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Introduction: Chronic pain is one of the major health problems worldwide in recent years, and acupuncture-related therapies have
been reported to have definite analgesic effects. However, it is still unclear which treatment is the most effective. Our systematic
review and network meta-analysis protocol aims to summarize the evidence and determine the most effective method to treat the
chronic musculoskeletal pain.

Methods and Analysis: Our literature search will be performed in five electronic databases—the Cochrane Library, EMBASE, and
PubMed, AMED, CINAHL, until May 20, 2022. All randomized controlled trials of acupuncture-related therapies for chronic
musculoskeletal pain will be included. The primary outcomes will be common pain-related scales, and the secondary outcomes will
include quality of life and incidence of adverse events. Excel 2019 will be used for data extraction, RoB2 will be used for bias risk
assessment. R 3.6.2 and WinBUGS V.1.4.3 software will be used for network data synthesis and to produce related plots. During the
study, literature selection, data extraction, quality assessment and bias risk assessment will be independently completed by two
reviewers, and differences will be judged by the third reviewer. Finally, the risk of bias and sources of heterogeneity in the study will
be analyzed and explained in order to obtain reliable results.

Results: Our study will evaluate the effectiveness and safety of acupuncture-related therapies for the treatment of chronic muscu-
loskeletal pain, and we will rank all methods to recommend the best appropriate treatment option.

Conclusion: This study will provide a good foundation for complementary and alternative medicine to treat chronic musculoskeletal
pain. It will be also helpful to promote the clinical practice by providing evidence-based medical evidence.
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Introduction

Chronic pain is pain that persists or recurs in one or more anatomical areas for more than 3 months.' The global rate of
chronic pain patients is up to 30%.” Approximately 25.3 million adults have chronic pain on a daily life in the United
States,” and the proportion of chronic pain patients is also over 30% in China.* Although chronic pain-related diseases
not immediately endanger lives of patients, the long-term impact on them makes it become the most important cause of
mental health problems and disability.>® Among them, chronic musculoskeletal pain (CMP) is the leading cause of
disability worldwide,” with the consultation rate ranking second in chronic pain.® The total annual cost to pain manage-

ment, including patients, caregivers and healthcare systems, is estimated to be as high as 3.0% of GDP, and even higher
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than heart disease and cancer.” More importantly, the social burden of chronic pain will increase significantly due to the
aging of the population in the future.'”

Although there are many causes of chronic musculoskeletal pain, the pathogeneses are generally related to inflam-
matory response, fibrotic scar formation, massive release of neurotransmitters, neuroimmune abnormalities, peripheral
and central sensitization.'' The main purpose of treatment is to improve pain symptoms and the quality of life of patients.
At present, the treatments of CMP are mainly divided into drugs, interventional therapies and other physical therapies.'>
Drugs commonly used in clinical practice, such as opioids and non-steroidal anti-inflammatory drugs (NSAIDS), can
temporarily relieve pain, but long-term use will produce side-effects such as gastrointestinal symptoms, liver and kidney
toxicity, and even lead to addiction and drug abuse.'*'* Surgical treatments such as nerve blocks can also have serious
sequelae.'® With the in-depth research, physical therapy represented by acupuncture has been widely used in recent years.

Acupuncture, as a safe and effective treatment with a long history, is widely popular in improving chronic pain.'®™'®
Several previous systematic reviews and meta-analysis have demonstrated that acupuncture and acupuncture-related
therapies have beneficial effects on CMP related diseases such as back pain, shoulder pain and neck pain.'”?' The
researchers conducted a network meta-analysis (NMA) and found that acupuncture was more effective than other physical
therapies on relieving pain.>** Liu et al found that fire needle, warm acupuncture and electroacupuncture (EA) were more
effective in improving the Western Ontario and McMaster Universities osteoarthritis index (WOMAC),** while Wang et al
believed that acupuncture plus moxibustion is the most effective way to reduce low back pain.> SW Li et al previously
proved that warm acupuncture and EA were effective treatment methods for knee osteoarthritis,”® and Wei et al thought that
acupuncture plus acupoint application had the best effect in improving the Visual Analogue Scale (VAS) and alleviating
pain.?” However, most of the current studies are limit to traditional meta-analysis, and there is still a lack of efficacy
comparison between different treatments. At the same time, previous studies only focus on single disease type, such as neck
pain, back pain, low back pain or knee osteoarthritis. There are shortcomings such as small number of studies, insufficient
sample size and low statistical efficiency in the process of research, which lead to uncertainty in the results of studies and fail
to provide a good guidance for clinical practice and scientific research.

