrum of a given voxel in the
range of 0.01 to 0.08 Hz (Y.-F. Zang et al. 2007) was calculated and
averaged, and the average square root value was the ALFF value.
The fALFF value was calculated by dividing the power within the
ALFF by the total power in the entire measurable frequency range
(Zuo et al. 2010).

Subsequently, to calculate ReHo and DC, temporal filtering
between 0.01 and 0.1 Hz was applied. ReHo was calculated by
calculating the Kendall concordance coefficient of a given voxel
and its 26 neighboring voxels in the same time series to generate
a ReHo map for each subject (Y. Zang et al. 2004). In DC, Pearson
correlation was used to correlate each voxel with all other voxels
in the whole brain based on time series to obtain the correlation
coefficient matrix. The threshold (r > 0.25, p < 0.001) was used
to eliminate the low temporal correlation caused by signal noise,
and the DC value was obtained by calculating the sum of positive
connection weights in a single voxel (Zuo et al. 2012).

2.8 | Statistical Analysis

According to the neuroimaging sample size reported in the
relevant literature, a relatively stable result could be obtained
with 20 samples in each group(Szucs and Ioannidis 2020).
Considering factors such as patient withdrawal during treatment
and incomplete data in MRI scans, we set the inclusion of 32
patients in each group, so a total of 64 patients were required to
be included in this study.

2.8.1 | Clinical Data Analysis

All clinical data were analyzed using SPSS 26.0. The normal
distribution of the data was assessed using visual inspection
of histograms and the Shapiro-Wilk test. Data that did not
follow a normal distribution were analyzed by nonparametric
tests. For continuous variables, the median (lower quartiles;
upper quartiles) was used for description, and dichotomous
variables were described using frequencies and percentages (N,
%). Statistical analysis was performed using a two-tailed test
with the significance level set at 5%. We used the chi-square
test, Mann-Whitney U test, and Wilcoxon’s signed rank test to
analyze the clinical data. An exploratory subgroup analysis of all
clinical outcomes for the use of ibuprofen during treatment was
performed using linear regression models.

2.8.2 | MRI Data Analysis

All fMRI parameters were normalized using Fisher’s r-to-z score
normalization procedure. The ALFF, fALFF, ReHo, and DC
values were compared within and between the two treatment
groups, respectively, using SPM8. Two-sample t tests were used to
compare post-treatment values between the TA and SA groups,
and paired t tests were used to compare pre-treatment and
post-treatment values in each group. Individual age, sex, and
head movement parameters (mean framewise displacement,
Jenkinson) were used as covariates, and rs-fMRI data were also
treated as covariates for post-treatment group comparisons. Voxel
thresholds p < 0.001, and cluster levels p < 0.05 (Gaussian
random field, GRF) were used for all analyses. A general linear
model was used for subgroup analysis of ibuprofen use. Spearman
correlation analysis (SPSS 26.0) was used to assess the correlation
between ALFF, fALFF, ReHo, DC, and clinical indicators. Only
associations with p < 0.05 were considered significant.

3 | Results

After 184 patients were screened, 64 patients with MwoA were
enrolled in the study and randomly assigned to the TA and the SA
groups. Two patients in the TA group and four patients in the SA
group with excessive head movement and incomplete image data
conversion, and two patients in the SA group dropped out due
to unsatisfactory efficacy. Finally, 62 patients (32 in the TA group
and 30 in the SA group) were included in the clinical analysis,
and 56 patients (30 in the TA group and 26 in the SA group) were
included in the imaging analysis (Figure 2).

3.1 | Baseline Characteristics

The baseline demographic characteristics of all patients are sum-
marized in Table 1. There was no significant variation between
the two groups in gender, age, body mass index (BMI), duration
of illness, education level, migraine attacks, proportion of using
ibuprofen, and quality of life (HIT-6 score and MSQ score) (p >
0.05).

