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Purpose: Acupuncture has been recognized as an effective and safe alternative therapy for migraine, but its central mechanism has 
not yet been adequately explained. Meanwhile, research into the clinical efficacy and central mechanism of true acupuncture (TA) and 
sham acupuncture (SA) is lacking. It is necessary to investigate whether TA has better efficacy than SA, and how they achieve 
different effects. This study aims to evaluate the efficacy of TA and SA, observe the brain response caused by TA and SA, and further 
investigate the central nervous mechanism of TA and SA treatment for patients with migraine.
Patients and Methods: This is a randomized controlled neuroimaging trial combining acupuncture treatment with functional 
magnetic resonance imaging, with patients and outcome assessors blinded. A total of 60 patients with migraine will be randomly 
allocated to receive 12 sessions of either TA or SA treatments (three sessions per week for 4 weeks), and 30 healthy participants will 
be recruited as the healthy control (HC) group. Outcome assessment and neuroimaging will be conducted before and after the entire 
intervention. A headache diary and questionnaires of life quality and psychological properties will be used to evaluate clinical efficacy. 
Multimodal magnetic resonance imagining data analysis will be used to investigate the central mechanism of TA or SA in treating 
migraine. Pearson’s correlation analysis will be used to reveal the relationship between the brain response and clinical improvements.
Conclusion: The results of this study will reveal the brain response to TA and SA in patients with migraine and contribute to further 
expanding the knowledge of their central mechanism.
Study Registration: This trial has been approved by the ethics committee of Dongzhimen Hospital affiliated to Beijing University of 
Chinese Medicine (DZMEC-KY-2020-38) and registered in the Chinese Clinical Trial Registry (registration number ChiCTR2000033995).
Keywords: migraine, acupuncture, functional magnetic resonance imaging, protocol

Introduction
Migraine is a common and disabling disorder that typically manifests as episodic attacks of headache lasting 4 to 72 
hours, and is often accompanied by nausea, phonophobia, or photophobia.1 As a worldwide public health issue, the 
prevalence of migraine has been estimated to be 14.4% overall, with 18.9% for women and 9.8% for men.2 Migraine 
without aura (MwoA) is the most common form of migraine. The high prevalence and the unavoidable disability of 
migraine place an enormous burden on individuals and society; migraine has been ranked as the second largest 
contributor of neurological disability, after stroke.3

Currently, the management of migraine is mainly based on pharmacological treatments, comprising drugs for acute 
treatment and prevention.4 However, these medications are often associated with side effects and adverse events (AEs), 
and their overuse increases the risk of clinical progression from episodic to chronic daily headache. Thus, effective 
nonpharmacological therapeutic strategies for migraine, such as acupuncture, have gradually but widely gained support 
in many countries. As recognized and recommended by the World Health Organization (WHO),5 acupuncture can be 
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a safe and effective alternative therapy for migraine, and its positive effect has been confirmed by evidence-based 
medicine studies.6,7 However, whether the effect of true acupuncture (TA) is superior to that of sham acupuncture (SA) 
remains a highly controversial point,8–10 and the underlying mechanisms of acupuncture in treating migraine are still 
unclear. These factors partly restrict the widespread application of acupuncture in treating and preventing migraine.

With the development of neuroimaging technology, a brand-new perspective is possible.11–14 Functional magnetic 
resonance imaging (fMRI), which is characterized by high-quality temporal and spatial resolution without the use of 
ionizing radiation, has rapidly become an optimal neuroimaging method to investigate the central mechanism of 
acupuncture.15–17 Increasing numbers of fMRI-based studies of migraine have been conducted, and pathological changes 
in brain function and structure have been described; it is reported that acupuncture can be used to improve clinical 
symptoms, as well as to promote functional reorganization of the brain.14,18,19 However, structural remodeling in the 
brain, induced by acupuncture in patients with migraine, has only been observed in few studies. Meanwhile, reports of 
these neuroimaging studies often describe the cerebral response induced by TA,20,21 while scarcely focusing on the 
different central mechanisms of TA and SA. Moreover, diverse brain regions or networks modulated by TA are often 
reported, with different conclusions.20,22,23 Thus, soundly designed studies of the clinical efficacy and brain response, 
incorporating multimodal neuroimaging data analysis and correlation analysis, are worth conducting.