Based on the above background, it is urgent to conduct a study on different acupuncture-related therapies of chronic
musculoskeletal pain that have a common pain mechanism.® In this study, we will focus on high quality research (Jadad >4) in
the field of CMP. Then, we will use the method of Bayesian network analysis to systematically compare and rank different
therapies. It will be a good way to improve statistical efficiency and increase the credibility of the findings, thus providing the
latest evidence for clinicians and patients with chronic musculoskeletal pain.

Methods
Study Registration

This network meta-analysis will be conducted according to the guidelines stated in the Preferred Reporting Program for
Systematic Evaluation and Meta-Analysis (PRISMA 2020) statement.”° It is registered on the PROSPERO website
(https://www.crd.york.ac.uk/prospero/) for PROSPERO registration number CRD42022330971.

Data Sources and Search Strategy

An electronic search will be performed on acupuncture-related therapies for chronic pain from the establishment of the
database to May 20, 2022 in the following online databases: The Cochrane Library, The Excerpta Medica Database
(EMBASE), and PubMed, The Allied and Complementary Medicine Database (AMED), Cumulative Index to Nursing
and Allied Health Literature (CINAHL). We only included the English literature in the above database. Specific retrieval
strategy is shown in Table 1.

Inclusion and Exclusion Criteria

Types of Studies

Only randomized control trials (RCTs) of acupuncture-related therapies for chronic primary musculoskeletal pain will be
included.
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Table | Search Strategy for Cochrane Library Database

Set Search Query

#l Randomized Controlled Trial [All Text]

#2 Controlled Clinical Trial [All Text]

#3 Randomized [All Text]

H4 Randomised [All Text]

#5 Placebo [All Text]

#6 Randomly [All Text]

H7 Trial [All Text]

#8 Groups [All Text]

#9 or/#|-#8

#10 Pain [Title/Abstract/Keyword]

#l11 Chronic Pain [Title/Abstract/Keyword]

#12 Chronic Musculoskeletal Pain [Title/Abstract/Keyword]
#13 Shoulder Pain [Title/Abstract/Keyword]

#14 Neck Pain [Title/Abstract/Keyword]

#15 Back Pain [Title/Abstract/Keyword]

#16 Low Back Pain [Title/Abstract/Keyword]

#17 Osteoarthritis [Title/Abstract/Keyword]

#18 or/#10-#17

#19 Acupuncture [Title/Abstract/Keyword]

#20 Acupuncture Therapy [Title/Abstract/Keyword]
#21 Acupuncture Treatment [Title/Abstract/Keyword]
#22 Acupuncture Analgesia [Title/Abstract/Keyword]
#23 Manual Acupuncture [Title/Abstract/Keyword]
#24 Acupuncture-moxibustion [Title/Abstract/Keyword]
#25 Moxibustion [Title/Abstract/Keyword]

#26 Electroacupuncture [Title/Abstract/Keyword]
#27 Acupotomy [Title/Abstract/Keyword]

#28 Warm Needle [Title/Abstract/Keyword]

#29 Warm Acupuncture [Title/Abstract/Keyword]
#30 Fire Needle [Title/Abstract/Keyword]

#31 Fire Acupuncture [Title/Abstract/Keyword]

