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Abstract
Acupuncture is widely used to treat functional dyspepsia with satisfactory outcomes. Combination of the He and Mu acupoints is 
commonly used and has a synergistic effect on functional dyspepsia; however, its underlying mechanisms remain unclear. Therefore, a ran-
domized controlled parallel clinical trial is currently underway at Chengdu University of Traditional Chinese Medicine, China. This trial 
is designed to explore the efficacy of and central responses to the He-Mu point combination in patients with functional dyspepsia using 
functional magnetic resonance imaging. A total of 105 patients with functional dyspepsia will be allocated into 3 groups: the low-He point 
group (puncturing at Zusanli (ST36)), Mu point group (puncturing at Zhongwan (CV12)), and He-Mu point combination group (puncturing 
at ST36 and CV12). Every participant will receive 20 sessions of manual acupuncture for 4 weeks. The needles will be inserted perpen-
dicularly to a depth of 1 to 2 cun. The angle of rotation and twisting will range from 90 to 180 degrees, while lifting and thrusting will 
range from 0.3 to 0.5 cm. The various manipulations will be performed 60 to 90 times per minute. The needles will remain in place for 30 
minutes, during which manipulation will be applied every 10 minutes. Magnetic resonance imaging will be performed before and after 20 
sessions of acupuncture. The primary outcome is symptom improvement according to the Chinese version of the Nepean Dyspepsia Index. 
Secondary outcomes include the Leeds dyspepsia questionnaire, Self-Rating Anxiety Scale, Self-Rating Depression Scale, Beck Anxiety 
Inventory, Beck Depression Inventory, and visual analogue scale scores before and after 10 and 20 sessions of acupuncture. Needle sensa-
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Introduction
Functional dyspepsia, one of the most frequently reported 
functional gastrointestinal disorders, is characterized by 
abdominal discomfort, pain, early satiety, abdominal dis-
tension, belching, and nausea without organic or metabolic 
pathology (Kumar et al., 2012; Tack and Talley, 2013). Al-
though functional dyspepsia is not life-threatening, it has 
became an important public health issue worldwide because 
of its high prevalence (Mahadeva and Goh, 2006), detrimen-
tal effects on health-related quality of life (QOL) (Filipović 
et al., 2013) and work productivity (Sander et al., 2011), and 
association with high health care costs (Lacy et al., 2013). 
Epidemiological surveys have shown that the prevalence of 
functional dyspepsia ranges from 10% to 30% worldwide 
(Mahadeva and Goh, 2006). Approximately 20.0% to 25.0% 
of cases occur in Western countries (Voiosu et al., 2013) 
while 24.4% occur in China (Jiang et al., 2015). Each patient 
with functional dyspepsia incurs a direct cost of $699 in 
medical costs each year (Lacy et al., 2013). Medications such 
as antacids, prokinetics, and antidepressants seem to be the 
most common choices for treatment of functional dyspepsia. 
However, their efficacy remains unsatisfactory because of 
the multifactorial etiology of functional dyspepsia (Camilleri 
and Stanghellini, 2013; Chen, 2013), and their side effects are 
problematic (Bielefeldt, 2014). Therefore, both patients and 
doctors desire more effective and safe therapies. 

Acupuncture has been widely accepted for management 
of gastrointestinal disorders in China for thousands of years 
and has been gradually recognized as a complementary ther-
apy in non-oriental cultures as well (Takahashi, 2006; Kondo 
and Kawamoto, 2014; Rafiei et al., 2014; Lee et al., 2015). 
Evidence from clinical trials has demonstrated that acupunc-
ture treatment can improve the symptoms and QOL of pa-
tients with functional dyspepsia, and acupoints related to the 
stomach are the most effective sites (Ma et al., 2012; Lima et 
al., 2013; Lan et al., 2014; Li et al., 2014). Clinically, acupoints 
are not used singly; instead, their combinations are crucial 
for acupuncture effectiveness because various acupoints 
trigger synergistic effects when stimulated together. Previous 
studies on acupoint combinations have demonstrated that 
the combination of Jueyinshu (BL14) and Danzhong (RN17) 
is more effective than a single acupoint for coronary arterio-
sclerotic heart disease (Wang, 2005), and the combination 
of Feishu (BL13) and Zhongfu (LU1) is more effective than 
a single acupoint for improving pulmonary function (Kong 
et al., 2004). Thus, it has been confirmed that synergistic ef-
fects can be produced by acupoint combinations. In light of 
traditional acupuncture theory and clinical experience (Ren 
et al., 2009; Hu and Wang, 2013), the He-Mu point combi-
nation (Zusanli and Zhongwan) is the most frequently used 
acupoint combination for treatment of functional dyspepsia 

(Han, 2003; Ji et al., 2008). Zusanli (ST36, the low-He point 
of the stomach) is the most important point for gastrointes-
tinal problems, and Zhongwan (CV12, the Mu point of the 
stomach) effectively regulates gastric function. These points 
are often used in combination rather than singly for better 
efficacy (Geng et al., 2015). However, the underlying mech-
anism of their synergistic effect remains unclear and worthy 
of further study.