In our previous research on TA treatment for migraine,24 we found that, based on the classic Gen-Jie (root–knot) 
theory of traditional Chinese medicine (TCM), acupuncture of the Jing-Well points in the three Yang meridians of the 
foot (including GB44, BL67, and ST45) could not only have good clinical efficacy in treating patients with migraines in 
different headache regions, but could also adjust the functional connection of the default mode network. Therefore, with 
the purpose of better exploring the clinical efficacy and brain response to both TA and SA, as well as investigating further 
the central mechanism of acupuncture in treating migraine, we designed this randomized controlled, clinical neuroima
ging trial with multimodal magnetic resonance imaging (MRI) analysis (Figure 1).

Methods
Study Design
This is a clinical randomized controlled neuroimaging trial, with three groups: a TA group, an SA group, and a healthy 
control (HC) group. Participants, including 60 patients with MwoA and 30 healthy subjects (forming the HC group), will 
be recruited from our clinical center. The total observation period for patients with MwoA will be 20 weeks: 4 weeks of 
baseline, 4 weeks of treatment, and 12 weeks of follow-up. During the 4-week treatment, patients in the two acupuncture 
groups will receive 12 sessions of TA or SA treatment. Both the clinical outcome assessments and the MRI scans for 
patients with MwoA will be conducted at the baseline and at the end of the acupuncture treatments. During the follow-up 
period, clinical outcome assessments will be conducted every 4 weeks. All of the subjects in the HC group (who will be 
matched to the TA and SA groups by age, sex, and education) will undergo only the baseline fMRI scan (Figure 2).

The protocol has been registered with the Chinese Clinical Trial Registry (registration number ChiCTR2000033995) 
and will be conducted in accordance with the Declaration of Helsinki. The study will be reported in accordance with the 
Consolidated Standards of Reporting Trials (CONSORT) statement and its relevant extensions to randomized trials.25,26 

This protocol is reported in accordance with the Standard Protocol Items: Recommendations for Intervention Trials 
(SPIRIT) guidelines,27 (Supplementary Table 1).

Participants and Recruitment
A total of 60 patients with MwoA, meeting the diagnostic criteria according to the third edition of the International 
Classification of Headache Disorders of the International Headache Society (IHS),1 will be recruited at our clinical 
centers, at Dongzhimen Hospital affiliated to Beijing University of Chinese Medicine. In addition, 30 healthy participants 
will be recruited to the HC group.

The trial will be advertised by the official account on WeChat (China’s most popular social media platform) of 
Dongzhimen Hospital affiliated to Beijing University of Chinese Medicine. Interested participants will be screened in the 
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Figure 1 Trial profile. (A) Participants and intervention. (B) MRI scan. (C) Brain response.

Figure 2 Study flowchart.
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clinic against the inclusion or exclusion criteria. Information flyers introducing the details of the trial will be posted at 
outpatient clinics, for greater exposure.

All participants will receive a study information sheet, detailing the design, procedure, benefits, and risks of the study. 
Participants will also be instructed to complete a headache diary and will be asked to provide written informed consent 
before enrollment. Acupuncture treatment and MRI scans will be provided to participants without charge.

Randomization and Blinding
Patients with MwoA will be randomly assigned (on a 1:1 ratio) to either the TA or the SA group after signing written 
informed consent forms. The randomization sequence will be computer-generated by independent research staff using 
SAS 9.3 software (SAS Institute, Cary, NC, USA), using block randomization with a block size of 6 through a central 
randomization system. The randomization list will be stored by an uninvolved investigator and concealed from other 
study personnel. The allocation schedule will use a telephone randomization procedure. Participants will be informed that 
they will receive one of two effective interventions randomized after enrollment (acupuncture following the principles of 
TCM or another type of acupuncture).