3.2 | Medication Uses

During the four-week treatment period of this study, nine (28.1%)
patients in the TA group and 12 (40.0%) patients in the SA
group reported the use of acute analgesics (ibuprofen), with
no statistically significant difference in the number of patients
between the two groups (p > 0.05; Table 2). The interval between
the time of medication and the MRI scan was more than 24 h in
all patients.

3.3 | Clinical Outcomes

After four weeks of treatment, the changes in migraine frequency,
migraine days, and VAS scores in the TA group were statistically
different from those in the SA group (p < 0.05, Table 2). However,
there were no statistical differences in the duration of each
migraine attack, HIT-6 score and MSQ score between the two
groups (p > 0.05; Table 2).
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FIGURE 2 |

Compared with the baseline, the TA group showed significantly
improvement in the migraine frequency, migraine days, VAS
scores, duration of each migraine attack, HIT-6 scores, and MSQ
scores after treatment (p < 0.05, Table 2); whereas only VAS, HIT-
6, and MSQ scores significantly improved in the SA group (p <
0.05, Table 2). In the exploratory subgroup analysis, the effects of
acupuncture on all clinical measures were consistent, and the use
of ibuprofen during treatment did not affect the treatment effect
(all interaction p > 0.05; Supplementary Figure 1).

3.4 | Neuroimaging Results

3.4.1 | Modulation Effects of True Acupuncture

After TA treatment, the ALFF values increased in the bilateral
putamen and right middle frontal gyrus, and decreased in the
bilateral lingual gyrus and left middle temporal gyrus. The
fALFF values increased in the right inferior temporal gyrus
and the left precuneus. The ReHo values increased in the left
medial superior frontal gyrus and precuneus, and decreased in
the left calcarine fissure, thalamus, and right postcentral gyrus.

Study flow chart. Abbreviation: SA, sham acupuncture; TA, true acupuncture.

DC values increased in the left rolandic operculum, inferior
parietal lobule, and right precuneus, and decreased in the right
postcentral gyrus (Figure 3, Table 3).

3.4.2 | Modulation Effects of Sham Acupuncture

After SA treatment, DC values increased only in the left pre-
cuneus, and ALFF values in the left middle occipital gyrus
and fALFF values in the right middle occipital gyrus decreased
(Figure 4, Table 4).

3.4.3 | Comparison of Modulation Effects in True
Acupuncture and Sham Acupuncture

After four weeks of treatment, compared with the SA group,
the ALFF values increased in the right inferior temporal gyrus
and left insula, and decreased in the right middle frontal gyrus
in the TA group. The fALFF values decreased in the right
inferior orbitofrontal gyrus, the ReHo values increased in the left
angular gyrus and middle frontal gyrus; and decreased in the
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TABLE 1 | Baseline characteristics of the patients, values are M (P25, P75) unless stated otherwise.

Characteristics TA (N=32) SA (N =30) P-value
Age, years 33.00 (25.00, 43.00) 32.00 (26.75, 41.50) 0.735
No (%) women 22 (68.75%) 25 (83.33%) 0.240
BMI (kg/m?) 21.80 (19.65, 24.57) 20.68 (18.49, 23.18) 0.195
Education, months 13.50 (9.00, 16.00) 16.00 (14.75, 17.00) 0.069
Duration of illness, months 77.00 (36.00, 100.75) 88.50 (60.00, 144.00) 0.065
Frequency of migraine Attacks 4.50 (3.00, 5.00) 3.00 (3.00, 5.00) 0.471
Days with migraine 4.50 (3.00, 5.75) 3.00 (2.00, 5.00) 0.147
VAS score 5.20 (4.06, 6.58) 5.75(4.93, 6.13) 0.707
Duration of each migraine attack 6.28 (3.05, 14.25) 7.90 (0.75, 12.00) 0.549
No (%) use of ibuprofen 20 (62.50%) 14 (46.67%) 0.307
HIT-6 score 63.50 (58.00, 67.00) 65.00 (59.00, 67.00) 0.783
MSQ score, role restrictive domain 64.29 (49.29, 80.00) 62.86 (57.14, 65.71) 0.860
MSQ score, role preventive domain 80.00 (61.25, 88.75) 75.00 (63.75, 85.00) 0.655
MSQ score, emotional domain 80.00 (66.67, 93.33) 83.34 (66.67, 93.33) 0.949

Abbreviations: BMI, body mass index; HIT-6, headache impact test-6; MSQ, migraine specific quality of life questionnaire; SA, sham acupuncture; TA, true

acupuncture; VAS, visual analog scale.

