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Editorial on the Research Topic
 Acupuncture for pain management




Pain management poses significant challenges worldwide due to the high prevalence, debilitating effects, and limited effective medication options. In light of the opioid crisis and concerns about drug abuse, regulatory and oversight agencies are advocating for alternative treatment options for pain control. Acupuncture is a potential choice to address these demands. However, despite its growing popularity, there is still limited understanding of the scientific mechanisms underlying acupuncture's effectiveness for pain management, and there is a need for translational research to bridge the gap between mechanisms illustration and clinical applications. To address these gaps, we launched a Research Topic about “Acupuncture for pain management” on November 10th, 2021, inviting researchers to contribute their studies and identify potential avenues for future research in this field.

The Research Topic “Acupuncture for pain management,” published in Frontiers in Neuroscience, featured 19 articles involving 161 authors from 5 countries, presenting significant contributions to our understanding of acupuncture's efficacy, safety, and mechanisms for pain management. The articles can be summarized into four categories: efficacy of acupuncture, acupuncture for specific pain conditions, mechanisms illustration of acupuncture analgesia, and technological advances in acupuncture and personalized treatment integration.

(1) Efficacy of Acupuncture: Several studies demonstrated the effectiveness of acupuncture in various pain conditions, including migraines, neck pain, shoulder pain, and osteoarthritis. For instance, Liu C-T. et al. conducted a multicenter randomized controlled trial and found that acupuncture could effectively prevent menstruation-related migraines. Shi et al. conducted a randomized controlled trial evaluating the efficacy and safety of electro-thumbtack needle therapy for chronic neck pain. Heo et al. and Zhan et al. confirmed the benefits of acupuncture in systematic reviews and meta-analyses for shoulder pain in scapulohumeral periarthritis and post-stroke shoulder pain, respectively. Additionally, Hee et al. conducted an overview of systematic reviews and meta-analyses, showing the effectiveness of warm needle acupuncture in treating osteoarthritis. These studies provide evidences for the efficacy of acupuncture in various pain conditions.

(2) Acupuncture for Specific Pain Conditions: Several studies highlighted the efficacy of acupuncture in managing pain associated with traumatic rib fractures, irritable bowel syndrome, and acute renal colic. Liu L-Y. et al. demonstrated that acupuncture was a safe and effective analgesic modality for managing pain in traumatic rib fractures. Yang et al. conducted a systematic review and meta-analysis, finding that acupuncture and moxibustion were effective treatments for irritable bowel syndrome. Chen L. et al. conducted a prospective cohort study and found that acupressure provided significantly faster pain relief (for acute renal colic) compared to parecoxib sodium within 10 min. These studies provide evidences for the effectiveness of acupuncture in specific pain conditions.

(3) Mechanisms illustration of Acupuncture Analgesia: Several studies also provided insights into the mechanisms illustration underlying acupuncture's therapeutic effects. Acupuncture was found to modulate neuronal activity, pain-related ion channels, and the release of inflammatory cytokines and chemokines. It also activated the descending pain control system and demonstrated effects on brain regions involved in musculoskeletal pain and primary dysmenorrhea. Additionally, a proposed mechanism based on tensegrity principles offered potential for treating fibromyalgia. For instance, Ma et al. proposed that the somatosensory system played a potential role in the effectiveness of acupuncture for neuropathic pain. Acupuncture has the ability to inhibit neuronal activity induced by neuropathic pain through the reduction of pain-related ion channel activation and suppression of inflammatory cytokines and chemokines release. Furthermore, it could activate the descending pain control system by increasing the levels of spinal or cerebral neurotransmitters, such as 5-hydroxytryptamine (5HT), norepinephrine (NE), and opioid peptides. In another study, Wang J-y. et al. demonstrated that transcutaneous auricular vagus nerve stimulation (taVNS) increased plasma melatonin concentration, upregulated melatonin receptor (MTR) expression in the amygdala, and relieved peripheral neuropathic pain. Liu, Zhang et al. revealed a correlation between energy metabolism and acupuncture treatment of migraine through proteomic and metabolomic analyses. Moreover, Wang S. et al. discovered that electroacupuncture alleviated hyperalgesia in rats with acute neck pain by regulating neuronal-glial interactions and glutamate transporters. Ha et al. employed the coordinate-based activation likelihood estimation (ALE) method in a meta-analysis on acupuncture for musculoskeletal pain, revealing acupuncture-induced modulation of various brain regions in musculoskeletal pain patients. In the study by Liu, Li et al., acupuncture was found to modulate the functional connectivity density in patients with primary dysmenorrhea. Additionally, Plaut proposed a mechanism illustration for acupuncture as a global percutaneous needle fasciotomy based on tensegrity principles, providing insights into its potential for treating fibromyalgia. These findings shed light on the potential mechanisms illustration underlying acupuncture's efficacy in pain management and offer possible explanations for the observed clinical benefits of this therapeutic approach.

(4) Technological Advances in Acupuncture and Personalized Treatment Integration: Technological advancements in acupuncture and the integration of personalized treatment have expanded the capabilities of traditional acupuncture methods, facilitating customized treatments for individual patients. Fu et al. utilized innovative research strategies, such as machine learning and neuroimaging techniques, to identify potential biomarkers for discriminating patients with migraines and predicting the efficacy of transcutaneous vagus nerve stimulation (tVNS) in reducing migraine attack frequency. In a two-center randomized controlled trial, Chen C. et al. compared the CX-DZ-II smart electronic stimulator to the conventional SDZ-II electronic stimulator for alleviating neck pain caused by cervical spondylosis. The study demonstrated that the smart electronic stimulator was non-inferior to the conventional stimulator. Kim et al. published a protocol for an ongoing multicenter randomized placebo-controlled trial investigating the safety and efficacy of 650 nm invasive laser acupuncture for non-specific chronic low back pain. Furthermore, Li et al. plan to conduct a randomized controlled trial to investigate whether combining transcutaneous electrical acupoint stimulation with electroacupuncture can expedite postoperative recovery after abdominal surgery. These studies aim to facilitate more effective and targeted acupuncture clinical applications in pain management. These technological advancements in acupuncture and personalized treatment integration hold great promise for improving the effectiveness, precision, and accessibility of acupuncture therapy.

Acupuncture's therapeutic potential extends beyond its analgesic properties. Its holistic approach, focusing on the restoration of balance and harmony within the body, offers a unique perspective in the realm of pain management. With the world grappling with the ramifications of the opioid crisis and the limitations of satisfactory pharmacological options, it is imperative to explore alternative treatments that are safe, sustainable, and evidence-based. Acupuncture embodies these qualities and holds immense promise in transforming the landscape of pain management. Acupuncture offers several advantages as a pain management modality, including its non-pharmacological nature, individualized approach, and minimal side effects. However, certain limitations, such as the requirement for experienced acupuncturists, inter-individual variability, and the lack of standardized treatment protocols, should be acknowledged.

Based on the existing evidence, developing personalized treatment plans that incorporate acupuncture for pain management is crucial. Clinicians should consider the specific pain condition, patient characteristics, and clinical guidelines when determining the appropriateness of acupuncture. Additionally, exploring the integration of acupuncture with conventional medicine and other pain management strategies may offer comprehensive solutions for patients.

It is our belief that this Research Topic will serve as a catalyst for innovation and collaboration, bringing together experts from various disciplines to further our understanding of acupuncture's role in pain management. Through rigorous research and a multidimensional approach, we can harness the full potential of acupuncture to alleviate the suffering caused by pain. Together, we can pave the way for a paradigm shift in pain management, transforming it into a more sustainable and patient-centered endeavor.
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Background: Chronic neck pain is a prevalent condition adversely impacting patients' wellbeing in both life and work experience. Electro-thumbtack needle (ETN) therapy, combining acupuncture with transcutaneous stimulation, might be one of the effective complementary and alternative medicine (CAM) therapies in treating chronic neck pain, although the evidence is scarce. This study aims to estimate the efficacy and safety of ETN therapy for chronic neck pain.

Methods and Analysis: This is a sham-controlled, randomized clinical trial. A total of 180 subjects will be randomly allocated to either the ETN group or the sham ETN group. Treatment will be administrated three times a week for four consecutive weeks, with a 6-month follow-up. The primary outcome measure will be the Numerical Rating Scale for neck pain (NRS-NP) over a period of the 4 weeks. Secondary outcome measures include the Northwick Park Neck Pain Questionnaire (NPQ), Neck Disability Index (NDI), Patient Global Impression of Change (PGIC), patient expectation, and preference assessment. The chi-square test or Fisher's exact test will be used for proportions of participants having clinically meaningful improvement. Analysis of covariance or repeated-measures analysis of variance will be applied to examine changes in the outcome measures from baseline.

Discussions: This prospective trial will contribute to evaluating the efficacy and safety of ETN in the treatment of chronic neck pain, with an intermediate-term follow-up. This study will provide further evidence for clinical neck pain management.

Ethics and Dissemination: This trial has been approved by the Research Ethical Committee of Guang'anmen Hospital (ethical approval number: 2021-039-KY-01). Recruitment began in March 2022 and will continue until December 2023. Dissemination plans include posters, WeChat, websites, and bulletin boards in hospital and communities.

Clinical Trial Registration: This trial is registered at ClinicalTrials.gov (identifier: NCT04981171).

Keywords: acupuncture, chronic neck pain, RCT, electro-thumbtack needle, efficacy and safety


INTRODUCTION

Chronic neck pain is a common physical complaint across the world and the fourth leading impairment in terms of years lived with disability (1, 2). Its lifetime prevalence is around 48.5% (3). Neck pain is mainly due to poor posture or anxiety, especially in women and the middle-aged population (4). Previous clinical trials have demonstrated that therapies including exercise, acupuncture, and transcutaneous electrical nerve stimulation (TENS) have moderate effects in pain alleviation (5–8). However, management of chronic neck pain remains complex and challenging.

Acupuncture has been widely used for pain alleviating around the world. In previous studies, acupuncture or electroacupuncture is more effective than sham controls (6, 8–11). Clarified evidence supported that acupuncture could produce opioids and other bioactive antalgic chemicals (12). It is thus recommended for the treatment of chronic neck pain by consensus (6, 8, 13). Nevertheless, the application of acupuncture is limited to a large extent due to the patients' fright of and intolerance to needling pain. TENS, a non-invasive physical therapy, is more popular and comfortable. Evidence from clinical trials supported the effectiveness of TENS for chronic neck pain (14–16). The pain could be alleviated via stimulation either on acupoints or trigger points, both immediately after treatment and during follow-up periods (15, 17, 18). However, the difference between TENS and sham control is not significant, especially at the long-term follow-ups (14, 18).

A combination of acupuncture with conservational treatment, such as TENS, is considered to benefit the patients more in comparison with single therapy (8, 13). The emergence of electro-thumbtack needle (ETN) therapy is in response to this recommendation, aiming to achieve better effectiveness while maintaining comfortable. The device of ETN is composed of a thumbtack needle with 2 mm long body and a small rechargeable and portable electric stimulator, which outputs current. The surface of thumbtack needle is modified with conductive material to reinforce electric stimulation on acupoints. It is a convenient therapy that can be easily operated by patients on their own after training. In light of the good effectiveness of acupuncture and TENS published in previous studies, as well as the convenience of ETN, we plan to conduct this study to estimate the efficacy and safety of ETN therapy for chronic neck pain in comparison with sham ETN therapy.



METHODS AND ANALYSIS


Study Design

This study is a single-center, participant-blinded, randomized controlled trial, which will be conducted from March 2022 to December 2023 in Guang'anmen Hospital, China Academy of Chinese Medical Sciences. The study flowchart is shown in Figure 1. We design this protocol conforming to the guidelines of the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) (19) (Table 1) and the Consolidated Standards of Reporting Trials (CONSORT). This trial has been approved by the Institutional Review Board of Guang'anmen Hospital, China Academy of Chinese Medical Sciences (ethical approval number: 2021-039-KY-01), and it has been registered at ClinicalTrials.gov on July 18, 2021 (Identifier: NCT04981171). Each participant will receive 4-week treatment and will be followed up for 6 months.


[image: Figure 1]
FIGURE 1. Study flowchart. ETN, electro-thumbtack needle; NRS-NP, numerical rating scale for neck pain; NPQ, the northwick park neck pain questionnaire; NDI, neck disability index; PGIC, patient global impression of change.



Table 1. SPIRIT 2013 checklist: recommended items to address in a clinical trial protocol and related documents*.
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Eligibility Criteria


Inclusion Criteria

Participants conforming to the following criteria are included:

(1) Neck pain accompanied with headaches or movement coordination impairments according to the Orthopedic Section of the American Physical Therapy Association (APTA) (7);

(2) Aged 18–65 years;

(3) History of neck pain for at least 3 months;

(4) Scoring at least 4 on Numerical Rating Scale for Neck Pain (NRS-NP) assessing the average neck pain intensity over the last 7 days (12, 20–23).



Exclusion Criteria

Participants who meet any of the following criteria are excluded:

(1) Neck pain with mobility deficits or radiating neck pain according to the Orthopedic Section, APTA (7);

(2) Neck pain secondary to specific diseases, such as tumor, immune disease, endocrine and metabolic disorders, neurological abnormalities, cervical vertebra fracture, and cervical dislocation;

(3) Acute or radiating neck pain or pain accompanied with upper limb symptoms;

(4) Neck pain with sensory or motor disturbance;

(5) Prior cervical spine surgery or congenital abnormalities;

(6) Experiencing medical dispute litigation;

(7) With the experience of acupuncture in the past 30 days;

(8) In the administration of analgesic, muscle relaxant, hormones, or having greater pain in other regions of the body;

(9) Allergic to metal or the adhesive tape, implantation of cardiac pacemaker, or ulceration of skin at selected acupoints;

(10) Disable to communicate or critically ill;

(11) Drug or alcohol dependent;

(12) Currently or planning to be pregnant.




Recruitment

A total of 180 participants with chronic neck pain will be recruited in Guang'anmen Hospital via posters, WeChat, websites, and bulletin boards in hospital and communities. Diagnosis will be made by an orthopedist. Eligible participants will be officially enrolled only after signing a written informed consent, and all participants have the right to withdraw their consent later at any time.



Randomization and Allocation

Eligible participants will be randomly assigned in a 1:1 ratio to either the ETN group or the sham ETN group. The randomization sequence will be generated using a fixed block size by an independent investigator through the SAS 9.4 (SAS Institute, Cary, NC, USA). The randomization number will be sealed in opaque and sequentially labeled envelopes, with the name of the investigator and the date signed over the seals. The envelop will be opened sequentially after the enrollment of participant, and the group allocation will be only informed to the acupuncturist before treatment.



Blinding

In this trial, the participants, outcome assessors, and the statisticians will all be blinded. The sham ETN was designed to mimic true ETN: the sham thumbtack needle is 0.2 mm long with a blunt tip (instead of a sharp tip), and the electric stimulation is minimal and transient. They will produce a similar sensation of tingling as true ETN, which makes it hard for participants to distinguish. To avoid conversation between groups, participants will be treated separately on alternate days by appointments. After either session in the last week of treatment, blinding assessment will be completed by all participants. They will be told before group allocation: you may be randomly allocated to either the ETN group or the sham ETN group; the electric stimulation is weak in both groups, and you may even be incapable to sense it during the process out of body adaption. Participants will be asked “Which therapy do you think was provided to you?” The available answers include “ETN therapy,” “sham ETN therapy,” or “unclear.”



Interventions


ETN Group

Thumbtack needle is in the shape of a thumbtack. It has a short body and a circular handle buried in a piece of round medical adhesive tape (Figure 2), which was produced by conductive material. In this trial, thumbtack needles of 0.25 × 2 mm size (Zhenxing, Hangzhou, China) will be used. Acupoints of Dazhui (GV14), bilateral Wangu (GB1 2), bilateral Jiaji at C4 and C6 levels, two Ashi points, and bilateral Houxi (SI3) will be selected in accordance with the theory of traditional Chinese medicine and the consensus of experts.


[image: Figure 2]
FIGURE 2. Electro-thumbtack needle and sham thumbtack needle. (1) Thumbtack needle or sham needle, (2) plastic plate, (3) adhesive tape, (4) needle, (5) blunt tip, (6) circular handle.


After sterilizing the skin around the acupoints, the acupuncturist will hold the handle of the needle between the thumb and forefinger, vertically insert the needle into the skin instantly, and adhere medical adhesive tape to skin. After that, the acupuncturist will setup the gel electrodes and the portable stimulation devices (Zhenxing, Hangzhou, China) (Figure 3) to the adhesive tape of all thumbtack needles, switch the mode to low-frequency and discontinuous wave, and adjust the current intensity from level 1 to an appropriate level, which the participant can tolerate. The acupuncturist will gently remove the medical adhesive tape and needles in 30 min.


[image: Figure 3]
FIGURE 3. Electric stimulation device and gel electrode.


Participants will receive three 30-min treatment sessions per week (ideally every other day) for 4 consecutive weeks after baseline assessment.



Sham ETN Group

We will use sham thumbtack needle specially designed to mimic the true needling. The sham thumbtack needle is 0.2 mm in length and has a blunt tip (rather than sharp) at the bottom. Other than these differences, the conductive surface and other structure of sham thumbtack needle are totally the same as true needle (Figure 2). In the sham ETN group, the blunt tip of needle will stay on the surface and not penetrate the skin, which avoids treatment effect to the largest extent and confuses the participants meanwhile.

Acupoints used in the sham ETN group are the same as those in the ETN group. Acupuncturist will first sterilize the areas of acupoints and then apply the sham needles on the surface of the skin. After assembling the same gel electrodes and portable stimulation devices as in the ETN group (Figures 3, 4), the acupuncturist will adjust the current intensity to level 1 (i.e., the minimum level). The minimal stimulus will last for only 30 s, after which the device will be turned down to cutoff the electric current. The duration of each session will also be 30 min. The frequency of treatment will be all the same as that in the ETN group.


[image: Figure 4]
FIGURE 4. ETN therapy or sham ETN therapy.




Neck Exercises

Standardized neck exercise of stretching and strengthening can help participants to relax the neck and acknowledge the appropriate posture. The exercise program consists of head retraction, neck extension, neck flexion, and rotation (Figure 5) (24). Each stretch must reach the maximum angle as possible and be hold for 5–10 s with a 10-s interval (15). When a participant is undergoing severe neck pain, he/she could conduct the exercise in clinostatism (24).


[image: Figure 5]
FIGURE 5. Neck exercise. (A) Head retarction. (B) Neck extension. (C) Neck flexion. (D) Neck rotation.


All participants will receive standardized neck exercise instruction at their first treatment session. The neck exercise will be performed at home later. A handbook with detailed illustrations to the exercise will be distributed to participants for guidance. Participants will be asked to perform the standardized exercise one time every day (20) (preferably in the morning) throughout the 4-week treatment. An exercise diary will also be distributed for supervision.



Concomitant Treatment

Any other therapy will be discouraged during this trial. Acetaminophen (sustained release type, 500 mg/T) will be provided as a rescue medication with the largest dose of 4 tablets per day for no more than 3 days in total in the condition of unbearable pain. Rescue medication or any other unexpected intervention will be recorded in detail. Proportion of participants and the total days taking rescue medication will be calculated and properly analyzed.




Outcome Measures


Primary Outcome and Measurement

The primary outcome of this trial will be the proportion of participants with at least 50% decrease from baseline in the score of NRS-NP at the 4th week (25). The NRS-NP is a valid and reliable 11-point rating scale to assess the average intensity of neck pain during the last 3 days (26, 27). It is sensitive to small changes with a lower failure rate and can be delivered either graphically or verbally (26–28). The score of NRS-NP ranges from 0 (i.e., no pain at all) to 10 (i.e., the worst pain imaginable). Participants will be asked to circle out 1 of the 11 numbers to describe their pain. The scores of NRS-NP can be categorized into four degrees: 0 (i.e., no pain), 1–3 (i.e., mild), 4–6 (i.e., moderate), and 7–10 (i.e., severe). The reduction of 50% from baseline is regarded as golden standard of the NRS-NP to interpret significant clinically improvement (15, 28, 29).



Secondary Outcomes

Secondary outcomes include the proportion of participants with an at least 50% decrease from baseline in NRS-NP score at the 16th and 28th weeks; the changes from baseline in NRS-NP score at the 4th, 16th, and 28th weeks; and the proportion of participants with an at least 30% decrease from baseline in NRS-NP at the 4th, 16th, and 28th weeks. Other secondary outcomes include:

(1) Changes in the Northwick Park Neck Pain Questionnaire (NPQ) percentage score from the baseline at the 4th, 16th, and 28th weeks.

(2) The proportion of participants with an at least 25% decrease in NPQ percentage score together with a “better” or “much better” at the 4th, 16th, and 28th weeks.

The NPQ is a validated questionnaire to assess the overall symptoms of neck pain (30). It contains 9 questions, the score of each ranging from 0 to 4, on the aspects of intensity, duration, numbness, sleep disturbance, and disability in carrying, watching television, working, social life, and driving. The total score of the 9 questions will be converted to NPQ percentage score (divided by 36 for people who drive and by 32 for those who do not), which ranges from 0 to 100%, and with higher scores indicating worse condition. A 25% decrease in NPQ percentage score and a “better” or “much better” for the 5-scale global effectiveness rating are both needed (31) to reach Minimal Clinically Important Difference (MCID).

(3) Changes from the baseline in Neck Disability Index (NDI) score at the 4th, 16th, and 28th weeks.

(4) The proportion of participants with an at least 10-point decrease from the baseline in NDI score at the 4th, 16th, and 28th weeks.

The NDI is a frequently used instrument to evaluate the self-reporting functional status of patients with neck pain. It consists of 10 items concerning pain, headache, concentration, and daily obligatory activities. Each section is scored with an ordinal scale from 0 to 5, with a maximum score of 50 points (32, 33). Higher scores indicate greater functional limitation. The NDI has been translated into the simplified-Chinese version, which has been shown to have reproducibility, reliability, and validity (34). A 10-point decrease is required to achieve clinically important meaning (27, 35–37).

(5) The proportion of participants reported “much improved” or “very much improved” on Patient Global Impression of Change (PGIC) at the 4th week.

PGIC is a seven-point categorical scale to assess the participant's subjective satisfaction of the treatment (38). It is considered the most reliable instrument for trials concerning chronic pain (38–40). Participants are supposed to report their overall conditions in comparison with before the treatment using one of the following options: “very much worse,” “much worse,” “minimally worse,” “no change,” “minimally improved,” “much improved,” and “very much improved.” Those reported “much improved” or “very much improved” are considered responders of the intervention. It reflects not only the benefits of treatment but also the importance of the benefits for participants themselves (41).

(6) Expectation and belief.

Two questions will be elicited to assess the expectation of and belief in ETN, respectively. For expectation, participants will be asked “How do you think your neck pain will be in 4 weeks?” with the optional of “worse,” “unchanged,” “no idea,” “better,” and “much better.” For belief in ETN therapy, they will be asked “Do you think ETN therapy will be effective in treating chronic neck pain?” with the option of “not effective,” “little effective,” “not sure,” “effective,” and “very effective.” These questions will be elicited at the baseline.



Safety Assessment

Acupuncture-associated side effects such as bruising, dizziness, nausea, hematomas, infection, palpitations, or severe pricking pain [visual analog score (VAS) ≥ 4], and all other adverse events (AEs) irrelevant to acupuncture, will be carefully observed and recorded. Serious AEs (SAEs) will be reported to the Medical Ethics Committee of Guang'anmen Hospital within 24 h. After each session, the acupuncturist and outcome assessors will document adverse events and side effects if happens.




Data Management and Quality Control

The outcome assessor will fill the initial data in case report form and then, input the data into an excel template for data collecting. Two inspectors will check and make sure that all initial data have been correctly input. Any deviation from protocol will be reported to ZL, who will make the final decision if we have to change the protocol or terminate the trial.

Both ETN therapy and sham ETN therapy are safe for participants recruited in our trial; therefore, no intervention modification is permitted, and no unblinding during the trial is permissible. Group allocation will be revealed after the completion of statistical analysis. Participants in the sham ETN group will receive 12 supplementary sessions of ETN therapy if they want. The follow-ups can be conveniently finished by filling in a questionnaire in the clinic, over telephone or through WeChat. This approach could probably improve adherence and make it possible for those who have to discontinue the treatment to complete follow-ups.



Sample Size

The sample size calculation was based on the primary outcome of the proportion of participants with an at least 50% decrease from the baseline in average neck pain measured by NRS-NP at the 4th week. According to the previous literature, the response rate of TENS plus neck exercise for 4 weeks was reported to be 50% (15); therefore, we presume a 60% response rate of ETN plus neck exercise. For sham ETN plus neck exercise, we presume the response rate to be 38%. Accordingly, a two-tailed testing with an alpha of 0.05, a desired power set at 0.8, and an allowing dropout rate of 20% resulted in 90 participants needed in each group.



Statistical Analysis

Data calculation will be performed using the SPSS software Ver.20.0 under the ITT principle. Baseline data before intervention will be analyzed to see if the two groups are comparable. The continuous data will be represented as mean ± SD deviation or median [interquartile range (IQR)]. Proportions of participants having clinically meaningful improvement will be analyzed using chi-square test or Fisher's exact test. Changes in the outcome measures from the baseline will be examined by using analysis of covariance for normally distributed data to exclude the possible impact on the effect by covariates of gender and work habits. Repeated-measures analysis of variance will be used if the data are not normally distributed. The Cochran-Mantel-Haenszel test will be used to analyze categorical data, which will be represented by percentages and case. We will use linear regression to discuss the association of participants' expectations and the treatment. Missing research data will be imputed by multiple imputations. For all statistical calculation, the significance level will be two-sided and set at 0.05. A p < 0.05 will be considered to indicate statistical significance.




DISCUSSION

The objective of this study is to evaluate the efficacy and safety of ETN therapy for non-specific chronic neck pain. Demographic characteristics will be collected including age, duration, job, psychosocial or physical risk factors, level of exercise, history of injury, and history of autoimmune disease. The outcomes are designed in accordance with the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) recommendations for core outcomes of chronic pain (41). Both the reduction of 30 and 50% on NRS are applied as outcome measures in this trial. Although the reduction of 30% from baseline in NRS is consistently acknowledged as MCID in current studies (15, 23, 25, 27, 28), a 50% reduction is widely used in clinical trials as a rigorous outcome measurement interpreting more significant improvement in symptoms (15, 28, 29). Additionally, multiple outcomes will be evaluated, as various as pain intensity, disability, quality of life, and the degree of subjective satisfaction.

The effectiveness of both manual acupuncture and TENS has been identified by previous studies (15, 42) in reducing chronic neck pain. Since ETN treatment has been an integration of thumbtack needling and electric stimulation, the treatment effect will probably be stronger and comprehensive. Notably, it is easy to administrate thumbtack needles on acupoints, even by patients themselves at home.

In this trial, blunt-tip thumbtack needle with no penetration and transient minimal electric stimulation is designed as sham control. It can produce acupuncture-like sensation of tingling or pain by pressing the blunt tip on acupoints without skin penetrating, similar to the validated placebo needle (43, 44). To maintain the success of blindness, participants from different groups will be avoided to contact with each other. The outcome assessor and the statistician will also be concealed to group allocation. These approaches are constructed to reduce possible biases attached to the results.

Limitations of this study are as follows. Group allocation will be not blinded to the acupuncturist, whose attitude for or against an intervention might be inevitably transferred to participants. Besides, this study does not implement a waitlist control in consideration of ethics principles, in which condition we cannot exclude the influence of spontaneous remission of disease.

This prospective trial will evaluate the efficacy and safety of ETN for chronic neck pain and provide evidence for clinical health recommendations.
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Pain management for traumatic rib fracture is important to prevent complications and reduce associated comorbidities. This trial investigated the analgesic efficacy of acupuncture on traumatic rib fracture. Patients with traumatic rib fracture were randomly assigned to traditional acupuncture (TA), laser acupuncture (LA) or sham laser acupuncture (SLA) groups in a 1:1:1 ratio. The intervention was performed on days 1 to 3 after treatment allocation. The acupoints included bilateral LI4 (Hegu), SJ6 (Zhigou), ST36 (Zusanli) and GB34 (Yanglingquan). The primary outcome was Numeric Rating Scale (NRS) scores for pain after the intervention. Secondary outcomes included sustained maximal inspiration (SMI) lung volume, stress responses, the use of analgesics, and associated complications. Data were analyzed via one-way analysis of variance (ANOVA) with Scheffé’s post hoc testing or chi-squared testing. Of the 120 study participants, 109 completed all interventions and measurements. The primary outcomes, which indicated average pain intensity levels and pain while deep breathing, were both significantly lower in the TA and LA groups than in the SLA group after 2 treatments. No between-group differences were observed in SMI lung volume, stress response, analgesics use or associated complications. These findings suggest that TA and LA are safe and effective analgesic modalities for pain management for traumatic rib fracture.

Clinical Trial Registration: [ClinicalTrials.gov], identifier [NCT03822273].

Keywords: traumatic rib fracture, acupuncture, laser acupuncture, low level laser therapy, acupuncture analgesia


INTRODUCTION

Blunt thoracic trauma can damage vital structures in the chest wall and thereby cause rib fracture, hemothorax, pneumothorax, pulmonary contusion, lung laceration, and blunt cardiac injury (1). Among all of them, rib fracture is the most common injury. In United States hospitals, an estimated 150,000–300,000 patients per year seek treatment for this injury, and mortality rates of up to 10% are reported (2). The chest wall pain induced by thoracic trauma can impair patients’ ability to clear airway secretions by coughing and deep breathing, increasing the risk of pneumonia, and respiratory failure (2). The major goal in the treatment of patients with rib fracture is to reduce pain. Appropriate analgesia and early aggressive care appear to attenuate the development of pulmonary complications. Commonly used oral analgesics such as acetaminophen and non-steroidal anti-inflammatory drugs (NSAIDs) seem to provide limited relief from severe pain (3). For years, narcotic analgesics have remained the main therapy for pain management in patients with traumatic rib fracture (4). However, narcotic regimens are often associated with multiple adverse effects, such as respiratory depression, confusion, dizziness, nausea, vomiting, and constipation. Opioid-induced respiratory depression in patients with traumatic rib fracture is lethal, especially in the presence of pneumothorax and hemothorax. Regional analgesic techniques such as epidural analgesia, thoracic paravertebral block, and intercostal nerve block also have been used for pain management, but there are many limiting factors, such as infection at the site of injection, allergy to local anesthetic drug, coagulopathy, and bleeding disorders (5). In addition, epidural analgesia is contraindicated in patients with hypotension and may increase pulmonary complications (5). Thoracic paravertebral block and intercostal nerve block entail the risks of pneumothorax and vascular puncture (5). Surgery with internal fixation for rib fracture is another effective option for relieving pain, particularly in patients with severe pain and flail chest (6). However, surgical stabilization of rib fracture is costly and may not be cost-effective for patients without flail chest (7). Currently, the optimal analgesic modality remains unknown in adults with blunt thoracic trauma including traumatic rib fracture (3). More cost-effective and harmless treatments for pain management in patients with traumatic rib fracture should be discovered.

Acupuncture is an ancient Chinese medical technique that is commonly used for pain relief. Although the mechanisms of acupuncture are not completely understood, clinical trials of acupuncture treatment increasingly suggest that acupuncture is effective for musculoskeletal pain and even cancer pain (8). The American College of Physicians suggests that acupuncture can be selected as initial non-pharmacologic treatment for the treatment of acute or chronic low back pain (9). Currently, few studies have examined acupuncture treatment for traumatic rib fracture. Of these studies, only one was a randomized controlled study; in that study, 58 patients with rib fracture experienced significant pain relief with acupuncture as compared with controls (10).

The purpose of this study was to investigate the analgesic efficacy of acupuncture for traumatic rib fracture. The hypothesis of the study was that acupuncture could alleviate the pain associated with traumatic rib fracture, improve respiration, and prevent pneumonia.



MATERIALS AND METHODS


Ethics Approval

The protocol was registered with ClinicalTrials.gov (Identifier: NCT03822273). The study was approved by the Human Ethics Committee of Chang Gung Medical Foundation Institutional Review Board, IRB No. 201701455A3. This study was conducted in accordance with the principles of the Declaration of Helsinki. Both verbal and written forms of detailed information about the trial were provided before participation by trauma surgery physicians at Kaohsiung Chang Gung Memorial Hospital (KCGMH). All participants voluntarily signed and provided informed consent that had been approved by the ethics committee prior to enrollment. The participants received no financial benefit from the study and were fully aware of their rights to withdraw at any time. Personal information about potential and enrolled participants was collected, shared, and maintained in an independent and secure storage space to protect the participants’ confidentiality before, during, and after the trial.



Study Design

This single-center, prospective, randomized controlled clinical trial (RCT) was conducted from January 2018 to February 2020 at KCGMH, a 2,600-bed tertiary medical center with an average of 9,000 emergency department visits per month. Patients with rib fracture hospitalized in the ward of Trauma Surgery were recruited. Patients with rib fracture who wanted to participate in the study were screened for eligibility through a chart review and interview on the first visit. The participants who met the inclusion criteria were randomly assigned to true acupuncture (TA), laser acupuncture (LA), or sham laser acupuncture (SLA) groups in a 1:1:1 ratio. The study design, developed in accordance with the Consolidated Standards of Reporting Trials (CONSORT) 2010, is depicted in Figure 1.


[image: image]

FIGURE 1. The flowchart of the trial.




Eligibility Criteria

Participants’ eligibility to participate in the study was assessed by trauma surgeons. Written informed consents were obtained for all participating patients before randomization. All the patients with traumatic rib fracture were managed from the time of admission by the trauma surgery team, who had no information about the allocation results.