Since SA will produce the same stimulation as TA, participants will be blinded to their group allocation. 
Acupuncturists will not be blinded to the treatment assignments, given the nature of the interventions. Outcome assessors 
and personnel involved in data analysis will be blinded to the group allocation throughout the entire trial.

To test the blinding to TA or SA treatment and to assess the credibility of the respective treatment methods, assessment of 
blinding will be used and the Bang index28,29 will be calculated in the middle of the treatment phase and at its end.

Inclusion Criteria
Inclusion Criteria for TA and SA Groups

1. Diagnosed as having MwoA, according to the criteria specified by the IHS1;
2. Male and female, aged 18–65, right-handed;
3. Initial onset of migraines prior to the age of 50 years;
4. Experience of acute migraine attacks at a frequency of 2 to 8, but less than 15, days of attacks per month during the 

previous 3 months and during baseline measurement;
5. Experience of migraine attacks for at least 1 year;
6. Provision of written, informed consent.

Inclusion Criteria for HC Group
1. Male and female, aged 18–65, with a normal physical examination and with no family history of severe disease;
2. No history of neurological disease, and no history of major physical disease or trauma;
3. Right-handed, roughly matched with the sex, age, and education of the participants with MwoA selected;
4. No contraindications for MRI scans, such as pacemakers, cardiac defibrillators, cochlear implants, or claustrophobia.

Exclusion Criteria
Prospective participants will be excluded for the following reasons:

1. Headache caused by organic disorders (eg, subarachnoid hemorrhage, cerebral hemorrhage, cerebral embolism, 
cerebral thrombosis, vascular malformation, arteritis, hypertension, or arteriosclerosis);

2. Neurological disease, immunodeficiency, bleeding disorders, or allergies;
3. Prophylactic headache treatment with drugs during the previous 3 months;
4. Women with a long history of dysmenorrhea, or who are pregnant or lactating, or have plans to become pregnant 

within 6 months;
5. Involvement in other clinical trials;
6. History of alcohol or drug abuse or addiction;
7. Any contraindications for acupuncture (such as a bleeding tendency) or MRI scans.
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During the trial period, patients who meet the following criteria will be dropped out of the study:

1. Taking medication or receiving additional treatment other than acupuncture and ibuprofen;
2. Occurrence of a serious AE, because of which the doctors consider the treatment should be terminated;
3. Withdrawal of consent for study participation by patient for subjective or objective reasons.

If the patients drop out, the researchers should contact them, using as much effort as practicable, to ask the reason, 
and to make an appointment for follow-up. These patients’ final acupuncture time and relevant assessments should be 
recorded, for both retention and statistical analysis.

Interventions
The treatment strategies were developed based on TCM theory, by consensus with experienced acupuncture practitioners. 
All acupuncturists have been trained for at least 5 years and are licensed with at least 3 years of clinical experience. 
Patients in the TA and SA groups will receive 12 sessions of acupuncture treatment over 4 weeks (three times a week) 
with each session lasting 30 min. Sterile, single-use filiform acupuncture needles (size 0.25 mm × 25 mm, Ande, 
Guizhou, China) will be used in the treatment.

For the TA group, only one acupoint will be selected, according to the syndrome differentiation of meridians of the 
headache region. For temporal headache (defined as Shaoyang headache in TCM), the Zuqiaoyin (GB44) acupoint will 
be selected. For posterior headache (defined as Taiyang headache in TCM), the Zhiyin (BL67) acupoint will be selected. 
For headache in the region of the forehead and the brow bone (defined as Yangming headache in TCM), the Lidui (ST45) 
acupoint will be selected (Figure 3).

The needle will be inserted in the acupoint at a depth of about 2 to 3 mm, and will be twisted for about 5 s. Each point 
will be acupunctured to achieve the deqi sensation (a sensation of soreness, numbness, distention, or radiation that 
indicates effective needling).