#32 Laser Acupuncture [Title/Abstract/Keyword]
#33 Body Acupuncture [Title/Abstract/Keyword]
#34 Scalp Acupuncture [Title/Abstract/Keyword]
#35 Auricular Acupuncture [Title/Abstract/Keyword]
#36 Eye Acupuncture [Title/Abstract/Keyword]

#37 Skin Acupuncture [Title/Abstract/Keyword]

#38 Acupoint Injection [Title/Abstract/Keyword]
#39 Catgut Embedding [Title/Abstract/Keyword]
#40 Catgut Implantation at Acupoint [Title/Abstract/Keyword]
#41 Embedding Thread [Title/Abstract/Keyword]
#42 or/#19-#41

#43 #9 and #18 and #42

Note: This search strategy was modified to be suitable for other electronic databases.

Participants

All patients with chronic musculoskeletal pain will be included, including a definitive diagnosis of nonspecific neck pain,
shoulder pain, low back pain, back pain, limb pain, chest pain and osteoarthritis. The diagnosis of the above diseases can
be carried out according to the relevant guidelines of Chinese medicine or Western medicine. Patients are 18 years of age

or older, regardless of gender, race or nationality, and there are no restrictions on the severity.
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We will rule out diseases according to the International Classification of Diseases (ICD-11):'(1) chronic widespread
pain; (2) complex regional pain syndromes; (3) chronic primary and secondary headache or orofacial pain; (4) chronic
primary and secondary visceral pain; (5) chronic cancer-related pain; (6) chronic postsurgical or post-traumatic pain; (7)
chronic neuropathic pain; (8) chronic secondary musculoskeletal pain.

Types of Interventions

We will include control groups if they were treated with manual acupuncture, moxibustion, electroacupuncture,
acupotomy, warm acupuncture, fire acupuncture, laser acupuncture, body acupuncture, scalp acupuncture, auricular
acupuncture, eye acupuncture, skin acupuncture, acupoint injection, catgut embedding. Acupressure, cupping therapy
will be excluded. The intervention in this group could be a single intervention or combined with traditional drugs
(including opioid painkillers or NSAIDS).

Types of Comparison
The control group will be treated with any inactive interventions (sham acupuncture, waiting list, placebo and no
intervention), opioid painkillers, NSAIDS.

Outcomes
For the outcome measures, effect sizes will be extracted at the first time point after the end of the interventions and at the
follow-up time point. The primary outcomes will be common continuous variables pain-related scales, including the
following: (1) WOMAC;*' (2) VAS or Facial-VAS,*? (3) The Numeric Pain Rating Scale (NPRS) or the Numeric Rating
Scale (NRS),** (4) The Brief Pain Inventory (BPI).>* Finally, we will use the VAS with a total score of 10 to convert the
different scales into uniform units according to the International unit system to obtain robust results.

The secondary outcomes will be included: Quality of Life Survey Summary Form (QoL) SF-12 or SF —36,>* Side
effects or adverse events (AE). Again, we were going to use the same units for conversion.

Selection of Studies
Two researchers (ZZ and XGX) will independently select studies based on inclusion and exclusion criteria using
bibliographic software EndNote X9 (https://www.endnote.com/). First, duplicate studies will be deleted. Then, title

and abstract will be read to exclude studies that do not meet the criteria. Carefully read the full text of all remaining
articles to determine the final inclusion of the article. If there is incomplete basic information or data to contact the author
for access. Any disagreement arising during the assessment will be adjudicated by a third investigator (LFR) to achieve
consensus. Finally, we will provide a list of excluded studies and an argument for exclusions. The selection procedure is
shown in the PRISMA flowchart as presented in Figure 1.