With the development of functional neuroimaging tech-
niques, increasing numbers of studies have reported that 
brain function anomalies and injuries play an important role 
in the pathophysiology of functional dyspepsia (Huang et 
al., 2013; Lee et al., 2016). A systematic review showed that 
functional dyspepsia is associated with functional abnormal-
ities in the sensory and pain modulation, emotion, saliency, 
and homeostatic processing regions (Lee et al., 2016). Many 
acupuncture neuroimaging studies have indicated that acu-
puncture can help to normalize the abnormal brain function 
and metabolism in patients with functional dyspepsia. For 
example, one study demonstrated that the relief of gastroin-
testinal signs and symptoms by acupuncture is likely due to 
normalization of functional connectivity in the brain (Fang 
et al., 2015). Another study involving positron emission 
tomography–computed tomography indicated that acupunc-
ture can produce deactivations in the brain stem, anterior 
cingulate cortex, insula, thalamus, and hypothalamus, thus 
relieving symptoms (Zeng et al., 2012). Our previous study 
showed that key regions (anterior cingulate cortex, insula, 
thalamus, and hypothalamus) determine the severity of 
symptoms in patients with functional dyspepsia and that the 
mechanism of acupuncture involved specific and targeted 
brain function modulation in these key regions (Zeng et al., 
2011, 2012, 2015). Other studies have revealed that the cen-
tral integration of acupoint combinations does not involve 
central activity superposition of single acupoints but instead 
involves the restructuring of brain function (Wang, 2012). 
Therefore, we hypothesized that compared with the low-He 
point or Mu point alone, the He-Mu point combination will 
be more effective because of specific brain function modula-
tion.

This study is designed to investigate the efficacy and cen-
tral activity of puncturing at the He-Mu point combination 
versus at single acupoints for treatment of functional dys-
pepsia.

Design and Methods 
Design
This is a clinical neuroimaging study focusing on the central 
mechanism of puncturing at the He-Mu point combination 
for treatment of functional dyspepsia. 

A total of 105 patients diagnosed with postprandial dis-

tion and adverse events will be used to assess the therapeutic effects. This study will promote more widespread awareness of the benefits of 
acupoint combination in the clinical setting and provide a further explanation of the neuromechanism by which acupuncture at the He-Mu  
point combination for functional dyspepsia. Registration: Chinese Clinical Trial Registry, ChiCTR-IOR-15006402. 

Key Words: nerve regeneration; dyspepsia; acupoint combination; acupuncture; traditional Chinese medicine; neuromechanism; functional 
magnetic resonance imaging; clinical trial; protocol; neural regeneration 
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Figure 1 Flow chart of the trial. 

tress syndrome (a subset of functional dyspepsia) in accor-
dance with the Rome III Diagnostic Criteria for Functional 
Gastrointestinal Disorders will be considered as eligible 
patients. These 105 participants will be randomly allocated 
into 3 equal groups of 35 patients each: Group A (puncturing 
at ST36, low-He point), Group B (puncturing at CV12, Mu 
point), and Group C (puncturing at ST36 and CV12, He-
Mu point combination). All patients will undergo 20 manual 
acupuncture sessions during a 4-week period; the technique 
will depend on the treatment group to which they are as-
signed. Outcome measurements will be assessed at baseline 
and after 10 and 20 acupuncture sessions. Twenty-five ran-
domly selected patients from each group will undergo func-

tional magnetic resonance imaging (fMRI) scans before and 
after the acupuncture treatment (Figure 1). The effectiveness 
and central mechanism of the He-Mu point combination 
versus the low-He point alone or the Mu point alone for 
treatment of functional dyspepsia will be analyzed after data 
collection.

Patients
Patients diagnosed with postprandial distress syndrome (a 
subset of functional dyspepsia) will be recruited from the 
First Affiliated Hospital of Chengdu University of Tradition-
al Chinese Medicine and the campus of Chengdu University 
of Traditional Chinese Medicine, China.