A) ALFF changes

©

SFGmed.L CF.L THA.L PCUN.L PoCG.R

(B)

fALFF changes

Z=66 Z=68 Tvalue

ROL.L PoCG.R IPL.L PCUN.R

FIGURE 3 | Resting state ALFF, fALFF, ReHo, and DC changes of MwoA patients in TA group (p < 0.05, GRF corrected). Abbreviation: ALFF,
frequency fluctuation; CF, calcarine fissure; DC, degree centrality; fALFF, fractional amplitude of low frequency fluctuations; IPL, inferior parietal lobule;
ITG, inferior temporal gyrus; L, left; LING: lingual gyrus; MFG, middle frontal gyrus; MTG, middle temporal gyrus; PCUN, precuneus; PoCG, postcentral

gyrus; PUT, Putamen; R: right; ReHo, regional homogeneity; ROL, Rolandic operculum; SFGmed, superior frontal medial; TA, true acupuncture; THA,

thalamus. Notes: (A) brain regions showed altered ALFF value after TA treatment; (B) brain regions showed altered fALFF value after TA treatment;
(C) brain regions showed altered ReHo value after TA treatment; And (D) brain regions showed altered DC value after TA treatment.

right lingual gyrus, the DC values increased in the left angular
gyrus and middle frontal gyrus and decreased in the left insula
(Figure 5, Table 5). Subgroup analysis showed an interaction
between ibuprofen use and group in ALFF values in the right
lingual gyrus and left suboccipital gyrus (Supplementary Figure
2; Supplementary Table 1), suggesting that ibuprofen use might
affect neural activity in these brain regions by TA and SA.

3.4.4 | Correlation With the Clinical Improvements

Correlation analysis showed that after longitudinal treatment,
the change in ALFF in the right middle frontal gyrus in the TA
group was inversely correlated with the reduction in migraine
frequency and migraine days. The change in ReHo in the left

calcarine fissure was positively correlated with the reduction in
migraine days, and the change in DC in the right postcentral gyrus
was positively correlated with the reduction in migraine days and
migraine frequency. The change in fALFF in the left precuneus
is positively correlated with the improvement in quality of life
(Figure 6). However, no correlation was found in the SA group.
Compared with the SA group, the change in ReHo in the left
angular gyrus was inversely correlated with the decrease in VAS
in the TA group (Figure 6).

3.5 | Patient Safety

All 64 patients were monitored for safety. During the four-week
treatment period, two patients (both in the TA group) reported
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TABLE 2 | Clinical outcome measures in each group, values are M (P25, P75) unless stated otherwise.

Outcome measure TA (n = 32) SA (n =30) p°

Frequency of migraine attacks

End—baseline —1.00 (-2.75, -1.00) 0.00 (-2.00, 1.00) 0.014

pb < 0.01 0.417

Days of migraine attacks

End—baseline —1.00 (-3.00, 0.00) 0.00 (-2.00, 1.00) 0.020

pb < 0.01 0.645

VAS score

End—baseline -1.95 (-3.00, -0.35) —0.25(-1.13, 0.14) 0.012

pb <0.01 0.016

Duration of each migraine attack

End—baseline —2.40 (-7.85, 0.00) —0.13 (-3.05, 0.19) 0.050

pb <0.01 0.301

Use of acute pain medication

End of treatment (%) 9(28.13) 12 (40.00) 0.423

HIT-6 score

End—baseline —7.50 (-16.50, —4.50 (-9.25, 0.135
0.00) 1.00)