The study inclusion criteria were as follows: (1) aged 20 years or older; (2) presence of one or more, unilateral or bilateral rib fractures diagnosed with chest X-ray; (3) maximal rib pain score of more than 5 on the numerical rating scale (NRS: 0–10) while doing any one of the following three actions: deep breathing, coughing, or turning over; and (4) ability to describe the sites of pain and evaluate the intensity accurately.

The participants with the following conditions were excluded: (1) inability to be examined for the movements of deep breathing, coughing, or turning over in bed; (2) local skin infection or open wound on the acupoints, or limb amputees; (3) cognitive impairment that precluded the accurate clinical assessment of the NRS score; (4) severe multiple trauma or any poorly controlled diseases such as atelectasis, pneumonia, or other infectious diseases, immune system dysfunction, bleeding tendency, psychiatric disorders, and skin problems; (5) communication difficulties; (6) surgical stabilization of new rib fracture before enrollment; (7) unwillingness to provide informed consent; or (8) determination of unsuitability for this study by medical staff. In addition, participants would be dropped from the trial under the following conditions: (1) unstable vital signs and/or need for first aid during study period; (2) surgical stabilization of rib fracture during study period; and (3) voluntary decision by participants to withdraw from the trial at any time.



Sample Size Calculation, Blinding, and Randomization

Based on a previous study (10) on the effectiveness of acupuncture in patients with rib fracture, the mean ± standard deviation of the NRS scores on day 3 after treatment were 1.3 ± 1.4 in the acupuncture group and 2.6 ± 0.5 in the control group. Anticipating a power of 80% (1 – β = 0.8), statistical significance of 95% (α = 0.05), and a dropout rate of 20%, a total of 50 participants were required in each group, according to G*power analysis.

All the participants were told that they would receive one kind of acupuncture treatment in addition to the conventional treatment. The participants were not notified about which group they were allocated to or which kind of acupuncture treatment would be applied as a control before randomization. Enrolled patients were randomly assigned in a ratio of 1:1:1to the TA, LA, and SLA groups for three parallel treatments. Randomization was conducted using block randomization with a block size of 3 for the three groups. Randomization was executed by an independent researcher, who was not involved in the inclusion or exclusion process, treatment, or assessment procedures. Participants randomized to the LA or SLA groups were blinded to laser acupuncture. The outcome assessor was blinded to the group assignments and was well trained in the use of the pain scale and physical tests. To avoid unblinding of the assessment of outcomes, the participants were instructed not to discuss any aspect of their treatment with the assessor.



Intervention

Regardless of treatment group, the acupuncture regimen included stimulation of the same acupoints by a certified traditional Chinese medicine (TCM) physician, who was also the only person in this trial aware of the group assignment. All participants received conventional pain management offered by trauma surgeons. Drugs used for underlying chronic diseases were not restricted.



Traditional Acupuncture Group

Participants in the TA group were treated with filiform needles once daily for three consecutive days after the day of enrollment. Eight needles were inserted at the following acupoints: the bilateral LI4 (Hegu), SJ6 (Zhigou), ST36 (Zusanli), and GB34 (Yanglingquan) (Figure 2), which were located according to the WHO Standardized Acupuncture Point Location guidelines (11). Disposable sterilized stainless-steel needles were inserted to a depth of 15–35 mm. All needles were rotated manually at least once at each session to elicit the needle sensation (de-qi). The needle retention time was 15 min.
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FIGURE 2. The acupoints selected in the trial.




Laser Acupuncture Group

Participants allocated to the LA group received laser acupuncture treatment at the same acupoints used in the TA group. The laser acupuncture therapy was performed with a gallium aluminum arsenide LaserPen [maximal power, 150 mW; wavelength, 810 nm; area of probe, 0.03 cm2; power density, 5 W/cm2; pulsed wave; and Bahr frequencies (B1: 599.5 Hz, B2: 1199 Hz, B3: 2398 Hz, B4: 4776 Hz, B5: 9552 Hz, B6: 19,104 Hz, and B7: 38,208 Hz); RJ-Laser, Reimers & Janssen GmbH, Waldkirch, Germany]. The laser was applied to each point for 5 s and delivered 0.375 J of energy at each of the acupoints.



Sham Laser Acupuncture Group

Participants in the SLA group underwent sham laser acupuncture treatment without any laser output. The acupuncture points, application duration, and total number of treatments were the same as those in the LA group.



Study Outcome

The primary outcome measure was the NRS score for pain on days 1–3 after treatment. The scores of NRS for pain were assessed on average and while deep breathing, coughing, and turning over. Since pain is a subjective experience, the exact quality and quantity of pain are very difficult for people to express, and no diagnostic tests are available for assessing pain. A pain scale such as the NRS is thus a relatively objective tool to measure and describe the pain of an individual. The NRS is a simple tool for verbally describing pain intensity on a scale of 0–10 points, where 0 = no pain and 10 = worst possible pain.

The secondary outcome included sustained maximal inspiration (SMI) lung volume measured by incentive spirometer, stress response, the use of narcotic and non-narcotic medications, and the use of laxatives, antacids, and proton pump inhibitors during the study period. The number of participants who used these drugs was calculated during the intervention on days 1–3 and after the intervention on day 4. The stress responses associated with pain were measured from salivary cortisol level, heart rate variability (HRV), heart rate, mean arterial pressure and sleep quality (0–10; 0 = no problem, 10 = sleep totally interrupted by pain) on days 1–3 after treatment. Finally, the complications of pneumonia and gastrointestinal (GI) bleeding within one month were recorded after enrollment.

Salivary samples were obtained from the participants before the intervention and on days 1–3 after the intervention. After collection, the samples were kept cold in order to prevent bacterial growth in the specimens. The samples were immediately refrigerated at 4°C and then, within 4 h of collection, stored at −20°C until analysis. Prior to analysis, the samples were thawed completely, vortexed, and centrifuged at 1,500 × g for 15 min to remove mucins and other particulate matter which could interfere with the assay and affect the results. Salivary cortisol activity was determined using a Salimetrics® Cortisol Enzyme Immunoassay Kit (Item No. 1-3002, Salimetrics LLC, State College, PA, United States), which is a competitive immunoassay used to quantitatively measure salivary cortisol levels. The cortisol in standards and samples compete with cortisol conjugated to horseradish peroxidase for the antibody binding sites on a microtiter plate. According to the manufacturer’s protocol, after incubation, unbound components were washed away, and bound cortisol enzyme conjugate was measured by the reaction of horseradish peroxidase enzyme to the substrate tetramethylbenzidine. This reaction produces a blue color, and a yellow color is formed after the reaction is stopped with an acidic solution. The optical density was read on a standard plate reader at 450 nm.



Statistical Analysis

Both intention-to-treat (ITT) analysis using all available data and per-protocol (PP) analysis using only data from participants who completed all treatment sessions were performed. The clinical characteristics data were analyzed via one-way analysis of variance (ANOVA) with Scheffé’s post hoc testing or chi-squared testing, as appropriate. Quantitative variables, presented as mean ± SD, were analyzed by ANOVA with Scheffé’s post hoc testing. Qualitative variables, expressed as a number (percentage), were analyzed using the Chi-Squared test. Lengths of hospital stay in participants with or without comorbid clavicle fracture in each group were analyzed by independent t-tests. All analyses were performed in SPSS 22.0 for Windows (Statistics 22.0, SPSS, IBM, New York, NY, United States). Differences were considered statistically significant at P < 0.05.




RESULTS


Patient Characteristics

As shown in the flowchart of the trial in Figure 1, 140 patients with rib fracture were assessed for eligibility and 120 patients met the criteria. Of the 120 study participants, 109 completed all interventions and measurements.

One patient in each of the TA, LA, and SLA groups was discharged from the hospital early and could not receive complete treatment and assessment. Two patients in each of the TA and SLA groups could not cooperate with pain assessment. Two patients in the LA group and one in the SLA group stopped treatment due to surgery unrelated to rib fracture. Another patient in the SLA group dropped out due to surgical stabilization of the rib fracture. The PP and ITT analyses of the clinical characteristics of the participants showed consistent results. The results of the PP and ITT analyses are listed in Table 1 and Supplementary Table 1, respectively, and statistically significant differences were found. The factors associated with pain intensity, including number of ribs fractured and injury severity scores, were not significantly different between groups.


TABLE 1. Clinical characteristics of participants in the study.

[image: Table 1]


Primary Outcome

The PP and ITT analyses of the primary outcome also showed consistent results. The NRS scores for pain intensity on days 1 to 3 after treatment using PP and ITT analyses are listed in Table 2 and Supplementary Table 2. The initial average pain intensity levels and pain while coughing, turning over and deep breathing were not significantly different between groups before treatment. Average pain intensity levels and pain while deep breathing were both significantly lower in the TA and LA groups than in the SLA group after two treatments. There were no significant differences in the NRS scores while coughing and turning over after treatment between groups. The primary efficacy variables were the percentage changes in NRS scores between baseline and on day 3 after treatment. The distribution of NRS scores before and after treatment and the statistics for the percentage changes in NRS scores between groups are presented in Figure 3. According to the NRS scores on day 3, the percentage improvement was significantly higher in the TA group than in the SLA group in terms of average pain intensity levels, pain while coughing, turning over and deep breathing. The percentage improvements in average pain intensity and pain while turning over were significantly higher in the LA group than in the SLA group.


TABLE 2. NRS scores for pain intensity before and after treatment on days 1–3.
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FIGURE 3. Primary efficacy variables, and distributions of average pain level and pain while deep breathing, coughing and turning over before and after treatment. (Data of (Post3-Pre1)/Pre1 were analyzed via one-way analysis of variance with Scheffé’s post hoc testing. *Significance when compared with sham laser acupuncture group, *p < 0.05. Pre, before treatment; Post, after treatment; SLA, sham laser acupuncture; LA, laser acupuncture; TA, acupuncture).




Secondary Outcome

The data on the secondary outcome were analyzed using PP analysis. No between-group differences were observed in SMI lung volumes, salivary cortisol levels, HRV, heart rate, mean arterial pressure or sleep quality on days 1–3 after treatment (Table 3). The use of narcotic and non-narcotic medications for pain between groups was not significantly different during and after intervention (Table 4). The use of laxatives, antacids and PPIs for GI disorders are presented in Table 5, showing that the use of laxatives between groups was not significantly different during and after intervention. In contrast, the use of antacids and PPIs was significantly lower in the TA group and higher in the SLA group than in the LA group after intervention. The participants in the SLA group tended to use more laxatives, antacids and PPIs during the intervention, but the difference was not statistically significant. One patient in each of the TA and LA groups had pneumonia during hospitalization. One patient in each of the TA and LA groups had GI bleeding within the one-month follow-up period. No between-group differences were observed for the complications of pneumonia and GI bleeding (Table 5). The subgroup analysis of the length of hospital stay for participants with or without comorbid clavicle fracture is presented in Table 6. Overall, patients with combined rib and clavicle fracture had significantly longer hospital stays than those with rib fracture alone (12.3 ± 5.2 days vs. 9.6 ± 4.4 days; P = 0.011). This phenomenon was similar in the SLA group (15.8 ± 3.6 days vs. 9.8 ± 4.4 days; P = 0.003), but inconsistent with the TA group (9.9 ± 5.0 days vs. 9.1 ± 2.4 days; P = 0.645) and LA group (12.6 ± 5.1 days vs. 9.9 ± 5.7 days; P = 0.225). In comparison between groups, however, the patients with combined rib and clavicle fracture in the SLA group had longer hospital stays, but there was no statistically significant difference from the TA and LA groups.


TABLE 3. SMI volume, pain-induced stress responses before and after treatment.
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TABLE 4. The use of narcotic and non-narcotic medications during intervention (days 1–3) and after intervention (day 4).
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TABLE 5. The use of laxatives and antacid/PPI during intervention (days 1–3) and after intervention (day 4), and complications during hospitalization and follow-up for one month.
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TABLE 6. Length of hospital stay in participants with or without combined clavicle fracture.
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DISCUSSION

Currently, acupuncture is increasingly used for a variety of diseases worldwide. Although considerably large acupuncture research had demonstrated that acupuncture is safe for many conditions in the past two decades (12, 13), there is still no standard protocol for pain management. The main reason is that there are various types and protocols of acupuncture treatment for one condition or disease. There is currently no standard approach or prescription for acupuncture treatment. Most of the acupoints used in acupuncture treatment are based on the experience of physicians, and these treatments often lack clinical trials to verify their efficacy. Therefore, well-designed randomized controlled trials with a widely accepted protocol of acupuncture treatment are still needed. To the best of our knowledge, few publications have described acupuncture for traumatic rib fracture. Only one randomized controlled trial (10) has demonstrated a positive effect on acute pain using a novel acupuncture modality. In that study, the needle insertion sites were on the abdomen or back and not on classical acupoints. Although this novel acupuncture modality is safe, it lacks the theoretical basis of TCM, and the selected needle insertion sites are rarely used in real acupuncture practice.

The present study is the first RCT to investigate acupuncture analgesia using classical acupoints in patients with traumatic rib fracture. The main results of our study showed that the average pain intensity levels of pain while coughing, turning over and deep breathing were all significantly lower in the TA group than in the SLA group, and the average pain intensity and pain while turning over were both significantly lower in the LA group than in the SLA group. The acupuncture modality in our study is commonly implemented and can be widely accepted. The selected acupoints, namely, LI4 (Hegu), SJ6 (Zhigou), ST36 (Zusanli), and GB34 (Yanglingquan), are based on the theory of TCM. All acupoints are located on the extremities, which are completely safe for needle insertion. According to meridian theory, the acupoints LI4 and ST36, belonging to the yang-ming meridian, and SJ6 and GB34, belonging to the shao-yang meridian, can potentially improve qi and blood flow and subsequently alleviate pain on the front and lateral areas of the chest, respectively. In acupuncture clinical practice, LI4 is a very common and useful point for any condition related to the face and head, while ST36 is typically used to treat GI disturbance. Combining these two acupoints can produce a good analgesic effect anywhere in the body (14, 15). SJ6 is typically used for constipation and pain in the lateral costal region, ribs and axilla. GB34 is typically used for motor disorders and pain (16, 17), particularly those associated with trauma and in the lateral side of the body.

Regarding clinical trials of acupuncture treatment, an appropriate design for control group and double-blinding procedure remains a methodological challenge. The commonly used controls in acupuncture trials include non-intervention control, non-insertion sham control, and needle insertion at sham or real acupoints (18). Although non-insertion sham control such as non-penetrating devices resembles the real acupuncture needling procedure, patients are very likely to distinguish between real and fake acupuncture because of the lack of needling sensations, such as numbness, soreness, distention, or dull pain, in the sham controls. Another sham needle insertion control using wrong points or superficial penetration may produce non-specific effects of blood circulation and neural stimulation, such as non-specific endorphin release (18, 19). Accordingly, no reliable blinding methodology for needle acupuncture has been achieved so far. Recently, SLA has been used as a control for needle acupuncture trials. It is reported that SLA can serve as a valid placebo control in LA studies due to their similar credibility and the lack of sensory input on the peripheral nervous system, and it can serve as a sham control for acupuncture trials when there is a need to evaluate the effects of needling per se (20). A 3-arm parallel randomized trial with TA, LA and SLA was conducted in our study. SLA treatment affords all requirements to produce the same non-specific effects as LA treatment, which can verify the efficacy of the selected acupoints in the study. SLA can serve as a sham procedure, and LA can serve as an active comparator for evaluating the needling effect of real acupuncture. We suggest that it is currently the best of all designs that can both confirm the specific effect of acupuncture and verify the specificity of selected acupoints.

All the participants we enrolled needed to be hospitalized. Twice as many participants as in the previous study were enrolled in our study. The intervention timing in this study was when the patient could not obtain adequate pain control after conventional analgesics. This means that the participants in our study had moderate injuries and uncontrollable pain. During this period, surgeons often need to face some questions, including whether to increase the dose of analgesics, increase other alternative methods of pain relief, or recommend surgical fixation. The present study aimed to investigate the immediate analgesic effect of adjuvant acupuncture in the treatment of traumatic rib fracture. Both PP and ITT analyses were performed on the clinical characteristics and primary outcome. The PP and ITT analyses of the data were consistent in this study. Additionally, none of the participants dropped out of the trial due to rib pain worsening. We considered that it was more important to ensure that the participants received complete treatments than to investigate the effect of acupuncture as an add-on therapy. Therefore, information with PP analysis should be sufficient from the trial.

According to the primary outcome in the study, the analgesic effect appeared to be significant after 2 treatments in the TA and LA groups. This finding suggests that acupuncture can provide good pain relief in about two days during hospitalization. In addition, according to the percentage improvement of the NRS scores in average and pain-inducing movements, the analgesic effect appeared to be greater with TA than with LA. A possible explanation is that TA induces de-qi sensation, a distinct skin insertion associated with gentle twisting or up-and-down movement, which can induce more nociceptive stimulus to modulate pain signals than can LA. LA does not produce sensation; however, it has photochemical reactions in cells and provokes nerve fiber activation, resulting in physiologic changes similar to TA (20). Our research results demonstrated that acupuncture is an effective non-pharmacologic treatment for pain management in this period. We think that if the pain control is still insufficient after a patient receives acupuncture treatment for 3 days, surgical fixation may be a good choice.

In this study, we hypothesized that acupuncture could reduce pain associated with rib fracture and subsequently improve respiration and prevent the complication of pneumonia. The results showed that acupuncture had a good analgesic effect for rib fracture, but it did not significantly increase the maximal inspiration lung volume or decrease pneumonia compared to the controls. One possible reason is that the participants enrolled in the study were those with stable vital signs without dyspnea during the study period. This factor might decrease the beneficial effects of acupuncture for pulmonary complications associated with rib fracture.

Other secondary outcomes assessing acute stress responses, including salivary cortisol levels, heart rate, HRV, mean blood pressure and sleep disorder, showed no significant differences between groups. There are several possible reasons for these results. First, the average pain levels and pain while deep breathing were reduced from moderate to mild, and the pain while coughing and that while turning over were reduced from severe to moderate. Both results show that the pain was not completely improved after full treatment and might still have caused stress responses. Another might be that the psychological impact of the injuries had been sustained for a long time (21), so these stress responses were unable to improve quickly even if the pain was under control.

According to the general perception of pain management, the use of analgesic medicines will be decreased as the pain improves. In contrast to one previous systemic review and meta-analysis (22), which showed that acupuncture could improve acute postoperative pain and reduce opioid use, our results showed that the use of narcotic and non-narcotic medications did not differ significantly between groups during and after intervention. We believe that the reason is mainly due to the short duration of our intervention and different mechanisms of the injuries. In the literature, the duration of pain after rib fracture is considered to be at least 8 weeks (23). Physicians would not stop the analgesics so quickly, even if the patient’s pain had been improved during a short-term three-day treatment in our study.

Notably, we found an interesting phenomenon, namely, that participants in the TA and LA groups had lower tendencies to use laxatives and antacids/PPI during the intervention as compared to the SLA group, but without statistical significance. Significantly fewer participants in TA group and more participants in LA group used antacid/PPI after intervention as compared with the SLA group. We think that the benefits on GI disorders mainly come from acupuncture at the ST36 point (24), and the effect of TA lasts longer than that of LA because real needling effect.

GI bleeding is another complication associated with acute stress and the use of NSAIDs. The events of GI bleeding during hospitalization and follow-up for one month showed no significant differences between groups in our study. Finally, we also analyzed the lengths of hospital stay between subgroups based on whether participants had clavicle fracture in addition to rib fracture. Of all the participants, patients having traumatic rib fracture combined with clavicle fracture had significantly longer hospital stays than those of patients with traumatic rib fracture alone. This trend was observed in the SLA group but not in the TA and LA groups. This difference suggests that acupuncture may shorten hospital stays for patients with combined clavicle and rib fracture; however, this benefit is not very significant.

There are several limitations to our study. First, the single-center scope of the study and the relatively small sample size may have led to overestimation of the effects of acupuncture. Secondly, several factors may affect the measurement of HRV and sleep quality, including patients’ condition (e.g., pain), environmental factors (e.g., light and sound disturbances), or psychological factors (e.g., anxiety and stress) (25). Finally, we were unable to choose and unify the treatment timing because the participants were recruited at different times post injury. However, the results show that early acupuncture intervention within a few days of the trauma can reduce the rib pain. Further research is needed to understand the potential long-term analgesic effect in patients with traumatic rib fracture.



CONCLUSION

The findings of this study suggest that TA and LA are safe and effective analgesic modalities for pain management in traumatic rib fracture. As a non-pharmacologic adjuvant treatment, acupuncture has considerable potential for aiding in pain reduction. Acute pain management following traumatic rib fracture is a common challenge, and these results can aid physicians seeking feasible and effective methods to manage pain and improve the patient experience.
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Background: Neuroimaging studies have been widely used to investigate brain regions' alterations in musculoskeletal pain patients. However, inconsistent results have hindered our understanding of the central modulatory effects of acupuncture for musculoskeletal pain. The main objective of our investigation has been to obtain comprehensive evidence of acupuncture for musculoskeletal pain diseases.

Methods: The PubMed, Web of Science, Google Scholar, Embase, China National Knowledge Infrastructure (CNKI), VIP Database, China Biology Medicine disc Database, Clinical Trial Registration Platform, and Wanfang Database were searched for neuroimaging studies on musculoskeletal pain diseases published from inception up to November 2021. Then, the relevant literature was screened to extract the coordinates that meet the criteria. Finally, the coordinate-based meta-analysis was performed using the activation likelihood estimation algorithm.

Results: A total of 15 neuroimaging studies with 183 foci of activation were included in this study. The ALE meta-analysis revealed activated clusters in multiple cortical and sub-cortical brain structures in response to acupuncture across studies, including the thalamus, insula, caudate, claustrum, and lentiform nucleus.

Conclusions: The studies showed that acupuncture could modulate different brain regions, including the thalamus, insula, caudate, claustrum, and lentiform nucleus. The findings offer several insights into the potential mechanisms of acupuncture for musculoskeletal pain and provide a possible explanation for the observed clinical benefit of this therapy.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=227850, identifier: CRD42021227850.

KEYWORDS
 musculoskeletal pain, acupuncture, functional magnetic resonance imaging, activation likelihood estimation, meta-analysis


Introduction

Musculoskeletal pain disorders are a group of diseases characterized by nociception in the musculoskeletal system (muscles, ligaments, joints, and tendons), which include but are not limited to neck pain, low back pain, and fibromyalgia (Skootsky et al., 1989; Wolfe et al., 1995; Lawrence et al., 1998; Melhorn, 2014). Nowadays, musculoskeletal pain is a significant complaint. Adults with musculoskeletal pain account for 40.4–69.3% of the population (Abdulmonem et al., 2014). A potential peak of sufferers is anticipated as the population ages and young people adopt improper postures (Yuan et al., 2016). Musculoskeletal pain substantially impacts patients' quality of life and causes considerable societal and economic burdens since it limits daily activities and reduces productivity. On the other hand, the long-term usage of drugs is not indicated in clinical practice due to adverse effects (Ussai et al., 2015). As a result, alternative therapies should be given more consideration.

As an efficacious treatment for musculoskeletal pain, acupuncture has a long history of relieving the symptoms of such diseases in the East (Lenoir et al., 2020). It has been recommended as a positive therapy in a clinical practice guideline from the American College of Physicians (Qaseem et al., 2017). Acupuncture has been used to treat many types of musculoskeletal pain diseases (Mu et al., 2020; Zhang and Wang, 2020). However, we still have a limited understanding of how acupuncture works.

The current study showed that brain changes in musculoskeletal pain are widespread and involve the pain network as well as sensory, emotional, and cognitive control networks that process information (Mitsi and Zachariou, 2016). Various functional neuroimaging techniques have been used to ascertain which brain areas are metabolically activated or deactivated. That would help understand acupuncture analgesia from a central nervous system view. In previous studies, acupuncture has been found to regulate abnormal neural activities of the “pain matrix,” mainly the second-order (including posterior parietal, prefrontal and anterior insular areas) and third-order (including the orbitofrontal and perigenual/limbic networks) matrices responsible for pain memory in musculoskeletal pain sufferers (Apkarian et al., 2005; Borsook et al., 2010a; Garcia-Larrea and Peyron, 2013). After extensive literature research, the pain memory matrices, including the insula cortex (IC), inferior frontal cortex, thalamus, anterior cingulate cortex, medial prefrontal cortex (MPFC), and others, were mainly associated with acupuncture analgesia (Henry et al., 2011; Farmer et al., 2012; Chae et al., 2013; Villarreal Santiago et al., 2016). Although these neuroimaging studies have identified several brain regions activated or deactivated by acupuncture, the results still have to be appropriately interpreted. Simultaneously, we found that previous studies have failed to consider heterogeneity due to different imaging modalities (e.g., fMRI, PET, SPECT), study populations, experimental paradigms, and data analysis pipelines. Therefore, further studies are still necessary.

As mentioned above, activation likelihood estimation (ALE) is an excellent method for dealing with heterogeneity. It has been the primary method for integrating neuroimaging data in meta-analyses. Instead of calculating the presence or absence of brain activity in the region of interest, ALE analysis combines the study coordinates of all individuals to determine the statistical probability of brain regions being activated or deactivated. An ALE analysis is required due to the lack of consistent evidence in the current study. This analysis can help us better summarize acupuncture's significant modulatory effects on musculoskeletal pain.

This study aimed to investigate the brain activities of patients with musculoskeletal pain to obtain sufficient evidence of acupuncture's effectiveness in treating musculoskeletal pain diseases. To this end, this study first searched relevant databases, then evaluated the included literature. Finally, a comprehensive conclusion of how acupuncture treats musculoskeletal pain diseases was drawn by combining the ALE analysis results.



Materials and methods


Literature search and selection

Studies were obtained from the following databases: PubMed, Web of Science, Google Scholar, Embase, China National Knowledge Infrastructure (CNKI), VIP Database, China Biology Medicine disc Database, Clinical Trial Registration Platform, and Wanfang Database, searched from inception to November 2021. The relevant references from the retrieved papers have been added to the database for this study. Only whole-brain studies published in English were eligible for the review. Table 1 shows search strategies to replicate the other databases' selection processes. In addition, references to studies included in the review and clinical trial databases were manually screened to avoid omitted studies. The present meta-analysis was registered in PROSPERO (no. CRD42021227850).


TABLE 1 Searching strategy.
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Inclusion criteria

1. The study must be performed for whole-brain analysis by fMRI.

2. The research results had to be presented in Talairach or MNI coordinates.

3. Documents presented by the same research team must use different raw data.

4. Cohort studies and randomized controlled trials were included only if neuroimaging results were available.



Exclusion criteria

1. Area-of-interest scans, hyper-scanning, and small-volume-correction studies were excluded.

2. Other secondary research such as conference articles, reviews, animal experiment articles, case reports, letters, and other second-hand studies were excluded.

After removing duplicates, the specific process is as follows: Two independent reviewers (YL and JT) checked the titles and abstracts to include and exclude irrelevant studies. The full texts are obtained and rechecked in more detail to finalize their inclusion. Any disagreement is resolved through discussion in which a third reviewer (JC) would participate. The final selection is checked and determined by a third reviewer (JC).



Data extraction

The following items are extracted from each record: (1) publication details: title, first author, publishing year, unit, country, or region; (2) methodology details include: participants, disease types, diagnostic criteria, demographic characteristics (including age and gender), imaging modalities, data analysis strategies, interventions (including acupuncture and electroacupuncture). (3) Outcomes: significantly altered cerebral regions (defined by MNI/Talairach coordinates, cluster size, and statistical threshold), clinical assessment outcomes, and correlations between imaging and clinical data.

In this meta-analysis, team members extracted the participants whose neuroimaging data were analyzed for activation (which increased after the treatments in patients with musculoskeletal pain; POST > PRE), and deactivation (which decreased after the treatments in patients with musculoskeletal pain; PRE > POST) coordinates.



Quality assessment

So far, there has been no standard checklist for quality assessment of individual functional neuroimaging studies. A checklist (Box 1) published in a previous meta-analysis was adopted (Li et al., 2019; Gong et al., 2020).

Box 1. Quality assessment of individual studies.

Category 1: sample characteristics (10)

1. Patients are evaluated with specific standardized diagnostic criteria (1).

2. Important demographic data (age and gender) are reported with mean (or median) and SDs (or range) (2).

3. Healthy control subjects are evaluated to exclude psychiatric and medical illnesses and demographic data are reported (1).

4. Important clinical variables (e.g., medication status, illness duration and severity) are reported with mean (or median) and SDs (or range) (4).

5. Sample size per group >10 (2).

Category 2: methodology and reporting (10)

6. Whole brain analysis is automated with no a priori regional selection (3).

7. Magnet strength at least 1.5T (1).

8. At least 5 min of resting state acquisition (1).

9. Whole brain coverage of resting scans (1).

10. The acquisition and preprocessing techniques are clearly described so that they can be reproduced (1).

11. Coordinates reported in a standard space (1).

12. Significant results are reported after correction for multiple testing using a standard statistical procedure (AlphaSim, FDR (False Discovery Rate), FWE (Family Wise Error) or permutation- based methods) (1).

13. Conclusions are consistent with the results obtained and the limitations are discussed (1).



Activation likelihood estimation analysis

The researchers employed Ginger ALE version 3.0.2 (brainmap.org/ale) to conduct a neural coordinate-based activation likelihood estimation (ALE) meta-analysis on the neuroimaging data. Using Montreal Neuroimaging Institute (MNI) coordinates or converting them into an MNI-based coordinate system ensured the consistency of the coordinates. We used a cluster-level inference threshold correction algorithm for the ALE calculation, with p < 0.05 as the cluster-forming threshold and p < 0.05 for cluster-level inference. The number of permutations was 5000 for all calculations of simple ALE maps. We did not perform subgroup analyses because of the small number of included studies, foci, and patients.




Results


Search results

The flow diagram of the process depicting the literature search and study selection is shown in Figure 1. Among the 495 articles found in the literature search, 437 were excluded after reviewing the abstract, and another 43 were rejected after reviewing their full text.


[image: Figure 1]
FIGURE 1
 Flowchart shows the study selection process.


Our research identified a total of 15 articles that assessed the effect of acupuncture for musculoskeletal pain on brain activity. All of these studies used functional magnetic resonance imaging (fMRI) scans. The studies reporting ALFF and ReHo as a measure of fMRI with the voxel-wise method of extracting image data were analyzed using ALE. All of them used FWE for multiple comparisons corrections (Table 2).


TABLE 2 Overview of the 15 studies included in the meta-analyses.
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ALE results

These studies yielded 183 foci of activation from 15 experiments. The ALE meta-analysis showed activated clusters in multiple cortical and sub-cortical brain structures in response to acupuncture across studies, including the thalamus, insula, caudate, claustrum, and lentiform nucleus (Table 3 and Figure 2).


TABLE 3 All clusters from the ALE analysis.

[image: Table 3]
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FIGURE 2
 All activation likelihood estimate results for studies measuring. Cluster-level Inference P-FWE < 0.05, Permutations = 5000 Cluster-Forming P- Uncorrected < 0.05.





Discussion

This study aims to use voxel-based meta-analysis to identify brain regions commonly activated during acupuncture for musculoskeletal pain in various experimental paradigms. It is interesting to note that the ALE analysis method used in this study could help us to achieve reliable and strong results instead of a gamut of less reproducible findings from the individual studies. The ALE meta-analysis revealed activated clusters in multiple cortical and sub-cortical brain structures in response to acupuncture across studies, including Cerebrum (bilaterally), Left Brainstem (Sub-lobar and Midbrain), and Gyrus (Thalamus, Insula, Caudate, Claustrum, Lentiform Nucleus).

The ALE results suggest a core modulation brain region cluster for musculoskeletal pain treatment by acupuncture, which not only clarifies the pain perception of acupuncture intervention as well as the up and down stable pathways of pain modulation (cerebellum and brainstem) (Moulton et al., 2010; Ruscheweyh et al., 2014; Napadow et al., 2019; Mercer Lindsay et al., 2021) but more importantly, the subcortical pain matrix brain region was found to be involved in the central modulation of acupuncture for musculoskeletal pain, which is an important reference value for others to conduct the research on the central modulation of acupuncture for visceral pain.

Neuroimaging has identified a set of brain regions that respond to noxious stimuli by observing the brain's perception of injurious stimuli and pain modulation. And these regions are often referred to as the “pain matrix,” which includes the thalamus, anterior cingulate cortex, posterior cingulate cortex, insula, amygdala, primary and secondary somatosensory cortex (S1 and S2), and periaqueductal gray matter (Melzack, 1999; Apkarian et al., 2005; May, 2007). Among them, the thalamus and insula play an extremely important role in pain perception and pain processing. The activation of the thalamus is mainly connected with the first-order processing of sensory information. It receives signals from its periphery and sends them to the hypothalamus, insula, motor, and somatosensory cortex (Al-Chaer et al., 1996; Aziz et al., 2000; Olesen et al., 2016; Lee et al., 2019). It was found that the post-effects of acupuncture can cause changes in functional connectivity between important brain regions in the pain matrix, exerting the analgesic effects of acupuncture by decreasing the thalamus-anterior cingulate pain upload pathway and strengthening the ventral medial prefrontal-anterior cingulate descending inhibitory pathway (Roy et al., 2012). There is significant evidence that the insula plays a critical role in pain processing, which could cause pain perception after acupuncture intervention and integrate sensory information from visceral and motor activity with limbic system input (Moisset et al., 2010; Olesen et al., 2016; Lee et al., 2019). The activation of the insula indicates that in the acupuncture state, the brain accelerates the processing of pain information, carries out sensory integration more efficiently, provides timely feedback to the various stress systems of the organism, and speeds up the processing of pain stimulation so as to better relieve pain (Zhang et al., 2014). The ALE results also found a significant increase in activity in regions including the caudate, claustrum, and lentiform nucleus on fMRI scans following acupuncture. These regions are the main components of the basal ganglia (Graybiel, 2005; Kreitzer and Malenka, 2008; Yelnik, 2008). The function of the basal ganglia is to control autonomous movement and participate in advanced cognitive functions such as memory, emotion, and reward learning (Herrero et al., 2002; Nagy et al., 2006; Draganski et al., 2008). Previous studies have shown that the basal ganglia may be involved in most aspects of pain processing, including the cognitive dimension of pain and pain modulation (Chudler and Dong, 1995). Also, adequate modulation of the basal ganglia subregions may be related to autonomic dyskinesia caused by musculoskeletal pain (Borsook et al., 2010b). The combination of the above findings provides some support for the evidence of acupuncture's effectiveness in treating musculoskeletal pain diseases.