For the SA group, the choice of acupuncture needle and the duration of treatment will be the same as in the TA group, 
but there will be no attempt to induce the deqi sensation. The corresponding non-acupoints will be chosen for the SA 
group, 4 cm away from the acupoints used for patients in the TA group, on the dorsalis pedis. Moreover, the non- 
acupoints for patients in the SA group are located between the two meridians instead of on the same meridian as the 
acupoints for patients in the TA group (Figure 4 and Table 1). All acupoints and non-acupoints will be punctured 
bilaterally using disposable needles.

Figure 3 Syndrome differentiation of meridians in headache region and acupoint selection for TA group. (A) Headache region. (B) Corresponding acupoint of TA.
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Patients will be asked to fill in headache diaries during the whole study period, including the baseline phase, the 
intervention phase, and the follow-up period. According to the guidelines of the IHS on clinical trials in migraine,30,31 

headache diaries are designed to record the details of migraine attacks, including the time of headache attack and cease, 
the intensity, frequency, location, and cause of the headache, associated symptoms in each migraine attack, and the use of 
medication.

Figure 4 Syndrome differentiation of meridians in headache region and corresponding non-acupoint selection for SA group.

Table 1 Details of Acupoints and Non-Acupoints of TA and SA Groups

Group The Headache Region Acupoint Selection Location Depth

TA group Temporal headache (Shaoyang 

headache)

Zuqiaoyin (GB44) On the lateral side of the fourth toe, about 

0.1cun away from the corner of the nail

2–3mm

Occipital headache (Taiyang 
headache)

Zhiyin (BL67) On the lateral side of the little toe, 0.1cun 
lateral to the corner of the nail

Forehead headache (Yangming 

headache)

Lidui (ST45) On the lateral side of the second toe, 0.1cun 

lateral to the corner of the nail

SA group Temporal headache (Shaoyang 

headache)

Non-acupoint 1 On the third toe near the instep, 4cm away 

from Zuqiaoyin (GB44), between the Stomach 
Meridian of Foot Yangming and the Gallbladder 

Meridian of Foot Shaoyang.

2–3mm

Occipital headache (Taiyang 
headache)

Non-acupoint 2 On the lateral side of the little toe, near the 
instep, 4cm away from Zhiyin (BL67), Located 

between the bladder meridian of Foot Taiyang 

and the Kidney of Foot Shaoyin.
Forehead headache (Yangming 

headache)

Non-acupoint 3 On the second toe near the instep, 4cm away 

from Lidui (ST45), between the Stomach 

Meridian of Foot Yangming and the Liver 
Meridian of Foot Jueyin.

Abbreviations: TA, true acupuncture; SA, sham acupuncture group; mm, millimeter.
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Patients will not be allowed to take any prophylactic medications during the study period. In cases of intolerable 
headache, the patients will be allowed to take ibuprofen (300-mg capsules with sustained release) as a rescue medication, 
and the use of ibuprofen will be documented in the headache diary, including the time taken, the time of pain relief, and 
details of any side effects.

MRI Protocol
The MRI scans will be performed at the Beijing Hospital of Traditional Chinese Medicine Affiliated to Capital Medical 
University using a Siemens 3.0 T scanner (Skyra, Siemens, Erlangen, Germany) equipped with a standard head coil. The 
scanning procedure, including resting-state blood oxygen level dependent fMRI (BOLD fMRI), diffusion tensor imaging (DTI), 
and three-dimensional T1-weighted imaging (3D-T1WI), is designed to elucidate cerebral functional and structural changes. An 
echo planar imaging (EPI) sequence will be used for BOLD fMRI scanning: repetition time (TR) = 2000 ms; echo time (TE) = 
30 ms; field of view = 224 mm × 224 mm; flip angle (FA) =  90°; layer thickness = 3.5 mm; axial slices = 32; size of voxel = 
3.5 mm × 3.5 mm × 3.5 mm; in-plane resolution = 64 × 64; volumes = 240. Sagittal structural images will be acquired using 
a magnetization prepared rapid gradient-echo 3D-T1WI sequence with the following parameters: TR/TE = 2530/2.98 ms; FA = 
7°; inversion time = 1100 ms; matrix = 256 × 256; 1 mm slice thickness without slice gap. For DTI, a double spin-echo EPI 
sequence will be used: TR/TE = 12,000/77 ms; FA = 90°; volume interval = 12; 2 mm thick axial slices.