Data Extraction and Management

Two researchers (HLY and SYJ) will use Excel 2019 software independently extracted data from five major aspects:
basic study information (Title, author information, publication), the participants information (Gender, age, sample size,
the types of chronic pain, pain grading), intervention in detail (Intervention method, follow-up duration, frequency, time),
methods, information (Study design, random sequence generation, allocation hiding, blinding, and other issues related to
bias) and related outcome indicators (primary outcome, secondary outcome, adverse events) as presented in Table 2.
A third researcher (LFR) will check and verify the entered data to ensure consistency and validity.

Risk of Bias Assessment

Two reviewers (TH and HFY) will use the Version 2 of the Cochrane tool for assessing risk of bias (RoB2) in randomised
trials to assess the quality of the included studies.’” >’ The evaluation will be included the following aspects: (1) bias
arising from the randomization process; (2) bias due to deviations from intended interventions; (3) bias due to missing
outcome data; (4) bias in measurement of the outcome; (5) bias in selection of the reported result. The risk of bias in each

ER I3

area falls into three grades: “low risk of bias”, “some concerns” and “high risk of bias”. We will evaluate the magnitude
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Figure | Flowchart of study selection.

and direction of bias from the following six aspects: (1) favours experimental; (2) favours comparator; (3) towards null;
(4) away from null; (5) unpredictable; (6) not apply.*® Finally, RoB2 software provided by the website of risk of bias
(https://www.riskofbias. Info/) will be used to complete the drawing of the risk of bias map.

Dealing with Missing Data

In the process of data collection and entry, once the original data is found missing or in doubt, we will obtain the missing
information from the author through the contact information in the article. If there is no response, we will impute the
missing data with the replacement value. To ensure the reliability of the findings, sensitivity analyses will be conducted to
assess the potential impact of missing data on the review results, which will be explained in the discussion section of the
NMA results.

Statistical Analysis

Standard Pairwise Meta-Analysis

After a rigorous screening process, we will conduct a comprehensive and systematic summary of the characteristics of
RCTs that met the inclusion criteria. The Odds Ratio (OR) value with 95% CI will be used to analyze the dichotomous
data and the mean difference (MD) with 95% CI will be used to analyze the continuous data. The Mantel-Haenszel y* test
and Higgins I test will be used to assess heterogeneity and check whether the included articles could be combined. If I’<
50%, the fixed-effects model (FEM) will be used. Otherwise, the random-effects model (REM) will be used.
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Table 2 The Main Characteristics of Each Identified Study

Experimental Group Control Group Control Group Sample Sizes Sex
Study ID Diagnostic Therapeutics Times Therapeutics | Times | Therapeutics Times Experimental | Control | Control | Experimental | Control | Control
Criteria
Age Course of disease VAS QoL Adverse reactions
Experimental Control Control Experimental Control Control Experimental Control | Control Experimental Control Control Experimental Control Control

Note: The combined treatment uses the “+” as the link symbol.
Abbreviations: A, acupuncture/manualacupuncture; M,moxibustion;EA, Electroacupuncture; WA, warm acupuncture; FA, fire acupuncture; LA, laser acupuncture; BA, body acupuncture; SCA, scalp acupuncture; AA, auricular
acupuncture; EYA, eye acupuncture; SKA, skin acupuncture; Al, acupoint injection; CE, catgut embedding; SA, Sham-acupuncture; D1, opioid painkillers; D2, NSAIDS; NO, waiting list, placebo, no intervention.
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NMA and Network Geometry

In this study, R 3.6.2 software and WinBUGS V.1.4.3 software will be used to draw the network plot in order to quickly
understand the comparative relationship between different interventions. The nodes in the figure represent different
interventions, and the area of the nodes represent the number of intervention studies evaluated. The lines between the
nodes indicate that there is a direct correlation between the two interventions, and no connection means no direct
comparison. The larger the node is, the more times there are in the corresponding direct comparison; the thicker the line
is, the more direct comparisons there are. All of the interventions included in the plot are described in detail. At the same
time, the possible bias will be explained to describe the influence of bias on the treatments involved.