In general, up till now, a large number of neuroimaging studies have shown that patients with musculoskeletal pain exhibit structural and functional changes in brain regions. The majority of those regions are associated with multiple aspects of pain processing. Specifically, complex neuronal network interactions in the organism are required to form pain perception (Cai et al., 2018). When pain strikes, the brain temporarily and dynamically integrates multiple brain regions to process pain information. The “pain matrix” summarizes these brain regions involved in the process of pain. The brainstem, prefrontal, thalamus, insula, cingulate gyrus, subcortical areas, and somatosensory cortex are all part of this matrix, which is responsible for sensory, emotional, and cognitive functions (Apkarian et al., 2005). In this study, activated signals in some brain regions, such as the caudate, claustrum, and lentiform nucleus, were different from the healthy controls. Previous studies also present the potential for alterations in these brain regions. The cerebral cortex's function as an essential component of the pain modulation system has received widespread attention (Ong et al., 2019). We think that the thalamus, insula, caudate, claustrum, and lentiform nucleus are crucial to the acupuncture mechanism previous studies have found that the effect of acupuncture is to elevate mechanical pain thresholds, change signaling levels in several important pain pathway areas, and have positive impacts on a variety of pain syndromes and states (Baeumler et al., 2014). To truly obtain sufficient evidence of acupuncture's effectiveness in treating musculoskeletal pain diseases, a greater homogeneity of the different study populations, experimental paradigms, and data analysis pipelines must be sought. The complexity of musculoskeletal pain diseases was a prevalent concern in the process of including the literature, and we repeated the ALE analysis after excluding studies with sample sizes <10 to remove the bias introduced by small-study effects. It was also specified that the included studies had to be fMRI whole-brain analyses. Although the paradigms in our study were not identical, the approach to functional neuroimaging techniques was similar enough across studies to warrant comparison. In this study, ALE analysis was used to determine the probability of brain regions being activated or deactivated by integrating the study coordinates of all screened studies. The results provided feedback information for the mechanisms of brain function with acupuncture for musculoskeletal pain. Furthermore, evaluating the study results may indicate the considerable modulatory effects of acupuncture for musculoskeletal pain, which is consistent with the “pain matrix” theory. These findings provide various new insights into the processes of acupuncture for musculoskeletal pain and a possible explanation for the therapy's clinical efficacy.


Limitations

Subjects included in the analysis came from heterogeneous musculoskeletal pain disorders. Consequently, our findings merely give a glimpse into the mechanism of acupuncture's effect on musculoskeletal pain.




Conclusion

The ALE meta-analysis revealed activated clusters in multiple cortical and sub-cortical brain structures, especially basal ganglia, in response to acupuncture across studies.
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Background: Electroacupuncture (EA) has been commonly used for the management of neck pain caused by cervical spondylosis (NPCS); however, current electrical instruments have limitations on intelligence, digitalization, and visualization. The intelligent electronic stimulator (CX-DZ-II) is a digital device with an evidence-based diagnosis and treatment system. This study aimed to investigate the efficacy and safety of the CX-DZ-II intelligent EA instrument for NPCS.

Materials and Methods: A total of 164 patients with NPCS [mean age (SD), 49.48 (13.47) years] were randomly assigned to receive 8 sessions (over 2 weeks) EA of the intelligent electronic stimulator (CX-DZ-II) or the regular electronic stimulator (SDZ-II). The primary outcome was the change of the visual analog scale (VAS) from baseline to 2 weeks of treatment. Secondary outcomes included mean scores of the VAS after each treatment in 1 week, responder rate, drug-usage rate of non-steroidal antipyretic analgesics (NSAAs), the occurrence rate of adverse events (AEs), proportions of apparatus with defect during treatment, and excellent rate of apparatus.

Results: The intelligent electronic stimulator (CX-DZ-II) was non-inferior to the regular electronic stimulator (SDZ-II) for changes from baseline in the VAS [3.36 vs. 3.23, with a difference of 0.17 (95% CI, −0.36 to 0.69), P < 0.025 for non-inferiority]. No between-group differences were found in outcomes of VAS in 1 week, overall responders, and drug-usage rate of NSAAs. The defect rate and excellent rate of the instrument were similar in the CX-DZ-II and SDZ-II groups. Adverse events occurred in 9 (10.84%) patients in the CX-DZ-II group and 4 (5.00%) patients in the SDZ-II group.

Conclusion: The intelligent electronic stimulator (CX-DZ-II) was non-inferior to the regular electronic stimulator (SDZ-II) in relieving neck pain. The intelligent electronic stimulator (CX-DZ-II) is a promising non-inferior alternative instrument for NPCS.

Clinical Trial Registration: [https://clinicaltrials.gov/], identifier [NCT030 05301].
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electroacupuncture, neck pain, cervical spondylosis, randomized controlled trial, non-inferiority trial


Introduction

Cervical spondylosis (CS) is an age-related degenerative condition presenting structural or functional damage to the cervical spinal cord, nerve roots, and adjacent blood vessels. Worldwide, the prevalence of CS increases by year and affects more younger people. A previous study showed that engaging in mental work, high housework intensity, and sleep duration of less than 7 h/day were the main contributors to the incidence of CS (Lv et al., 2018). Neck pain (NP) is the most common complaint of patients with CS (Vogt et al., 2006). According to the guidelines from America, Netherlands, and Denmark, CS is one of the main causes of NP (Blanpied et al., 2017; Kjaer et al., 2017; Bier et al., 2018). In the 2017 global burden of disease study, the incidence of NP per 100,000 population was 806.6 and the years lived with disability from NP per 100,000 population was 352.0 (Safiri et al., 2020). With the increasing costs and the long-lasting disability associated with CS, conducting research on the effectiveness of interventions designed to prevent and treat CS is crucial (Kuo and Tadi, 2022). Currently, a range of non-surgical treatments for NP caused by CS has been recommended, such as manual therapy, exercise, psychological therapies, and acupuncture (Chinese Medical Association, 2007; Corp et al., 2021).

Acupuncture is a physical intervention used for various pain management. Electroacupuncture (EA) is a prevalent therapy of acupuncture, with the integrated effect of a manual needle and electrical stimulation from instruments. Currently, EA has been widely used for various pain diseases, including chronic non-specific low back pain, post-operative pain, musculoskeletal pain, and pain relief during colonoscopy (Comachio et al., 2020; Huang et al., 2021b; Joan Gan et al., 2021; Mao et al., 2021). Especially, findings of the previous meta-analysis indicated that acupuncture might be effective for NP and EA that may relieve even more pain (Seo et al., 2017; Huang et al., 2021c). EA blocks pain by activating a variety of bioactive chemicals through peripheral, spinal, and supraspinal mechanisms (Zhang et al., 2014).

Electric stimulators are indispensable devices for EA therapy. Since the 1950s, EA instruments with multiple presentation formats had been innovated for clinical treatment, such as wearable devices, single-acupoint electronic apparatuses, and apparatus equipped with manual acupuncture techniques (Hong et al., 2006; Liu et al., 2010; Shen et al., 2016; Feng et al., 2019). Among them, the regular electronic stimulator (SDZ-II) has been widely used in various conditions management and scientific research (Luo, 2014; Su et al., 2016; Huang et al., 2021a), with qualified parameters (Wang, 2019). According to a previous report, the SDZ-II electronic stimulator was also effective for NP relief for patients with CS (Tang et al., 2014). Nonetheless, similar to other devices, the SDZ-II electronic stimulator has deficiencies in parameter adjustment, intelligence, digitalization, and visualization (Yang and Yong, 2009; Liu et al., 2016).

The intelligent electronic stimulator (CX-DZ-II) is a new intelligent device with an evidence-based diagnosis and treatment system (Liang et al., 2017). It is equipped with a display terminal and then accurate settings such as pulse waveform, frequency, intensity, and treatment time that can be provided to users visually. More importantly, the information can also be uploaded instantly, if WiFi is available (Jia et al., 2016). Generally, it owns the advantages of accurate parameter adjustment, visual data storage, and remote data management. Therefore, this study aimed to assess the effect and safety of the intelligent electronic stimulator (CX-DZ-II) in comparison with the regular electronic stimulator (SDZ-II) for NP relief in patients with CS and then provide an alternative for CS management.



Materials and methods


Study design

This randomized, non-inferiority trial (NCT03005301) was performed at the Hospital of Chengdu University of Traditional Chinese Medicine and the West China Hospital, Sichuan University. The study protocol has been approved by the Sichuan Regional Ethical Review Committee, affiliated with Chengdu University of Traditional Chinese Medicine (Approval No. 2016XL-007).

The total observation period in this study was 2 weeks for each participant. Eligible participants were randomly assigned to receive EA from the CX-DZ-II intelligent electronic stimulator or the SDZ-II regular electronic stimulator. All the outcome measurements were completed at baseline and 2 weeks after randomization. In addition, the visual analog scales (VASs) for each participant were also assessed after each treatment in the first week.



Participants

Patients with CS of neck type or nerve root type were recruited through outpatient clinics from April 2017 to August 2017.

The diagnostic criteria of CS were established according to the Clinical Guidelines for Diagnosis and Treatment: Pain (Chinese Medical Association, 2007): (1) CS of neck type: pain in the neck, the shoulder, and the occipitalia; limited cranial movement with tense muscles and trigger points; X-rays showed that there were changes in cervical curvature, and dynamic radiographs showed instability and loosening of the intervertebral joints. (2) CS of nerve root type: neck, shoulder, and back pain, and even radiation of arm pain to forearm and fingers; sensation of electric touch, numbness, and obvious hypoesthesia in the nerve root innervation area; results of Eaton test were positive; X-rays showed that there were changes in uncinate joint hyperplasia, bone spur formation, narrowing of intervertebral space, and changes and even loss of physiological radians.

Participants who met all the following inclusion criteria were enrolled in this study: (1) male or female between 18 and 75 years of age; (2) a history of recurrent episodes of NP (one or more episodes of NP per month lasting for more than 3 months); (3) the VAS score >3; (4) subject or his supervisor can comprehend the aims and process of this trial; (5) not participating in other trials or receiving other relevant treatments during the trial periods; and (6) willing to sign informed consent. Participants with any of the following conditions were excluded: (1) subject has acute neck trauma; (2) previous medical history of neck trauma treated by surgery, neurological deficit, congenital and developmental spinal disorders, systemic bone diseases, or systemic joint diseases; (3) diagnosis of carotid artery dissection; (4) unable to clearly perceive the pain or express their feelings; (5) infection in the acupoint region; (6) history of acupuncture treatment for NP in the previous week; (7) use of non-steroidal antipyretic analgesics (NSAAs) in the previous 3 days, need to use central analgesics or narcotic analgesics during the period of clinical trial, use of any ointments/medicinal liquors with functions of promoting blood circulation and easing pain, and use of oral and intravenous medicines aiming at opening blood vessels and providing nerve nutrition; (8) combinations of severe diseases, such as myocardial infarction, severe hepatic renal dysfunction, acute infectious diseases, malignant tumors, or severe mental disorders in the previous 12 months; (9) intolerance of acupuncture and EA treatment or allergy to acupuncture; (10) pregnancy or lactation; (11) participation in other clinical trials in the previous 3 months, and (12) unsuitability to this trial as judged by the investigators.



Randomization and masking

Eligible participants were randomized according to a computer-generated randomization list in sealed, opaque envelopes and were divided into two groups: the CX-DZ-II and SDZ-II groups. The randomization was stratified by enrollment site in a block size of 4 with a 1:1 ratio. The randomization list was conserved by the physicians not participating in the study. Participants, acupuncturists, and outcome assessors were not blinded because of the obvious difference in operating interface, shape, and appearance of the two study instruments. Only statisticians were blinded to treatment allocation.



Interventions

Disposable acupuncture needles (0.35 mm × 25 mm, 0.35 mm × 40 mm, Huatuo, Suzhou Hualun Medical Appliance), the CX-DZ-II intelligent electronic stimulator (Chengdu Chengxin High-tech Company, Chengdu, China), and the SDZ-II regular electronic stimulator (Suzhou Medical Appliance Factory, registration No. 20133370611) were used.

All the treatments were performed by licensed acupuncturists. Participants in the treatment group received EA at basic acupoints: Dazhui (GV14), bilateral Fengchi (GB20), Jianjin (GB21), and Jiaji (EX-B2). Manual acupuncture was also performed at arbitrary acupoints, which were chosen based on syndrome differentiation: for participants with wind-cold dampness Bi syndrome, bilateral Fengmen (BL12), and Waiguan (TE5) were used; for participants with phlegm stasis in channels syndrome, bilateral Quchi (LI11), Pishu (BL20), Fenglong (ST40), and Geshu (BL17) were used; for participants diagnosed with deficiency of qi and blood syndrome, bilateral Ganshu (BL18), BL20, and Zusanli (ST36) were used; for participants with deficiency of Gan (liver) and Shen (kidney) syndrome, bilateral Yanglao (SI6), BL18, Shenshu (BL23), and Taixi (KI3) were used. The depth of the inserted needles differed but was approximately 15–40 mm. Following needle insertion, lifting, thrusting, twisting, and rotating, with a frequency of 60–90 times per min were performed on all the needles to achieve the deqi sensation. Two paired electrodes from the CX-DZ-II intelligent electronic stimulator were attached transversely to the needle handles at bilateral GB20 and EX-B2. The EA stimulation lasted for 30 min, with a dilatational wave of 2/100 Hz and a current intensity within the patient’s tolerance. Participants in the CX-DZ-II group received a total of 8 sessions of treatments: 5 sessions (every day) in the first week and 3 sessions (every other day) in the second week.

Participants in the control group received EA from the SDZ-II regular electronic stimulator. In the SDZ-II group, acupoints selection, depth of needles, needle manipulation for deqi, and electrode placements were consistent with the CX-DZ-II group.



Outcomes measurement

The primary outcome was the change in the VAS from baseline to the completion of treatment.

Secondary outcomes included: (1) mean scores of the VAS after each treatment in the first week; (2) responder rate of participants with at least 70% increase from baseline in the treatment score, which was assessed based on the table for lower lumbar vertebral diseases of the Japanese Orthopedic Association; (3) drug-usage rate of NSAAs during treatment; (4) the occurrence rate of adverse events (AEs); (5) proportions of apparatus with defect during treatment; and (6) excellent rate of apparatus, defined as the proportions of instrument assessment with a score <16 points. The scores of the instrument were evaluated after each treatment according to the predesigned operating performance scale (1–5 indicating extremely difficult to easy) (see Supplementary Table 1).



Statistical analysis

Based on a pilot study using the SDZ-II regular electronic stimulator for NP coursed by CS, the decline in the VAS score after a course of treatment was 5.18 ± 1.06 (Tang et al., 2014); considering clinical experience, we set -0.53 as the non-inferior margin. Thus, 160 participants were needed to provide 80% power to detect a difference between groups in the VAS score declination after treatment at a one-sided significance level of 0.025, assuming a 20% loss in the dropout rate (Chen et al., 2020).

Outcomes were analyzed according to the intention-to-treat principle, defined as all the randomized participants with baseline data receiving at least one treatment. The primary outcome was also assessed based on the per-protocol (PP) population, defined as all randomized participants without major protocol violations. The primary outcome was assessed using a one-tailed test at a significance level of 0.025, while the secondary outcomes used a two-tailed test at a significance level of 0.05. For the change in mean scores of the VAS after treatment, the t-test was used. The mean VAS score after each treatment was analyzed using repeated-measures ANOVA, setting group, time, and the interaction between group and time as fixed effects and center as covariates. For responder rate, the Cochran–Mantel–Haenszel test, stratified by site, was used to test a hierarchical comparison between groups. Drug-usage rate, the occurrence rate of AEs, defect rate, and excellent rate of the instrument between the two groups were compared using the chi-squared test or Fisher’s exact test.

Missing data for the primary outcome were imputed from the last observation carried forward. For secondary outcomes, no imputation was used. The results based on PP set were used as sensitivity analysis.

All the analyses were performed by SAS version 9.1 (SAS Institute Incorporation, NC, United States).




Results


Populations and characteristics

Among 185 participants screened, 164 (83 in the CX-DZ-II group, 81 in the SDZ-II group) participants were randomized (Figure 1). A total of 6 (3.66%) participants dropped out: 1 withdrew before the first treatment and 5 dropped out during the treatment period. For the primary outcome, data were imputed at 4.82 and 0% of participants in the CX-DZ-II and SDZ-II groups. There were no significant differences between groups in terms of gender, age, height, weight, types of CS, coexisting illness, other treatments, participants using other medicine, and the VAS score (Table 1).
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FIGURE 1
Trial flowchart.



TABLE 1    Baseline characteristics.
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Clinical outcomes

The changes from baseline in the VAS throughout 2 weeks were 3.36 in the CX-DZ-II group and 3.23 in the SDZ-II group (difference: 0.17; 95% CI, -0.36 to 0.69, p < 0.025 for non-inferiority); similar results were found in the PP set (PPS) (difference: 0.28; 95% CI, -0.38 to 0.93, p < 0.025 for non-inferiority). The differences were within the prespecified non-inferiority margin of -0.53, demonstrating that the CX-DZ-II intelligent EA instrument was non-inferiority to the SDZ-II regular electronic stimulator (Table 2).


TABLE 2    Primary outcome.
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No between-group differences were found in the VAS score after treatment at 1 week (all p > 0.05, see Supplementary Table 2), overall responders (p = 0.869), and drug-usage rate of NSAAs (p = 1.000) (Figure 2 and Table 3).
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FIGURE 2
The visual analog scale (VAS) score after treatment at 1 week. *The global test was significant (p < 0.0001) and repeated-measures ANOVA with Greenhouse–Geisser correction was used. No significant group differences in 1 week were found (Supplementary Table 3).



TABLE 3    Other secondary outcomes.

[image: Table 3]

In addition, the defect rate of the instrument and the excellent rate of the instrument in the CX-DZ-II intelligent electronic stimulator were similar to the SDZ-II regular electronic stimulator (Table 3).



Adverse events

No significant difference was observed between the CX-DZ-II group and the SDZ-II group (p = 0.169) (Table 4). In terms of non-treatment-related serious AEs, two AEs (got cold) were reported in the CX-DZ-II group, while three AEs (got cold, retinal detachment, and intestinal polypectomy) were reported in the SDZ-II group.


TABLE 4    Adverse events related to treatment.a
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Discussion

In this randomized non-inferiority trial of EA for neck pain caused by cervical spondylosis (NPCS), we compared the efficacy and safety of two different EA devices. Findings from the VAS score indicated that the CX-DZ-II intelligent electronic stimulator was non-inferior to the SDZ-II regular electronic stimulator, with a similar safety profile and practicability.

Currently, EA is widely used based on its combined efficacy of manual needles and electric stimulation, especially for pain management. Studies showed that EA could activate sympathetic nerve fibers to enhance the migration of opioid-containing cells to the inflammatory sites or trigger the hypothalamus–pituitary–adrenal axis to decrease cyclooxygenase-2 and then lead to an increase in opioids (Zhang et al., 2014). At the spinal level, EA may also induce several neurotransmitters to inhibit pain, including opioids, 5-hydroxytryptamine, norepinephrine, dopamine, and acetylcholine (Munro, 2007; Yang et al., 2011; Zhang et al., 2012). Of note, functional and structural brain changes due to acupuncture for analgesia were also investigated using neuroimaging techniques (Tu et al., 2021). It has been noticed that acupuncture can reduce brain responses to noxious stimuli in typical regions involved in pain processing, such as the thalamus, insula, and prefrontal cortex (Li et al., 2014; Yan et al., 2020).

Previous studies reported that EA with different frequencies has different analgesic effects (Chen and Han, 1992; Lin et al., 2009). Although EA apparatus can adjust stimulus parameters quantitatively, the accuracy of adjustment is limited. Furthermore, few of them are equipped with networking and visualization systems. The CX-DZ-II intelligent electronic stimulator is designed based on microcomputer net technology and engineering technology. It owns the advantage of accurate parameter adjustment, which is critical to clinical efficacy and safety. More importantly, clinicians can get acupuncture prescriptions from the EBAM and upload the therapeutic information to the cloud database through the terminal unit (Jia et al., 2016; Liang et al., 2017). Thus, we conducted this trial to investigate the efficacy and safety of the CX-DZ-II intelligent electronic stimulator for NP relief in patients with CS.

Neck pain is a common symptom for patients with CS, which has a great impact on people’s quality of life and health. Pain intensity is thought to be one of the primary factors that determine the impact of NP on a person’s overall function and sense of wellbeing. The VAS is a 10-cm scale for pain assessment, which is accessible and easy to administrate. It has been commonly used in pain research and clinical practice, with demonstrated reliability and validity (Li et al., 2007; Moses et al., 2019). Therefore, in this study, a change in the VAS from baseline to the completion of treatment was used as the primary outcome. Moreover, to evaluate the immediate efficacy of the CX-DZ-II intelligent electronic stimulator, the VAS score after each treatment in 1 week has also been reported.

In this study, the changes in the VAS were 3.36 in the CX-DZ-II group vs. 3.23 in the SDZ-II group, within the range of 2.04–4.89 reported in previous trials (Wang, 2012; Wan et al., 2013; Huang, 2015; Garov, 2016). Moreover, findings from the VAS in 1 week indicated that the instant analgesic effect of the CX-DZ-II intelligent electronic stimulator seemed better than the SDZ-II regular electronic stimulator, although no statistical difference was observed. Moreover, similar results of the overall responder and drug-usage rate of NSAAs also verified that the CX-DZ-II intelligent electronic stimulator was non-inferior to the SDZ-II regular electronic stimulator. Although results indicated that the CX-DZ-II intelligent electronic stimulator deserved to be promoted for patients with CS of neck type and nerve root type, the generalizability of the CX-DZ-II regular intelligent electronic stimulator for other CS types still requires further investigation.

The present trial also demonstrated some properties of the CX-DZ-II intelligent electronic stimulator and the SDZ-II regular electronic stimulator. Studies indicate that the sensitivity, manipulation, and therapeutic parameters of devices are critical to the clinical effect and safety of EA. Currently, many EA instruments are equipped with mechanical rotary knobs for parameter adjustment, providing approximate data on electrical frequency and intensity to clinicians (Xu et al., 2016). More importantly, parameter settings of traditional EA instruments need to be reset manually after treatment; otherwise, the excessive current intensity may increase and cause transient discomfort and pain to patients when it is used again. Comparatively, the CX-DZ-II intelligent electronic stimulator is equipped with an ARM-A9 chip, Android 4.0 system, and capacitive touchscreen, which provides conditions for visual and quick parameter adjustment. Moreover, the electrical stimulation parameters can be reset automatically after shutdown, avoiding potential security risks in the next operation. In this study, no between-group differences in the defect rate and the excellent rate were observed, indicating that the CX-DZ-II intelligent electronic stimulator can function, as well as the SDZ-II regular electronic stimulator in terms of performance and operation.

Potential AEs related to treatment should also be noticed. According to previous reports, transient sharp pain is one of the common AEs in trials of EA (Liu et al., 2017, 2021). In this study, similar discomfort appeared in both groups, with no statistical difference. In addition, AEs also involved inserting needles again because of the improper disposal of wire, with no connection with the major structure of the CX-DZ-II intelligent electronic stimulator.



Conclusion

In conclusion, the effect of the CX-DZ-II intelligent electronic stimulator was non-inferior to the SDZ-II regular electronic stimulator in decreasing the VAS of patients with NPCS. Similarly, the performance of safety and manipulation between groups was consistent. Therefore, we believed that the CX-DZ-II intelligent electronic stimulator, a new device characterized by digitization, networking, and visualization, can provide a promising non-inferior alternative in the treatment of EA for NPCS.



Limitation

Some limitations of this trial must be acknowledged. First, only the instant effect and safety of the CX-DZ-II intelligent electronic stimulator were verified in this study, and future trials need to assess its persistent effect in the follow-up periods. Second, the degree of participants’ expectations with the results was not evaluated and the pure effect of the CX-DZ-II intelligent electronic stimulator for NPCS needs further assessment. Third, for the CX-DZ-II intelligent electronic stimulator, the specific usage of online functions such as data collection, evidence-based diagnosis, and treatment decision support was not reported because they were not related to the aims of this study.
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Background: Migraine is a common disorder, affecting many patients. However, for one thing, lacking objective biomarkers, misdiagnosis, and missed diagnosis happen occasionally. For another, though transcutaneous vagus nerve stimulation (tVNS) could alleviate migraine symptoms, the individual difference of tVNS efficacy in migraineurs hamper the clinical application of tVNS. Therefore, it is necessary to identify biomarkers to discriminate migraineurs as well as select patients suitable for tVNS treatment.

Methods: A total of 70 patients diagnosed with migraine without aura (MWoA) and 70 matched healthy controls were recruited to complete fMRI scanning. In study 1, the fractional amplitude of low-frequency fluctuation (fALFF) of each voxel was calculated, and the differences between healthy controls and MWoA were compared. Meaningful voxels were extracted as features for discriminating model construction by a support vector machine. The performance of the discriminating model was assessed by accuracy, sensitivity, and specificity. In addition, a mask of these significant brain regions was generated for further analysis. Then, in study 2, 33 of the 70 patients with MWoA in study 1 receiving real tVNS were included to construct the predicting model in the generated mask. Discriminative features of the discriminating model in study 1 were used to predict the reduction of attack frequency after a 4-week tVNS treatment by support vector regression. A correlation coefficient between predicted value and actual value of the reduction of migraine attack frequency was conducted in 33 patients to assess the performance of predicting model after tVNS treatment. We vislized the distribution of the predictive voxels as well as investigated the association between fALFF change (post-per treatment) of predict weight brain regions and clinical outcomes (frequency of migraine attack) in the real group.

Results: A biomarker containing 3,650 features was identified with an accuracy of 79.3%, sensitivity of 78.6%, and specificity of 80.0% (p < 0.002). The discriminative features were found in the trigeminal cervical complex/rostral ventromedial medulla (TCC/RVM), thalamus, medial prefrontal cortex (mPFC), and temporal gyrus. Then, 70 of 3,650 discriminative features were identified to predict the reduction of attack frequency after tVNS treatment with a correlation coefficient of 0.36 (p = 0.03). The 70 predictive features were involved in TCC/RVM, mPFC, temporal gyrus, middle cingulate cortex (MCC), and insula. The reduction of migraine attack frequency had a positive correlation with right TCC/RVM (r = 0.433, p = 0.021), left MCC (r = 0.451, p = 0.016), and bilateral mPFC (r = 0.416, p = 0.028), and negative with left insula (r = −0.473, p = 0.011) and right superior temporal gyrus/middle temporal gyrus (r = −0.684, p < 0.001), respectively.

Conclusions: By machine learning, the study proposed two potential biomarkers that could discriminate patients with MWoA and predict the efficacy of tVNS in reducing migraine attack frequency. The pivotal features were mainly located in the TCC/RVM, thalamus, mPFC, and temporal gyrus.

KEYWORDS
  migraine, transcutaneous vagus nerve stimulation, machine learning, functional magnetic resonance imaging, support vector machine (SVM), vagus nerve


Introduction

Migraine, affecting approximately 1 billion people, is the second most prevalent neurologic disorder, which imposes socioeconomic burdens and absence of work and study, and can be divided into episodic migraine (attacks that occur ≤ 15 days/month) and chronic migraine (attacks that occur >15 days/month) (Ashina, 2020; Mu et al., 2020). In all subtypes, migraine without aura (MWoA) was the most common one, experienced by the majority of migraineurs (Launer et al., 1999). Currently, the diagnosis of MWoA mainly depends on the International Classification of Headache Disorders (ICHD) (Arnold, 2018), with five criteria including unilateral location with pulsating quality, moderate to severe pain intensity, suffering for 4 to 72 h in one attack, and presence of nausea/vomiting and/or photophobia/phonophobia. Nevertheless, many patients have difficulties in meeting the entire criteria of MWoA in clinical practice (Ozge et al., 2015). Therefore, it is necessary to find an objective as well as an accurate method to diagnose MWoA in the “gray zones.”

In addition, as the pathophysiology remains misty, the pharmacotherapy of migraine is far from satisfactory. Accumulating evidence suggests that transcutaneous vagus nerve stimulation (tVNS) at the external ear can induce anti-nociception. By stimulating the auricular and cervical branches of the vagus nerve non-invasively, migraineurs experienced a significant decrease in the attack frequency and intensity (Straube et al., 2015; Diener et al., 2019; Zhang et al., 2020). Consequently, tVNS has got a Class I recommendation for patients with episodic migraine (Tassorelli et al., 2018; Blech et al., 2020). Moreover, another two studies investigated the mechanism of tVNS in the treatment of migraine and found that tVNS could inhibit the transmission of trigeminal nociception and cortical spreading depression (Cornelison et al., 2020; Morais et al., 2020). Taken together, the above evidence suggested that tVNS should be considered in the clinical practice of migraine. On the other way, despite the effectiveness of tVNS for MWoA, the efficacy varies considerably across different subjects. Therefore, identifying a valid and objective biomarker for treatment response will be of great importance. Intriguingly, emerging functional magnetic resonance imaging (fMRI) has provided an innovative perspective for migraine, greatly contributing to the understanding of its pathophysiology and therapeutics (Ashina et al., 2021). For example, migraineurs exhibited aberrant patterns in the trigeminal cervical complex (TCC), thalamus, medial prefrontal cortex (mPFC), and temporal gyrus (Xue et al., 2013; Wang et al., 2016; Li et al., 2017). Additionally, a significant correlation could be found between migraine pain intensity and disease duration, with the thalamus and mPFC (Coppola et al., 2018; Qin et al., 2020b). For example, functional connectivity of mPFC and thalamus had a negative correlation with pain intensity of migraine. Moreover, studies previously demonstrated nociceptive stimulation would activate TCC and modulate the endogenous pain circuitry which associated the ascending trigeminal spinal-thalamo-cortical pathways with the migraineur's pain sensitivity (Marciszewski et al., 2018; Lim et al., 2021). All of the above studies have revealed a potential central mechanism of migraine, involving TCC, thalamus, mPFC, and temporal gyrus, which could be the targets of migraine treatment.

In terms of these brain regions, our previous studies have investigated the effects of tVNS in treating migraines. For example, the effects of tVNS could be associated with the mPFC and thalamus, which had a negative correlation with migraine attacks days after tVNS treatment (Luo et al., 2020b; Zhang et al., 2021). Furthermore, our recent study also suggested that tVNS would increase functional connectivity between the middle cingulate cortex (MCC) and periaqueductal gray which were involved in descending pain modulation system (DPMS) (Cao et al., 2021). All of those studies indicated that tVNS would treat migraines by modulating these pain-related regions, which reflected the intrinsic characteristics of migraineurs and their relationship with clinical manifestations. Nevertheless, potential biomarkers still have not been applied to migraines. The goals of current studies mainly concentrate on identifying neuroimaging measures related to phenotypic measures, which often does not generalize to novel individuals, thus, it results in inadequate clinical utility (Bisenius et al., 2017; Scheinost et al., 2019).

As a data-driven technique, multivariate pattern analysis (MVPA) plays an important role in analyzing neuroimaging data and is expected to help solve this problem, due to which it is sensitive to the fine-grained spatial discriminative patterns and exploration of inherent multivariate nature from high-dimensional neuroimaging data and also could provide novel insight into the differences between two groups because it allows the identification of features which contribute the most to individual classification or prediction (Khosla et al., 2019; Rocca et al., 2020). Several sensitive and specific neuroimaging potential biomarkers have been explored by machine learning in psychiatric and neurologic diseases, expected to instruct diagnosis and treatment (Yang et al., 2019; Huang et al., 2020; Luo et al., 2020a; Ma et al., 2020; Schneider et al., 2020; Chiarelli et al., 2021). Some previous studies have used machine learning combined with fMRI to identify migraineurs from healthy controls (HCs) with an accuracy of 83.33 to 91.4% (Chong et al., 2017; Tu et al., 2020; Yin et al., 2020; Chen et al., 2021). Furthermore, previous studies have predicted the efficacy of acupuncture for migraines before treatment in individuals, which developed a personalized medicine strategy based on the predictive model (Tu et al., 2020; Yin et al., 2020). Those studies have indicated that the combination of fMRI and machine learning might be used to diagnose specific patients and predict individual responses to clinical therapy.