Patient exclusion

Patient recruitment 

Randomization (105 patients)

Group A  (Low-He point)

At 2 weeks

At 4 weeks

1st: Collection and evaluation of clinical data 

3rd: Collection and 
evaluation of clinical data 

Group B  (Mu point)

10 sessions of acupuncture

10 sessions of acupuncture

Data collection and statistical analysis 

Effectiveness and central mechanism of He-Mu point combination

2nd: Collection and evaluation of clinical data 

Group C (He-Mu point combination)

1st: Functional MRI scan (25 patients in each group)

2nd: Functional MRI scan (25 
patients in each group)
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Inclusion criteria
Patients will be included if they (1) are right-handed and 
aged 18 to 45 years, (2) match the Rome III criteria (Tack 
and Talley, 2013) for functional dyspepsia and postprandial 
distress syndrome, (3) have not taken any gastrointestinal 
dynamic medicine or received acupuncture treatment during 
the last 15 days, and (4) provide written informed consent. 

Exclusion criteria 
Patients will be excluded if they (1) are pregnant or lac-
tating, (2) have a history of head trauma with loss of con-
sciousness or gastrointestinal surgery, (3) have diabetes or 
serious cardiovascular, neurological, psychiatric, renal, or 
respiratory diseases, (4) have used aspirin, steroids, pheno-
thiazines, nonsteroidal anti-inflammatory drugs, selective 
serotonin-reuptake inhibitors, medication affecting gastroin-
testinal motility, or other drugs at least 15 days before enroll-
ment, (5) have any contraindications to acupuncture, such as 
hemorrhagic disorders or excessive weakness, (6) have any 
contraindications to fMRI scanning, such as the presence of 
a cardiac pacemaker, defibrillator, metal stent, or electronic 
device in the body or an intraocular metal foreign body, 
claustrophobia, or hyperpyrexia.

This study protocol has been approved by the supervision 
of the Sichuan Regional Ethics Review Committee on Tradi-
tional Chinese Medicine (ethical approval number 2014KL-
028). This study will be performed according to the guidance 
and principles of the Declaration of Helsinki. The authors 
retain full control of the manuscript content.

Sample size
Because there is no reference on the expected effect size of us-
ing acupuncture to treat postprandial distress syndrome, the 
subtype of functional dyspepsia evaluated in this study, we did 
not estimate the sample size based on a power calculation. In-
stead, we enrolled 105 participants with a 15% expected with-
drawal rate to provide 30 participants in each group, meeting 
the requirement for the minimum sample size.

In previous studies of fMRI, 12 to 15 patients per group 
provided statistical power (Desmond and Glover, 2002; Ha-
yasaka et al., 2007). In our previous study (Qiu et al., 2016), 
we found that the average sample size in acupuncture neuro-
imaging studies was 15 patients per group and that the aver-
age sample size for patients (16 per group) was slightly great-
er than that for healthy subjects (14 per group). Considering 
the principle of nonmaleficence in ethics and our available 
research funds, we require 16 participants to undergo an 
fMRI scan in each group to investigate the different central 
responses of puncturing at different acupoints. Because some 
participants may be excluded due to excessive head motion 
during scanning, we must increase the sample size to 20. 
Finally, considering a 20% dropout rate, the required sample 
size is 25 participants in each group.

Recruitment
Hospital recruitment
Doctors in the outpatient and inpatient departments of gas-

troenterology in the First Affiliated Hospital of Chengdu 
University of Traditional Chinese Medicine will help to re-
cruit patients. Patients with interest in the study will undergo 
a basic evaluation. Those who decide to participate, satisfy 
the criteria, and provide written informed consent will un-
dergo further examination and acupuncture treatment.

Campus recruitment 
Printed recruitment posters will be posted on the campus of 
Chengdu University of Traditional Chinese Medicine, and 
researchers will deliver leaflets to students. Patients with in-
terest will contact the trial personnel. The following steps are 
the same as the hospital recruitment.

Informed consent
First, we will provide all patients with the details of the trial 
schedule, potential benefits and adverse events of treatment, 
and responsibilities of the researchers and participants. Writ-
ten informed consent will be obtained from all participants 
prior to randomization in the study. Moreover, before every 
visit, a researcher will contact the patient to reconfirm the 
consent. The patients will be free to withdraw from the study 
at any time without a specific reason and without any penal-
ty or loss of benefits. However, we will attempt to understand 
the reason for withdrawal and encourage the participant to 
remain in the study if possible.