The Markov chain Monte Carlo method (MCMC) will be used to establish Bayesian network analysis. The initial set
will be 4 chains for simulation analysis, and the number of iterations is 50,000. The 20,000 will be used for annealing to
eliminate the influence of the initial value, and the last 30,000 will be used for sampling calculation, so as to draw the
iteration history plot to judge whether the convergence degree of the model is satisfactory. The iterative convergence will
be evaluated by Brooks-Gelman-Rubin diagnosis method. When the Potential Scale Reduction Factor (PSRF) is closer to
1, the convergence degree is better, and the reliability of consistency model analysis results is higher. Otherwise, the
reliability is low. It indicates that the current number of simulations is insufficient to achieve good convergence, and the
number of simulations needs to be increased.

Finally, the ranking probabilities and rankogram will be drawn to evaluate the efficacy differences between
acupuncture-related therapies in treating chronic musculoskeletal pain, so as to quickly predict the optimal or worst
interventions. At the same time, we will make the cumulative ranking plot and calculate the Surface Under the
Cumulative Ranking (SUCRA) of all intervention measures according to the cumulative data. To rank the various
interventions for all outcomes, the higher the SUCRA score, the better the analgesic effect. SUCRA equals 1 indicates
that the intervention is considered to be the best, while 0 indicates that it is the worst.

Assessment of Inconsistency

We will use node-splitting method to explore the inconsistency.”® The ultimate goal of NMA is to produce consistent
results which means that the results of indirect and direct comparisons are similar. Each node of the NMA will be
analyzed to compare the statistical differences between direct and indirect evidence.*” If there is no difference, the results
will be consistent (P > 0.05), and a consistency model could be used. If there is difference, there is inconsistency, then we
need to use the inconsistency model for fitting.** When there is inconsistency, we will analyze them based on the actual
situation. Firstly, it can be determined by the contribution degree of direct comparison and indirect comparison. If the
contribution degree of indirect comparison is larger, the result will be more reliable, and vice versa. Of course, we can
also see whether direct comparison is highly High heterogeneity. When the heterogeneity of direct comparison is too
large, the conclusion of indirect comparison is more reliable. However, if substantial inconsistencies do exist, we may
consider only using more reliable direct comparison results to make decisions, rather than using network meta-analysis
results during the research process. If there are any differences in the process, we will ask a third investigator (LFR) to
evaluate.

Subgroup and Sensitivity Analyses

In pairwise meta-analysis, if there is considerable heterogeneity in the trial, we will conduct a subgroup analysis to
explore possible sources of heterogeneity.*' Subgroup analysis was performed based on the following aspects: (1) age;
(2) sex; (3) disease type; (4) location of disease area; (5) pain degree (defined by VAS, (0 ~ 3: mild pain; 4—-6: moderate
pain; 7-10: severe pain).

The sensitivity analysis will be performed to explore the stability of network meta-analysis. Sample size and pain
level are likely to be the main reasons for the consistency and will be analyzed concretely. The study with sample size of
less than 30 or risk of bias assessment is very low will be excluded. Meanwhile, the degree of pain will also be
considered as a factor in the sensitivity analysis and will be excluded according to the pain score. For example, studies
with VAS>4 or VAS <4 will be excluded.
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Grading the Quality of Evidence
The quality of the evidence will be evaluated by two reviewers (LYL and SMS) through the GRADE system (http://www.
gradeworkinggroup.org/).*> The following five aspects will be considered: (1) The methodological quality of the included

studies (risk of bias);** (2) The extrapolation of the study population, interventions and outcome indicators (indirectness);** (3)
The degree of agreement between the results of different studies (inconsistency);** (4) The accuracy of the combined results of
different studies (imprecision);*® (5) The extent to which research is included to meet the criteria (publication bias).*’ Due to
the particularity of NMA, we will strictly follow the GRADE guidelines to evaluate its evidence quality with four steps:**>°
(1) the direct and indirect treatment estimates for each comparison of the evidence network will be presented; (2) the quality of
each direct and indirect effect estimate will be rated respectively. (3) the NMA estimate for each comparison of the evidence
network will be presented. (4) the quality of each NMA effect estimate will be rated. Eventually, the quality of research

evidence will be classified as “high”, “medium”, “low” or “very low”.”!