pb <0.01 <0.01

MSQ score, role restrictive domain

End—baseline 7.15 (-4.99, 34.29) 10.00 (0.00, 0.626

20.00)

pb < 0.01 0.012

MSQ score, role preventive domain

End—baseline 10.00 (-3.75, 23.75) 5.00 (0.00, 20.00) 0.681

pb < 0.01 0.028

MSQ score, emotional functioning domain

End—baseline 13.33 (-6.67, 26.67) 6.66 (-8.33,13.33) 0.329

pb

0.037

0.257

Abbreviations: HIT-6, headache impact test-6; MSQ, migraine specific quality of life questionnaire; SA: sham acupuncture; TA: true acupuncture; VAS, visual

analog scale.

Annotation: pa, comparison between the two groups; pb, within-group comparisons.

adverse events. One patient had a subcutaneous hemorrhage in
the needle insertion area, and one patient had local pain in the
needle insertion area after acupuncture. All adverse events were
reported as mild or moderate and did not require specific medical
intervention. After one week of follow-up, the patient fully recov-
ered from the adverse event and did not withdraw from the trial.

4 | Discussion

In this study, we investigated the effects of TA and SA on clinical
improvement in MwoA patients and their modulation at voxel,
local, and global scales. Compared with the SA group, the TA
group showed superior benefits in clinical improvement of MwoA
patients, and voxel in different space scales of brain function
modulation degree and range of influence is more significant.
TA could modulate the DMN (precuneus, middle frontal gyrus,

superior frontal gyrus, inferior parietal lobule, angular gyrus), VN
(lingual gyrus, calcarine fissure, middle temporal gyrus, inferior
temporal gyrus), and SMN (postcentral gyrus, thalamus, insula)
at different spatial voxel scales to improve the attack of migraine,
reduce the intensity of pain, and improve the quality of life.

In this study, we found that after four weeks of treatment, both
TA and SA improved the symptoms of MwoA patients, and TA
was significantly superior to SA in improving the frequency of
migraine attacks, migraine days, and pain intensity in patients.
This finding is similar to the results of our previous RCT study of
the efficacy of acupuncture for migraine prophylaxis (Zhao et al.
2017), which demonstrates the analgesic effects of acupuncture at
acupoints in painful disorders (Qiao et al. 2020). The therapeutic
effect of acupuncture on migraine, for a long time in the past,
was considered to be a magical placebo effect (Gelfand 2017,
McGeeney 2015). We hypothesized that the improvement in these
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TABLE 3 | ALFF, fALFF, ReHo and DC changes in patients with MwoA after TA.

MNI coordinate
Brain region Hemi X z Voxels Change T value
ALFF
Putamen R 24 6 138 ) 4.56
Putamen L =21 6 97 ) 4.34
Lingual gyrus R 21 —60 —6 201 l -3.92
Lingual gyrus L =27 —54 -3 100 l -4.11
Middle temporal gyrus L —42 —66 12 17 l -5.07
Middle frontal gyrus R 36 33 63 t 3.94
fALFF
Inferior temporal gyrus R 54 -33 =27 44 T 4.63
Precuneus L -6 51 66 43 ) 3.26
ReHo
Medial superior frontal gyrus L 0 6 74 T 4.36
Calcarine fissure L -21 —69 3 44 ! —4.91
Thalamus L -12 9 55 | —4.72
Precuneus L -6 —60 24 40 t 3.39
Precentral gyrus R 54 42 42 1 —3.41
DC
Rolandic operculum L -39 18 40 t 3.56
Postcentral gyrus R 57 30 60 l -3.79
Inferior parietal lobule L —-51 -42 51 40 ) 4.50
Precuneus R 12 -72 54 46 ) 3.43

Abbreviations: ALFF, amplitude of low frequency fluctuations; DC: degree centrality; fALFF: fractional amplitude of low frequency fluctuations; Hemi,
hemisphere; MNI, montreal neurological institute; MwoA, migraine without aura; ReHo, regional homogeneity; TA, true acupuncture.