Thus, the present study aimed to explore the neuroimaging biomarker which can be used to discriminate migraineurs and predict the efficacy of tVNS for migraines. In this study, we selected fractional amplitudes of low-frequency fluctuations (fALFF) as the feature to construct the biomarker, which could reflect the local spontaneous fluctuation of the fMRI BOLD signal (Zou et al., 2008). The advantage of fALFF is that it does not require a prior hypothesis which strengthens test-retest reliability. Moreover, compared with ALFF, fALFF has higher sensitivity and specificity in detecting regional spontaneous brain activity (Zou et al., 2008). In study 1, we calculated the fALFF of each voxel and imported the fALFF value into support vector machine (SVM) to construct the discriminative model which could discriminate migraineurs and healthy controls (HCs). We assessed the performance of model by analyzing the accuracy of the discriminative model. In addition, extracted the mask of discriminative features for further research. In study 2, we used the mask from study 1 and support vector regression (SVR) to construct the predicting model to predict the reduction of migraine attack frequency after tVNS treatment. Finally, we tested the correlation between regions of interest and the reduction of migraine attack frequency.



Materials and methods


Participants

MWoA patients with matched healthy controls (HC) were recruited between May 2017 and May 2019. The study was approved by the Institutional Review Board of the Second Affiliation Hospital, Guangzhou University of Chinese Medicine. This study protocol was registered on the Chinese Clinical Trial Registry (ChiCTR-INR-17010559, February 7, 2017, http://www.chictr.org.cn/hvshowproject.aspx?id=11101). Informed consent was obtained from all participants.

This study was an advanced exploration based on our previously published article (Zhang et al., 2021). Thus, eligible criteria and intervention protocol of MWoA patients would not be listed in detail.

In brief, in study 1, patients diagnosed with MWoA by the International Classification of Headache Disorders, the Second Edition (ICHD-2), were included. The patients were asked to fulfill a 4-week (Weeks 1–4) migraine diary including attack frequency, intensity of each attack, and emotion evaluation. Attack frequency was defined as the International Headache Society Clinical Trials Committee recommended (Diener et al., 2020). The intensity of the attack was assessed by a visual analog scale (VAS) of 0 to 100. A higher score meant more severe pain. Patients were asked to record each intensity of head attack using VAS and the average VAS score of each subject was included in the final analysis. Migraine Specific Quality of Life Questionnaire (MSQ) was used to assess the life quality of migraineurs. Self-rating anxiety scale (SAS) and self-rating depression scale (SDS) were used to evaluate emotion. Then, patients and age, sex-matched HCs were required to complete once MRI scanning. We used the demographics and fMRI data of patients and HCs to construct a discriminate model.

In study 2, patients with MWoA were randomly divided into the real group and sham group, receiving a 4-week (Weeks 5–8) treatment according to the treatment protocol. The real tVNS group was applied at the left cymba concha (the true stimulation site), while the sham tVNS group was stimulated on the left tail of the helix. During the treatment, patients were required to complete another 4-week migraine diary as well as MRI scanning as a post-treatment assessment. We constructed predicting model, using the difference in attack frequency between baseline (Weeks 1–4) and post-treatment (Weeks 5–8) of the real group as a label, and discriminative features of the discriminating model generated in study 1 as inputs.



Demographic and clinical outcomes statistics analysis

Demographic and clinical outcomes were conducted by SPSS 24.0. T-student analysis and Chi-square analysis were used for continuous and counting variables individually. The significance threshold was set to p < 0.05 (two-tailed).



Image acquisition

A 3.0 T Siemens MRI scanner (Siemens MAGNETOM Verio 3.0 T, Erlangen, Germany) was conducted to scan all participants with a 24-channel phased-array head coil. To minimize head movement and scanner noise, foam padding and earplugs were applied. All of them were required to remain motionless, sober with eyes closed, and avoid thinking of anything in particular. All patients participated in the identical functional MRI (fMRI) scanning sessions before and after 4 weeks of treatment in the interval period (If MWoA patients had a headache attack within 48 h before and after scanning, we would make another appointment for fMRI scanning), while HCs completed only one. Resting-state fMRI encompassing the whole brain was acquired with the following parameters: (1) T1-weighted structural images: TR = 1900 ms, TE = 2.27 ms, flip angle = 9°, FOV = 256 × 256 mm, matrix = 256 × 256, and slice thickness = 1.0 mm. (2) Resting-state fMRI images: repetition time (TR) = 2,000 ms, echo time (TE) = 30 ms, field of view (FOV) = 224 × 224 mm, matrix = 64 × 64, flip angle = 90°, slice thickness = 3.5 mm, interslice gap = 0.7 mm, 31 axial slices paralleled, and 240 time points.



fMRI preprocessing and fALFF analysis

The fMRI data were preprocessed in Data Processing and Analysis for Brain Imaging 3.0 (DPABI 3.0) (Yan et al., 2016). The main steps were as follow: (1) The first 10 volumes were discarded, followed by slice timing and realignment. (2) After head motion correction, structural images were segmented into grey matter, white matter and cerebrospinal fluid. (3) Functional images were coregistered to the structural images. (4) Functional and structural images were standardized into Montreal Neurological Institute (MNI) space. (5) After correcting head motion with Friston 24, linear trending, white matter, and cerebrospinal fluid were conducted. (6) Finally, a 6-mm Gaussian kernel was used to spatially smooth it and a 3-mm voxel resolution was adopted to further analysis.

Before fALFF calculation, the data were filtered by a frequency window of 0.01 to 0.10 HZ. Fast Fourier transform changed the time series to the frequency series. Each voxel computed and averaged the square root of the power spectrum. Then, fALFF was used to calculate the ratio of the power of each frequency at the low-frequency range (0.01–0.08 Hz) to that of the entire frequency range (0–0.25 Hz). Finally, to make the statistics conveniently, the data transformed into z-maps.



Classification of MWoA and HCs

First, we performed a group-level two-sample t-test on fALFF values between HCs and MWoA, with age, sex, and head motion as covariates. Significant differences for fALFF were assessed with a threshold of p < 0.05 and false discovery rate (FDR) correction. Features showing significant differences were retained for the subsequent analyses to construct the discriminating model. Second, a leave-one-out cross-validation (LOOCV) was used in the model to avoid the risk of overfitting. Thus, the analyses were unbiased in the sense that the training features were selected independently of each test case. It was used to obtain the best classifier using a linear SVM algorithm combining a feature selection of F-Score. We took all meaningful voxels with the highest ranks to calculate the accuracy, setting the step until incorporating all features. The performance of a classifier was evaluated by accuracy, sensitivity, and specificity. To measure the robustness of the model, a non-parametric permutation test was performed. More specifically, we randomly permuted the labels and repetitively executed the CV procedure 5,000 times. If the accuracy of the classifier on real class labels was more significant than the accuracies of the classifiers trained on randomly relabeled class labels, this classifier was considered to be well-performing. The significance threshold was set to p < 0.05 (two-tailed). After obtaining the best-performing model, we extracted all discriminative features of the model for visualizing the results. Then, we identified brain regions by setting the threshold to > 30% of the maximum weight vector scores for visualizing the results of classification.



Prediction of the efficacy of tVNS

We still chose LOOCV as the validationmethod. We also regressed sex, age, and headmotion. The prediction model was constructed by support vector regression (SVR) combining with feature select of weight based on the LIBSVM toolbox. The prediction model was trained using the discriminative feature set gained from study 1. The correlation coefficient was calculated to assess the fitting between predictive and actual values. The significance was measured by permutation testing (permutation times = 1,000). The significance threshold was set to p < 0.05 (two-tailed). After obtaining the best-performing model, we extracted all predicting features of the model and identified brain regions by visualizing the results of prediction. To investigate the association between fALFF change (post-per treatment) of predict weight brain regions and clinical outcomes (frequency of migraine attack) in the real group, we extracted the average z values of the brain regions. We then performed a partial correlation analysis between the fALFF z value change and the clinical outcomes (frequency of migraine attack), using age, sex, SAS, SDS, and MSQ as covariates. A threshold of p < 0.05 false discovery rate (FDR) corrected was applied for multiple comparisons.

See Figure 1 for the flow diagram of classification and prediction.
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FIGURE 1
 The flow diagram of classification and prediction. A total of 70 HCs and 70 MWOA were used to construct the classification model and the top 3,650 discriminative features could discriminate MWoA with the highest accuracy. Then, the 3,650 discriminative features were used to construct predicting model and 70 predictive features could predict the reduction of migraine attack frequency with the highest correlation coefficient. HCs, healthy controls; MWOA, migraine without aura; LOOCV, leave-one-out cross-validation; SVM, support vector machine; SVR, support vector regression.





Results


Clinical characteristics

A total of 70 patients with MWoA and 70 HCs participated in the study. They all completed the first scanning fMRI. Nine patients were dropped out in the sham tVNS group (2 for change of residency, 2 for familial dissenting opinion, 2 for time restriction, and 3 for unsatisfied with treatment). Two patients were dropped out in the real tVNS group (1 for time restriction and 1 for unsatisfied with treatment). Consequently, 33 patients with real tVNS and 26 patients with sham tVNS finally completed studies with two times scanning fMRI. Table 1 showed the demographic of participants and migraine characteristics of patients with MWoA. Age and sex between HCs and patients were balanced. After a 4-week treatment, patients in real group indicated a significant reduction in migraine attack frequency (t = 3.341, p = 0.002), VAS score of attack intensity (t = 4.614, p < 0.001), SAS (t = 4.627, p < 0.001), SDS (t = 3.900, p < 0.001), and MSQ (t = 6.603, p < 0.001).


TABLE 1 Characteristics of each subject group.

[image: Table 1]



Classification results

With the number of features increasing, the accuracy changed dynamically (Figure 2). The top 3,650 meaningful features showed the best classification ability (79.3% accuracy, 78.6% sensitivity, 80.0% specificity, and 83.35% AUC), which suggested well performance of the result in machine learning. The permutation analysis conducted 5,000 times showed that the classifier with 3,650 meaningful features was superior to the random classifiers (p < 0.002). After extracting the discriminative features, we found the classification results of 3650 voxels were enormous and very unfavourable for results demonstrating. According to previous study (Li et al., 2014), we identified brain regions by setting the threshold to >30% of the maximum weight vector scores for visualizing the results of classification (Table 2). The voxels were found in bilateral TCC/rostral ventromedial medulla (TCC/RVM), bilateral mPFC, bilateral MCC, right thalamus, temporal gyrus, right precuneus, and postcentral gyrus, which were involved in trigeminal spinal-thalamo-cortical pathways, default mode network (DMN), auditory network, and DPMS (Figure 3).


[image: Figure 2]
FIGURE 2
 Classification performance of the proposed approach. (A) The accuracy of classification with the increased number of features; when including 3,650 discriminative features, the highest accuracy of the classification model is 79.3%. (B) Area under the curve of the classification model (AUC = 0.83347) with the highest accuracy. (C) The result of the permutation test with the highest accuracy (p < 0.0002).



TABLE 2 Discriminative features to discriminate MWoA from HCs.
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FIGURE 3
 Discriminative features to discriminate MWoA patients and HCs. Red means positive weight and blue means negative weight. The main weight brain areas were located in TCC/RVM, thalamus, PFC, and TSG/TMG. Bi, bilateral; FMG, frontal middle gyrus; FSG, frontal superior gyrus; L, left; MCC, middle cingulate cortex; mPFC, medial prefrontal gyrus; OFG, orbitofrontal gyrus; PCC, post cingulate cortex; POCG, postcentral gyrus; R, right; RVM, rostral ventromedial medulla; SMA, supplementary motor area; Sup, superior; TCC, trigeminal cervical complex; TMG, middle temporal gyrus; TSG, superior temporal gyrus.




Prediction of tVNS efficacy

A total of 3,650 discriminative features from study 1 were used to construct the predicting model. We found that 70 of 3,650 discriminative features contributed significantly to predicting the reduction of attacks after a 4-week tVNS treatment (r = 0.36, p = 0.03) (Figure 4). After extracting the predictive features, we analyzed the distribution of discriminative voxels (Table 3). The voxels are mainly distributed in TCC/RVM, mPFC, and temporal gyrus (Figure 5). Moreover, a paired t-test showed significant fALFF changes in right TCC/RVM, bilateral mPFC, right superior temporal gyrus/middle temporal gyrus (TSG/TMG), left insula, and left MCC. The reduction of migraine attack frequency had a positive correlation with TCC/RVM (r = 0.433, p = 0.021), bilateral mPFC (r = 0.419, p = 0.029), and left MCC (r = 0.451, p = 0.016), and negative with left insula (r = −0.473, p = 0.011) and right TSG/TMG (r = −0.684, p < 0.001), respectively (Figure 6, Figure 7).


[image: Figure 4]
FIGURE 4
 Prediction performance of the proposed approach. (A) Line chart reflecting actual label and predictive label; when including 70 predictive features, the highest correlation coefficient is 0.36. (B) Correlation coefficient between the actual label and predictive label with the increased number of features in the reduction of migraine attack frequency. (C) The result of the permutation test with the highest correlation coefficient (p < 0.001).



TABLE 3 Predictive features to predict the efficacy of tVNS.
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FIGURE 5
 Predictive features to predict the efficacy of tVNS based on the classification model. Red means positive weight and blue means negative weight. The main weight brain areas were located in TCC/RVM, mPFC, TSG, and Insula. Bi, bilateral; FSG, frontal superior gyrus; FMG, frontal middle gyrus; L, left; mPFC, medial prefrontal gyrus; R, right; RVM, rostral ventromedial medulla; TCC, trigeminal cervical complex; TSG, superior temporal gyrus.
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FIGURE 6
 Treatment response of fALFF (mean±sem) and correlation between fALFF changes and migraine frequency changes (FDR corrected). (A) Significant increase of fALFF in right TCC/RVM after tVNS treatment. (B) Location of TCC/RVM, (C) a positive correlation between right TCC and the reduction of migraine attack frequency (r = 0.433, p = 0.021). R, right; RVM, rostral ventromedial medulla; TCC, trigeminal cervical complex.
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FIGURE 7
 Treatment response of fALFF (mean ± sem) and correlation between fALFF changes and migraine frequency changes (FDR corrected). (A) Significant decrease and increase of fALFF in bilateral mPFC and right TSG/TMG after tVNS treatment. (B) A negative correlation between right TSG/TMG and the reduction of migraine attack frequency (r = −0.684, p < 0.001). (C) A positive correlation between bilateral mPFC and the reduction of migraine attack frequency (r = 0.416, p = 0.028). (D) Significant increase and decrease of fALFF in the left insula and left MCC after tVNS treatment. (E) A negative correlation between left Insula and the reduction of migraine attack frequency (r = −0.473, 0.011). (F) A positive correlation between left MCC and the reduction of migraine attack frequency (r = 0.451, p = 0.016). Bi, bilateral; L, left; MCC, middle cingulate cortex; mPFC, medial prefrontal gyrus; R, right; TMG, middle temporal gyrus; TSG, superior temporal gyrus.





Discussion

As an advanced exploration of the previous study (Zhang et al., 2021), by performing complicated machine learning with fMRI, we investigated the potential of spontaneous brain activity in individual diagnosis and treatment in the present study. Our results not only confirmed that the aberrant fALFF patterns served the possibility to be a neuroimaging biomarker with high accuracy (79.3%), sensitivity (78.6%), and specificity (80.0%) in classifying MWoA but also further extended the clinical value of the classification model for predicting the efficacy of tVNS with moderate correlation (r = 0.36). The results indicated that TCC/RVM, MCC, mPFC, and temporal gyrus are the main brain regions in discriminating migraine and predicting the efficacy of tVNS treatment which can be involved in trigeminal spinal-thalamo-cortical pathways, DMN, AN, and DPMS, respectively. Meanwhile, fALFF of the above brain regions had high correlations with the reduction of migraine attack frequency after tVNS treatment. Taken together, our results linked disrupted spontaneous brain activity to migraine and enhanced the comprehension of pathophysiology and treatment of migraine.

In the study, we demonstrated that both TCC/RVM and thalamus could help to identify MWoA which extended previous findings that the thalamus could be used for identifying migraineurs (Chong et al., 2017; Tu et al., 2020). As well-known, TCC and thalamus are the first and second order of trigeminal spinal-thalamo-cortical pathways, cooperating in migraine attacks (Ashina, 2020; Lim et al., 2021). On one hand, TCC is the trigger of sensitization and activation of nociception transmitting nociception from the periphery to the central (Bartsch and Goadsby, 2003; Weir and Cader, 2011; Akerman and Romero-Reyes, 2013; Luz et al., 2019). On the other hand, through comprehensive processing in the selection, amplification, and prioritization, the thalamus could handle the nociceptive inputs from TCC, and then, projected to higher centers inducing pain response (Schwedt et al., 2013; Noseda et al., 2017; Tolner et al., 2019; Tu et al., 2019). The synergistic effect of TCC and thalamus in nociception transmission might be a crucial key to pain response and analgesia.

Consequently, in terms of its important position in the pathophysiology and treatment of migraine, researchers have investigated the aberrant brain alternation of trigeminal spinal-thalamo-cortical pathways in migraineurs. A recent study found a greater BOLD signal variability of the trigeminal spinal-thalamo-cortical pathways in migraineurs than HCs which may amplify nociception processing in migraineurs (Lim et al., 2021). Meanwhile, Meylakh et al. found increasing ALFF of thalamus, TCC/RVM, dorsal pons, and thalamus in migraineurs before an attack (Meylakh et al., 2018). This evidence suggested that TCC and thalamus were coupled to the progress of headache attack events. Moreover, two studies revealed that TCC had a negative correlation with migraine attack intensity, whereas the thalamus had a positive correlation (Hodkinson et al., 2016; Li et al., 2017), revealing a close relationship between the trigeminal spinal-thalamo-cortical pathway and migraine. Further studies suggested that acupuncture, triptans, and tVNS could regulate the disrupted functional connectivity and spontaneous activity within the trigeminal spinal-thalamo-cortical pathways in migraines (Kroger and May, 2015; Moller et al., 2020; Chang et al., 2021; Zhang et al., 2021). And modulation of trigeminal spinal-thalamo-cortical pathways is considered a crucial strategy for the management of migraine (Goadsby et al., 2009). Therefore, it may not be a coincidence that trigeminal spinal-thalamo-cortical pathways could be applied to discriminate migraineurs in our studies.

Another notable finding is that TCC/RVM could predict the efficacy of tVNS, which also had a positive correlation with the reduction of attack frequency. Animal experiments have revealed that tVNS could block the sensitization of TCC by direct and indirect pathways (Lyubashina et al., 2012; Lerman et al., 2019; Sclocco et al., 2019; Vila-Pueyo et al., 2019). Neuroimaging studies provided more straight evidence that tVNS could activate the signal of TCC in participants (Frangos et al., 2015; Frangos and Komisaruk, 2017). All the above studies suggested that tVNS could modulate the function of TCC supporting it as the meaningful brain region in predicting the efficacy of tVNS. Nonetheless, the result did not take the thalamus into the prediction model. But considering its crucial structural connection and synergetic effect with other brain regions of the trigeminal spinal-thalamo-cortical pathways and response to the tVNS (Noseda et al., 2011; Luo et al., 2020b; Lim et al., 2021; Zhang et al., 2021), the effect of thalamus in predicting the efficacy of tVNS in treating migraine could not be neglected.

In addition to the trigeminal spinal-thalamo-cortical pathways, the DMN is another significant brain network in the study consisting of mPFC and precuneus. Consistent with other studies (Tu et al., 2020; Chen et al., 2021), our result showed that DMN could discriminate migraineurs from HCs. The DMN is a network related to individual stressful experiences which could respond to the environment in a predictive manner (Buckner et al., 2008; McEwen and Gianaros, 2011). Nevertheless, the abnormalities in DMN in migraineurs lead to information transfer and multimodal integration dysfunction (Xue et al., 2012; Tessitore et al., 2013; Zhang et al., 2016; Yu et al., 2017). Particularly, researchers have suggested that DMN had a negative correlation with pain intensity, attack frequency, and duration years of migraine (Xue et al., 2012; Gao et al., 2016; Yu et al., 2017; Coppola et al., 2020; Qin et al., 2020a), highlighting the role of DMN in migraine. Additionally, as the integration center, mPFC receives inputs from the thalamus and limbic system, modulating the pain response directly as well as impacting pain management indirectly by regulating emotion and cognition (Ong et al., 2019; Thompson and Neugebauer, 2019; Xu et al., 2019). In short, all the above studies confirmed the critical role of DMN in the pathogenesis of migraine which supported using the DMN to discriminate migraineurs from HCs.

Previous studies have revealed that tVNS could regulate the function of DMN in both physiological and pathological conditions (Kraus et al., 2007; Badran et al., 2018; Wang et al., 2018; Yap et al., 2020; Yakunina and Nam, 2021). Further studies suggested that tVNS would inhibit pain response through the DMN (Usichenko et al., 2017; Guo et al., 2020). What's more, our recent studies demonstrated the changes in the DMN in migraineurs after tVNS treatment (Luo et al., 2020b; Zhang et al., 2021). These findings implicated that DMN might be a potential target of tVNS treatment for migraine. Interestingly, the current study verified that DMN could predict the efficacy of tVNS in migraine management. Especially, fALFF of the mPFC had a positive correlation with the migraine attack frequency. These results expanded our understanding of the important role of the DMN in tVNS treatment for migraine.

Moreover, another finding of the study is that temporal gyrus, MCC, and insula also played important role in discrimination and prediction, whose fALFF value had a correlation with the reduction of attack frequency. These brain regions have two main roles in migraine. For one thing, migraineurs often complain about phonophobia and tinnitus, especially suffering migraine attacks. A reasonable explanation is that MWoA may have a more vulnerable temporal gyrus that is susceptible to external stimuli, causing concomitant symptoms associated with auditory (Langguth et al., 2015; Goadsby et al., 2017). For another, MCC and insula would be responsible for coding pain perception and termination and integrating interoceptive information with emotional salience (Zhao et al., 2020). Acute nociceptive stimuli would consistently activate MCC and insula, affecting a subjective impression of our bodily state, tricking the body into making the wrong decision (Vogt, 2016; Uddin et al., 2017). Although we have provided a robust framework for neural markers in MWoA, there are still several limitations. First, we only recruited subjects suffering from MWoA, lacking comparisons in different subtypes of migraines. Admittedly, a comparison of various subtypes of migraine by machine learning would improve the performance of our model, but considering the morbidity, we thought MWoA should take priority. Second, we only adapted the SVM algorithm without comparing the differences in other algorithms. What needs illustration is that SVM is a growing popularity algorithm for its relative simplicity within the neuroimaging community (Campbell et al., 2020). Third, although we did not perform the sample size estimation, we determined it according to the previously published similar article (Yin et al., 2020). Further larger scale study will be conducted to enhance the data reliability (Page 18, line 431). Finally, it is a single-center study without external validation. Thus, further multi-center research should be carried out to verify the repeatability and generalization of the models.



Conclusion

In summary, the study preliminarily demonstrated that fALFF features (infra-slow oscillations) at baseline have good potential for classifying the MwoA with the HCs and predicting the individualized treatment response of tVNS. And we provided a pattern for selecting patients to respond well to tVNS for migraine which could optimize the allocation of medical resources. TCC/RVM, thalamus, mPFC, and temporal gyrus are the potential targets both in the classification and prediction model.
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Type 2 diabetes (T2D) is the most common comorbidity of COVID-19, and both are related to the lack of circulating melatonin. In addition, chronic pain is a common sequela of both COVID-19 and T2D. Using a neuropathic pain model produced by sciatic nerve chronic constriction injury in Zucker diabetic fatty rats, a verified preclinical genetic T2D neuropathy animal model, this study aimed to show that transcutaneous auricular vagal nerve stimulation (taVNS) could elevate plasma melatonin concentration, upregulate the expression of melatonin receptors (MTRs) in the amygdala, and relieve peripheral neuropathic pain. Furthermore, taVNS would restore melatonin levels and relieve pain even in pinealectomized rats. On the contrary, intraperitoneally injected luzindole, a melatonin receptor antagonist, would attenuate the antinociceptive effects of taVNS. In conclusion, the mechanism of the therapeutic effect of taVNS on chronic pain involves the release of extrapineal melatonin and the positive regulation of the expression of central MTRs. This beneficial efficacy should be considered during COVID-19 rehabilitation in individuals with diabetes.
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Introduction

Affecting up to 77% of patients infected with SARS-CoV-2, chronic pain is the most common sequela of COVID-19 (Kemp et al., 2020). Angiotensin-converting enzyme 2 (ACE2) is a transmembrane protein that converts angiotensin II into angiotensin 1–7 to balance the renin-angiotensin system (Rahman et al., 2021). It has been recently verified that ACE2 is the receptor and the entry port for the SARS-CoV-2 to infect host cells. Once the virus binds to ACE2, it will lead to a downregulated expression of this enzyme (Pawlikowski and Winczyk, 2021). Physiologically, ACE2 is also the escort of tryptophan transporter protein and is necessary for the successful absorption of tryptophan from the digestive tract (Pawlikowski and Winczyk, 2021). Since tryptophan is the precursor of melatonin (5-methoxy-N-acetyltryptamine), a neurohormone that has a short half-life of 0.56–20 min in the blood, the patient would soon exhaust it.

A growing number of studies demonstrated that melatonin modulates glucose metabolism through receptor-dependent influences on glucagon and insulin secretion (Peschke et al., 2007; Bähr et al., 2011; Nagorny et al., 2011). In pancreatic islets, the melatonin receptor type 1 (MT1) is expressed on α-cells while the type 2 (MT2) on β-cells (Peschke et al., 2007; Nagorny et al., 2011). At a physiological concentration, melatonin increases glucagon production from pancreatic α-cells (Bähr et al., 2011) but inhibits insulin production in β-cells, but with a functional phase shift following the binding of melatonin to the MT2 receptor (Stumpf et al., 2009). In the Type 2 diabetes condition, insulin secretion may lose part of this negative regulatory mechanism and result in hyperinsulinemia (Frese et al., 2009; McMullan et al., 2013). In a clinical setting, with the expectation to restore the melatonin level, physicians may prescribe melatonin tablets or injections to patients. Unfortunately, at this time, it is not known what melatonin dosage and administration time we should give to patients, mainly due to the fact that an ultra-physiological concentration of melatonin will induce a negative effect on glucose metabolism (Gerdin et al., 2004). In addition, it is necessary for melatonin to be secreted in a fluctuant manner to regulate blood glucose concentration, which is hard to reach by administrated melatonin (Ferlazzo et al., 2020).

Decreased pineal melatonin synthesis is reported in both rodents and patients with diabetes (Wajid et al., 2020). Our previous study demonstrated that transcutaneous auricular vagal nerve stimulation (taVNS) could effectively enhance central serotonergic function and reduce pain sensitivity in diabetic rats (Li et al., 2018). Since both pain sensitivity and insulin resistance are related to low plasma melatonin concentrations, it might be beneficial to elevate the circulating melatonin. It is now clear that there exist vagal efferent branches in the auricular concha. Pulses applied to the vagal branches will eventually reach the vagal afferent branches, innervating the digestive tract and stimulating the secretion of melatonin from pheochromocytes here (manuscript in preparing). Using a rodent model of diabetic neuropathic pain induced by sciatic nerve chronic constriction injury (CCI) in Zucker diabetic fatty (ZDF; fa/fa) rats, in this study, we show that taVNS would be an approach to enhance melatonin secretion in diabetic individuals with COVID-19 and the mechanism is, at least partially, due to an enhancement of extrapineal melatonin release and an upregulation of the expression of melatonin receptors (MTRs) type 1 (MT1) in the brain.



Materials and methods


General methodology


Diabetic animal model

Male ZDF (fa/fa) rats were used as the diabetic animal models and were purchased from VitalRiver Laboratories International Inc. (Beijing, China). The animal room was artificially lighted from 7 a.m. (zeitgeber time, 0, ZT0) to 7 p.m. (ZT12; Figure 1A). Littermates from the same or from a foster mother were housed in large cages until they were ready to enter the experiment procedure at 8 weeks of age. We used only mature male ZDF rats for a further detailed study to avoid a possible confounding effect from gender differences on the endogenous melatonin level and other possible hormone variations. The experimental protocol was approved by the Institutional Animal Care and Use Committee in China Academy of Chinese Medical Sciences.


[image: image]

FIGURE 1
A schematic diagram of experimental procedures in zeitgeber time and time points. Showing the zeitgeber time of procedures (A) and the time points in each experimental group (B) in this study. ZT, zeitgeber time in hour [ZT0, light turn on time (7 AM)]. D, time in day; E1, Experiment 1; E2, Experiment 2, and so on.




Neuropathic pain model

The sciatic nerve CCI model was produced by loosely ligating a common sciatic nerve referring to the method of Bennett and Xie (1988). Briefly, under 2% isoflurane-inhaling anesthesia, the left side sciatic nerve was separated from surrounding tissue. Four chromic suture circles were loosely ligated around the sciatic nerve with an interval of 1 mm to each other so that only the superficial vessels of the nerve trunk were interrupted. The nerve was then put back and the wound closed with a suture clipper. The rats exhibiting postoperative neurological deficits (e.g., paralysis) or poor grooming were excluded from further experiments.



Electroacupuncture and time points

All the time points recorded in this study were in accordance with the taVNS occurrences, i.e., the beginning of taVNS was Day 0, and accidents that happened before this time point was recorded as the minus day. For example, D-7 meant 7 days before the beginning of taVNS, and D14 meant 14 days counted from the beginning of taVNS (Figure 1B).

For auricular concha electroacupuncture, under 2% isoflurane inhalation anesthesia, two opposite magnetic electrodes were placed over the auricular concha region of an ear, inside and outside, respectively. A procedure of 30-min transcutaneous electric nerve stimulation at a frequency of 2/15 Hz (2 and 15 Hz, switched every second) and an intensity of 2 mA was administered via an electrical stimulator (HANS-100, Nanjing, China). These stimulus parameters and sites have been repeatedly demonstrated to be effective in our previous study. The procedures were given in the afternoon (ZT5-8) after blood sample collection, beginning from Day 0. The acupoint selected in this study was the auricular concha of both sides, and the auricular margin was used as the sham acupoint.



Intraperitoneal injection

Vehicle, melatonin (60 mg/kg) or luzindole (0.01 μmol), was administered one time daily in the afternoon (ZT5-8) after blood sample collection. The dose of melatonin was based on our previous experiment and the dose of luzindole on the previous experiment. Melatonin and luzindole were purchased from Sigma Chemical Co. (St. Louis, United States) and dissolved in 5% ethanol saline (v/v) immediately before use.



Behavior tests

The animals were habituated to the test environment daily (a 60-min session) for 2 days before baseline testing. The testing procedure for thermal hyperalgesia was performed according to a previously published method (Hargreaves et al., 1988). The temperature was set to have the baseline latency of 12–14 s and a cutoff of 20 s. Mechanical allodynia was examined by applying a set of von Frey filaments to the plantar surface of each hindpaw, up and down depending on the withdrawal responses of the paw (Tal and Bennett, 1994). The cutoff force was 26 gm. All behavior testing was conducted between 8 a.m. and 12 p.m. (ZT1-5) before any daily drug or taVNS treatment.



Collection of plasma

For analyzing the concentration of melatonin in plasma, the rats were anesthetized by inhalation of 2% isoflurane in oxygen, and 0.1-ml blood samples were collected from one of the tail veins at each time point between 3 and 5 p.m. (ZT8-10) before daily treatments. The blood sample was centrifuged for 10 min at 1,000 rpm, and the plasma was collected. All plasma samples were stored at -80° until use. The animals were sacrificed after the last collection of blood, and brain samples were harvested.



Enzyme-linked immunosorbent assay

The concentration of plasma melatonin was analyzed using an enzyme-linked immunosorbent assay (ELISA) kit (Lot# DZE30014, R&D System, Beijing, China) by Huanya Biomedicine Technology Co. Ltd. The results were read using a microplate reader (Multiskan MK3, Thermo Scientific, Beijing, China) at a wavelength of 450 nm. The plasma melatonin concentration was calculated based on the standard curve and presented in nanograms per liter (ng/L).



Immunohistochemical staining

The rats were anesthetized with pentobarbital (60 mg/kg, i.p.) and transcardially perfused with 200 ml of saline, followed by 400 ml of 4% paraformaldehyde in a 0.1-M phosphate buffer (PB). The brains were dissected, postfixed for 2 h, and kept in 30% sucrose in 0.1-M PB in a cold room until they sank to the bottom. Tissues were then mounted in an OCT compound and frozen on dry ice. The brain (30 μm) sections were cut on a cryostat, mounted serially onto microscope slides, and stored at -80°C. Immunohistochemical staining was used to detect MT1 (1:1,000, rabbit polyclonal; Abbiotec, San Diego, CA, United States). Sections were blocked with 1% goat serum in 0.3% Triton × 100 for 1 h at room temperature and incubated overnight at 4°C with the primary antibody. For controls, the primary antibody was omitted. The sections were then incubated for 1 h at room temperature with a corresponding Cy3-conjugated secondary antibody (1:200; JacksonImmunoResearch, West Grove, PA, United States). Brain sections were read using a LEXT OLS4000 3D Laser Measuring Microscope (Olympus), recorded using a digital camera, and processed using Adobe Photoshop.



Western blot

The rats were decapitated under anesthesia. Amygdala samples were collected separately and homogenized in an SDS buffer containing a mixture of proteinase inhibitors (Sigma). Protein samples were separated on SDS-PAGE gel (4–15% gradient gel; Bio-Rad, Hercules, CA, United States) and transferred to polyvinylidene difluoride filters (Millipore, Bedford, MA, United States). The filters were blocked with 3% milk and incubated overnight at 4°C with an MT1 primary antibody (40 kD, rabbit polyclonal, 1:500, Millipore, Billerica, MA, United States) and for 1 h at room temperature with an HRP-conjugated secondary antibody (1:10,000; Abcam, Cambridge, MA, United States). The blots were visualized in ECL solution (NEN, Boston, MA, United States) for 1 min and exposed onto hyperfilms (Amersham Biosciences) for 1–10 min. The blots were then incubated in a stripping buffer (67.5-mM Tris; pH, 6.8; 2% SDS; and 0.7% β-mercaptoethanol) for 30 min at 50°C and reprobed with a polyclonal rabbit anti-β-actin antibody (1:20,000; Alpha Diagnostic International, San Antonio, TX, United States) as the loading control. The Western analysis was made in triplicate. The density and the size of the bands were measured with a computer-assisted imaging analysis system and normalized against loading controls.