MwoA patients will undergo MRI scans at baseline and at the end of intervention. Before scanning, participants will 
be required to put on earplugs and helmet and remove all magnetic and metal items. The participants will be asked to 
adopt a comfortable supine position and to keep awake. A foam pad will be used to reduce head movement. All scans 
will be reviewed qualitatively by two radiologists to screen for possible brain lesions or structural abnormalities.

Outcome Measures
Clinical Outcome Assessments
Clinical efficacy will be assessed from the changes in clinical characteristics, based on the patients’ headache diaries during 
the trial and questionnaires of life quality and psychological factors, as follows: (1) frequency of migraine attacks; (2) number 
of days with migraine; (3) visual analog scale score (where 0 indicates no pain and 10 indicates the worst pain ever); (4) acute 
pain medication intake; (5) summary scores on the Migraine-Specific Quality-of-Life Questionnaire (MSQ), Migraine 
Disability Assessment (MIDAS), State-Trait Anxiety Inventory (STA-I), and Beck Depression Inventory (BDI).31,32

Any AEs will be recorded for safety assessment. The outcome measures shown here will be measured at baseline and 
4, 8, 12, and 16 weeks after randomization. Detailed time points of outcome assessments are given in Table 2.

Neuroimaging Data Evaluation
In this study, the functional and structural brain response induced by treatment in the TA and SA groups will be observed 
using MRI. These neuroimaging outcomes will be acquired after the MRI scanning and analysis. After preprocessing, 
data from BOLD fMRI will be analyzed to describe the changes of brain activity and function. Group differences in 
cerebral structure will be assessed by means of DTI and T1WI.

Before the acupuncture treatment, patients will complete the first fMRI scan within 3 days. They will undergo 
the second fMRI scan within 3 days after the completion of the intervention (Table 2).

Safety and Monitoring
Treatment-related AEs will be compared for patients in the TA and SA groups. Any AE, and how it is dealt with, will be 
recorded during the 4 treatment weeks and 12 follow-up weeks. Adverse events include bleeding, hematoma, fainting, 
severe pain, and local infection. If patients report any serious AEs, all details will be documented. The reason for any 
drop-out or withdrawal, as well as the participant’s compliance, will also be documented.

All researchers, including the acupuncturists, outcome assessors, data collector, data manager, data entry personnel, 
and statistician, will receive special training regarding the standard procedure and data management. To ensure 
consistency, all of the MRI scans will be conducted using the same machine by the same operator at baseline and the 
end of treatment; this operator has been technically trained by a professional engineer from the Chinese Association of 
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Brain Imaging. Another member of the professional staff will check the imaging data for quality and protocol conformity 
after each scanning session. Additionally, to maintain quality control, a regular report of trial progress will be made, and 
the research leader will check all trial processes.

Sample Size and Data Management
The sample size of the neuroimaging study was calculated according to studies of the sample size estimation method of 
fMRI, using the simulation-based method suggested by Desmond et al33 and Hayasaka et al;34 for a stricter α of 
0.000002, approximately 25 subjects are required in each group. In this study, allowing for a 20% drop-out rate and the 
possible occurrence of excessive head motions in the fMRI scanning, we plan to recruit 30 subjects in each group.

The researchers will be required to follow the requirements of a case report form (CRF) and fill in relevant information in 
a timely and accurate manner. Clinical data will be managed using printed and electronic CRFs. The data in the CRFs will be 
verified for accuracy, missing data, and data consistency by a clinical research associate. Only outcome assessors have access 
to CRFs. Hence, personal information of potential and enrolled participants will be protected.