Annotation: GRF corrected, p < 0.05; 1, increase; |, decrease.

TABLE 4 | fALFF and DC changes in patients with MwoA after SA.

MNI coordinate
Brain region Hemi X z Voxels Change T value
ALFF
Middle occipital gyrus L —48 =75 9 48 l —3.27
fALFF
Middle occipital gyrus R =27 -90 0 46 l —3.46
DC
Precuneus L -6 -78 42 85 1 4.01

Abbreviations: DC: degree centrality; fALFF: fractional amplitude of low frequency fluctuations; Hemi, hemisphere; MNI, montreal neurological institute; MwoA,

migraine without aura; SA, sham acupuncture.
Annotation: GRF corrected, p < 0.05; 1, increase; |, decrease.

clinical symptoms in the SA group might be related to placebo
effects and psychological effects. We chose a control intervention
with no needling at acupoints, and although the skin was not
pierced, patients felt pain, which may have given the patient the
illusion of needling. Previous studies have shown that the depth
of needle insertion and the location of puncture directly influence

the placebo effect (Kong et al. 2013). Admittedly, although the no-
insertion approach could have largely avoided the placebo effect,
it still played a role.

After longitudinal treatment, ALFF, fALFF, ReHo, and DC values
were changed in several brain regions of the DMN (precuneus,
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FIGURE 4 | Resting state fALFF and DC changes of MwoA patients in SA group (p < 0.05, GRF corrected). Abbreviation: ALFF, frequency
fluctuation; DC, degree centrality; fALFF, fractional amplitude of low frequency fluctuations; L, left; R, right; MOG, middle occipital gyrus; PCUN,
precuneus; ReHo, regional homogeneity; SA, sham acupuncture. Notes: (A) brain regions showed altered fALFF value after SA treatment; and (B) brain
regions showed altered DC value after SA treatment. Warm colors indicate increases, cool colors indicate decreases.
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FIGURE 5 | Comparison of ALFF, fALFF, ReHo and DC in resting state between the TA and SA in MwoA patients (p < 0.05, GRF corrected).
Abbreviation: ALFF, frequency fluctuation; ANG, angular; DC: degree centrality; fALFF, fractional amplitude of low frequency fluctuations; INS, insula;
L, left; ITG, inferior temporal gyrus; LING, lingual gyrus; MFG, middle frontal gyrus; ORBinf, inferior frontal orbit; R, right; ReHo, regional homogeneity;
TA, true acupuncture. Notes: (A) brain regions showed altered ALFF value in the TA group compared to the SA group; (B) brain regions showed altered
fALFF value in the TA group compared to the SA group; (C) brain regions showed altered ReHo value in the TA group compared to the SA group; (D)
brain regions showed altered DC value in the TA group compared to the SA group. Warm colors indicate increases, cool colors indicate decreases.

middle frontal gyrus, superior frontal gyrus, and inferior parietal
lobule) in the TA group, and DC values in the precuneus also
increased in the SA group. In the TA group, the change of
fALFF value in precuneus was positively correlated with the
increase in MSQ value, and the change in ALFF value in the
middle frontal gyrus was inversely correlated with the reduction

in migraine frequency and migraine days. The ALFF, ReHo,
and DC values of the DMN (middle frontal gyrus and angular
gyrus) were changed in the TA group compared with the SA
group. The change in ReHo value in the angular gyrus was
inversely correlated with lower VAS scores. The results based on
multi-spatial voxel scales suggest that the DMN, with precuneus
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TABLE 5 | ALFF, fALFF, ReHo, and DC changes in patients with MwoA after TA and SA.
MNI coordinate