Randomization 
Randomization will consist of (1) random assignment of the 
105 participants into 3 groups and (2) random selection of 
25 participants from each group to undergo fMRI scans. The 
randomization will be carried out using random number 
lists created in accordance with PROC PLAN of SAS 9.2 (SAS 
Institute Inc., Cary, NC, USA) by an independent statistician 
and concealed from the researchers until completion of the 
statistical analysis. If a patient meets the inclusion criteria, 
the researcher will use a mobile telephone to send random-
ization information to the data manager. This randomization 
information will include the participant’s name, sex, and 
birthdate. A random number and group assignment and 
information on whether the patient will undergo fMRI will 
then be sent from the data manager to the researcher via a 
short message. This procedure will ensure adequate random-
ization concealment. 

Blinding 
The acupuncturists, who will be asked to apply the same 
method of stimulation to each patient, will not be blinded 
to the treatment allocation for the different locations and 
number of acupoints in each group. The treatment will be 
revealed to the acupuncturists before treatment. We will in-
form the patients that three types of acupuncture treatment 
used in clinical practice will be provided in this study. They 
will accept one of them in a separate small room; each pa-
tient will know the type of acupuncture that they accepted, 
but they will not know the other two types. The evaluators 
and statisticians will be blind to the group allocation during 
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Figure 2 Acupoint locations of He-Mu point combination. 
Zusanli (ST36): on the anterior lateral side of the shank, 3 cun below 
Dubi (ST35), one horizontally placed finger distance lateral to the ante-
rior border of the tibia. Zhongwan (CV12): on the anterior median line 
of the upper abdomen, 4 cun above the navel. 

outcome evaluation and data analysis to reduce the risk of 
bias.

Intervention
The acupuncture treatments will be performed in different 
small rooms by two licensed acupuncturists with more than 
6 years of clinical experience. Manual acupuncture treatment 
will be administered using disposable sterile stainless steel 
needles (25–40 × 0.25 mm; Suzhou Hua Tuo Medical Instru-
ment Co., Ltd., China). ST36 will be used in Group A (low-
He point group), CV12 will be used in Group B (Mu point 
group), and both ST36 and CV12 will be used in Group C 
(He-Mu point combination group). ST36 will be punctured 
unilaterally, alternating between the left and right. The loca-
tions of the acupoints are shown in Figure 2.

The needles will be inserted perpendicularly to a depth 
of 1 to 2 cun (a special length-measuring unit in traditional 
Chinese medicine) with the patient lying down after skin 
sterilization; this will be followed by bidirectional rotation 
and twisting, lifting, and thrusting to induce Deqi sensation 
(arrival of qi). The angle of rotation and twisting will ranged 
from 90 to 180 degrees, while lifting and thrusting will range 
from 0.3 to 0.5 cm. The frequency of rotations and twisting 
manipulations and of lifting and thrusting manipulations 
will be 60 to 90 times per minute. The needles will be left in 
place for 30 minutes, during which manipulation will be ap-
plied every 10 minutes. Every patient will receive five treat-
ments per week for 4 weeks.

Before enrollment, we will evaluate the severity of disease 
to exclude patients with severe symptoms. We will expect all 
patients to stop any medication being taken for symptom-
atic relief of functional dyspepsia during the acupuncture 
treatment and accept the usual care for functional dyspepsia. 
Nevertheless, the patients will be permitted to treat acute 
stomach disorders as required, and the type and dosage of all 
medications used will be recorded in the case report form. 
If their condition worsens, they will be withdrawn from the 
study and recommended to undergo evaluation by gastroin-

testinal disease specialists.

MRI data acquisition 
MRI data will be acquired with a 3.0T magnetic resonance 
scanner (Siemens, Munich, Germany) at the MRI Center, 
West China Hospital, China before and after treatment. The 
patients will be instructed to maintain their regular lifestyle 
and avoid staying up late, alcohol, tobacco, tea, and coffee for 
24 hours before the scan; they will also be required to with-
stand the prolonged duration and high noise of the scan 
Each patient will have a 30-minute rest period in the wait-
ing room prior to the scan. The patients will be instructed 
to remove all metal items and place them on the examina-
tion table, keep their head fixed with the pressurized pad, 
close their eyes, stay awake, and think nothing during the 
scan. A technician of the MR Research Center shall manage 
the scan conditions, including the temperature (18–22°C), 
humidity (> 60%), and noise (< 150 decibels). The scan 
will consisted of two parts: acquisition of a high-resolution 
structural image using a three-dimensional MRI sequence 
and acquisition of a blood oxygenation level-dependent 
resting-state functional image. The three-dimensional 
structural image parameters will be as follows: repetition 
time/echo time = 1,900 ms/2.26 ms, slices = 176, data ma-
trix = 256 × 256, field of view = 256 × 256 mm2, and slice 
thickness = 1 mm. The functional image parameters will be 
as follows: repetition time/echo time = 2,000 ms/30 ms, flip 
angle = 90°, slices = 30; data matrix = 64 × 64, field of view 
= 240 × 240 mm2, slice thickness = 5 mm, total volume = 
180, and total scan time = 360 seconds. 