Statistical Analysis
Clinical Data Analysis
The clinical data will be statistically analyzed using SPSS software (SPSS V25.0 for Windows). Data will be described 
utilizing the mean (standard deviation) when following a normality assumption and the median (quartile spacing) when 

Table 2 Timetable of Treatments and Outcomes Collection

Study Period

Items Baseline Treatments Phase Follow-Up Phase

Time point (week) -4-0 1 2 3 4 5–16

8 12 16

Enrolment

Eligibility screen ×

Informed consent ×
Examination ×

Randomization ×

Treatment

True acupuncture group (n=30) × × × ×
Sham acupuncture group (n=30) × × × ×

fMRI scan

True acupuncture group (n=30) × ×

Sham acupuncture group (n=30) × ×
Health control group (n=30) ×

Assessment

Headache diary × × × × × × × ×

MSQ, MIDAS, STA-I, BDI × × × × ×

Safety and Quality control

Adverse events × × × ×

Blinding assessment × ×

Abbreviations: MSQ, Migraine-Specific Quality-of-Life Questionnaire; MIDAS, Migraine Disability Assessment; STA-I, 
State-Trait Anxiety Inventory; BDI, Beck Depression Inventory.
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the normality assumption is violated. Categorical variables will be described using percentages (%) and analyzed using 
a χ²-test or Fisher’s exact test. Continuous variables will be analyzed using the t-test or the Wilcoxon rank-sum. Analysis 
of covariance will be used for outcomes with inconsistent baselines to avoid the influence of these factors on the results. 
All analyses will be conducted on the intention-to-treat (ITT) population (any randomized participant who receives at 
least one assessment after baseline) and per-protocol (PP) population (any randomized participants who complete all of 
the assessments). Missing data will be replaced according to the principle of the last observation carried forward. 
Statistical significance is defined as P < 0.05 in all comparisons, and all statistical testing is two-sided.

MRI Data Analysis
Imaging data will be analyzed using the Data Processing Assistant and Resting-State fMRI (DPARSF) toolbox, in 
MATLAB 8.6 (Mathworks, Inc., Natick, MA, USA).35 Data preprocessing will include DICOM format conversion, 
removal of the first 10 volumes, slice timing, head-motion correction, and spatial normalization. After data preproces
sing, whole-brain functional connectivity (FC), the amplitude of low-frequency fluctuation (ALFF), degree centrality 
(DC) and regional homogeneity (ReHo) will be computed. The diffusion tensor will be calculated from the images using 
a linear model, and fractional anisotropy (FA), axial diffusivity (AD), mean diffusivity (MD), and radial diffusivity (RD) 
whole-brain maps will be derived. DTI will be analyzed using PANDA package.36 Other structural MRI data like cortical 
thickness, gray matter volume (GMV) and white matter volume (WMV) will be analyzed using the voxel-based 
morphometry (VBM) toolbox within Statistical Parametric Mapping 12 (SPM12, Institute of Neurology, University 
College London). Multiple comparisons will be corrected using Gaussian random field. For visualization, DPARSF- 
viewer and Brain Net Viewer will be used.

Categorical variables, such as sex-distribution differences between patients with migraine and participants in the HC 
group will be tested using Pearson’s χ²-test. The independent t-test will be used to compare the distribution of continuous 
variables, such as age and years of education. The MRI data comparison between patients with migraine and participants 
in the HC group or between participants in the TA and SA groups will be analyzed using a two-sample t-test. Statistical 
significance will be considered for P < 0.05, and all hypothesis tests are two-tailed. In addition, the association between 
the difference in brain function and structure for the TA and SA groups and the clinical variables will be computed using 
Pearson’s correlation analysis (two-sided test).