Ethics and Dissemination
The data used in this study are all public data of clinical studies that have passed ethical review and do not involve
patients’ personal data, so there is no need for ethical review and privacy issues.

Discussion

Chronic musculoskeletal pain (especially low back and neck pain) has been the leading causes of disability internation-
ally when measuring years lived with disability,”* and other chronic pain conditions also occupy the important position in
the top 10 causes of disability.> It as a persistent pathological symptom, not only seriously affects the daily work and
quality of life,* but also induces psychological problems including anxiety and depression in the long run.>> More
importantly, it makes patients lose confidence in treatment. We found that different acupuncture interventions can
improve this pathological state through different analgesic mechanisms.'” Studies have shown that acupuncture can
inhibit the spinal cord dorsal horn of microglia and astrocytes activity to relieve chronic pain, and electroacupuncture
(EA) blocks pain by activating a variety of bioactive chemicals through peripheral, spinal, and supraspinal mechanisms.>®
Liu et al found that moxibustion could increase pain threshold by increasing the concentrations of dynorphin (Dyn) and
endomorphin (EM) in spinal cord of rats.”’

Network meta-analysis allows the comparison of multiple interventions from different studies.’® To the best of our
knowledge, this study is the first systematic review and NMA of different acupuncture-related therapies to improve CMP
symptoms using Bayesian network meta-analysis method. To retrospect previously published systematic reviews and
meta-analysis of acupuncture related to the improvement of CMP, most of them focused only on one of the categories of
neck pain, back pain, or limb pain. The meta-analysis involving CMP is only a traditional direct comparison.’® ** These
studies have included acupuncture, laser acupuncture, and dry needles as interventions, but they have not reached
a consistent conclusion, so it is impossible to know which treatment is more effective. Our research will systematically
synthesize the evidence on the efficacy and safety of acupuncture-related therapy for CMP. To a large extent, our study
will help clinical evidence-based treatment decisions and fill the evidence gap in the management of this disease that
afflicts patients.

Our study will be conducted strictly accordance with the PRISMA 2020 guidelines. We will conduct a comprehensive
search of the common disease types in chronic musculoskeletal pain. So, there will be a lot of clinical studies involved,
and the sample size will be significantly larger than previous studies. We will further evaluate the literature, only studies
with Jadad > 4 will be included in the end. Of course, doing so will also help us to reach the most reliable and instructive
research conclusions. Our study will make a detailed summary and analysis of the factors that affect the quality, such as
heterogeneity and inconsistency of the included literature in the process of the study. And ranking the effectiveness of
interventions to make the best choice. We will also summarize and evaluate the adverse effects in the study to verify the
safety of acupuncture-related therapies. In conclusion, our results can not only provide patients with cost-effective
treatment options, but also provide clinicians with treatment ideas.

Our study may have the following limitations: First of all, CMP is a very broad concept, and we only include some
common bone and muscle pain diseases, but do not completely include all diseases of this type. There may be some
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limitations, but at the same time, by selecting these representative diseases, we can improve our statistical effectiveness.
Second, only 5 English databases were retrieved in this study, which may lead to bias in the selection of studies, thus
ignoring the potential risks of some studies. Third, we only included studies with Jadad > 4, which may also lead to
selection bias. But undoubtedly, it can also ensure the high quality of our research and increase the credibility of the
results. Finally, the conversion of continuous scores into the same dimension VAS scores in our data analysis may lead to
statistical inaccuracies, but it is inevitable in the statistical process.

Ethics and Dissemination
The data used in this study are all public data from clinical studies that have passed ethical review and do not involve
patients’ personal data, so there is no need for ethical review and privacy issues.
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