Outcome measurement
The clinical evaluations will comprise four parts: the Leeds 
Dyspepsia Questionnaire, Nepean Dyspepsia Index, emo-
tion, and needle sensation. All evaluations will be performed 
three times: after randomization and after 10 and 20 acu-
puncture sessions. However, the Leeds Dyspepsia Question-
naire will be only administered twice after randomization 
and treatment. The 25 participants from each group who are 
randomly selected for fMRI will undergo the scans before 
and after acupuncture treatment.

Primary outcome  
The primary outcome will be the Chinese version of the Ne-
pean Dyspepsia Index (Talley et al., 1999). The Nepean Dys-
pepsia Index is a dyspepsia-specific index used to measure 
the impairment of QOL over the prior 14 days. The symp-
tom checklist measures the frequency, intensity, and level 
of discomfort of 15 upper gastrointestinal symptoms. The 
QOL checklist includes four aspects: interference (13 items), 
know/control (7 items), eat/drink (3 items), and sleep/dis-
turb (2 items). Higher scores indicate more severe symptoms 
and poorer QOL. 

Secondary outcomes
The secondary outcomes will be the Leeds Dyspepsia Ques-
tionnaire score (Moayyedi et al., 1998), emotion, and needle 
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sensation. 
The Leeds Dyspepsia Questionnaire contains eight ques-

tions, each with two items, related to the frequency and 
severity of dyspeptic symptoms over the previous 1 month; 
the scores range from 0 to 40. It also contains one question 
regarding the most troublesome symptom for the patient. 
The higher the score of all symptoms, the more or severe the 
symptom is. 

The patients will be required to complete the following 
four scales for emotional evaluation: the Self-Rating Anxiety 
Scale (Zung, 1971), the Self-Rating Depression Scale (Zung, 
1965), the Beck Anxiety Inventory (Beck et al., 1988), and 
the Beck Depression Inventory (Beck et al., 1961). Both the 
Self-Rating Anxiety Scale and the Self-Rating Depression 
Scale comprise 20 items. Each item is scored from 1 to 4. 
According to the Chinese norm (Wang et al., 1986), an index 
score of the Self-Rating Anxiety Scale (calculated by multi-
plying the raw score by 1.25) of < 50 or an index score of the 
Self-Rating Depression Scale (calculated by multiplying the 
raw score by 1.25) of < 53 falls within the normal range. Both 
the Beck Anxiety Inventory and Beck Depression Inventory 
comprise 21 items. Each item of the Beck Anxiety Inventory 
is scored from 1 to 4, and a total score of < 45 is considered 
normal. The Beck Depression Inventory is scored from 0 to 3, 
and a total score of < 13 is considered normal.

The 10-point visual analogue scale (Wewers and Lowe, 
1990) will be used to evaluate needle sensation (deqi) after 
acupuncture stimulation in the study. This is a 10-cm scale 
containing the anchor words “none,” “mild,” “moderate,” 
“severe,” and “unbearable” spaced along the continuum. 
The scale includes five descriptors of typical deqi sensations: 

soreness, numbness, fullness, heaviness, and aching as well 
as one blank row for patients to add their own words if the 
scale does not adequately describe the sensations they expe-
rienced. The patients will assess these sensations and their 
anxiety using this 10-point visual analogue scale.

Patient safety
Adverse events caused by acupuncture, such as pain, bleed-
ing, fainting, or other severe events, will be processed imme-
diately and recorded in detail in the case report form. Table 
1 provides a complete overview of the time schedule of the 
enrollment, interventions, and assessments. 

Data management
The case report form includes observation time points, scan-
ning time points, outcome measures, adverse events, and 
safety evaluations. The researchers will be required to follow 
the requirements of the case report form and fill in the rele-
vant information in a timely and accurate manner. 