Ethics and Dissemination
This trial will be conducted in accordance with the principles of the Declaration of Helsinki37 and has been approved by the 
ethics committee of Dongzhimen Hospital affiliated to Beijing University of Chinese Medicine (approval number, DZMEC- 
KY-2020-38). This study was registered on the Chinese Clinical Trial Registry website (registration number 
ChiCTR2000033995). If any modifications or decisions are made, amendments will be reviewed and approved by the ethics 
committee, and new protocols will be uploaded to the Chinese Clinical Trial Registry website (http://www.chictr.org.cn/). 
Written informed consent will be obtained from every participant. In addition, all researchers have been trained and have 
signed a commitment to protect the confidentiality of study participants.

Discussion
We have presented the protocol for this study for the following two reasons. On the one hand, although acupuncture has 
proven an effective and safe alternative therapy for migraine, there is no satisfactory explanation of its central 
mechanism, and there is a disconnect between practice and theory; this partly restricts the widespread application of 
acupuncture in the treatment and prevention of migraine.38–40 On the other hand, the results of some randomized 
controlled trials have led to the suggestion that there is no obvious difference in clinical efficacy between TA and SA.41,42 

Whether SA intervention will facilitate the same cerebral functional reorganization and structural remodeling as TA 
remains worthy of further exploration. Therefore, we have designed this trial to investigate both the efficacy and the 
central mechanism of TA and SA in treating migraine.

In this study, strengths are shown in the following aspects. First, the combined assessments and correlation analyses 
of clinical outcomes and MRI data will promote to expand our knowledge of the mechanism of acupuncture for treating 
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migraine in the neuroimaging field. Second, the adoption of scales for mental states, disability, and life quality will 
elaborate on the clinical efficacy of TA and SA, and contribute to reveal the functional and emotion-related brain 
response. Multimodal fMRI analyses will more comprehensively and objectively describe the acupuncture-induced brain 
response, regarding functional reorganization and structural remodeling. Third, based on literature research and the 
consensus of experts, we will include a HC group. A comparison of the fMRI data of patients with MwoA and HC 
subjects will help to distinguish central nervous system differences between them, and explore whether TA or SA can 
specifically correct abnormalities in the migraine-affected brain.

Moreover, we will adopt a single acupoint as the intervention for both TA and SA groups; this method has been 
shown in our previous research to be safe and effective.24 Compared with treatment using several acupoints, the selection 
of a single acupoint will be simpler and more convenient, will benefit clinical promotion, and will make the research 
more easily repeatable In addition, statistical analysis of questionnaires of blinding tests and the results of a credibility 
assessment will also help to avoid severe bias caused by unblinding of the TA or SA groups.31,43

One potential limitation of this study might be that the SA intervention is designed as penetrative SA (PSA), which involves 
superficial needling on non-acupoints without deqi (the deqi sensation is considered to be crucial to efficacy in traditional 
Chinese acupuncture). There have long been dissenting views, challenging SA in the past, arguing that its physiological effect 
of piercing the skin could result in false-negative outcomes.44 However, recent findings are inconsistent with these views. The 
latest research shows that penetrative SA (PSA) and nonpenetrative SA (NPSA) have a similar weak effect and are appropriate 
for use as an inert placebo control in randomized controlled trials for pain research. Meanwhile, PSA has been increasingly 
used because it produces the additional physiological effect of piercing the skin.45 Moreover, compared with NPSA methods, 
such as the use of nonpenetrating placebo needles with a blunt tip placed on an adhesive pads, PSA will be more effective when 
blinding Chinese patients, who often have personal experience of acupuncture treatment and expect to experience certain 
sensations during acupuncture treatment. Therefore, based on expert consensus and literature research, we choose PSA with 
sham acupoints as the placebo control intervention in this study, consistent with some presented clinical trials of migraine.46–48

Conclusion
In this protocol, a randomized controlled neuroimaging trial is outlined, of which the main purposes are to evaluate the 
efficacy of TA and SA (acupuncture and placebo acupuncture) treatment for migraine and to investigate the central 
mechanisms of TA and SA. The results and findings of this study will help provide a new perspective to illustrate the 
mechanism of acupuncture treatment, thereby promoting the widespread application of acupuncture and offering more 
benefits for patients affected by migraine in the future.
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