Statistical analysis

By running GraphPadInStat version 3.10 for Windows (La Jolla, CA, United States), raw data from behavior tests, ELISA, and Western blots were analyzed by using repeated measures ANOVA across testing time points to detect overall differences among treatment groups and across treatment groups to examine overall differences among testing time points. Differences were considered to be statistically significant at the level of α = 0.05.




Experiment 1: Evaluate the therapeutic effects of transcutaneous auricular vagal nerve stimulation on chronic pain, melatonin secretion, and melatonin receptors expression

To find out whether taVNS is effective in relieving fully established neuropathic pain in ZDF rats, nociceptive behavior was evaluated in five groups of rats (n = 6 each): (1) naive, (2) sham CCI 1 week followed by taVNS, (3) CCI 1 week, (4) CCI 1 week followed by taVNS, and (5) CCI 1 week followed by auricular margin electroacupuncture (AMEA). Blood samples were taken at different time points for ELISA detection of the plasma melatonin level, and brain samples were collected upon sacrifice at Day 28 for Western blot detection of MT1 expression at the protein level.



Experiment 2: Evaluate the preventive effects of transcutaneous auricular vagal nerve stimulation on chronic pain, melatonin secretion, and melatonin receptors expression

To find out whether taVNS can prevent the development of neuropathic pain after CCI and the effect of electroacupuncture on nociception behavior, melatonin secretion, and MT1 expression during the progress of neuropathic pain, five groups of ZDF rats were used (n = 6 each): (1) sham operation, (2) sham operation plus taVNS, (3) CCI, (4) CCI plus taVNS, and (5) CCI plus AMEA. The blood samples were collected as mentioned above for ELISA, and the brain samples taken on Day 14 for Western blot detections.



Experiment 3: Evaluate the involvement of melatonin receptors in the function of transcutaneous auricular vagal nerve stimulation

There are mainly three types of MTRs, namely, MT1, MT2, and MT3. However, MT3 is expressed in the nucleus, while MT1 and MT2 are expressed on the cellular membrane, and MT1 is reported to be involved in the neuronal functions of the brain (Dubocovich et al., 2010). To find out whether MTRs mediate the function of taVNS and whether the blockade of MTRs modulates the release of melatonin and the expression of MTRs itself, the competitive melatonin receptor MT1/MT2 antagonist luzindole was administrated, and its effect on pain behaviors, plasma melatonin concentration, and the expression levels of MT1 were examined in four groups of ZDF rats (n = 6 each), including (1) a naive plus vehicle, (2) naive plus luzindole, (3) CCI, a taVNS plus vehicle, and (4) CCI, taVNS plus luzindole. Each agent or treatment was given one time daily (i.p.) in the afternoon 30–60 min before taVNS for 7 consecutive days beginning on Day 0. The blood samples were collected on Days 0 (baseline), 1, 3, and 7 after the behavior test but before any treatment. The brain samples were taken on Day 7 for Western blot detections.



Experiment 4: Compare the effects of transcutaneous auricular vagal nerve stimulation with melatonin on pain behavior

The efficacy of taVNS was compared with that of melatonin on established and developing neuropathic pain, melatonin secretion, and MTR expression. Four groups of ZDF rats were used (n = 6 each): (1) CCI operation followed by taVNS 7 days later, (2) CCI operation followed by melatonin i.p. administration 7 days later, (3) CCI operation followed by taVNS immediately, and (4) CCI operation followed by melatonin i.p. administration immediately. All treatment lasted for 1 week. The rats were kept for another week to watch the lasting effects of taVNS. The brain samples were collected on Day 14 for Western blot.



Experiment 5: Evaluate the involvement of the pineal gland in the effect of transcutaneous auricular vagal nerve stimulation

To find out the role of the pineal gland in taVNS and to explore whether there are other melatonin sources, the pain behaviors were examined in pinealectomized (Px) rats with established neuropathic pain and in rats expected to develop neuropathic pain after CCI. The pineal gland was removed from the rats according to a reported method (Maganhin et al., 2009). For the Px sham control, the skull was opened over the pineal gland but the gland was not removed. The rats exhibiting postoperative neurological deficits (e.g., paralysis) or poor grooming were excluded from further experiments. Five groups of ZDF were used (n = 6 each): (1) Px sham operation; (2) Px alone; (3) CCI and Px; (4) CCI and Px followed by taVNS 7 days after operation; and (5) CCI and Px followed by taVNS immediately after operation. The taVNS lasted for 7 days. Half of the rats from each group were sacrificed after the behavior test on Day 7; the brain samples were taken for Western analysis. Another half were sacrificed on Day 28 to see the long-term effects of taVNS on pain behavior and plasma melatonin in Px rats.




Results


The transcutaneous auricular vagal nerve stimulation was effective on both pain relief and pain progression

We watched the antinociceptive effect of taVNS on established pain first. The hyperalgesia to thermal stimulation was demonstrated 7 days after CCI operation. The taVNS treatment alleviated hyperalgesia immediately and lasted for another 2 weeks after 2 week of daily treatment (Figure 2A). The plasma melatonin concentrations and the MT1 protein expression in amygdala were both increased corresponding to the taVNS treatment (Figures 2C,E). The melatonin concentration reached a high platform at Day 14 and lasted for another 2 weeks, possibly longer, even without further taVNS session after the first 2-week daily trials. Consecutive daily taVNS sessions would not only relieve the established pain but also could prevent the development of pain after CCI if administrated starting immediately after CCI operation (Figure 2B). Similar to the efficiency in established pain, taVNS also promoted efficiency in the secretion of melatonin and in the expression of MT1 during the development of neuropathic pain (Figures 2D,F). Although, at a lower amplitude, AMEA also showed a partial analgesic effect on both established and developing pain as demonstrated by Day 14.


[image: image]

FIGURE 2
Effects of taVNS on pain behavior, melatonin level, and MT1 expression. Showing the effect of taVNS on established (A) and developing (B) thermal hyperalgesia, corresponding plasma melatonin concentration (C,D), and MT1 protein expression at the last time point (E,F). D, day; red arrow, CCI or sham operation; the green up arrow, treatments start; the green down arrow, treatments end; the blue arrow, sacrifice; S/VS, CCI sham operation plus taVNS; CCI, sciatic nerve chronic constriction injury; C/VS, CCI + taVNS; C/AM, CCI + AMEA. *p < 0.05, as compared with naive or sham groups on the same day and the baseline of the same group; +p < 0.05 as compared with S/VS, CCI, and C/VS groups; and #p < 0.05 as compared with CCI and C/AM groups. (G) The MT1 positive neurons (the arrow) in the amygdala of ZDF rats, CCI treated with AMEA, on Day 28. (H) The MT1 positive neurons (the arrow) in the amygdala of the ZDF rats, CCI treated with taVNS, on Day 14. Bar, 100 μm.




Central melatonin receptor type 1 was involved in the function of transcutaneous auricular vagal nerve stimulation treatment

An immunofluorescent study found that MT1 was expressed in various brain regions. There were more MT1 positive neurons in the amygdala of the ZDF rats treated with taVNS than that in the rats treated with AMEA (Figures 2G,H).

Melatonin receptors are necessary for the therapeutic effect of taVNS as seen in Figure 3. Luzindole treatments not only reduced nociceptive thresholds to thermal stimulation in naive rats as compared with vehicle treatments but also attenuated the antinociceptive effect of taVNS. This indicates that MTRs are necessary for mediating the antinociceptive effect of taVNS. Additionally, the plasma melatonin concentration and the expression of central MT1 were also declined by luzindole treatment. This indicates that more melatonin uncombined with MTRs was eliminated and that, although luzindole competes with melatonin to combine with MTRs, it does not have the ligand-dependent positive modulation effect on the expression of MTRs as melatonin does.
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FIGURE 3
Effects of luzindole on pain behavior, the melatonin level, and MT1 expression. Showing the effect of luzindole on nociceptive thresholds to thermal stimulation and on the efficacy of taVNS (A), plasma melatonin concentration (B), and the expression of MT1 in amygdala (Day 7; C). D, day; the red arrow, CCI operation; the green up arrow, treatments start; the green down arrow, treatments end (Day 6); the blue arrow, sacrifice; N/V, a naive plus vehicle; N/L, naive plus luzindole; C/E/V, CCI plus a taVNS plus vehicle; C/E/L, CCI plus taVNS plus luzindole. *p < 0.05, as compared with naive or the N/V group on the same day and with the baseline of the same group; #p < 0.05, as compared with N/L and C/E/L groups; and +p < 0.05, as compared with N/L.


As compared with exogenous melatonin, taVNS effectively relieved both established and developing pain, immediately and for a long term. Exogenous melatonin, on the other side, showed a higher effect on the prevention of pain development but reduced effect on the relieving of established pain from the beginning. This might be due to a downregulated expression of MT1 during the development of pain (Figure 4).
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FIGURE 4
Comparison of the effects between taVNS and exogenous melatonin. (A) A hyperalgesia threshold to thermal stimulation. *P < 0.05 vs. CCI/VS at the same testing time points. (B) Expression of MT1 in the amygdala (Day 14). *P <0.05 vs. C7d/VS, #P <0.05 vs. CCI/VS. D, day; the red arrow, CCI operation; the green up arrow, treatments start; the green down arrow, treatments end; the blue arrow, sacrifice; C7d/VS, C7d/Mt, CCI operation followed by taVNS or melatonin i.p. injection 7 days later, respectively; CCI/VS, CCI/Mt, CCI operation followed by taVNS or melatonin i.p. injection immediately.




Transcutaneous auricular vagal nerve stimulation was effective in pain relief in pinealectomized animals

Pinealectomized rats were used to evaluate the involvement of the pineal gland in the function of taVNS (Figure 5). Px alone in the ZDF rats lowered the nociceptive threshold as compared to the sham-Px rats. taVNS reduced the pain in Px or Px plus CCI rats, beginning immediately or 1 week after CCI operation (Figure 5A). Px dramatically decreased the plasma melatonin concentration as detected at all time points in this study. However, taVNS in the Px rats restored the plasma melatonin level to the normal level immediately and even higher at 2–3 weeks after taVNS termination (Figure 5B). In addition, Px negatively modulated the expression of MT1 (Figure 5C). taVNS would positively regulate the expression of MT1 not only in the ZDF rats with an intact pineal gland (Figures 5A–C) but also in the Px ZDF rats.


[image: image]

FIGURE 5
Involvement of the pineal gland in the function of taVNS. Showing the effect of taVNS on nociceptive thresholds (A), plasma melatonin concentration (B), and the expression of MT1 in the amygdala (Day 7; C) in Px rats. D, day; the red arrow, CCI, Px, or sham operation; the green up arrow, treatments start; the green down arrow, treatments end; the blue arrow, sacrifice; ShamPx, sham Px operation; Px, pinealectomized; Px/CCI, Px, and CCI; Px/C7d/VS, Px, and CCI operation followed by taVNS treatments 7 days later; Px/CCI/VS, Px, and CCI operation followed by taVNS treatments immediately. *p < 0.05, as compared with the ShamPx group on the same day and the baseline of the same group; #p < 0.05, as compared with Px or Px/CCI groups; and +p < 0.05, as compared with the Px/CCI group.





Discussion

In our body, there are parasympathetic and sympathetic autonomic nerves systems. In a night-sleeping state, the balance of the counterparts will be shifted toward an enhanced parasympathetic activity, concomitant with a reduction of the sympathetic tone (DeBenedittis et al., 1994). This autonomic imbalance can also be induced by vagus nerve stimulation (VNS), which stimulates the afferent vagus fibers, especially in the auricular concha area (La Marca et al., 2010). Although no report showed that stimulation to the parasympathetic system can enhance melatonin secretion, some pieces of evidence do demonstrate that light increases the sympathetic activity and simultaneously suppresses the vagal parasympathetic activity; both can be dose dependently attenuated by melatonin (Mutoh et al., 2003). Since bright light during the day represses melatonin secretion and due to the fact that melatonin is naturally secreted during the night, it is very likely that VNS can increase melatonin secretion. Additionally, increased sympathetic and decreased parasympathetic tones have been shown in the leptin receptor deficient (db/db) mice (Goncalves et al., 2009), which are genetically equivalent to the leptin receptor-deficient ZDF (fa/fa) rats used in this study. Combining the literature with our study results that the taVNS functionally increases the plasma melatonin concentration in ZDF rats, we conclude that taVNS stimulates the parasympathetic system and promotes the release of melatonin.

Melatonin is believed to be secreted only by the pineal gland. Interestingly, taVNS even stimulated the melatonin secretion in the Px rats. It implies that taVNS functions through the modulation of melatonin secretion from sources other than the pineal gland. According to recent reports, melatonin can be secreted also from the retina, the digestive tract, the bone marrow, the skin, kidneys, the ovaries, the testis, circulating leukocytes, and many other sources in the vertebrate species (Esposito and Cuzzocrea, 2010). It is noteworthy that these extrapineal melatonin sources have a large total volume, and some of them have high levels of melatonin, such as the melatonin pools of the gastrointestinal tract (Bubenik, 2002) and the bone marrow (Conti et al., 2000). The concentration of melatonin in both pools surpasses blood melatonin levels by 2 to 3 orders of magnitude, and the gastrointestinal tract alone secretes over 400 as much melatonin as the pineal gland (Werbach, 2008). In the gastrointestinal tract, melatonin secretes from the enterochromaffin cells, which contain precursors of melatonin (5-oxytryptophane, tryptamine, serotonin, and mexamine) and an increase in numbers after pinealectomy (Kim et al., 2012). For the release of melatonin from these pools upon and after taVNS, another beneficial key factor is that these extrapineal sources are innervated by the vegetative nervous system, and their release of melatonin is independent of photoperiodic direct regulation (Conti et al., 2000; Bubenik, 2002; Werbach, 2008).

If the therapeutic effect of taVNS on chronic pain is functionally mediated through the enhanced secretion of extrapineal melatonin as shown in the current study, one may expect that other melatonin enhancement methodologies also have therapeutic effects on pain or other illnesses lacking melatonin and that complimentarily administered melatonin has the same therapeutic effects as taVNS. The hypothesis may be partially true. On the one hand, melatonin and acupuncture are both effective for the treatment of circadian phase disorders that affect sleep (Gooneratne, 2008). Acupuncture and acupressure are also beneficial in ameliorating insomnia (Nordio and Romanelli, 2008) and in improving circadian rhythms of blood pressure in patients (Kim et al., 2012). On the other hand, exogenous melatonin may not relieve chronic pain as effectively as taVNS does for the reasons of affinity and metabolism property of both MTRs and melatonin – the MTRs are high-affinity binding sites, but the expression of these G-protein-coupled 7 transmembrane subunits may be ligands dependent; any free melatonin that is unbounded to MTRs will be rapidly distributed (serum half-life, 0.5–5.6 min) and eliminated (Iguchi et al., 1982; Paul et al., 1999). In this study, the taVNS session was 30 min daily. If we suppose that only melatonin secretion is involved, the efficacy of taVNS may also be short term. The long-term beneficial efficiency of taVNS may be attributed to a lasting release of high-level melatonin from extrapineal pools and the upregulated expression of MTRs. However, if the MTRs are combined with luzindole, taVNS-promoted extra melatonin may be eliminated quickly and may not work properly to the hyperalgesia and the expression of MTRs, as shown in our results.

Taken together, a cascade of events may occur upon taVNS stimulation: (i) taVNS stimulates the vagal afferent terminals located in the auricular concha, thus exciting the parasympathetic system; (ii) the parasympathetic signal conducts, directly or relayed through the central nervous system, to the efferent fibers innervating the gastrointestinal tract or other extrapineal melatonin sources, thus promoting the synthesis and release of extrapineal melatonin; (iii) the increased secretion of melatonin, in turn, excites the parasympathetic system, thus forming a beneficial cycle; and (iv) accumulated effect of taVNS one time daily for consecutive 7 days or over reliefs of chronic pain. Although we verified that taVNS is effective in diabetic and neuropathic chronic pain animal models (Li et al., 2018), it may be effective for all chronic pain since melatonin is a strong antioxidant in general and has an analgesic effect on chronic pain by itself (Wang et al., 2012). All these beneficial effects might be helpful to individuals with diabetes as well as individuals with COVID-19 lacking circulating melatonin. We believe that all of the results to date about the VNS and its enhancing effect on melatonin release are obtained in preclinical studies in which animals were anesthetized. Although anesthesia is helpful in precluding unwanted factors such as anxiety and distress, it raises the question of whether melatonin releases can be enhanced in a conscious state.

In this study, electrostimulation at the auricular margin elicited partial efficacy of taVNS. The reason may be that some of the stimulated currents and/or electromagnetic fields acted at the vagal terminals nearby in the auricular concha.

The ZDF rats are genetically deficient in leptin receptor expression. Both the leptin and the leptin receptor are involved in nociceptive modulation through the activation of N-methyl-D-aspartic acid (NMDA)-induced currents and through the positive modulation of NMDA receptor subunit 1 (NR1) expression (Tian et al., 2011). The plasma leptin concentration of normal humans is about 8.0 ng/ml, whereas, in the case of leptin receptor deficiency, which is the equivalent to the leptin receptor-deficient db/db mice, the value may reach 500–700 ng/ml (Sone and Osamura, 2001). This may explain why the ZDF rats are more sensitive to nociceptive stimulation. However, in normal rats and in high fat-fed induced obesity rats, melatonin counteracted the secretion and function of leptin (Ríos-Lugo et al., 2010). In this study, the taVNS-enhanced central melatoninergic function by promoting extrapineal melatonin release and upregulating central MT1 expression, thus might, in turn, relieve chronic pain by counteracting the function of leptin, inhibiting the NMDA-induced current, and downregulating the expression of NMDA receptor NR1 (Tian et al., 2011).
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Background: The study aimed to investigate how acupuncture modulates brain activities across multiple frequency bands to achieve therapeutic effects in PDM.

Methods: A total of 47 patients with PDM were randomly assigned to the verum acupuncture group and sham acupuncture group with three menstrual cycles of the acupuncture course. The fMRI scans, visual analog scale (VAS) scores, and other clinical evaluations were assessed at baseline and after three menstrual-cycles treatments. The global functional connectivity density (gFCD) analyses were performed between the pre-and post-acupuncture course of two groups at full-low frequency band, Slow-3 band, Slow-4 band, and Slow-5 band.

Results: After the acupuncture treatments, the patients with PDM in the verum acupuncture group showed significantly decreased VAS scores (p < 0.05). The frequency-dependent gFCD alternations were found in the verum acupuncture group, altered regions including DLPFC, somatosensory cortex, anterior cingulate cortex (ACC), middle cingulate cortex (MCC), precuneus, hippocampus, and insula. The sham acupuncture modulated regions including angular gyrus, inferior frontal gyrus, and hippocampus. The gFCD alternation in DLPFC at the Slow-5 band was negatively in the patients with PDM following verum acupuncture, and S2 at the Slow-4 band was positively correlated with VAS scores.

Conclusion: These findings supported that verum acupuncture could effectively modulate frequency-dependent gFCD in PDM by influencing abnormal DLPFC at Slow-5 band and hippocampus at the Slow-3 band. The outcome of this study may shed light on enhancing the potency of acupuncture in clinical practice.
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primary dysmenorrhea, acupuncture, resting-state fMRI, functional connectivity density, frequency band


Introduction

Primary dysmenorrhea (PDM), characterized by persistent menstrual discomfort in the absence of pelvic abnormalities, is a common gynecological condition affecting between 17 and 90% of females of reproductive age. However, the pathogenesis of PDM is not fully understood. Recently, neuroimaging studies showed that the prolonged PDM alternates brain structure and function, providing a new viewpoint on PDM diagnosis and treatment.

Resting-state functional magnetic resonance imaging (rs-fMRI) is a non-invasive imaging technique that provides a reliable representation of the brain’s spontaneous functional activity (Fox and Raichle, 2007; Baliki et al., 2011a). It offers new insights into the underlying spontaneous brain activity associated with chronic pain. The previous studies identified the activation of primary (S1) and second somatosensory cortex (S2), anterior cingulate cortex (ACC), insula (INS), dorsolateral prefrontal cortex (DLPFC), and hippocampus in patients with chronic pain (Liu and Chen, 2009; Fomberstein et al., 2013; Schmidt-Wilcke, 2015; Schmidt-Wilcke and Diers, 2017). Furthermore, the frequency-dependent alternations of brain activities in chronic pain were also demonstrated (Baliki et al., 2011a; Kilpatrick et al., 2014; Alshelh et al., 2016).

With the global functional connectivity density (gFCD) analysis, a graph-based and data-driven approach that quantifies the number of whole-brain connections over the whole-brain (Tomasi et al., 2016), our previous study first confirmed that the patients with PDM exhibited frequency-dependent distribution patterns of brain activity. Specifically, these altered brain areas, especially in the central executive network (CEN), default mode network (DMN), sensorimotor network (SMN), and the hippocampus (Yu et al., 2021). Notably, we observed a decreased gFCD in DLPFC at the Slow-5 band and an increased gFCD in the hippocampus at the Slow-3 band, indicating that the patients with PDM showed aberrant pain processing. As a result, we confirmed that the patients with PDM showed distinct functional brain activity frequency specific.

Acupuncture is a non-pharmacological intervention for analgesia that has been recognized (Berman et al., 2004; Witt et al., 2008; Hinman et al., 2014; Hershman et al., 2018). Over the last two decades, fMRI has been utilized to investigate the underlying brain mechanism of acupuncture, and studies have revealed that acupuncture significantly modulates cortical/subcortical brain areas involved in pain processing, cognition, and emotional processing (Bai and Lao, 2013; Cai et al., 2018; Zhang et al., 2020). Consequently, it is a reliable method to use fMRI to reveal the imaging mechanism of acupuncture for PDM.

In this study, we hypothesized that acupuncture might normalize the brain regions previously identified (Yu et al., 2021) as aberrant in PDM for therapeutic purposes, and this modulation was of frequency specific. First, we investigated how acupuncture modulates brain activity by analyzing gFCD changes across multiple frequency bands before and after treatment. Second, we evaluated the differences in brain regions modulated by verum acupuncture (VA) vs. sham acupuncture (SA) to determine if modulation of acupuncture on brain activity in PDM is a therapeutic effect. In addition, we performed a correlation analysis to determine the relationship between acupuncture-induced gFCD changes and clinical results.



Material and methods


Study design

This was a two-arm, randomized rs-fMRI clinical trial. The patients with PDM were randomized to VA and SA groups using a random number table. The patients with PDM were required to fulfill the dysmenorrhea diary to characterize their PDM symptoms in altogether 6 months.



Participants

The inclusion and exclusion criteria in this study were similar to our previous study (Yu et al., 2021). The patients with PDM were recruited primarily through the gynecology outpatient and inpatient sections at the Affiliated Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu University of Traditional Chinese Medicine, Sichuan University, Southwest University of Finance and Economics, Southwest Jiaotong University, and Southwest University for Nationalities. The recruitment period was from December 2015 to July 2018. Well-informed consent was obtained from all involved participants. The study protocol was approved by the medical ethics review of the Sichuan Regional Ethics Review Committee of Traditional Chinese Medicine (No. 2013KL-033).

The patients with PDM were enrolled fulfilling the following inclusion criteria: (1) Women aged 18–30 years, right-handed; (2) those with PDM diagnosed using the Society of Obstetricians and Gynecologists of Canada’s diagnostic criteria (Lefebvre et al., 2005); (3) patients with regular menstrual cycle (27–32 days); (4) patients with at least 1-year history of PDM; and (5) no exogenous hormones or centrally acting medicine in the previous 6 months; (6) pain assessed by visual analog scale (VAS) averaged over four points in the last 3 months. The exclusion criteria were as follows: Patients with (1) diagnosis of secondary dysmenorrhea due to organic pathology by ultrasound or gynecological examination; (2) suffering from other chronic pain conditions; (3) severe basic disorders; (4) mental illness, or with severe psychiatric disorders; (5) pregnant, preparing for pregnancy or breastfeeding; (6) treated with acupuncture in the past 3 months or have been taking analgesic medication for a long period; (7) contraindications to MRI examination; and (8) severe cranial anatomical asymmetry or well-defined lesions found on MRI scans.



Acupuncture manipulations

Acupuncture treatments were performed by qualified practitioners who had undergone extensive clinical and operational training. The selection of the VA and SA was identical to the previous study (Wang et al., 2021). The VA acupoints were bilateral SP6, which were known to alleviate PDM well (Abaraogu et al., 2016; Yu et al., 2017). The SA acupoints were located bilaterally at the midpoint between SP6 and the Bladder meridian without known clinical effects. The location of the acupoints is shown in Supplementary Figure 1. The patients with PDM in the VA group were required to obtain deqi sensation (a complex phenomenon including soreness, numbness, heaviness, swelling, or dull pain achieved by pricking the needle 5–15 mm subcutaneously and gently manipulating) (Kong et al., 2007). The duration of the VA or SA was 30 min, once a day, during which the needles were retained without any manipulation. All patients received three menstrual cycles of acupuncture treatment, beginning 5–7 days before menstruation and ending until the onset of menstruation.



Clinical outcomes

All clinical outcomes were assessed at Month 0 (baseline) and Month 3 (post-treatment). The primary outcome was VAS (McCormack et al., 1988) scores, in which the score from 0 to 10 indicates the pain level from low to high. In addition, Cox Menstrual Symptom Scale (CMSS) (Cox and Meyer, 1978) was utilized to assess the severity (CMSS-s) and time (CMSS-t) of PDM symptoms on 18 items. To assess anxiety and depressive symptoms, the Zung Self-Rating Anxiety Scale (SAS) (Zung, 1971) and the Zung Self-Rating Depression Scale (SDS) (Zung et al., 1965) were employed. Noteworthy, retrospective scoring (VAS, CMSS, SAS, and SDS) of 3 months before the enrollment was used as the baseline.



Functional magnetic resonance imaging acquisition

This study used a 3.0-tesla magnetic resonance scanner (Discovery MR750, General Electric, Milwaukee, WI, United States) to perform scans. The participants were instructed to keep their eyes closed and awake during the scan. All subjects underwent MRI scans within 72 h of menstruation, with a total of two scans (including three scans in the baseline period and three scans in the treatment period).

First, a conventional three-plane localization was performed. The T1-weighted fast spoiled gradient–echo sequence was applied with the following parameters: Repetition time (TR) = 2.53 ms, echo time (TE) = 3.39 ms, field of view (FOV) = 256 mm × 256 mm, flip angle = 7°, slice thickness = 1 mm, and resolution = 256 × 256 × 188. The gradient–echo T2-weighted echo–planar imaging sequence was applied for resting-state fMRI, with parameters: TR = 2,000 ms, TE = 30 ms, FOV = 240 mm × 240 mm, flip angle = 90°, intra-layer resolution = 64 × 64, layer thickness = 4 mm, and number of slices = 32. Totally 250 scan time point were obtained.



Data analysis


Clinical outcomes

Statistics analyses were performed using the SPSS 20.0 statistical software (SPSS Inc., Chicago, IL). Comparison of baseline characteristics (continuous variables) between the VA and SA group was statistically performed by the independent sample t-test. The variations of clinical outcomes (VAS scores, CMSS-t scores, CMSS-s scores, SAS scores, and SDS scores) before and after the treatment in the two groups were statistically determined by paired samples t-test. A repeated measurement of analysis of variance (RMANOVA) was performed on the values of changes in clinical outcomes before and after VA compared to SA. The significance level for statistical analysis of two-tailed testing was p < 0.05. The Pearson correlation analysis was applied to correlate the changes in VAS scores, CMSS-t scores, CMSS-s scores, SAS scores, and SDS scores before and after the treatment within the group. The significance level for statistical analysis of two-tailed testing was p < 0.05.



Functional magnetic resonance imaging data preprocessing

The data preprocessing for resting-state fMRI was performed by the Statistical Parametric Mapping (SPM12)1 in MATLAB 2014a (Mathworks, Inc., Natick, MA, United States). The first 10-time points were discarded, slice-timing correction, head motion estimation, normalization to standard Montreal Neurological Institute (MNI) EPI template and spatial smoothing with a 6-mm, and full-width-at-half-maximum Gaussian kernel were performed for the remaining 240-time points. Nuisance covariates regression was applied including six-direction head motion parameters, white matter, and cerebrospinal fluid (Ciric et al., 2017; Tu et al., 2019). The full low frequency (FLF) of 0.01–0.08 Hz was performed for functional connectivity analysis. Based on the study of Rogachov et al. (2018) and our previous study (Yu et al., 2021) on frequency-related neuroimaging studies of chronic pain, three different frequency band-based filters were selected for analysis, including Slow-5 band (0.01–0.027 HZ), Slow-4 band (0.027–0.073 Hz), and Slow-3 band (0.073–0.198 Hz).



Global functional connectivity density calculation

The FCD was calculated by the BRANT toolkit2 in MATLAB 2014a. The FCD of each voxel was calculated according to the method described by Tomasi and Volkow (Tomasi and Volkow, 2010, 2011, 2014). The gFCD value for a given voxel is the total number of active functional connections possessed by the voxel. Fisher Z-transformed version of correlation coefficient was the normalization method for FCD matrix. Pearson linear correlation analysis was performed to calculate the linear correlation between a given voxel (i) and all other voxels in the whole-brain as the number of global functional connections k (i), at a given voxel (i). Voxel pairs with a correlation coefficient of r0 > 0.6 were considered a significant connection. The gFCD calculations were limited to the cerebral gray matter mask (Nvoxels) region, setting a signal-to-noise ratio greater than 50% to minimize the adverse effects of signal loss and artifacts associated with magnetic sensitivity (Tomasi and Volkow, 2010).

Group analysis was applied using a random-effects model at different frequency bands. First, a voxel-based paired t-test was performed to measure the change in gFCD before and after the treatment in the VA or SA groups. Second, the brain regions that decreased or increased significantly after the treatment in the VA group compared with the SA group were explored by RMANOVA. Age was considered as a covariate in the statistics. For brain regions explicitly associated with pain in the previous studies that could not be corrected by family-wise error (FWE), a small-volume (anatomical structure) correction based 3dClustSim was taken by AFNI version 18.0.25 (Worsley et al., 1996).3 The threshold of voxel-wise p < 0.005 and p < 0.05 FWE corrected at cluster level (more than 20 consecutive voxels) was applied for all the analyses.



Correlation analysis

We conducted a Pearson linear correlation analysis to explore the clinical relevance of gFCD changes in brain regions identified in the previous study (Yu et al., 2021) by extracting the average Z-score values of the significantly altered gFCD clusters. The SPSS 20.0 statistical software was used to conduct the analysis.





Results

A total of 58 patients with PDM were recruited in the study. Among the 47 patients with PDM who completed baseline clinical observations and fMRI scans, 41 patients (22 in the VA group, 19 in the SA group) completed 3-month treatment. Seven patients were excluded from the data processing for incomplete fMRI data (1 in the SA group and 2 in the VA group) and head movement exceeding 1.5 mm (1 in the VA group and 3 in the SA group). The flow chart was shown in Supplementary Figure 2.


Clinical outcomes


Baseline characteristics

Table 1 showed the baseline and clinical characteristics in the statistics. Twenty patients with PDM (aged 24.70 ± 2.11 years) in the VA group and 14 patients with PDM (aged 24.29 ± 1.90 years) in the SA group were ultimately included in the statistical analysis. Of note, a moderate menstrual pain was experienced with VAS scores of 6.18 ± 0.99 in the VA group, and 5.93 ± 1.21 in the SA group. There was no significant difference in age, duration of PDM, and the height and weight between the two groups (p > 0.05). No significant differences were found between the two groups in VAS scores, CMSS-t scores, CMSS-s scores, SAS, or SDS scores for the three menstrual cycles at baseline (p > 0.05).


TABLE 1    Demographic and pain assessment of baseline and after treatment.
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Clinical outcomes

The VA group showed a significant decrease in VAS scores, CMSS-t scores, CMSS-s scores, SAS scores, and SDS scores after the treatment (p < 0.05). In contrast, paired t-sample tests revealed no significant changes in VAS scores, SAS scores, and CMSS-s scores (p < 0.05), a significant decrease in CMSS-t scores (p < 0.05) and an approach significant change in SDS (p = 0.05) after manipulating SA. RMANOVA suggested that the changes in VAS scores and CMSS-s scores were more significant in the VA group compared with the SA group; there were no significant differences in the changes in SAS, SDS, and CMSS-t scores between the two groups (see Table 1).