Data analysis
Before the data analyses, the research group will provide a 
statistical scheme to the statisticians. The scheme will in-
clude the required data and processing method. The data 
will be processed and analyzed by the statisticians according 
to the scheme. 

For the clinical data, statistical analyses will be performed 
with SPSS 22.0 statistics software (IBM Corp., Armonk, NY, 
USA). The data analysis process will be completed by stat-
isticians who are independent from the research team and 
blinded to the test settings. A t-test will be used to compare 

Table 1 Time schedule of enrollment, interventions, and assessments

Enrollment –t1 Allocation 0

Post-allocation

Close-out t21t0 t1 … t10 … t20

Enrolment
Eligibility screen X
Informed consent X
Allocation X

Interventions
Group A (puncturing at Zusanli (ST36), Low-He point) X X X X X
Group B (puncturing at Zhongwan (CV12), Mu point) X X X X X
Group C (puncturing at ST36 and CV12, He-Mu point combination) X X X X X

Assessments
LDQ X X X
NDI X X X
fMRI scan X X
SAS, SDS, BAI, BDI, VAS X X X
Needle sensation X X X
Adverse events X X X X X

The eligibility screening and informed consent will be completed before allocation. After allocation, every patient will receive 20 treatments during 
a period of 4 weeks. The clinical outcomes will be assessed three times: after allocation and after 10 and 20 sessions of acupuncture. The fMRI scan 
and laboratory tests will be completed after the allocation and the last treatment. Adverse events will be recorded in the case report form at any 
time during treatment. LDQ: Leeds Dyspepsia Questionnaire; NDI: Nepean Dyspepsia Index; fMRI: functional magnetic resonance imaging; SAS: 
Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale; BAI: Beck Anxiety Inventory; BDI: Beck Depression Inventory; VAS: visual analogue 
scale. 
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the numerical variables in the within-group analyses, includ-
ing the Leeds Dyspepsia Questionnaire, Nepean Dyspepsia 
Index, Self-Rating Anxiety Scale, Self-Rating Depression 
Scale, Beck Anxiety Inventory, and Beck Depression Inven-
tory. Analysis of variance and the Kruskal–Wallis test will be 
used for numerical variables in the between-group analyses, 
including age, height, and scores of the Leeds Dyspepsia 
Questionnaire, Nepean Dyspepsia Index, Self-Rating Anxi-
ety Scale, Self-Rating Depression Scale, Beck Anxiety Inven-
tory, and Beck Depression Inventory. The chi-square test will 
be used for categorical variables. A two-sided test will be ap-
plied for all available data. The accepted level of significance 
for all analyses will be P < 0.05. 

For the fMRI scans, all preprocessing steps will be con-
ducted using the Data Processing Assistant for Resting-State 
fMRI (Advanced) based on MATLAB. The preprocessing 
steps will include slice timing correction, head motion 
correction, spatial normalization, spatial smoothing, and 
detrending. After data preprocessing, the data analysis will 
include two parts: (1) whole-brain performance analysis 
through the amplitude of low-frequency fluctuation method 
and (2) functional connectivity through seed correlation 
analysis. Seeds will be defined based on the result of the am-
plitude of low-frequency fluctuation analysis and will involve 
different regions in the He-Mu point combination group 
compared with the two single-acupoint groups. Seeds will 
also be defined based on the results of our previous study, 
which showed that the anterior cingulate cortex, insula, 
thalamus, and hypothalamus are the key regions that deter-
mine the severity of functional dyspepsia symptoms (Zeng 
et al., 2011). Two-sample t-tests will be used to evaluate the 
cerebral responses to acupuncture in each group by with-
in-group analysis (post-treatment minus pre-treatment). We 
will compare the difference in cerebral response changes by 
between-group analysis in the factorial design module of 
SPM8. We will also apply Pearson correlation between the 
post-treatment and pre-treatment cerebral response changes 
and the corresponding clinical data changes in each group. 
In this study, cerebral responses to acupuncture mainly refer 
to the change in amplitude of low-frequency fluctuations 
and functional connectivity before and after treatment. A 
threshold of a voxel-wise uncorrected P < 0.005 and P < 0.05 
familywise error correction at the cluster level will be applied 
in all analyses.

Trial Status
The trial is currently in the participant recruitment stage.

Discussion
This clinical fMRI trial is designed to focus on the central 
mechanism of puncturing at the He-Mu point combination 
for functional dyspepsia.