Brain region Hemi x y z Voxels Change T value
ALFF
Inferior temporal gyrus R 45 -51 -18 48 T 3.20
Middle frontal gyrus R 42 36 27 64 l -3.35
Insula L =33 —24 21 75 1 3.44
fALFF
Inferior frontal orbit R 51 45 -12 57 l —4.19
ReHo
Lingual R 15 -30 -9 39 -4.29
Angular -36 —60 39 66 4.42
Middle frontal gyrus L -36 21 45 71 4.42
DC
Insula L -39 3 0 41 l —3.40
Angular L -39 —57 42 42 T 3.88
Middle frontal gyrus L -30 18 51 35 T 3.97

Abbreviations: ALFF, amplitude of low frequency fluctuations; DC: degree centrality; fALFF: fractional amplitude of low frequency fluctuations; Hemi,
hemisphere; MNI, montreal neurological institute; MwoA, migraine without aura; ReHo, regional homogeneity; SA, sham acupuncture; TA, true acupuncture.

Annotation: GRF corrected, p < 0.05; 1, increase; |, decrease.
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Correlation analysis between brain regions and clinical improvement of patients. Abbreviation: ALFF, frequency fluctuation; ANG,

angular; CF, calcarine fissure; DC, degree centrality; DMN, default mode network; fALFF, fractional amplitude of low frequency fluctuations; L, left;
MFG, middle frontal gyrus; MSQ-RR, migraine specific quality of life questionnaire, role restrictive domain; MSQ-RP, migraine specific quality of life
questionnaire, role preventive domain; PCUN: precuneus; PoCG: postcentral gyrus; ReHo: regional homogeneity; R: right; SA: sham acupuncture; SMN:
sensorimotor network; TA: true acupuncture; VAS: visual analog scale; VN: visual network.

as a key node, might be a key brain region for acupuncture
efficacy.

The precuneus belongs to the parietal cortical structure and,
as a major component of the DMN, is associated with pain
sensitization, aberrant pain processing, and emotion processing
(Goffaux et al. 2014). The middle frontal gyrus and superior
frontal gyrus are part of the prefrontal cortex, which is sensitive
to painful stimulation (Qi et al. 2022), influences the descending
pain pathway (Lorenz et al. 2003) and is a component of the
default network pattern. The DMN is a key node in pain mod-

ulation, and previous studies have found that migraine patients
often have abnormalities in multiple brain regions of the DMN
(C. Li et al. 2023). It has been found that in patients with pain
and chronic pain, the ALFF values are reduced in the precuneus,
middle frontal gyrus, superior frontal gyrus, and angular gyrus
(Yu et al. 2022; Pan et al. 2018; Kang et al. 2023; Huang et al.
2020); the ReHo values are reduced in the precuneus (C. Chen
et al. 2019), the DC values of the angular gyrus are decreased
(Y.-C. Yang et al. 2024); and the functional connectivity between
the precuneus, the angular gyrus and other brain regions is also
decreased (Ke et al. 2020; Zhe et al. 2023). Previous studies have
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shown that acupuncture can increase the ALFF values of the
precuneus, superior frontal gyrus, and middle frontal gyrus (Yu
et al. 2022; Pan et al. 2018; Kang et al. 2023), and the ALFF(Kang
et al. 2023) and ReHo values of the angular gyrus in patients with
pain(Kang et al. 2023; Liu et al. 2021), which are similar to the
findings in our study. Correlation analysis suggested that TA can
improve migraine and quality of life by modulating spontaneous
neural activity, regional coherence, and functional importance of
the DMN (precuneus, middle frontal gyrus, and angular gyrus).