Frequency-specific global functional connectivity density alternation


Post-pre-global functional connectivity density alternations

The more pronounced frequency-specific gFCD changes were observed in VA compared to SA after the treatment. The VA group showed significant gFCD decreases in the bilateral hippocampus at FLF. At Slow-5 band, the gFCD reduced in the hippocampus and right middle cingulate cortex (MCC)/supplementary motor area (SMA) bilaterally and increased in the right ACC, right DLPFC and right anterior inferior frontal gyrus (aIFG). An increased gFCD was seen in the S2 bilaterally within Slow-4 band. The Slow-3 band resulted in a decreased gFCD in the left precuneus (PCU) and an increased gFCD in the bilateral INS (see Figure 1 and Table 2).
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FIGURE 1
The gFCD distribution patterns at multiple frequency-bands following verum acupuncture (voxel-level p < 0.005, cluster-level p < 0.05, cluster size > 20 voxels, the small volume corrected and FWE corrected). (A) A decreased gFCD in HIP/PHG at FLF; (B) A decreased gFCD in HIP, MCC/SMA and an increased gFCD in ACC, DLPFC, and aIFG at Slow-5 band; (C) An increased gFCD in S2 at Slow-4 band. (D) A decreased gFCD in the PCU, and an increased gFCD in INS. gFCD, global functional connectivity density; HIP, hippocampus; PHG, parahippocampal gyrus; SMA, supplementary motor area; MCC, middle cingulate cortex; DLPFC, dorsolateral prefrontal cortex; S2, second somatosensory cortex; aINS, anterior INS; pINS, posterior INS; PCU, precuneus.



TABLE 2    Frequency-specific gFCD alternations in the VA group.
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The SA group showed a decreased gFCD in the left angular gyrus (AG) and an increased gFCD in the right IFG at FLF. Also, a decreased gFCD was located in the left hippocampus at Slow-5 band. The gFCD in the bilateral medial prefrontal cortex (mPFC) reduced within the Slow-3 band (see Figure 2 and Table 3).


[image: image]

FIGURE 2
The gFCD distribution patterns at multiple frequency-bands following sham acupuncture (voxel-level p < 0.005, cluster-level p < 0.05, cluster size > 20 voxels, the small volume corrected and FWE corrected). (A) A decreased gFCD in AG, and an increased gFCD in IFG at FLF; (B) A decreased gFCD in HIP at Slow-5 band; (C) No significant change at Slow-4 band; (D) A decreased gFCD in mPFC at Slow-3 band. gFCD, global functional connectivity density; AG, angular gyrus; IFG, frontal inferior gyrus; HIP, hippocampus; mPFC, medial prefrontal cortex.



TABLE 3    Frequency-specific gFCD alternations in the SA group.
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Comparison of global functional connectivity density within groups

The RMANOVA explored the more significant-altered brain regions at different frequency bands in VA compared with SA. The VA increased more gFCD in the left DLPFC at Slow-5 band and in the left MCC at Slow-4 band (Supplementary Figure 3 and Supplementary Table 1). Compared with SA, VA decreased more gFCD in the left caudate nucleus (CAU), nucleus accumbens (NAC), the right hippocampus and hippocampal gyrus (PHG) by VA at FLF; in the left CAU, NAC, and the aIFG was significant at Slow-4 band; on the left hippocampus and right SMA at Slow-3 band (Supplementary Figure 3 and Supplementary Table 1).



Correlation analysis results

We investigated the clinical significance of gFCD alterations with acupuncture in the VA group only. The change in gFCD values at Slow-5 band of the left DLPFC in patients with PDM treated by VA was negatively correlated with the change in VAS scores (r = –0.508, p = 0.022). Moreover, the gFCD changes at Slow-4 band of the S2 was positively correlated with the change in VAS scores (r = 0.587, p = 0.006) (see Figure 3).
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FIGURE 3
Correlation analysis following verum acupuncture and VAS scores of PDM. (A) The gFCD changes at Slow-5 band of the left DLPFC in patients with PDM was negatively correlated with the change in VAS scores (r = –0.508, p = 0.022). (B) The gFCD changes at Slow-4 band of the right S2 in patients with PDM was positively correlated with the change in VAS scores (r = –0.587, p = 0.006). gFCD, global functional connectivity density; VAS, visual analog scale; S2, second somatosensory cortex; DLPFC, dorsolateral prefrontal cortex; pINS, posterior INS; aINS, anterior INS; ACC, anterior cingulate gyrus.






Discussion

This study investigated the frequency-dependent gFCD alternations before and after VA and SA treatment. Generally, the Slow-5 band and Slow-4 band indicated gray-matter-related brain function changes (Zuo et al., 2010), whereas a spontaneous brain activity at the Slow-3 band can predict the lower frequency node activity (Bajaj et al., 2013). The VA group demonstrated a substantial reduction in pain intensity and improvement in PDM symptoms when compared to the SA group. Remarkably, the VA group raised gFCD in the DLPFC at the Slow-5 band and decreased gFCD in the hippocampus at the Slow-3 band, which was in contrast to the direction of pathological gFCD brain function changes in the DLPFC and hippocampus observed in our earlier study (Yu et al., 2021). The results also indicated that VA modulated a more comprehensive range of brain regions than SA. The correlation analysis showed gFCD change in DLPFC at Slow-5 band was negatively correlated with the change of VAS scores in patients with PDM following VA. As a result, the DLPFC and hippocampus may be therapeutic targets for re-establishing normal brain activity in patients with PDM.

The result showed an altered gFCD in the VA group located in S2, CEN (including the DLPFC, ACC, MCC, and aIFG), DMN (including PCU), INS, hippocampus, and PHG. The result is consistent with the previously reported brain responses to VA, down-regulating hippocampus, SMA, and PCU and up-regulating S2, INS, ACC, and DLPFC were observed (Ming-Ting et al., 1999; Bai and Lao, 2013). As a result, brain adaption to VA overlapped with several core networks, involving sensory and cognitive function in pain processing progress, which indicated the non-specific modulation mechanism of acupuncture.

The hippocampus and DLPFC were identified as frequency-specific therapeutic targets for specific acupuncture-based PDM modulation. Our prior study showed a decreased gFCD in DLPFC at Slow-5 band and an increased gFCD in hippocampus at Slow-3 band in patients with PDM when compared with healthy controls (Yu et al., 2021). In contrast, the current findings indicated ascending DLPFC at Slow-5 band and descending hippocampus at Slow-3 band following VA. Both DLPFC and hippocampus are crucial nodes of pain processing. The DLPFC regulates top–down pain pathways in the human brain, which is intimately connected to the individual’s executive function (Eippert et al., 2009; Kong et al., 2013). As a result, DLPFC is capable of exerting cognitive control over the perception of pain. Fierro et al. (2010) performed a non-invasive short-duration high-frequency repetitive transcranial magnetic stimulation (rTMS) of the left DLPFC considerably diminish the pain perception generated by capsaicin stimulation. Additionally, studies have revealed a link between pain self-control and DLPFC downregulation in patients with PDM (Lorenz et al., 2003). Therefore, the overlap of DLPFC in this study implied that acupuncture could alleviate pain by modulating cognition to reach individual pain control in PDM. The deficits in hippocampus volume, neurogenesis, and synaptic plasticity are connected with abnormal emotional functioning associated with various types of chronic pain (Mutso et al., 2012; Grilli, 2017). These findings suggested that the hippocampus may regulate pain by modulating pain perception and emotional memory (Rolls, 2015). The PDM has been exacerbated by increased emotional stress caused by aberrant feedback from the hippocampus to the hypothalamus (Jacobson and Sapolsky, 1991; Wang et al., 2004; Ulrich-Lai et al., 2006).

Consistent with the results of the previous studies, we found that acupuncture could down-regulate the hippocampus (Gao et al., 2021; Pang et al., 2021). We speculated that acupuncture could help diminish hippocampal sensitivity and reduce unpleasant memories of pain in PDM (Egorova et al., 2015).

Moreover, S2 is involved in the regulation of nociception and the encoding of painful experiences (Schreckenberger et al., 2005). Consistent with prior research, VA activated S2 (Maeda et al., 2013). Additionally, VA was consistently demonstrated resting-state down-regulation of the DMN subregion (Jung et al., 2015; Makary et al., 2018). Intriguingly, we discovered that PCU was deactivated following VA in our investigation. The PCU is recognized as the hub of the DMN, modulating a broad range of highly interconnected functions and regulating pain, affection, and empathy (Cavanna and Trimble, 2006). The consistent down-regulation in DMN was also shown in the study of Zou et al. (2019) that FC within the DMN (between left superior prefrontal cortex and left PCU) after acupuncture decreased to HC levels. The INS plays an essential role in pain intensity coding. Studies have revealed a decreased gray matter density in the INS of patients with PDM (Tan et al., 2017). Spontaneous brain activity at the Slow-3 band is associated with structural correlation (Bajaj et al., 2013). Our study up-regulated INS in Slow-3, suggesting that VA may modulate INS structure. Although the current research has confirmed the modulation of INS function by acupuncture, the modulation of INS structure by acupuncture requires more investigation (Jung et al., 2015; Dun et al., 2017; Guo et al., 2019; Duan et al., 2021). In addition, the modulation of the cingulate cortex (ACC, MCC) and IFG by acupuncture are associated with modulation of pain perception (Fuchs et al., 2014) and empathic processing of pain (Li et al., 2021).

The results showed that VA and SA had distinct effects on the brain responses of patients with PDM. The prior studies have identified the distinctions and consistency in the brain response to VA compared to SA (Fang et al., 2009; Harris et al., 2009; Chae et al., 2013; Maeda et al., 2017). As with VA on brain modulation, SA down-regulates gFCD in the left hippocampus and up-regulates gFCD in the right IFG. The result also showed that SA reduced gFCD in the anterior DMN. The result implied that SA, similar to VA, could modulate pain emotions in patients with PDM. The studies on SA or phantom acupuncture have concluded that SA can specifically activate DLPFC to provide the placebo effect (Makary et al., 2018; Shi et al., 2021). However, this study suggested that SA did not exhibit a placebo effect associated with self-control in pain. The medial prefrontal lobe is primarily involved in the modulation of visceral motor output of the individual’s internal experience and is associated with pain rumination (Kucyi et al., 2014). The SA modulation of the medial prefrontal cortex suggests that the placebo effect of SA may be mediated by improving individual pain rumination.

We preliminarily investigated the modulation of acupuncture on PDM at different frequency bands. The gFCD provided a mapping of the functional connectivity between the brain regions throughout the brain and is more sensitive to identifying the individual differences (Tomasi and Volkow, 2010, 2011). The result showed that VA modulated more comprehensive frequency than SA. At the Slow-5 band, VA on the left DLPFC increased significantly compared to SA. Similar to a previous longitudinal study, reduced amplitude of low-frequency fluctuation (ALFF)/fALFF in DLPFC patients with trigeminal neuralgia was observed exclusively at the Slow-5 band (Zhang et al., 2019). At FLF and Slow-3 band, decreased gFCD was more significant in the hippocampus in VA rather than SA. Above results suggested that modulation in different frequency bands is more significant in VA than in SA, and there is a frequency-specific sensitivity of the same modulated brain regions. Notably, abnormal BOLD signal fluctuations occur in different frequency bands ranging from 0.1 to 0.25 Hz under different chronic pain conditions (Baliki et al., 2011b; Alshelh et al., 2016). However, the neurophysiological mechanisms behind the different frequency bands are largely unknown, which needs further exploration (Buzsaki and Draguhn, 2004).

This study found that the gFCD changes of left DLPFC at Slow-5 band were negatively correlated with the change in pain VAS scores, suggesting that VA could increase the cognitive modulation of DLPFC to improve the control of pain in individuals (Lorenz et al., 2003). Our study found that more gFCD changes in DLPFC correspond to more reduction in VAS scores. This suggests that the changes in gFCD of DLPFC are consistent with improvements in VAS and that VA may increase individual control in pain intensity by improving the cognitive modulation of DLPFC. The increased gFCD of S2 after VA also associated with the pain relief of PDM. Therefore, the response of DLPFC and S2 after VA may be an objective biomarker that can predict the efficacy of acupuncture in the treatment of PDM.



Limitations

There are still limitations to the study. First, the study design was small sample size, and patient compliance was influenced by the schedule of the MRI scan (3 days before the onset of menstruation). Second, this study focused exclusively on the altered FCD of the PDM brain network, and more substantial structural and metabolic brain changes need to be investigated. Third, the results showed that acupuncture normalized the brain activity of DLPFC in PDM. However, no relevant behavioral scales in this study were designed to assess individual executive function in this study.



Conclusion

In summary, we re-verified that VA is significantly more effective than SA in treating PDM. The findings supported the hypothesis that acupuncture can restore normalcy to the DLPFC and hippocampus, which had previously been identified as abnormal in PDM. The results elucidated the brain targets of acupuncture for PDM and may facilitate the development of brain stimulation methods to facilitate the therapeutic response to acupuncture.
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Footnotes

1     http://www.fil.ion.ucl.ac.uk/spm

2     http://www.brainnetome.org/toolkit/bf/

3     https://afni.nimh.nih.gov/pub/dist/doc/program_help/3dClustSim.html
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Background: Electroacupuncture (EA) has reportedly been successful in controlling pain, but there have been no systematic reviews examining the impact of EA on patients with frozen shoulder (FS). The purpose of this review is to provide evidence on the safety and efficacy of EA for pain management in patients with FS.

Methods: We searched 11 databases from their inception: EMBASE, the Cochrane Library, PubMed, AMED, one Chinese medical database, and six Korean medical databases. Two researchers independently performed the study selection, data extraction, and assessment. Bias-related risk was evaluated using the Cochrane risk-of-bias assessment tool.

Results: This review included thirteen studies involving 936 patients. The EA group exhibited improvements in FS pain (MD −1.11, 95% CI −1.61 to −0.61, p < 0.0001, I2 = 97%), function (SMD 2.02, 95% CI 0.36–3.69, p < 0.00001, I2 = 97%), and response rates (RR 1.16, 95% CI 1.07–1.25; p = 0.0002; I2 = 0%) over the manual acupuncture (MA) group. As an adjunct treatment, EA improved FS pain (SMD −1.12, 95% CI −1.52 to −0.71, P < 0.00001, I2 = 0) compared to the control treatments. No adverse effects were reported.

Conclusion: EA is reported to improve FS pain and function compared with control treatments. Additionally, EA can be used as an adjunct therapy for FS pain. EA could emerge as a potent intervention against FS.

Systematic review registration: [http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42021247090], identifier [CRD42021247090]
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Introduction

In the multifactorial disease frozen shoulder (FS), patients often have shoulder pain with limited active and passive mobility of the shoulder (1). The prevalence of frozen shoulder ranges from 2 to 5%, and most cases occur between the ages of 40 and 65 years (2, 3). The patient’s symptoms may appear suddenly and usually have a slow recovery (4). It takes anywhere between 1 and 4 years for FS to heal completely (5). The long morbidity period of the disease is burdensome for patients and profoundly affects their quality of life by causing issues such as sleep disturbance and restriction of daily activities (6).

For patients with FS, the use of intra-articular corticosteroids is linked with greater benefits than other interventions, including better pain reduction and range of motion (ROM) (7). However, the duration of this impact is limited (8). Acupuncture can serve as an alternative treatment. Acupuncture is mainly widely used in Asia for managing a variety of conditions, including cardiovascular diseases, infertility, pain and mental health (9–11). According to a meta-analysis of chronic pain (12), the effect of acupuncture did not decrease significantly over 12 months. Electroacupuncture (EA) is considered to enhance acupuncture-induced analgesia. It is possible that EA will have a lasting impact on FS with minimal side effects. In EA, a small current is passed through pairs of acupuncture needles. Needles are inserted into the same acupoints, and several pairs of needles are simultaneously stimulated. When standard operating procedures are followed, EA is a safe and easily sustained mode of treatment that does not exceed patients’ tolerance (13).

EA Analgesia, the mechanism by which EA controls pain, involves activation of the nervous system as well as induction of bioactive chemicals. Basically, EA treatment sends neuroimmune, and neuroinflammatory signals. In response to EA, sensory nerve fibers express calcitonin gene-related peptides and substance P, which bind to neurokinin 1 in mast cells, release serotonin, and exert analgesic effects (14). By activating the immune system, it also regulates the production of interleukin-2 (IL-2), interleukin-17 (IL-17), and interferon gamma (IFN-γ) through differentiation and activation of splenic T cells (15). In addition, treatment with EA inhibits sensory and affective components acting through peripheral, spinal, and supraspinal mechanisms. Bioactive molecules such as opioids, N/OFQ, serotonin, norepinephrine, glutamate receptors and transporters, cytokines, and signaling molecules play important roles. Opioids desensitize peripheral nociceptors, reduce the amount of proinflammatory cytokines in the periphery, and decrease cytokine and substance P levels in the spinal cord (16). In addition, the neurotransmitters serotonin and norepinephrine activate the descending inhibitory system, reduce GluN1 phosphorylation, and prevent pain (17). In addition, treatment with EA blocks the expression of inflammatory cytokines by releasing norepinephrine and acetylcholine from the adrenal gland via the HPA axis, sympathetic nervous system, and vagus nerve, creating a neuroimmune and neuroendocrine modulatory circuit. In addition, the HPA axis, sympathetic nervous system, and vagus nerve interact with immune cells and nociceptive neurons to create a feedback loop and suppress inflammation (18).

Although a meta-analysis on acupuncture for FS has been undertaken in the past (19), EA is not interchangeable with manual acupuncture (MA), since EA delivers stronger stimulation. One study (13) has shown that EA has greater analgesic effects than MA on several different types of pain. Therefore, pooling the results of MA and EA lowers the homogeneity of studies on acupuncture effects in systematic reviews (20). To the best of our knowledge, no systematic reviews on the impact of EA treatment for FS have been carried out. The purpose of this study was to review and meta-analyze the evidence from randomized controlled trials (RCTs) regarding the safety and efficacy of EA for pain management in patients with FS.



Methods

This protocol was registered on PROSPERO (CRD42021247090) and published (5). The reporting of this review adheres to the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (21).



Search strategy

The following electronic databases were searched from inception to June 2022: EMBASE, MEDLINE, CINII, the Cochrane Central Register of Controlled Trials (CENTRAL), one Chinese database [China National Knowledge Infrastructure (CNKI)], and six Korean databases [The Korean Traditional Knowledge Portal, KoreaMed, Oriental Medicine Advanced Searching Integrated System (OASIS), DBpia, the Research Information Service System, and the Korean Studies Information Service System]. We scanned the reference lists and retrieved any ongoing or recently completed studies that were not in the initial search results. Furthermore, the World Health Organization International Clinical Trials Registry Platform1 and Google Scholar2 were searched. To find unpublished trials, we searched the ClinicalTrials.gov registry.3 Our search strategy involved keywords such as “frozen shoulder,” “electroacupuncture,” “periarthritis of shoulder,” and “adhesive capsulitis” written in the languages of the databases (English, Chinese, Japanese, and Korean). Supplementary Material 1 lists the search terms for each database.



Criteria for considering studies


Types of studies

This review included only prospective RCTs. Observational studies, cohort studies, case series, case–control studies, uncontrolled trials, qualitative studies, and laboratory studies were excluded. No language restriction was imposed.



Types of participants

Patients with FS were eligible regardless of age, sex, or race. We included only those studies that applied an external set of criteria to screen participants for FS.



Types of interventions and controls

The review included studies assessing any form of invasive acupuncture with electrical stimulation. The control interventions could include many different treatments, such as general conventional care (drugs, exercise), MA, waiting-list conditions, or sham treatment (interventions that mimic “true” EA/true treatment but deviate in at least one element deemed important by EA theory, such as correct point location or skin penetration). The acceptability of sham acupuncture as a valid control is highly controversial (22–24), and we planned to analyze the results using subgroup and sensitivity analyzes. In this review, trials comparing EA plus another active treatment to the same active treatment in isolation were also included. However, RCTs wherein one type of EA was compared to another type were not included.



Outcome measures

Pain intensity was the primary outcome measure. It was rated on a numerical rating scale and a visual analog scale (VAS). The secondary outcome measures were variables reflecting functional status [e.g., total effective rate, adverse effects (AEs), Constant–Murley score (CMS), and range of motion].




Data collection, extraction, and assessment


Study selection

Two independent reviewers (JWH and JHJ) searched and screened EMBASE, MEDLINE, CINII, CENTRAL, CNKI, and six Korean databases to find RCTs. Both the titles and the abstracts of the search results were screened, followed by an evaluation of criteria for study inclusion, after which the decisions were recorded in accordance with predefined criteria. The third reviewer (JIK, the corresponding author) resolved any lack of agreement or consensus in the study selection.



Data extraction

Two reviewers (JWH and JHJ) read all the articles that remained after the above steps and extracted data from the articles based on predefined criteria. The data that were tabulated for future analysis included the following: name(s) of author(s), country where the study was performed, year of publication, age, sample size, sex distribution of participants, control intervention, EA intervention, main outcomes, and AEs. To create a summary table of findings, the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) software was used to ascertain the quality of evidence on the basis of the Cochrane Handbook for Systematic Reviews of Interventions (25). When the reported data were unclear or insufficient, an author established contact with the first author or corresponding author of that paper by e-mail or telephone to seek clarity or request missing data.



Evaluating risk of bias

The risk-of-bias assessment tool from the Cochrane Handbook for Systematic Reviews of Interventions was used to perform a quality assessment (26). The characteristics that were examined included generation of a random allocation sequence, concealment of allocation, blinding of both participants and personnel, blinding of the outcome assessment, incomplete data on outcomes, selective reporting of outcomes, and other sources of bias (baseline imbalance was evaluated). This review utilized “L,” “U,” and “H” as grades for these assessments, where “U” (“unclear”) indicated that the risk of bias was uncertain, “H” (“high”) indicated a high risk of bias, and “L” (“low”) indicated a low risk of bias. In the event of disagreement, the authors reached a consensus by discussion. Information about the risk-of-bias assessment for the aforementioned studies is presented in a table. A critical discussion of the results and their implications is provided.




Data analysis

Cochrane Collaboration’s software Review Manager (RevMan), v. 5.4.1 for Windows (The Nordic Cochrane Center, Copenhagen, Denmark) was used to conduct all statistical analyses. This was followed by an evaluation of the differences between the intervention and control groups. In the analysis of clinical efficacy, the assessment of categorical data considered the risk ratios and continuous data with respect to the mean difference (MD). Both categorical and continuous variables are expressed as efficacy values with 95% confidence intervals (CIs). In cases where outcome variables had different scales, the standardized MD was preferred over the weighted MD. If heterogeneity (defined by the results of statistical heterogeneity testing, with p < 0.1 on the chi-square test and Higgins’ I2 ≥ 50%) was detected, the cause of clinical heterogeneity was assessed by performing subgroup analyses. To assess combined effect sizes from efficacy variables, we used a random-effects model. Notably, we expected substantial clinical heterogeneity across the studies that were included based on the study designs, the diversity of interventions, and other conditions. If more than ten studies were available, publication bias was evaluated by drawing funnel plots (27).



Results


Search results

The 11 database searches yielded 268 studies. Fourteen studies (28–41) met the inclusion criteria (Figure 1). Tables 1, 2 shows the primary features of the 14 included studies.
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FIGURE 1
Study flow chart. A flowchart of the patient selection process.



TABLE 1    Summary of the characteristics of the included studies.
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TABLE 2    Summary of the regimens used in the included studies.
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Included studies’ characteristics

All of the included studies (28–41) were carried out in China. Thirteen studies were written in Chinese (28, 29, 31–41), and only one study (30) was published in English.

Five studies (28–32) compared EA with MA. Three studies compared EA plus Western medicine (WM) to WM in isolation, including joint mobilization (33), arthrolysis (34) and general rehabilitation (35). Two studies compared EA plus frequency therapy (FT) to FT in isolation, including TDP (36) and intermediate frequency therapy (37). One study (38) compared EA plus ultra-short-wave therapy with joint mobilization to ultra-short-wave therapy with joint mobilization. Three studies compared EA plus CM with CM in isolation, including electromoxibustion (EM) (39) and tuina (40, 41). Eight studies (28, 30–32, 34, 38, 39, 41) utilized dense-dispersed waves for EA, five studies (28, 30–32, 39) applied 2 Hz/100 Hz, one study (38) applied 50 Hz/100 Hz, one study (34) applied 2 Hz/15 Hz or 100 Hz, two studies (33, 35) used a continuous frequency, and one study (36) applied 2–20 Hz (Table 2). No mention of the frequency was made in the other four articles (29, 37, 40, 41).



Risk of bias

Six studies (28, 29, 32, 33, 35, 40) utilized a random number table, and their risk of bias from random number sequence generation was found to be low (Figure 2). Eight studies (31–33, 35, 36, 38, 40, 41) did not clarify whether they employed a random number generation method, which means that they had an ambiguous risk of bias for the generation of random allocation. All studies (28–41) failed to describe the method of allocation concealment and thus had an unclear risk of bias in this respect. The investigator did not perform blinding in one study (30); however, it was determined that blinding would not impact the assessment of results, and so the risk of detection bias was low. As for the other 13 studies (28, 29, 31–41), a decision could not be made as to whether the outcome assessor was blinded. For this reason, these studies had an ambiguous risk of detection bias. Twelve studies (28, 29, 31–38, 40, 41) were found to have a low risk of attrition bias owing to low dropout rates. Higher dropout rates were reported in two papers (30, 39), but they did not impact the results; for this reason, the risk of attrition bias was considered low. Notably, due to the lack of registered protocols, all studies (28–41) were found to have an unclear risk of reporting bias; these studies may not have prespecified the variables of interest and the anticipated values of these variables. Eight studies (28–31, 36–38, 40) were found to have a low risk of other forms of bias due to the absence of a significant difference in baseline information between the groups. The other six studies (32–35, 39, 41) had an ambiguous risk of other forms of bias due to the potential for additional biases; the articles did not provide sufficient information to rule out this possibility.
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FIGURE 2
(A) Risk-of-bias graph and (B) risk-of-bias summary: The present authors’ judgments regarding the risk of each form of bias in all included studies.




Effect of interventions


Electroacupuncture vs. manual acupuncture

Five RCTs compared the effects of EA and MA on FS symptoms (28–32). Four RCTs (28, 30–32) compared the effects of EA and MA on VAS pain scores, and the meta-analysis showed that EA effectively reduced pain (MD −1.11, 95% CI −1.61 to −0.61, p < 0.0001, Figure 3A), although there was high heterogeneity (I2 = 97%).
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FIGURE 3
Forest plot of each outcome according to the comparison made. (A) Pain (EA vs. MA), (B) Function (EA vs. MA), (C) Response rate (EA vs. MA), (D) Pain (EA + WM vs. WM) and (E) Response rate (EA + controls vs. controls). EA, electroacupuncture; MA, manual acupuncture; FT, frequency therapy; WM, Western medicine.


Three RCTs (28, 30, 31) also reported the positive effects of EA over MA on the improvement of function, whereas one RCT (32) failed to do so. Our meta-analysis showed favorable effects of EA on the improvement of FS function (SMD 2.02, 95% CI 0.36–3.69, p = 0.02, Figure 3B), but there was a high degree of heterogeneity (I2 = 97%).

Four RCTs (28, 29, 31, 32) showed equivalent effects of EA and MA on the response rate, and one RCT (30) showed positive effects of EA compared to MA. Meta-analysis showed favorable effects of EA on the response rate (RR 1.16, 95% CI 1.07–1.25, p = 0.0002, I2 = 0%; Figure 3C).



Electroacupuncture plus western medicine vs. western medicine

Three RCTs tested the effects of EA plus WM compared with WM alone on the symptoms of FS. Two of them (33, 34) reported positive effects of EA plus WM on pain, and the meta-analysis also showed favorable effects of EA plus WM (SMD −1.12, 95% CI −1.52 to −0.71, p < 0.00001, I2 = 0%; Figure 3D). Only one RCT assessed the effects of EA plus MA on function; that study reported positive effects of EA plus MA.

One RCT (35) showed a favorable effects of EA plus WM on response rate, while the other 2 RCTs (33, 34) failed to do so. The meta-analysis also failed to show any superior effect of EA plus WM on the response rate (RR 1.12 95% CI 0.95–1.31, p = 0.18, I2 = 67%; Figure 3E).



Electroacupuncture plus frequency therapy vs. frequency therapy

Two RCTs (36, 37) tested the effect of EA plus FT compared with FT alone on the response rate. The meta-analysis failed to show a superior effect of EA plus FT on the response rate (RR 1.16, 95% CI 0.87–1.54, p = 0.30, Figure 3E). These studies had high heterogeneity (I2 = 82%).

One RCT (38) investigated the effect of EA plus FT and joint mobilization compared to FT plus joint mobilization alone on function and response rate. The results showed favorable effects of EA plus FT and JM on both function and response rate.




Electroacupuncture plus CM therapies vs. CM therapies

Three RCTs compared FS symptoms after EA plus CM vs. CM alone. The CMs included EM (39) and tuina (40, 41). EA plus EM showed positive effects on function and pain but not on response rate compared with EM alone. EA plus tuina showed positive effects of EA on function and response rate compared with tuina alone. However, the meta-analysis failed to show a superior effect of EA plus tuina on the response rate (RR 1.26, 95% CI 0.94–169, p = 0.13, Figure 3E). These studies had high heterogeneity (I2 = 69%).



Safety of interventions

Thirteen studies failed to report whether any AEs took place (28–34, 36–41). An absence of AEs was reported by Li et al. (35). Since 13 of the 14 studies failed to record whether any AEs took place, more studies are needed regarding the safety of EA.



Summary of findings

The certainty of the evidence comparing the impacts of EA and MA on pain was downgraded from high to very low (three levels) owing to the severity of concerns about imprecision, inconsistency, and risk of bias (Table 3). The certainty of the evidence comparing the impacts of EA and MA on function was downgraded from high to very low (three levels) owing to the severity of concerns regarding imprecision, inconsistency, and risk of bias. The certainty of the evidence comparing the impacts of EA and MA on response rates was downgraded from high to low (two levels) owing to the severity of concerns pertaining to imprecision and the risk of bias. The certainty of the evidence that compared the impact of EA treatment plus WM vs. WM alone on pain was downgraded from high to low (two levels) owing to serious concerns pertaining to the risk of bias and imprecision.


TABLE 3    Summary of findings.
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Discussion

EA was found to be an efficacious method for treating FS in this review. The meta-analysis showed that EA led to a greater reduction of FS pain than MA did, although with a very low certainty of evidence. In comparison to MA, EA led to a superior degree of functional improvement in FS patients, with a very low certainty of evidence. In comparison to MA, EA enhanced the response rate of FS, again with a low certainty of evidence. Compared with WM used in isolation, EA plus WM reduced FS pain with a low certainty of evidence. Four RCTs compared the efficacy of EA and MA as treatments for FS (29, 33, 36, 39). Three RCTs reported favorable impacts on functional scores in FS patients treated with EA compared to those treated with MA (29, 30, 36). However, one trial showed no favorable effects of EA on function compared to MA (32), which might be attributable to the treatment duration of 60 min. Generally, the longer the stimulation time, the more effective the stimulation. A shorter stimulation time translates to less effective stimulation. However, if the stimulation time is extended indefinitely, the effective stimulation worsens or becomes invalid (42). Therefore, EA may have led to functional improvement in FS patients if an appropriate treatment time had been set. Additionally, when using EA for FS, it would be prudent to enhance the patient’s function by selecting a target treatment area that would focus on the muscles impacting the shoulder joint’s ROM, for example, the elevator muscle of the scapula, as opposed to considering only the Ashi points. Therefore, in future RCTs exploring the use of EA for FS, it could be worthwhile to choose the treatment area by focusing on the muscle that is restricting shoulder movement.

This review included only one study where AEs were linked with EA. Despite being a relatively safe treatment tool, EA is not free of risks. Therefore, it is necessary to conduct more studies to evaluate the risk of AEs.

According to our assessment, allocation concealment, appropriate randomization, blinding of outcome assessment, and selective reporting were not mentioned in the various RCTs included in this review. Notably, random number generation was reported in only six studies (28, 29, 32, 33, 35, 40), and the blinding of the outcome assessment was referred to in only one study (30). This indicates a high risk of bias in all the included studies, which could potentially result in false positives. Moreover, since all the studies (28–41) were performed in China, it is important to conduct independent studies in different countries to determine the generalizability of the results.

In terms of the therapeutic effect for FS, no systematic review thus far has focused only on EA. One systematic review (19) examined the impacts of acupuncture on FS in five studies (30, 43–46). EA was utilized as an intervention in some of those studies, but three (44–46) were excluded from the present study because they failed to satisfy its inclusion criteria, and no meta-analysis was carried out on the other two studies (30, 43). Thus, no strong recommendation can be made for the use of EA in FS. Unlike prior reviews, ours has demonstrated the efficacy of EA in FS compared with MA. Furthermore, the efficacy of EA as an adjunct therapy for FS has been established.

This study has certain limitations. First, since the sample size of the meta-analysis was small, one must be cautious about generalizing the results. The reason for the small sample size was because the trials used inconsistent outcome measures, with only a small number of trials actually being eligible for the meta-analysis of each measure. Second, the treatment regimen used in different trials varied in several aspects, such as the selection of acupuncture points and the treatment frequency. Thus, future studies to assess treatment effects should use a consistent acupuncture treatment regimen. Third, our study’s findings should be interpreted cautiously owing to the high risk of bias within the included studies. The fourth limitation is the high heterogeneity between the included trials. The included studies used different standards to measure effectiveness through the response rate, and the clinical characteristics of the patients and their treatments were also different, including the dose and type of intervention and origin of shoulder pain. The pooled results also showed high statistical heterogeneity. Clearly, these potential confounding factors may reduce the comparability of the final results; therefore, the results need to be interpreted with caution.

To enable RCTs and pilot trials designed as precursors for appropriate RCTs, future studies on FS treatment with EA should emphasize appropriate and uniform methods. It will also be necessary to conduct long-term studies to determine the duration of the treatment effects. Furthermore, a cost analysis needs to be conducted.