Acupoint combination is essential for acupuncture 
efficacy
The theory of acupoint combination can be traced back to 
Huangdi Neijing (Zhang and Zhang, 1977). With gradual re-

plenishment and development in each generation, acupoint 
combination is now widely used in the clinical treatment of 
acupuncture (Feng et al., 1999; Li, 2010). Acupoint combina-
tion is based on traditional Chinese medicine theories and is 
an acupoint selection method that can integrate the specific 
effects of different acupoints to produce synergistic effects 
for better clinical efficacy (Zhang et al., 2014). Thus, acu-
point combination is thought to be not only the embodiment 
of syndrome differentiation and treatment administration 
but also a crucial component of acupuncture prescriptions 
and the basis of acupuncture manipulation. It is therefore an 
essential factor for acupuncture efficacy. 

In light of the clinical experience in traditional Chinese 
medicine, the use of acupoint combination rather than sin-
gle acupoints is often the first treatment choice because of its 
better curative effect and wider therapeutic range. For exam-
ple, according to a bibliometrics study, the commonly used 
acupoint Neiguan (PC6) was singly used in 105 studies for 
39 diseases and in combination with other acupoints in 456 
studies for 95 diseases (Xing et al., 2013). More importantly, 
different acupoint combinations have specific synergistic 
effects that can be applied to relevant diseases (Zhang and 
Wang, 2006). Different acupoint combinations have varying 
efficacies for the same disease (Wang et al., 2014; Zhang, 
2014). The He-Mu point combination reportedly has a bet-
ter curative effect than the Shu-Mu point combination for 
stress ulcers (Wang et al., 2014). Therefore, use of the most 
appropriate acupoint combination plays a critical role in the 
therapeutic effects of acupuncture. 

As the classic acupoint combination, the He-Mu point 
combination (ST36 and CV12) has been proven effective for 
gastrointestinal diseases (Liu, 2014; Su et al., 2015). Howev-
er, its efficacy should be investigated further in clinical trials. 
In addition, because it lacks a clear scientific explanation, 
the underlying mechanism of the He-Mu point combination 
deserves further study.

Central integration is the key mechanism of the effects of 
acupuncture
The mechanisms of the effects of acupuncture remain un-
clear. The effects of acupuncture are known to comprise a 
complicated biological \process involving multiple factors, 
targets, and pathways (Long et al., 2015). A study of the pe-
ripheral mechanism underlying acupuncture revealed that 
the effects of acupuncture are associated with a variety of 
humoral factors and immune pathways (Long et al., 2015). 
However, none of these factors plays an indispensable role 
in the effects of acupuncture; thus, whether the peripheral 
mechanism is the key factor of the effects of acupuncture re-
mains uncertain.

Scientists have gradually realized that a central mechanism 
plays a vital role in the effects of acupuncture (Bai and Lao, 
2013). The acupuncture signal can travel to the central ner-
vous system via afferent nerve pathways and cause various 
central integrations to achieve the treatment effect. Further-
more, damage to this central integration can reduce or elim-
inate the acupuncture effect (Han et al., 1980; Zhang and 
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Zhang, 2007; Lin et al., 2014). Previous studies of pain have 
demonstrated that acupuncture analgesia can be attributed 
to pain signal modulation involving multiple nuclei and acti-
vation by acupuncture signals in the central nervous system 
(Han et al., 1980). Pain modulation can be affected by dam-
age to the related brain regions (caudate nucleus and peri-
aqueductal gray), thus reducing or eliminating the effects of 
acupuncture analgesia. It follows that central integration is 
an indispensable component of the effects of acupuncture.

Some investigators have also suggested that under the 
same stimulation, the differences in clinical effects among 
different acupoints are closely related to different central 
integrations (Yang et al., 2012; Zhou and Ye, 2012; Zhou et 
al., 2013). For example, electroacupuncturing at different 
acupoints, such as Shenmen (HT7), PC6, ST36, or Sanyinji-
ao (SP6), in rats with insomnia can induce different central 
integration processes; consequently, different amounts of 
interleukin-1 and tumor necrosis factor alpha can be pro-
duced in the central nervous system, resulting in different 
effects on insomnia (Zhou and Ye, 2012). Therefore, central 
integration is the key to acupuncture therapy. The present 
study focuses on the difference in central integration be-
tween the He-Mu point combination and single acupoints 
for functional dyspepsia.