After longitudinal treatment, the ReHo and DC values of the SMN
(postcentral gyrus, thalamus) decreased in the TA group. Changes
in DC values in the postcentral gyrus were positivelyassociated
with reductions in migraine frequency and days. The ALFF and
DC values of the SMN (insula) were altered in the TA group
compared with the SA group. The results suggest that TA might
play a therapeutic role by modulating the SMN. The postcentral
gyrus is a key link in the SMN of pain processing (Frot et al.
2012), and it works together with the thalamus and insula to
realize the comprehensive processing of pain (Messina et al.
2022), (You et al. 2022). It has been found that ALFF value (J.
Yang et al. 2019), ReHo value (Wen et al. 2023), DC value (C.-Q.
Yan et al. 2020) and functional connectivity (Ke et al. 2020), in
the postcentral gyrus are increased to varying degrees in patients
with migraine and chronic pain. The ReHo values of the insula (C.
Chen et al. 2019) and DC values of the posterior insula (Ke et al.
2020) were increased, and the synchronization or coordination
of local thalamic functional activities was abnormal (Thiebaut
de Schotten et al. 2014; Y.-C. Yang et al. 2024; Yu et al. 2022).
Acupuncture and transcutaneous auricular vagus nerve therapy
reduce DC values and functional connectivity in the postcentral
gyrus in patients with chronic pain (C.-Q. Yan et al. 2020)(Rao
et al. 2023), which is similar to our findings. Correlation analysis
showed that TA ameliorated migraine by reducing the functional
importance of the SMN (postcentral gyrus).

After longitudinal treatment, the ALFF, fALFF, and ReHo of
the VN (lingual gyrus, middle temporal gyrus, inferior temporal
gyrus, calcarine fissure) in the TA group changed. The change
in ReHo of the calcarine fissure was positively correlated with
the decrease in migraine days. ALFF and ReHo values of the
VN (inferior temporal gyrus, lingual gyrus) were altered in the
TA group compared with the SA group. This suggests that the
VN might be an effective brain network for TA at different
spatial voxel scales. The calcarine fissure is involved in the
integration of visual information (Thiebaut de Schotten et al.
2014), the lingual gyrus is an important part of the occipital
visual area; the middle temporal and inferior temporal gyri are
involved in visual network processing (Cao et al. 2022; Kemik
etal. 2023). Strong evidence suggests that partial visual processing
networks are involved in pain perception and modulation of
chronic migraine (Puledda et al. 2019; Yuan et al. 2022). Visual
processing dysfunction in the lingual gyrus is associated with
light perception in migraine patients(Schankin et al. 2014), which
may explain symptoms such as photophobia and visual aura in
patients. Previous studies have also confirmed that the ALFF
value, ReHo value, and functional connectivity with other brain
regions of the calcarine fissure, lingual gyrus, and temporal cortex
are abnormal in patients with pain(Bu et al. 2023; J. Yang et al.
2019; Yuan et al. 2022; Zhu et al. 2024). We found that TA could
modulate abnormal neural activity in the VN at different spatial

voxel scales. Correlation analysis suggested that TA could reduce
migraine days by regulating the regional coherence of the VN
(calcarine fissure).

In addition, in the subgroup analysis of medication use, we found
no interaction between ibuprofen and intervention in clinical
outcomes, while neuroimaging results found interactive brain
regions. It might be that alterations in brain functional activity
do not necessarily translate directly into alterations in behavior
or clinical symptoms. Furthermore, the results of the subgroup
analyses are exploratory, and further studies are needed to verify
in the future.

5 | Limitations

This study has some limitations. First, we did not compare MwoA
patients with healthy participants, which may have prevented
us from exploring the pathogenesis of MwoA in detail. Second,
patients who did not undergo neuroimaging scans during the
follow-up period, could not determine the potential neuroimag-
ing mechanism in acupuncture in migraine prevention. Third,
this was a single-center trial, which may lead to unavoidable
selection bias and analytical bias, affecting the accuracy of the
results. Future multicenter, large-sample, long-term follow-up
studies are needed to support our results.

6 | Conclusion

In conclusion, the therapeutic effect of TA on MwoA was superior
to that of SA. TA can significantly reduce the frequency, days,
and pain intensity of migraine in MwoA patients, and other
clinical symptoms also have a tendency to improve. TA could
modulate the spontaneous neural activity, regional coherence,
and functional importance of the DMN, VN, and SMN at different
spatial voxel scales, which may be the neuroimaging mechanism
of acupuncture for MwoA.
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