In conclusion, the results from this systematic review and meta-analysis suggest that EA is more effective than MA for managing FS, with larger effect sizes in terms of pain (particularly after 30 min of treatment), function, and response rate. Additionally, this systematic review and meta-analysis provides suggestive evidence for the superiority of EA as an adjunct therapy to reduce FS pain. However, given the high risk of bias, the differences in treatment regimens, and the small sample size, the level of evidence is low. To confirm the effect of EA on FS, it will be necessary to conduct well-designed research studies with larger sample sizes.
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Objective: The aim of this study was to evaluate the efficacy of acupuncture, an alternative medicine therapy, as a preventive treatment for menstruation-related migraine (MRM).

Patients and methods: This was a prospective, multicenter, double-dummy, participant-blinded, randomized controlled clinical trial conducted in China between 1 April 2013, and 30 April 2014. The participants were enrolled from four study centers and randomized to into either the acupuncture group, which received 24 sessions of acupuncture at traditional acupoints plus placebo, or the medication group, which received sham acupuncture plus naproxen. The primary endpoint was change from the baseline average number of migraine days per perimenstrual period over cycles 1−3. The secondary endpoints included changes from the baseline average number of migraine days outside the perimenstrual period, mean number of migraine hours during and outside the perimenstrual period, mean visual analog scale score during and outside the perimenstrual period, ≥50% migraine responder rate, and the proportion of participants who used acute pain medication over cycles 1−3 and 4−6.

Results: A total of 172 women with MRM were enrolled; 170 in the intention-to-treat analyses. Our primary outcome reported a significant between-group difference that favored the acupuncture group (95% CI, 0.17–0.50; P < 0.001), with the average reduction of migraine days per perimenstrual period from the baseline was 0.94 (95% CI, 0.82–1.07) in the acupuncture group and 0.61 (95% CI, 0.50–0.71) in the medication group over cycles 1−3.

Conclusion: This study showed that compared to medication, acupuncture reduces the number of migraine days experienced by patients with MRM. For patients who received the acupuncture treatment over three cycles, the preventive effect of the therapy was sustained for six cycles.

Clinical trial registration: [https://www.isrctn.com/ISRCTN57133712], identifier [ISRCTN15663606].
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Introduction

Migraine affects 18.9% of women globally (Collaborators GBDH, 2018), and its occurrence in women is frequently associated with menstruation. Menstrual migraine affects 20% of female migraineurs and most of the attacks are migraines without aura (Vetvik et al., 2014). Menstrual migraine can be divided into two subtypes: pure menstrual migraine and menstruation-related migraine (MRM), with most of the cases being MRM. Approximately 60% of female migraineurs report an association between migraine and menstruation (Pavlović et al., 2015). According to the International Classification of Headache Disorders (ICHD) (versions II, III beta, and III), MRM is defined as attacks of migraine without aura, occurring between two days before the onset of menstruation and the third day of menstruation (five-day window) in at least two out of three menstrual cycles, with additional attacks of migraine at other times of the cycles (Headache Classification Subcommittee of the International Headache Socitey [IHS], 2004; Headache Classification Committee of the International Headache Society [IHS], 2013; Headache Classification Committee of the International Headache Society [IHS], 2018). MRM causes a significant public health burden, particularly during women’s reproductive years (Pavlović et al., 2015).

The clinical management of MRM is challenging. The migraine attacks that occur during the perimenstrual period tend to be more painful, longer lasting, more disabling, and accompanied by more severe nausea than those that occur outside the perimenstrual period (Vetvik et al., 2015). In addition, these attacks are less responsive to medication than non-menstrual migraines (Granella et al., 2004; MacGregor et al., 2010; Pinkerman and Holroyd, 2010). MRM treatments are classified as acute, short-term prophylaxis, or daily prevention treatment. Pharmacotherapy, including administration of drugs such as aspirin, naproxen, triptans, estrogen, magnesium, and dihydroergotamine, is recommended for the prevention of MRM (Allais et al., 2018). Non-steroidal anti-inflammatory drugs, which are considered the first-line treatment option for migraines, have been widely used for short-term prophylaxis of MRM (Newman and Yugrakh, 2014; Maasumi et al., 2017) owing to their high efficacy and ability to prevent other forms of perimenstrual pain, such as dysmenorrhea (Pringsheim et al., 2008; Allais et al., 2012; Newman and Yugrakh, 2014; Maasumi et al., 2017). However, the use of non-steroidal anti-inflammatory drugs or other preventive treatments are often associated with an increased risk of adverse events (AEs), including cardiovascular disorders, gastrointestinal bleeding, menstrual irregularity, and diarrhea (MacGregor, 2015). In addition, excessive use of analgesics or specific anti-migraine treatments may cause medication-overuse headaches and an increase in the frequency of headaches (Bigal and Lipton, 2008; Bigal et al., 2009). Owing to these limitations associated with conventional treatments, efforts have been made to identify other effective and low-risk interventions for MRM.

Acupuncture is a commonly researched and widely accepted complementary and alternative medicine therapy used for the treatment of migraine (Linde K. et al., 2005; Diener et al., 2006; Wang et al., 2011; Li et al., 2012; Coeytaux and Befus, 2016; Linde et al., 2016; Zhao et al., 2017; Xu et al., 2020). However, only one former rigorous clinical trials by Linde et al. reported the efficacy of acupuncture treatment for MRM, which reminds the lack of researching in both acupuncturing efficiency and MRM (Linde M. et al., 2005). Therefore, we conducted a prospective, randomized, clinical trial under conditions similar to those of routine care to evaluate the efficacy of acupuncture as a preventive treatment for MRM.



Materials and methods


Ethical considerations, protocol approvals, and registrations

The protocol of this clinical trial was registered in International Standard Randomized Controlled Trial Number (ISRCTN) with registry no. ISRCTN57133712, and ethical approval was obtained from the Research Ethical Committee of Beijing Hospital of Traditional Chinese Medicine (ref: 201212) prior to the commencement of the trial. The study was conducted in accordance with the principles of the Declaration of Helsinki, and reported according to the guidelines of the Consolidated Standards of Reporting Trials (Moher et al., 2010), as well as the Standards For Reporting Interventions In Controlled Trials Of Acupuncture (MacPherson et al., 2002) guidelines. The methods are fully reported in the published protocol (Supplementary material 1; Zhang et al., 2013). All the included patients provided written informed consent prior to participation.



Study design and patients

This was a prospective, multicenter, double-dummy, participant-blinded, randomized controlled clinical trial that consisted of three phases: a baseline phase (cycle -3 to cycle 0), a treatment phase (cycle 1 to cycle 3), and a follow-up phase (cycle 4 to cycle 6). The study was conducted at the departments of acupuncture and pain management of the following centers in China: Beijing Hospital of Traditional Chinese Medicine, Peking University Third Hospital, Beijing Tiantan Hospital, and Xiyuan Hospital. One experienced neurologist in each center assessed the eligibility of all potential participants according to predefined inclusion/exclusion criteria and provided detailed explanation of the trial design to the participants.

The inclusion criteria were as follows: (Collaborators GBDH, 2018) patients diagnosed with MRM according to the diagnostic criteria of the ICHD, version II (Headache Classification Subcommittee of the International Headache Socitey [IHS], 2004; Vetvik et al., 2014) patients with regular menstrual cycles (25−35 days); (Pavlović et al., 2015) patients who can predict the onset of menstruation and perimenstrual migraine attacks within three days prior; (Headache Classification Subcommittee of the International Headache Socitey [IHS], 2004) patients who experience repeated migraine attacks, with the frequency of non-menstrual migraine being more than once a month; and (Headache Classification Committee of the International Headache Society [IHS], 2013) patients who provided written informed consent. The exclusion criteria were as follows: (Collaborators GBDH, 2018) patients with chronic migraine, tension headache, cluster headache, and other primary headaches; (Vetvik et al., 2014) patients with secondary headache and other neurological diseases; (Pavlović et al., 2015) patients with relatively severe systemic diseases (cardiovascular disease, acute infectious disease, hematopathy, endocrinopathy, and allergies); (Headache Classification Subcommittee of the International Headache Socitey [IHS], 2004) patients with headache caused by otorhinolaryngological diseases or intracranial pathological changes; (Headache Classification Committee of the International Headache Society [IHS], 2013) patients taking oral contraceptives and pregnant or lactating patients; (Headache Classification Committee of the International Headache Society [IHS], 2018) patients who used prophylactic migraine medication in the past 3 months; and (Vetvik et al., 2015) patients involved in other clinical trials.



Study procedures

Eligible participants were randomly assigned into two treatment groups: the acupuncture group, which received acupuncture at traditional acupoints plus placebo naproxen, and the medication group, which received sham acupuncture at non-effective acupoints plus naproxen. Participants were allowed to take acute pain medication during the entire trial and were required to record the details of the medication taken.


Randomization and blinding

Eligible participants were randomly assigned at a 1:1 ratio to the acupuncture or medication groups. Central randomization, conducted using an online or messaging system, was performed by the Research Center of Clinical Epidemiology affiliated to Peking University. Randomization was stratified according to centers with a fixed block size of four.

The placebo medication was made to be identical to actual naproxen tablets in terms of taste, smell, and appearance. We used a sham acupuncture method that produced the same stimulation as true acupuncture to ensure that all the participants were blinded to their group allocation. Participants in different groups were treated separately and blinded to the type of acupuncture they received. All outcome assessors and trial statisticians were blinded to the group allocations throughout the duration of the trial. Only the acupuncturists who administered true or sham acupuncture treatment were aware of the participants’ group allocation. The investigators, researchers, and participants were all blinded during the study until the randomization code was broken at the end of the trial or if serious adverse events occurred during the study period. A standard operating procedure and relevant documents were provided to all trial centers to ensure consistency in terms of blinding.



Clinical assessments

Participants were required to complete a headache diary from the baseline phase to the end of the follow-up phase. The participants recorded the details of their migraine attacks, including the time the headaches started and ceased, the intensity, frequency, location (the forehead, top, temporal, and back of the head), and cause of the headache, and the concomitant symptoms of each migraine attack. Additionally, participants were required to record information regarding their menstruation and the dates they received acupuncture treatments in their headache diaries. If acute pain medications were taken, participants were required to document the name and dosage of the medicine, the time it was taken, time of pain relief, and the side effects experienced. The headache diary for each cycle was collected by researchers who were blinded to the participants’ group allocation.

The participants were also required to report any AEs they experienced. The causality of the AEs and their association with acupuncture or the trial medication were determined by the trial clinicians.



Interventions

The intervention scheme of this trial was determined according to the consensus of experts and the results of a previous pilot study (Li et al., 2011). The acupuncture treatment methods were developed based on the information in classical and modern literature (Yang, 1995; Deng and Huang, 2004) and the results of previous research on the treatment of migraine using acupuncture (Wang et al., 2011). All acupuncture treatments (true or sham) were administered by acupuncturists who are registered with the Ministry of Health of the People’s Republic of China and have more than 20 years of clinical experience. In each trial center, only one acupuncturist administered all the acupuncture treatments to ensure consistency. Prior to the commencement of the trial, all the acupuncturists received training on the purpose and design of the trial, treatment strategies, and quality control.

Naproxen sustained-release tablets (250 mg/tablet) and the placebo medication were provided by the Diao Group Chengdu Pharmaceutical LTD., Chengdu, China. During the three-cycle treatment phase, participants started to take naproxen or placebo (two tablets, once per day) three days before each predicted onset of menstruation and continued until the end of each menstrual cycle. If menstruation began later than predicted, the treatment was not adjusted. If MRM occurred earlier than predicted, participants were asked to begin taking naproxen (or placebo) immediately and one day earlier in the next cycle to provide prophylactic coverage. Considering that the duration of menstruation may vary, the timing of the treatments of the participants was determined based on the information collected from their baseline headache diaries. Variability in the onset of menstruation and migraine during the treatment phase was not taken into account. In addition, participants were allowed to take acute pain medication during the entire trial and required to record the details of the medication.

Ten to twelve sterile disposable steel needles (Hwato Needles, made in Suzhou, China; gauge and size: 0.25 mm × 25 mm for head points, 0.3 mm × 40 mm for limb and abdomen points) were used in each session of the true and sham acupuncture treatments. At each point, the needle was inserted 10 mm to 15 mm into the skin and manipulated using rotation methods to produce a characteristic sensation known as “de qi” (tenseness around the needle felt by the practitioner and numbness, distension, soreness, and heaviness around the point felt by the patient).


Treatment of the acupuncture group

In the acupuncture group, participants were administered with true acupuncture plus placebo naproxen. The acupuncture therapy consisted of preventive treatment (two sessions each week) and premenstrual conditioning treatment (at least three sessions during the 10 days before the predicted onset of each menstruation), administered for three cycles. Each session lasted for 30 min. The acupoints (Supplementary Figure 1 in Supplementary material 2) used for preventive treatment included both standard and additional points. The standard points were GV20 (Baihui), GV24 (Shenting), GB13 (Benshen), GB8 (Shuaigu), TE20 (Jiaosun), and GB20 (Fengchi). Additional points were chosen individually depending on the syndrome differentiation of meridians in the headache region. The additional points were TE5 (Waiguan) and GB34 (Yanglingquan) for Shaoyang headache, LI4 (Hegu) and ST44 (Neiting) for Yangming headache, BL60 (Kunlun) and SI3 (Houxi) for Taiyang headache, LR3 (Taichong) and GB40 (Qiuxu) for Jueyin headache, PC6 (Neiguan) for nausea and vomiting, and LR3 (Taichong) for dysphoria and susceptibility to rage. For premenstrual conditioning, each participant received treatment at the standard acupoints KI12 (Dahe), CV3 (Zhongji), and ST29 (Guilai). All the selected acupoints were determined based on the findings of our previous research (Wang et al., 2011).



Treatment of the medication group

Participants assigned to the medication group received sham acupuncture treatment plus true naproxen. Sham acupuncture was administered using the same methods used for true acupuncture but on non-effective acupoints. The selection of non-effective acupoints was based on the following rules: (Collaborators GBDH, 2018) acupoints defined as unrelated to headache or menstruation based on the information in a vast amount of Chinese medicine reference books (26 ancient Chinese books of acupuncture, three Chinese acupuncture textbooks, and more than 100 acupuncture research literatures); (Vetvik et al., 2014) 15 acupoints (Supplementary Table 1 in Supplementary material 2) in the vicinity of the elbow and knee joints were selected, whereas the acupoints on the head, hands, feet, and trunk were excluded. To mimic the nature of selecting points based on syndrome differentiation, the 15 sham points in the vicinity of the elbow and knee joints were further randomly assigned into three subgroups, B, C, and D. Each subgroup had two points on the arms and three points on the legs (Supplementary Table 2 in Supplementary material 2). The participants in the medication group were further randomly assigned into one of these three subgroups through a central randomization system.




Outcome measures

The primary outcome measure was change from the baseline average number of migraine days per perimenstrual period over cycles 1−3. The secondary outcome measures were changes from the baseline average number of migraine days outside the perimenstrual period, mean number of migraine hours during and outside the perimenstrual period, mean visual analogue scale (VAS) score recorded during and outside the perimenstrual period, ≥50% migraine responder rate, which was defined as the proportion of participants who achieved ≥50% reduction in the number of migraine days, and the proportion of participants who used acute pain medication over cycles 1−3 and 4−6.

Data regarding migraine days, migraine hours, and VAS scores were extracted from the completed headache diaries for each cycle from the start of the baseline phase to the end of the follow-up phase. In the diary, participants documented migraine days, migraine hours, and the intensity and time of each attack. For cycles 1−3 and 4−6, migraine days were calculated as the cycle average, whereas mean migraine hours and mean VAS scores were calculated as the daily average.



Safety assessments

At the baseline assessment and the end of the treatment phase, all the participants underwent general medical and neurological examinations carried out by clinicians, in addition to clinical laboratory tests for full blood, liver function, kidney function, and chemistry evaluations. During the trial period, participants were required to document the AEs they experienced in their headache diaries. Medication- or acupuncture-related AEs were documented with full details, and clinicians, including neurologists and acupuncturists, evaluated the severity of each AE. If serious adverse events occurred, the data safety and monitoring committee, which had the right to terminate the trial, adjudicated the severity of the AE reported by the investigators.



Credibility of the blinding test

To confirm the blinding of the participants, a blinding test questionnaire was administered to all the participants in the middle of the treatment phase (cycle 1.5) and at the end of the treatment phase (cycle 3). The participants were asked to guess which group they were allocated to.



Statistical analysis

Based on the information from a previous pilot study (Li et al., 2011), we estimated that the number of migraine days over 12 weeks would be 3.1 (standard deviation [SD], 2.7) days in the acupuncture group and 5.2 (SD, 4.4) days in the medication group. With a two-sided significance level of 5% and a power of 90%, 68 participants would be required for each group, as calculated using PASS 2008 software (NCSS, Kaysville, UT, United States). Considering an estimated loss-to-follow-up rate of 20%, we planned to enroll a total of 172 participants (86 participants per group) in the study.

The analysis plan was determined before the study was conducted (Supplementary material 1). The baseline characteristics and clinical outcomes described were based on the intention-to-treat (ITT) population, which included participants who received at least one treatment and had at least one primary outcome measure (n = 170). We performed sensitivity analyses using the per-protocol (PP) set, which included all randomized participants who had no major protocol deviation. We also performed safety analysis using the safety set, which included all randomized participants who received at least one session of acupuncture.

The primary outcome was analyzed according to the ITT principle. The change from the baseline average number of migraine days per perimenstrual period over cycles 1−3 was analyzed by fitting a mixed-effects model using the baseline value as a covariate, treatment as a fixed effect, and center as a random effect. The same approach was used for the analysis of the secondary outcomes, which included the changes from the baseline average number of migraine days outside each perimenstrual period, mean number of migraine hours during and outside the perimenstrual period, and the mean VAS score recorded during and outside the perimenstrual period. For other continuous variables, comparisons between treatment groups were assessed using the t-test or Wilcoxon rank-sum test as appropriate. Categorical variables were compared using the chi-square test or Fisher’s exact test as appropriate. Kappa analysis was used to determine whether participants correctly guessed their group allocation at a higher rate than would be expected by chance.

Missing data on the primary and secondary outcomes were imputed using the last observation carried forward (LOCF) method. To examine the sensitivity of the LOCF method, we performed a sensitivity analysis using multiple imputation methods (Supplementary Appendix 1 and Supplementary Table 3 in Supplementary material 2) under the “missing at random” assumption for missing primary outcome data (Supplementary Appendix 2 in Supplementary material 2).

There are between- and within-woman variations in menstrual cycle lengths that could inherently confound the outcomes. To evaluate this potential confounder, we performed a sensitivity analysis using menstrual cycle length as a control variable in a mixed-effects model (Supplementary Appendix 3 in Supplementary material 2).

An independent statistician who was blinded to the group allocation performed all the statistical analyses using SAS statistical software (SAS Institute, Cary, NC, United States). For both continuous and categorical variables, 95% confidence intervals (CI) were calculated as appropriate. All the statistical comparisons were two sided, and P < 0.05 considered significant.





Results

Between April 2013 and April 2014, a total of 364 female migraineurs provided informed consent and were screened for eligibility for this study. After exclusion of 192 ineligible patients with detailed reasons recorded and reported (Supplementary Figure 1 and Supplementary Table 7 in Supplementary material 2), a total of 172 participants were randomized into the acupuncture and medication groups. Two participants in the medication group were excluded because they withdrew their consent and did not receive treatment. Thus, 170 participants (86 in the acupuncture group, 84 in the medication group) were included in the ITT population (Figure 1). During the treatment phase, 13 participants dropped out of the study (dropout rate, 7.65%; acupuncture group: n = 6 [6.98%], medication group: n = 7 [8.33%]). The main reasons for dropout were time restrictions, change in residential location, dissatisfaction with the treatment, and fear of needling (Supplementary Table 12 in Supplementary material 2). We did not lose contact with any of the participants during the follow-up phase. Details of the trial procedure are presented in Figure 1 in accordance with the Standards For Reporting Interventions In Controlled Trials Of Acupuncture guidelines (MacPherson et al., 2002).
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FIGURE 1
Flowchart of the screening, enrollment, randomization, and follow-up of patients.


The participants in acupuncture group received an average of 22.95 sessions of treatment, whereas those in the medication group received an average of 22.71 treatment sessions. Regarding the degree of participation, 93.02% of the participants in the acupuncture group and 91.67% of those in the medication group received at least 20 (≥80%) of the planned acupuncture treatment sessions. By tablet count, 93.02% of the participants in the acupuncture group and 91.67% of those in the medication group achieved at least 80% of the planned medication adherence.

The demographic characteristics and baseline comparable of the ITT population are summarized in Table 1. The mean age of the participants was 35.81 years old, with 53.53% of the patients being > 35 years old. The mean menstrual cycle length and mean menstruation length were 28.99 and 5.51 days, respectively. Migraine history was well balanced, with no clinically relevant differences between the two groups. The average number of migraine days during and outside the perimenstrual period over the three-cycle baseline phase were 1.75 and 1.94, respectively; approximately 67.65% of the participants used acute pain medication during this period. The baseline characteristics of per-protocol (PP) population were similar to those of the ITT population (Supplementary Table 5 in Supplementary material 2).


TABLE 1    Demographic and baseline characteristics of the 170 patients included in the intention-to-treat analysis.
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Efficacy findings


Primary outcome measure

Figure 2 and Table 2 show the primary analysis performed using ITT data. The average number of migraine days recorded per perimenstrual period was 1.83 (95% confidence interval [CI], 1.68–1.99) at baseline and 0.89 (95% CI, 0.74–1.05) over cycles 1−3 in the acupuncture group, and 1.67 (95% CI, 1.55–1.79) at baseline and 1.06 (95% CI, 0.95–1.17) over cycles 1−3 in the medication group. The reduction from the baseline average number of migraine days per perimenstrual period over cycles 1−3 was 0.94 (95% CI, 0.82–1.07) in the acupuncture group and 0.61 (95% CI, 0.50–0.71) in the medication group, with a 0.33 between-group difference that favored the acupuncture group (95% CI, 0.17–0.50; P < 0.001) (Table 2). Similar between-group differences were observed in the PP population (Supplementary Table 6 in Supplementary material 2), the sensitivity analysis performed using a multiple imputation method with missing data (Supplementary Table 4 in Supplementary material 2), and the sensitivity analysis performed for controlling for individual menstrual cycle lengths in the mixed-effects model (Supplementary Appendix 3 and Supplementary Tables 8–11 in Supplementary material 2).
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FIGURE 2
Primary outcomes throughout the trial.



TABLE 2    Primary and secondary outcomes (intention-to-treat population)a.
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Key secondary outcome measures

The acupuncture group achieved a significantly greater decrease in the average number of migraine days outside each perimenstrual period and the mean number of migraine hours during and outside the perimenstrual period over cycles 1−3 and 4−6 than the medication group. The between-group difference in the reduction of the average number of migraine days outside the perimenstrual period was 0.59 (95% CI, 0.37–0.80; P < 0.001) for cycles 1−3, and 0.64 (95% CI, 0.41–0.87; P < 0.001) for cycles 4−6. The between-group difference in the reduction of the mean number of migraine hours during the perimenstrual period was 2.60 (95% CI, 0.79–4.41; P = 0.006) for cycles 1−3, and 2.55 (95% CI, 0.97–4.13; P = 0.002) for cycles 4−6. The between-group difference in the reduction of the mean number of migraine hours outside the perimenstrual period was 1.97 (95% CI, 0.82–3.12; P = 0.001) for cycles 1−3, and 2.01 (95% CI, 0.95–3.07; P < 0.001) for cycles 4−6.

The acupuncture group showed greater decrease in the mean VAS score recorded during and outside the perimenstrual period over cycles 4−6 (not over cycles 1−3) than the medication group (VAS score during the perimenstrual period: between-group difference, 0.38) (95% CI, −0.10–0.85, P = 0.12); VAS score outside the perimenstrual period: between-group difference, 0.36 (95% CI, −0.12–0.85, P = 0.15). The between-group difference in the reduction of the mean VAS score during and outside the perimenstrual period was 1.08 (95% CI, 0.69–1.48; P < 0.001) and 0.50 (95% CI, 0.17–0.83; P = 0.004), respectively, for cycles 4−6.

The ≥50% migraine responder rates in the acupuncture and medication groups were 62.8% and 42.9% at the end of the treatment phase, and 58.1% and 38.1% at the end of follow-up phase, respectively. (Table 2). The between-group difference in the responder rates for the treatment and the follow-up phases were 19.9% (95% CI, 5.22–34.64; P = 0.009) and 20.0% (95% CI, 5.33–34.76; P = 0.009), respectively. Data from the acupuncture group demonstrated that ≥50% migraine responder rates were sustained throughout the six-cycle interval.

Changes from the baseline mean VAS score during and outside the perimenstrual period over cycles 1−3 (P > 0.05 for all) did not differ between the two groups. We did not note any between-group difference in the proportion of participants that used acute pain medication during cycles 1−3 and 4−6 (P > 0.05).




Safety

A total of 22 participants (12.94%) experienced at least one treatment-emergent adverse event (TEAE), but none of them required special medical interventions. Eight (9.30%) participants in the acupuncture group and 14 (16.67%) in the medication group had TEAEs, which mainly included dermorrhagia, numbness, and lassitude for acupuncture-related AEs, and nausea, palpitations, dyspepsia, upper abdominal pain, heartburn, somnolence, dizziness, and sweating attack for medication-related AEs (Table 3). These events were mild or moderate. The incidence of TEAEs was generally balanced between the acupuncture and medication groups (P = 0.15).


TABLE 3    Treatment-emergent adverse events (safety population)a.
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In the acupuncture group, three participants (n = 3 [3.49%]) reported dermorrhagia (without formation of subcutaneous hematoma) at a few acupoints after needle removal. These AEs were classified as a cause relevant to acupuncture. Five participants reported gastrointestinal, central nervous system, and dermatologic events (dyspepsia: n = 2 [2.33%]; upper abdominal pain: n = 1 [1.16%]; somnolence: n = 1 [1.16%]; sweating attack: n = 1 [1.16%]). These AEs were classified as a cause relevant to placebo medication. In the medication group, 10 participants reported gastrointestinal, cardiovascular, central nervous system, and dermatologic events (nausea: n = 2 [2.38%]; palpitations: n = 2 [2.38%]; dyspepsia: n = 1 [1.19%]; upper abdominal pain: n = 1 [1.19%]; heartburn: n = 1 [1.19%]; somnolence: n = 1 [1.19%]; dizziness: n = 1 [1.19%]; sweating attack: n = 1 [1.19%]). These AEs were considered to be related to the side effects of naproxen. Four participants reported acupuncture-related AEs (dermorrhagia: n = 2 [2.38%]; numbness: n = 1 [1.19%]; lassitude: n = 1 [1.19%]). The participants who reported these AEs fully recovered and continued the trial.



Credibility of blinding

At cycle 1.5, 61 of 80 participants in the acupuncture group and 53 of 77 participants in the medication group guessed their treatment to be true acupuncture plus placebo naproxen (kappa coefficient: 0.075 [−0.07, 0.22]; P = 0.30). At cycle 3, the numbers were 62/80 participants in the acupuncture group and 49/77 participants in the medication group (kappa coefficient: 0.14 [−0.00, 0.28]; P = 0.06) (Table 4). There was no significant between-group difference in the proportion of participants who guessed “true acupuncture plus placebo naproxen” when asked if they received true acupuncture plus placebo naproxen or sham acupuncture plus naproxen treatment at cycles 1.5 and 3.


TABLE 4    Credibility of blinding.
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Discussion

This double-dummy, randomized, controlled trial was conducted to evaluate the efficacy of acupuncture as a preventive treatment for MRM. The results indicated that the acupuncture group showed significantly greater reductions in the number of migraine days and hours from baseline and greater ≥50% migraine responder rate than the medication group during the treatment (cycles 1−3) and follow-up (cycles 4−6) phases. Moreover, the acupuncture group reported relatively better alleviation of headache intensity during the follow-up phase than the medication group, but not during the treatment phase. However, the proportion of participants who used acute pain medication did not differ between the two groups.

The reduction in the average number of migraine days per perimenstrual period in the acupuncture group was 0.94 for cycles 1−3 and 0.84 for cycles 4−6. Both results were greater than the minimal clinically important difference (MCID) of 0.5 days (National Clinical Guideline Centre, 2012). Nevertheless, the between-group difference in these reductions was 0.33 days for cycles 1−3 and 0.41 days for cycles 4−6, which do not meet the MCID. This demonstrates that the difference in the reduction of the number of migraine days between the acupuncture and medication groups may be statistically significant but does not indicate a clinically meaningful difference in the improvement of migraine frequency during the perimenstrual period.

The sensitivity analyses of the PP population (between-group difference: 0.37 days) (Supplementary Table 6 in Supplementary material 2), conducted using a multiple imputation method with missing data (between-group difference: 0.35 days) (Supplementary Table 4 in Supplementary material 2) and controlling for individual variations in menstrual cycle length (between-group difference: 0.33 days) (Supplementary Table 11 in Supplementary material 2), were similar to the ITT analysis performed using the LOCF method. The between-group differences in the reduction of the average number of migraine days outside the perimenstrual period over cycles 1−3 and cycles 4−6 were greater than the MCID of 0.5 days. This suggests that acupuncture may have a statistically significant and clinically meaningful preventive effect by reducing the frequency of migraine outside the perimenstrual period over six cycles. Our findings are inconsistent with those of a previous study, which indicated that there were no significant differences between the treatment (n = 15) and control (n = 13) groups during treatment or follow-up 3 and 6 months later (Linde M. et al., 2005). This variation in findings may be associated with differences in the number of participants included and in the acupoints chosen in both studies. The total number of participants included in the present study was 172, whereas only 28 participants were included in the former one study by Linde et al.; thus, it was easier for them to get non-significant results. Besides, according to the theories of traditional Chinese medicine, the efficacy of acupuncture intervention is affected by the acupoints used. The acupoints used in the present study and in the former study are different, partially accounting for the discrepancy between the results of the two studies.

Visual analog scale score is widely accepted as one of the major measures of headache intensity. In this trial, there was no significant difference between the VAS scores of the acupuncture and the medication groups. However, over cycles 4−6, the VAS score recorded during and outside the perimenstrual period reduced by 2.39 and 1.45 points, respectively, in the acupuncture group, compared with a reduction of 1.30 or 0.95, respectively, in the medication group, with a between-group difference of 1.08 and 0.50 points (VAS during the perimenstrual period, P < 0.0001; VAS outside the perimenstrual period, p = 0.0039). In the study by Linde M. et al., 2005, the reduction of VAS score at week 24 was 1.0 for women who received acupuncture, and −0.2 for those who received sham acupuncture (P>0.05). The sample size of the present study differs from that of the study by Linde et al. (n = 172 vs. 28). Consequently, the differences between the VAS scores of the treatment and control groups in the two studies are probably comparable and are not clinically meaningful. A mean reduction in baseline VAS score of 3.5 points 2 hours after the intake of medication for moderate and severe headache has been reported as the MCID (Aicher et al., 2012). Similar to the results of the average number of migraine days per perimenstrual period, the reductions of VAS scores over cycles 4−6 suggest that acupuncture was more effective than medication in reducing the intensity of headache; however, the between-group difference was smaller than the MCID. Although the pain reduction reported by the two groups during the treatment phase was not significantly different, the results indicated that patients in the acupuncture group achieved greater pain reduction during the follow-up phase than those in the medication group. Such results indicate that acupuncture yielded a long-term therapeutic effect.

To a certain extent, we did not observe any difference between the acupuncture and medication groups in terms of the proportion of participants that used acute pain medication. However, the between-group difference in the reduction of the number of migraine days during and outside the perimenstrual period was statistically significant. Since we recorded the proportion of participants who used acute pain medication, but not the dose of medication used, it was not feasible to compare actual medication usage between the groups. This should be considered in future research.

Interestingly, although changes from the baseline number of migraine days and VAS score decreased over time (baseline, cycle 3, and cycle 6) in both the acupuncture and medication groups, the between-group differences in the changes during the perimenstrual period became stronger over time. The abovementioned results may be caused by a markedly decreased tendency to changes from the baseline number of migraines days and VAS score in the medication group. Although these results share similarities with those of the former one, there are some differences between them. In the study by Linde M. et al., 2005, the number of migraine days decreased after 12 weeks of acupuncture treatment and 12 weeks of follow up, but stayed relatively the same at 36 weeks. These discrepancies may be caused by variations in the duration of follow-up, sham acupuncture design, and number of acupuncture sessions.

In present study, the sham acupuncture method was performed by choosing non-disease-related acupoints; however, the stimulation experienced by the patient was same as that induced by real acupuncture. Present studies have focused on the effects due to acupoint specificity. Repetitive results of Yang et al. reported the different mode of activated brain metabolism within the disease-related acupoint and non-disease-related acupoint groups, convincing a superiority of acupoint specificity in pain relieving (Yang et al., 2012, 2014). Thus, this type of sham acupuncture has been found to have more therapeutic effects than non-penetrating sham acupuncture and is considered not totally inert (MacPherson et al., 2014) due to the physiological effect it produces. The activation of ergoreceptors, which deliver the information in A-delta or type II or III afferents into the spinal cord, leads to the afferent stimulation produced by acupuncture (Andersson and Lundeberg, 1995; Hui et al., 2000). Moreover, the activities of acupuncture are associated with the sensory and affective components of pain through the activation of descending pain-inhibiting pathways and the deactivation of the limbic structures, respectively (Han, 2003; Hui et al., 2005). Recently, several studies have demonstrated that even a light touch on the skin can trigger activity in the insular region, but not in the somatosensory cortex, by stimulating mechanoreceptors coupled to slow-conducting unmyelinated (C) afferents, which induces a “limbic touch” response, leading to the emotional and hormonal reactions commonly seen following caressing. Therefore, as neither the sham acupuncture method used in the present study nor non-penetrating sham acupuncture are totally inert, they cannot be considered “real placebo” because they activate C tactile afferents, resulting in the alleviation of unpleasantness and the re-establishment of the patient’s sense of self-esteem and wellbeing (Damasio, 1999; Olausson et al., 2002; Mohr et al., 2005). The application of blunt needles on effective acupoints was not used in this trial as a control intervention because patients in China are very familiar with the sensations caused by acupuncture and may easily identify the sensation caused by blunt needles. Most physiological mechanisms proposed for acupuncture may activate unmyelinated afferent nerves, which can influence pain perception, as mentioned above (Lund and Lundeberg, 2006). Meanwhile, different types of placebos may have different placebo effects (Finniss et al., 2010). Acupuncture−with its repeated sessions, intense provider contact, slightly painful procedure, an often “exotic” model of symptom explanation, and associated relaxation during sessions−may maximize such placebo effects (Linde et al., 2016). Sham acupuncture is associated with greater placebo effects than a placebo pill or other non-pharmacological sham interventions (Oken, 2008; Zhang et al., 2008). Therefore, the placebo effects of placebo medication and sham acupuncture on participants may be different. However, this difference is less likely to cause between-group differences than the real difference between acupuncture and medication.