However, researchers have gradually realized that there 
are some problems associated with research of the central 
mechanism of acupuncture. First, data obtained from animal 
experiments cannot eliminate the influence of species-re-
lated differences on the study results. Moreover, in vitro 
experiment results cannot fully reflect the interaction effect 
between substances throughout the whole body. Likewise, 
autopsy case analysis can hardly explain the physiological 
and pathological functions in vivo. Finally, exploration from 
the viewpoint of the local structure of an acupoint cannot 
fully reveal the characteristics of integrated regulation of 
acupuncture. Therefore, elucidation of the central mecha-
nism by obtaining objective and clearly visualized evidence 
in vivo has become an urgent task in acupuncture research.

fMRI is the most commonly used neuroimaging 
technique for exploring the central integration 
mechanism of acupuncture in vivo
During the past decade, researchers have carried out exten-
sive studies of the central mechanism of acupuncture by a 
variety of neuroimaging techniques and have accumulated 
rich visual evidence (Napadow et al., 2008). It has been con-
firmed that the functional neuroimaging technique is an 
effective noninvasive method with which to study the central 
mechanism of acupuncture in vivo. 

fMRI is one of multiple neuroimaging techniques. The 
emergence of fMRI methodology is fundamentally based 
on the fortuitous presence of an endogenous contrast agent, 
paramagnetic deoxyhemoglobin, circulating in the brain 
and the tight coupling between neuronal activation and he-
modynamic responses. The fMRI signal can be changed by 
alterations in deoxyhemoglobin through hemodynamic re-
sponses at the sites of neuronal activation induced by stimuli 

to the brain, such as acupuncture. The most important func-
tion of fMRI in investigating the central mechanism of acu-
puncture is to determine the areas associated with specific 
stimuli because the brain function is spatially segmented and 
compartmentalized. Since its introduction, fMRI has rapidly 
become a widely used method in investigating the central 
mechanism of acupuncture because of its lack of radiation, 
high-quality spatial and time resolution, quick imaging ve-
locity, and low price (Ogawa et al., 1998; Health Quality On-
tario, 2006). fMRI was reportedly used in 779 acupuncture 
studies before September 2009 (Huang et al., 2012). There-
fore, fMRI has been selected as a tool with which to reveal 
the central mechanism of the synergistic effect of the He-Mu 
point combination in the present study. 

Quality control is the precondition for improving the 
reliability of results
Because of the diversity of acupuncture manipulations and 
the complexity of brain function, the results of acupuncture 
neuroimaging studies can be affected by various factors such 
as participants’ baseline characteristics, types of acupuncture 
manipulation, and fMRI scan parameters. Thus, different or 
even opposite results have been obtained in similar studies. 
Identification of rational methods with which to upgrade the 
reproducibility and reliability of results has therefore become 
a pressing issue in study design.

Considering the particularity of acupuncture neuroim-
aging studies, specific measures will be conducted to avoid 
bias in the present trial. Age, race, and handedness have a 
significant influence on the functional activity and structure 
of the brain (Rushton and Ankney, 1996). To acquire higher 
homogeneity at baseline, we have established rigorous in-
clusion and exclusion criteria including many demographic 
characteristics such as age, race, and handedness. Moreover, 
psychological factors have a strong influence on the func-
tion and structure of the human brain; thus, a preliminary 
evaluation of the patients’ psychological states will be con-
ducted with the Self-Rating Anxiety Scale and Self-Rating 
Depression Scale to exclude severely depressed and anxious 
patients. 

To ensure the stability of MRI data acquisition, only one 
technician will perform all scans using the same MRI ma-
chine according to the related operation standard and design 
of the study in the fixed condition. Some recent studies have 
indicated that the cerebral function and structure change 
during menstruation (Hagemann et al., 2011); therefore, 
scanning of female patients will be conducted during the 
same physiological period to avoid possible changes induced 
by the menstrual cycle. Furthermore, a unified guidebook 
will be used to standardize the researchers’ speech and be-
havior.

In summary, acupoint combination is an essential factor 
for acupuncture efficacy, and elucidation of its underlying 
mechanisms is vital for improvements in the effect of acu-
puncture. Thus, this study is designed to investigate the 
central mechanisms of puncturing at the He-Mu point com-
bination for functional dyspepsia. We expect that our find-
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ings will promote more widespread awareness of the benefits 
of acupoint combination in the clinical setting and provide 
a baseline for further research on the central mechanisms 
of acupuncture for gastrointestinal disease. We expect that 
more related studies of the mechanism of acupuncture will 
be performed in the future.

Limitations
The main limitation of this study is the small sample size. The 
clinical sample size should be determined using a more accu-
rate calculation. Although this is a pilot study, demonstration 
of the central mechanisms involved in acupoint combination 
could provide a new approach for future studies.
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