Generalizability of the results of this trial may be limited by the following factors: low baseline number of migraine days (mean baseline number of migraine days during the perimenstrual period: 1.83 and 1.67 days in the acupuncture and medication groups, respectively; mean baseline number or migraine days outside the perimenstrual period: 2.07 and 1.81 days in the acupuncture and medication groups, respectively), limited and monoethnic study population (all Chinese), lack of assessments of the participants’ expectations (Mao et al., 2007) at baseline and treatment satisfaction (Trutnovsky et al., 2018) at cycles 3 and 6, lack of medication usage records, and lack of evaluation of other quality of life outcomes, e.g., the Migraine-Specific Quality of Life Questionnaire score (Cole et al., 2007) and the Migraine Disability Assessment Score (Stewart et al., 2001). More appropriate sham acupuncture, such as non-penetrating needles, should be used for a minimal therapeutic effect as high-qualified sham control. In addition, this study was supposed to be a 2 × 2 design with four groups (true acupuncture plus naproxen, true acupuncture plus placebo, sham acupuncture plus naproxen, and sham acupuncture plus placebo) had sufficient funding support and time been available.



Conclusion

In this study, participants with MRM who received a three-cycle acupuncture treatment experienced significantly greater reductions in the number of migraine days over six cycles than those who received medication, indicating that acupuncture is effective for preventing MRM and has a sustained treatment effect over six cycles. Considering these promising results, it indicates that MRM patients with an inter-individual difference in drug response or those who are unwilling to accept possible drug-induced adverse events may benefit from acupuncture treatment. Consequently, acupuncture as a complementary and alternative medicine therapy can be a more potent and safe treatment for MRM prophylaxis.
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Neuropathic pain, caused by a lesion or disease of the somatosensory system, is common and distressing. In view of the high human and economic burden, more effective treatment strategies were urgently needed. Acupuncture has been increasingly used as an adjuvant or complementary therapy for neuropathic pain. Although the therapeutic effects of acupuncture have been demonstrated in various high-quality randomized controlled trials, there is significant heterogeneity in the underlying mechanisms. This review aimed to summarize the potential mechanisms of acupuncture on neuropathic pain based on the somatosensory system, and guided for future both foundational and clinical studies. Here, we argued that acupuncture may have the potential to inhibit neuronal activity caused by neuropathic pain, through reducing the activation of pain-related ion channels and suppressing glial cells (including microglia and astrocytes) to release inflammatory cytokines, chemokines, amongst others. Meanwhile, acupuncture as a non-pharmacologic treatment, may have potential to activate descending pain control system via increasing the level of spinal or brain 5-hydroxytryptamine (5-HT), norepinephrine (NE), and opioid peptides. And the types of endogenously opioid peptides was influenced by electroacupuncture-frequency. The cumulative evidence demonstrated that acupuncture provided an alternative or adjunctive therapy for neuropathic pain.
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Introduction

Neuropathic pain, caused by a lesion or disease of the somatosensory system, is one of the most intractable human complaints (Jensen et al., 2011). Patients commonly experienced spontaneous pain and/or evoked pain. The former is described as shooting, lancinating or burning pain and the latter is characterized by hyperalgesia to mechanical and cold stimulus (Bouhassira, 2019; Bannister et al., 2020). In addition to the obvious pain-related suffering, neuropathic pain may lead to negative effects such as depression, anxiety, and reduce the quality of life in patients (Laumet et al., 2015). Epidemiological studies have shown that more than 7% of the general population who undergo neuropathic pain, accounting for 20 to 25% of individuals with chronic pain (Torrance et al., 2006; Bouhassira et al., 2008). The high morbidity brought enormous psychological and economic burden to patients, families, and society. However, treatment of neuropathic pain has been extremely challenging, and treatment options are often unmanageable and limited due to the side effects and tolerability (Vranken, 2012; Finnerup et al., 2015). Conventional options to manage neuropathic pain leave much to be desired and more complementary therapies are sorely needed.

The somatosensory system consists of a number of neural pathways that carry various senses from the starting point in skin, muscles, tendons, and internal organs to the central nervous system and ultimately to consciousness (Gomez-Ramirez et al., 2016). Neuropathic pain is a direct consequence of alterations in the somatosensory system (Laedermann et al., 2013). Acupuncture as a non-invasive strategy for nerve stimulation, was a valuable therapy to improve neuropathic pain with a low incidence of adverse events (Barnes et al., 2008; Kelly and Willis, 2019). The somatosensory system mediates the sensation of de qi in acupuncture and plays an important role in the analgesic mechanism of acupuncture (Su et al., 2014). Aβ, Aδ, and C fibers are the most important types of primary afferent nerves in transmitting the acupuncture signal (Huo R. et al., 2020). The pain relief effects of acupuncture are also mediated by activity in the brain and spinal cord (Han, 2004). Along with the increasing application of acupuncture, the analgesic mechanisms of acupuncture through the somatosensory system has been increasingly discovered and progressively confirmed. This review synthesized relevant studies to gain a comprehensive understanding of the production, transmission and processing of acupuncture-like signals from the periphery to the central nervous system.



Materials and methods


Search strategy

We searched PubMed, Web of Science, and Embase for available information describing issues related to acupuncture and neuropathic pain. The searches identified English language papers published from 2,000 up to the present time. Keywords included [“Acupuncture” or “Electroacupuncture” or “EA”] and [“Neuropathic pain” or “Peripheral neuropathic pain” or “Chronic neuropathic pain after peripheral nerve injury” or “Trigeminal neuralgia” or “Painful radiculopathy” or “Postherpetic neuralgia” or “painful diabetic neuropathy” or “Neuropathy after radiotherapy” or “Neuropathy after chemotherapy” or “Central post-stroke pain” or “Spinal cord injury pain” or “Multiple sclerosis pain” or “Parkinson’s disease pain”].



Literature selection

The inclusion criteria were designed as follows: (1) Research focused on acupuncture for neuropathic pain. (2) The intervention measures of the treatment group were acupuncture (manual acupuncture or electroacupuncture). (3) Literatures contained clinical research, systematic review/meta-analysis, and basic research. Meanwhile, studies that did not meet the above mentioned criteria were excluded.

Searches retrieved 918 articles. After careful evaluation of the data, we sought to summarize the information identified through the literature search. The search was performed by screening the reference lists of articles that met our inclusion criteria based on the titles and abstracts. Of these articles, we excluded 191 articles due to the absence of the full text, leaving 727 articles. Then, we excluded 287 articles including 77 case reports, 121 study protocols, and 89 review articles. Through the title and abstract, we excluded 52 articles that intervention measures were special acupuncture methods other than manual acupuncture or electroacupuncture. Finally, 388 articles were included after reading the full text, including 22 clinical studies, 59 meta-analyses/systematic reviews, and 307 basic studies. A flow chart of the search and filter process is shown in Figure 1.
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FIGURE 1
Flow chart of search and filter process.





Application of acupuncture for neuropathic pain


Acupuncture manipulations

Manual acupuncture (MA) and electroacupuncture (EA) were the two most common interventions for pain with acupuncture. In MA, the acupuncture needles are inserted into the acupoints and twisted up and down by hand. MA emphasizes the occurrence of de qi sensations, which can be induced by correct and effective manual manipulation (Spaeth et al., 2013). In EA, stimulating current is delivered to acupoints via the needle connected to an electrical stimulator. The therapeutic benefit of EA depends on the frequency, current amplitude, and pulse width of stimulation. Changing manipulations of MA or parameters of EA may produce different therapeutic effects (Xu et al., 2020). Comparing the changes in pain thresholds for different frequencies of rotational MA, strong stimulation of MA (4 r/s MA) was more effective than mild MA (2 r/s MA) on pain model rats, which was associated with C fiber activation (Song et al., 2021). The analgesia induced by 2 Hz EA was mediated by the endomorphin and that of 100 Hz EA by dynorphin (Han, 2004). In the neuropathic pain model rats, low-frequency (2 Hz) EA had a considerably greater effect on mechanical and thermal pain than high-frequency (100 Hz) EA (Sun et al., 2002). 2/100 Hz (at 2 Hz and 100 Hz frequencies alternately) stimulation increased the release of both endomorphin and dynorphin. It was thus obvious that a proper combination of different frequencies might produce a maximal release of a cocktail of neuropeptides for better therapeutic effects (Han, 2003). Despite of evidence supported the effectiveness of acupuncture for neuropathic pain and showed benefits of MA and EA. It was controversial whether EA does more effective than MA. EA results in more reproducible stimulation and may be substantially more advantageous than MA in continuous stimulation and reducing response times (Zhao et al., 2019). However, another study suggested that EA was not superior to MA treatment. Both therapies had similar efficacy in reducing chronic pain (Comachio et al., 2020).



Acupoints for neuropathic pain

There are several ways to select acupoints for neuropathic pain: local, regional, and distal points (Millstine et al., 2017). Common local points are where patients feel the most intense pain or pressure (or both) along the pain distribution, in light of the fact that the location of these acupoints are anatomically identical to those of humans. E.g., trigeminal neuralgia take Yuyao (Ex-HN 4), Cuanzhu (BL 2), and Yangbai (GB 14) (Figure 2A), which are located around the eyes (Gao et al., 2019); radiculalgia (lumbar) take Dachangshu (BL 25), and Guanyuanshu (BL 26) (Figure 2C) which parallel to the fourth and fifth lumbar spinous processes (Yu et al., 2021). Regional points are taken by following the meridians or according to the nerve distribution characteristics of the pain area. For trigeminal neuralgia, maxillary branch includes Quanliao (SI 18), Sibai (ST 2), and Juliao (ST 3) (Figure 2A), and mandibular branch includes Xiaguan (ST 7) and Jiache (ST 6) (Figure 2B), which all belonged to the stomach meridian of foot-yangming (Yu et al., 2021). Depending on the distribution of pain, such as persistent lower limb pain caused by nerve root compression, pain confined to the side of the affected leg will be treated through acupoints on the gallbladder meridian, including Huantiao (GB 30), Fengshi (GB 31), Xiyangguan (GB 33), Yanglingquan (GB 34), and Xuanzhong (GB 39) (Figures 2C,D). Pain confined to the posterior part of the affected leg will be treated through points on the bladder meridian, including Zhibian (BL 54), Chengfu (BL 36), Weizhong (BL 40), Chengshan (BL 57), and Kunlun (BL 60) (Figures 2C,D; Yu et al., 2021). Distal regions, such as Neiting (ST 44), Hegu 4 (LI 4), and Sanjian (LI 3) (Figure 2D), are taken for trigeminal neuralgia (Gao et al., 2019). It is an acupoint selection method based on traditional Chinese medicine theory. The location of acupoint is determined using basic theoretical frameworks (e.g., traditional Chinese medicine, TCM) or anatomical structures (e.g., innervation). Currently, acupuncturists tend to use a hybrid approach when providing TCM-based acupoint localization, and they may combine their practice with localized treatments based on current anatomical knowledge, such as the principles of acupoint selection mentioned earlier.
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FIGURE 2
Human maps of acupoints used in neuropathic pain studies. The locations of acupoints are marked in the figure.




Clinical evidence for acupuncture on neuropathic pain

A variety of diseases including peripheral and/or central nerve injury, neuropathic pain induced by diabetes, anticancer chemotherapy, post-stroke pain and Parkinson’s have been used to study the effect of acupuncture on neuropathic pain (Figure 3; Becker et al., 2017; Fan et al., 2018; Zhi et al., 2018; Lovaglio et al., 2019; Yu et al., 2019; Wang et al., 2020; Edwards and Shaw, 2021; Zhang et al., 2021; Sollie et al., 2022). Table 1 listed acupuncture treatments for neuropathic pain caused by different diseases. In addition to the difference in the treatment of acupoints, the depth of acupuncture, the needle manipulation and the course of treatment may also be varied. These methods were not the only ones that physicians also made determinations based on their clinical experience. With the deepening of clinical research, the efficacy of acupuncture on neuropathic pain has been confirmed by several systemic reviews and meta-analyses, which were listed in Table 2 (Heo et al., 2013; Dimitrova et al., 2017; Hu et al., 2019; Liu et al., 2019; Pei et al., 2019; Yun et al., 2020; Cui et al., 2021; Yu et al., 2021). A study described the effectiveness and safety of acupuncture for the treatment of chemotherapy-induced peripheral neuropathy. After 8 weeks of treatment and follow-up, the acupuncture group showed a greater reduction in pain score than the vitamin B1 or gabapentin group. Moreover, the nerve conduction study was improved best in the acupuncture group and no adverse events were observed (Iravani et al., 2020). Based on currently available evidences, acupuncture appears more effective than pharmacotherapy or surgery with high degree of safety for improving neuropathic pain (Huang Z. et al., 2019; Yu et al., 2019; Iravani et al., 2020; Lee et al., 2020).
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FIGURE 3
Acupuncture inhibits neuropathic pain induced by various diseases.



TABLE 1    Acupuncture methods for neuropathic pain caused by different diseases.
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TABLE 2    Efficacy of acupuncture for neuropathic pain.
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A majority of acupuncturists emphasized de qi which is a feeling of numbness, fullness, and sometimes soreness, when they performed acupuncture treatments. It seemed that acupuncture analgesia was manifest when the de qi feeling occured in patients following manipulation of acupuncture (Hui et al., 2005). The complete somatosensory system was the prerequisite for the appearance of de qi (Cao, 2002). Previous research confirmed that the de qi sensation and pressure pain threshold increased according to the depth and rotation of acupuncture (Choi et al., 2013). Treatment for chronic neuropathy pain usually lasts more than 4 weeks. Acupuncture may be a slow-acting agent and has a specific pattern of the dynamics for the entire coupled nervous system. The therapeutic effect of acupuncture is a gradual accumulation process, that is, as the number of acupuncture courses increases, the therapeutic effect gradually increases (Bai et al., 2009). Therefore, the above factors should be considered in acupuncture analgesia.




Animal models of neuropathic pain

Animal models of neuropathic pain are critical for understanding the underlying mechanism and further development of acupuncture therapy. A variety of neuropathic pain animal models which induced by central or peripheral nerve injury have been used to study the acupuncture mechanism (Table 3; Zhang Y. et al., 2018; Li et al., 2019b; Huo B.B. et al., 2020; Du et al., 2021; Jang et al., 2021; Jiang et al., 2021; Wei et al., 2021; Xu et al., 2021; Zou et al., 2021). In addition to animal models of nerve ligation, there are injectable chemotherapy drug-induced neuropathy, post-herpetic neuralgia, and diabetes-induced peripheral nerve injury (Colleoni and Sacerdote, 2010). The former is caused by a primary injury or dysfunction of the nervous system, while the latter is caused by diseases such as diabetes, shingles, and cancer chemotherapy. Although every model possesses its own unique characteristics, different etiologies of neuropathic pain appear to lead to similar behavioral endpoints.


TABLE 3    Animal models of neuropathic pain.

[image: Table 3]



Acupuncture mechanisms on neuropathic pain

Neuropathic pain is divided into two major categories: peripheral and central, depending on the location of the lesion or disease (Finnerup et al., 2016; Scholz et al., 2019; Figure 4). At the peripheral level, alterations in receptors and ion channels impact neuronal function, resulting in spontaneous (ectopic) activity and pain (Khan et al., 2019). The pathological hallmarks of different types of peripheral nerve lesions have individual characteristics. Some may damage to the entire nerve, causing axonal neuropathy; others may damage to part of the axon or myelin sheath, causing demyelinating neuropathy (Hoffmann et al., 2008; Held et al., 2019). In the central nervous system, there are a variety of conditions that can cause central neuralgia, including damage to the spinal cord or brain, such as trauma, ischemic stroke, cerebral hemorrhage, or multiple sclerotic plaques (Apkarian et al., 2005; Siddall and Middleton, 2015). The mechanism of acupuncture for neuropathic pain is mediated by the somatosensory system (Figure 4). Acupuncture modulated the alterations of receptors and ion channels, inhibited activation of protein kinases and glia and activated the descending pain control system (Goldman et al., 2010; Li et al., 2013; Xu et al., 2020). This review synthesized these studies to provide a comprehensive understanding of how acupuncture alleviates pain through the somatosensory system.
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FIGURE 4
Acupuncture mechanisms on neuropathic pain. Neurological damage from peripheral to the cortical brain may lead to neuropathic pain. The figure shows four typical examples of lesions. Alterations in receptors and ion channels impact neuronal function, resulting in spontaneous (ectopic) activity and pain. Along the peripheral nerve different types of lesions may damage either the entire nerve or selectively the axons or myelin causing axonal or demyelinating neuropathies, respectively. Lesions of the spinal cord or brain as seen for example following traumatic injury, ischemic stroke, cerebral hemorrhage, or multiple sclerotic plaques may lead to central neuropathic pain. Acupuncture inhibited pain transmission via the somatosensory system, and activated the descending pain control system.



Acupuncture modulates the receptors and ion channels in the periphery

Peripheral nerve endings perceive nociceptive stimuli and activate pain pathways. In order for this interaction to happen, mechanical or other stimuli may affect the cytoplasmic membrane potential of axon which as soon exceeds a certain threshold level triggering action potentials. Nociceptors sense thermal, mechanical, and chemical stimuli through the expression of different ion channels such as the transient receptor potential (TRP) family of ion channels as well as ATP-gated purinergic channels (P2X). At this point, diverse types of voltage-gated sodium channels come into play to amplify transient receptor potentials and thus reach depolarization levels sufficient to initiate action potentials (Bannister et al., 2020; Sharif et al., 2020). Transient receptor potential vanilloid 1 (TRPV1) belongs to the family of TRP, that are intensively expressed in the peripheral nervous system and involved in a variety of physiological and pathophysiological processes in mammals (Nilius et al., 2007; Mickle et al., 2015). There is pharmacological evidence that blocking TRPV1 channel, alleviates neuropathic hypersensitivity in rodent models (Basso and Altier, 2017). P2X, specifically the C-fiber localized P2X3 receptor (P2X3R) subtypes, are expressed in the dorsal root ganglion (DRG) and involved in the initiation and maintenance of neuropathic pain (Tang Y. et al., 2016; Khan et al., 2019). Besides, P2X4 and P2X7 in DRG were also involved in thermal nociceptive hypersensitivity (Masoodifar et al., 2021). Voltage-gated sodium channels Nav1.1, Nav1.6, Nav1.7, Nav1.8, and Nav1.9 are expressed in peripheral sensory neurons in different patterns and function as key regulators of sensory nerve excitability (Bennett et al., 2019). Mutations in voltage-gated sodium channels are associated with a variety of pain disorders. In neuropathic conditions, Nav1.8 is most highly expressed in small-diameter neuron subtypes (Dib-Hajj and Waxman, 2019). Another family of excitatory channels associated with neuropathic pain is hyperpolarization-activated and cyclic nucleotide-gated (HCN) channels. HCN2 was specifically deleted in nociceptors expressing Nav1.8 in mice, but nerve lesion did not cause hyperalgesia to thermal or mechanical stimuli (Emery et al., 2011). HCN2 antagonist attenuated neuropathic hypersensitivity in neuropathic rats and inhibited spontaneous activity of C-nociceptors, but not Aβ fiber (Djouhri et al., 2018).

Electroacupuncture (EA) effectively reduced nociceptive sensitization in spared nerve injury (SNI) and spinal nerve ligation (SNL) by downregulating the expression ratio of TRPV1 in DRG (Fang et al., 2021). Administration of TRPV1 agonists reversed EA analgesia (Jiang et al., 2013; Du et al., 2021). Ca2+ imaging revealed that TRPV1 channel activity was increased in DRG neurons of paclitaxel-treated rats, whereas EA suppressed the increased TRPV1 channel activity. Pharmacological blockade of TRPV1 was similar to the analgesic effect of EA on pain allergy, while capsaicin reversed the effect of EA (Li et al., 2019b). EA might inhibit the activation of P2X3Rs in neuropathic pain and block primary afferent transmission mediated through P2X3Rs to alleviate mechanical and thermal nociceptive sensitization (Fei et al., 2020). Additionally, EA was more potent in reducing both mechanical allodynia and thermal hyperalgesia in combination with intrathecal A-317491 (a selective P2X3 and P2X2/3 receptor antagonist) (Wang et al., 2014). Therefore, EA and A-317491 might potentially have an additive effect in inhibiting the transmission of pain mediated by the P2X3 receptor. The protein levels of P2X4 and P2X7 in diabetes-induced neuropathy rats were significantly increased. 2 Hz EA improved the paw withdrawal latency and reduced the expression of P2X4 and P2X7 in DRG (Hu et al., 2022). EA attenuated Nav1.7 and Nav1.8 protein expression levels in the DRG during painful states (Yen et al., 2018). Nav1.3 was lacking in DRG neurons of normal adult rats, but was highly expressed in damaged sensory neurons (Waxman et al., 1994). EA diminished spinal cord injury (SCI)-induced upregulation of Nav1.3 (Liu and Wu, 2017). EA also reduced mechanical allodynia and face-grooming in trigeminal neuropathic pain rats through downregulation of HCN expression in the gasserian ganglion (Yang et al., 2019). These results suggested that acupuncture blocks pain-related ion channels and increases pain thresholds (Figure 5).
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FIGURE 5
Acupuncture regulates ion-channel dysregulation in neuropathic pain. The effect of acupuncture on the spinal cord. Na+, sodium ion; Navs, Voltage-gated sodium channels; TRPV1, TRP vanolloid 1; ATP, adenosine triphosphate; P2X3, ATP-gated purinergic channels 3.


The available evidence indicated that afferent nerve fibers and different receptors in the acupoints might played a key role in mediating the effects of acupuncture. Acupuncture inhibited neuronal activity caused by neuropathic pain, through reducing pain-related ion channels and receptors activation. At present, however, the specific pathway of changes in receptors and ion channels mediated by acupuncture stimulation points cannot be explained. More types of sham controls need to be employed to thoroughly evaluate the effects of acupoint specificity in future studies.



Acupuncture inhibits activation of protein kinases and glia in the spinal cord

The spinal cord neuronal activity caused by neuropathic pain is partially attributed to increased synaptic efficacy. Ionic and metabotropic glutamate receptors exhibit phosphorylation or translocation changes, resulting in increased excitatory postsynaptic potential (EPSP) frequency and amplitude (Kiyoyuki et al., 2015; Hildebrand et al., 2016). Multiple protein kinases have been implicated in regulating neuronal plasticity and pain sensitization following intense noxious stimuli or injuries. There is increasing evidence suggesting that serine/threonine kinases family especially Protein kinase A (PKA), Protein kinase C (PKC), mitogen-activated protein kinases (MAPKs) (Ma et al., 2021), is critical for the induction and maintenance of pain hypersensitivity after injuries (Ji et al., 2007). Extracellular signal regulated kinase (ERK) (Kondo and Shibuta, 2020), p38 mitogen-activated protein kinases (p38 MAPK) (Lin et al., 2014), and calmodulin-dependent protein kinase II (CaMKII) (Qian et al., 2019) are downstream to many kinases. These kinases are activated in primary sensory and dorsal horn neurons by nociceptive activity, contributing to the induction and maintenance of pain sensitization (Choi et al., 2019). Compared with the normal rat, more PKA-positive cells were observed in the spinal dorsal horn of SNL rat (Wu et al., 2021). PKC activation depolarized unmyelinated afferent neurons, which enhance currents in afferent neurons activated by nociceptive stimuli, and PKC inhibitors blocked sensitization of afferent neurons (Velázquez et al., 2007). p38 MAPK and ERK are present in spinal dorsal horn, and their inhibitors inhibit neuropathic pain (Inoue and Tsuda, 2018). The activation pattern of ERK in the spinal cord correlated with neuropathic pain behavior at different time points after SNL. Intrathecal injection of the non-competitive ERK inhibitor PD98059 attenuated SNL-induced mechanical nociceptive hypersensitivity (Kondo and Shibuta, 2020). Inhibition of spinal CaMKII expression has been shown to prevent thermal hyperalgesia and mechanical allodynia (Fang et al., 2002).

Electroacupuncture (EA) reduced the expression of p38 MAPK and inhibited pain transmission in rat spinal cord dorsal horn (Wei and Hsieh, 2020; Jin et al., 2021). PKA expression levels are elevated and involved in neuropathic pain by activating the p38 MAPK pathway to mediate apoptosis in spinal cord cells (Deng et al., 2020). EA exerted analgesic effects by decreasing the expression of PKA in SNL model rats (Wu et al., 2021). 2 Hz EA reduced the expression of P2X3 receptors by inhibiting the PKC pathway thus relieved pain (Zhou et al., 2018), CaMKII is crucially involved in synaptic plasticity and long-term potentiation (LTP) (Luo et al., 2014). It was found that EA reduced p-CaMKII levels in the spinal cord and was blocked by pretreatment with 5-hydroxytryptamine (5-HT) 1A receptor antagonists, suggesting that 5-HT1A receptors were involved in the inhibitory effect of EA on spinal p-CaMKII (Zhang Y. et al., 2018). These studies clearly showed that acupuncture blocked multiple protein kinases activation to reduce spinal cord neuronal activity in painful conditions and achieved pain relief.

Proliferation, shape change and activation of microglial populations in the spinal dorsal horn has been reported in several models of neuropathic pain (Ji et al., 2016). Diverse ensuing changes in the transcriptional and secretory profile of microglia have been linked to neuropathic pain, including release of inflammatory factor, ATP, chemokines, amongst others (Inoue and Tsuda, 2018). Moreover, astrocyte activation further promotes neuronal activity (Ji et al., 2016). It is known that p38 MAPK and ERK play important roles in the maintenance of neuropathic pain (Deng et al., 2020; Kondo and Shibuta, 2020). P-p38 MAPK and p-ERK upregulation are localized to activate microglia within the dorsal horn of the lumbar region after spinal cord injury. CX3C chemokine fractalkine (CX3CL1) released from damaged neurons activates CX3C-chemokine receptor 1 (CX3CR1) on microglial cells and leads to tumor necrosis factor α (TNF-α), and Interleukin-1β (IL-1β) secretion via p38 MAPKs/ERK. Released IL-1β and TNF-α acts on spinal dorsal horn neurons to enhance glutamate excitatory synaptic transmission and decreaseγ-aminobutyric acid (GABA)-mediated and glycine-mediated synaptic inhibition (Gim et al., 2011; Inoue and Tsuda, 2018). Furthermore, ERK in activated microglia mediates the release of prostaglandin E2 (PGE2), which binds to prostaglandin E receptor 2 (EP2) expressed in spinal cord neurons, inducing a change in their excitatory state and thus causing neuropathic pain (Zhao et al., 2007). Spinal brain-derived neurotrophic factor (BDNF) is a key neuromodulator of pain transmission, and P2X4R activates spinal microglia to induce p38 MAPK phosphorylation to release BDNF, which transmits noxious signals to layer I neurons, thereby contributing to the pathogenesis of pain (Cappoli et al., 2020).

Microglia and astrocytes, are important targets for acupuncture analgesic (Figure 6). EA reduced mechanical and thermal pain in rat models of neuropathic pain by preventing microglia, astrocyte activation (Liang et al., 2016). EA and intrathecal injection of the glial metabolism suppressant fluorocitrate might synergize against pain (Sun et al., 2006). Therefore, the inactivation of glial cells may be partly responsible for the acupuncture analgesic. In a SCI model, acupuncture applied to GB34 inhibited p38 MAPK and ERK phosphorylation in microglia of L4-5 spinal cord (Choi D. C. et al., 2012). EA down-regulated the neuronal chemokine CX3CL1, which acted on CX3CR1 in microglia, and prevented the p38 MAPKs/ERK signaling pathway, leading to reduce the release of inflammatory cytokines, resulting in pain relief (Li et al., 2019a). Acupuncture attenuated the ERK-dependent PGE2 releasing from activated microglia (Choi D. C. et al., 2012). EA prevented BDNF binding to spinal cord neuronal tyrosine kinase receptor B (Trk B) by decreasing microglia activation and BDNF expression, thereby reducing nociceptive hyperalgesia and neuropathic pain (Tu et al., 2018).
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FIGURE 6
Acupuncture affects glial activation. EA down-regulated the neuronal chemokine CX3CL1 and prevented the p38 MAPK/ERK signaling pathway, leading to reduced release of TNF-α and IL-1β, BDNF, PGE2. Released IL-1β and TNF-α acts on spinal dorsal horn neurons to enhance the neuronal excitability and inflammatory response. PGE2 and BDNF bind to spinal cord neuronal EP2 and Trk B, respectively, inducing a change in their excitatory state and thus causing neuropathic pain. EA induced an increase in adenosine levels in the spinal cord, which in turn activated astrocyte A1Rs to produce an analgesic effect. Additionally, analgesic effect of acupuncture was mediated in part through inhibiting the activation of JNK and promoting the release of IL10 in astrocytes.


Adenosine is present at the extracellular space within the spinal cord dorsal horn and engaged in the processing of nociceptive sensory signals. Systemic or spinal administration of exogenous adenosine produces a potent analgesia against pathological pain. In rat spinal cord slices, adenosine increases postsynaptic inhibitory currents mediated by glycine receptors (GlyRs), and this synaptic potentiation is dependent on activation of adenosine A1 receptors (A1Rs) (Bai et al., 2017). Another study found that spinal A1R contributed to the inhibitory effects of EA on astrocyte activation as well as TNF-α upregulation (Zhang M. et al., 2018). The c-Jun N-terminal kinase (JNK), a major member of the MAPK family, has been shown to play a key role in intracellular signaling and contributes to central sensitization of chronic pain. Peripheral inflammation or nerve injury leads to JNK activation in spinal astrocytes. Activation of the JNK pathway lead to the production and release of several pro-inflammatory cytokines that play an important role as biological mediators in chronic pain (Wang et al., 2017).

It has been shown that EA first downregulated microglia activation (after 2 days of EA) and then astrocyte activation (after 1–2 weeks of EA treatment) (Wang et al., 2018). A1Rs expression in the L4–6 spinal segments were increased by EA, indicating that EA induced an increase in adenosine levels in the spinal cord, which in turn activated astrocyte A1Rs to produce an analgesic effect (Dai et al., 2020). In SCI rats, acupuncture inhibited JNK activation in astrocytes at the spinal cord L4-5 level. The level of p-c-Jun, a downstream molecule of JNK, was also decreased by acupuncture. In addition, the number of hypertrophic, activated astrocytes in the L4-5 dorsal horn I-II layers was significantly reduced in the acupuncture-treated group. It was suggested that the analgesic effect of acupuncture was mediated in part through inhibition of JNK activation in astrocytes after SCI (Lee J. Y. et al., 2013). Interleukin-10 (IL-10) is a powerful anti-inflammatory cytokine that improves inflammation and protects damaged nerve. It mainly distributes in the superficial spinal astrocytes. The anti-nociceptive effects of EA were blocked by the spinal IL-10 inhibitor, suggesting EA had a regulatory effect on IL-10 in spinal astrocytes (Dai et al., 2019).

The spinal cord is an important center for mediating the analgesic effects of acupuncture. EA down-regulated the neuronal chemokine CX3CL1 and prevented microglial p38 MAPK/ERK signaling pathway, leading to reduced release of TNF-α and IL-1β, BDNF, PGE2, and reducing the neuronal excitability and inflammatory response. The activation of microglial cells in the ipsilateral spinal cord dorsal horn increased within 1 day of nerve injury; however, astrocytes were activated later than microglial cells and were implicated in the maintenance of mechanical allodynia after spinal nerve injury. In the early and late stages of neuropathic pain, repeated EA therapy inhibited microglia and astrocyte activation, respectively (Liang et al., 2016). These results suggested that inhibition of spinal microglia activation was involved in the early stage of EA analgesia, while inhibition of astrocytes activation was involved in the maintenance of EA analgesia.



Acupuncture regulates descending pain control system

It is well-established that the descending pain control system of the midbrain and brainstem regulates the processing of nociceptive information in the spinal cord. The anterior cingulate cortex (ACC) promotes spinal excitatory synaptic transmission leading to nociceptive hyperalgesia. Descending corticospinal tract fibers originating from somatosensory cortex project not only to the spinal ventral horn, but also to the spinal dorsal horn and to the sensory synapse (Liu et al., 2018). Imaging studies in human volunteers showed that the rostral ACC likely mediated analgesia by activation of the periaqueductal gray (PAG) (Eippert et al., 2009). The PAG is known to be an important relay station receiving inputs from higher brain centers for descending modulation of pain through projections to the spinal cord via the rostroventral medulla (RVM) and the locus coeruleus (LC) (Alhadeff et al., 2018). In neuropathic pain, acupuncture plays a complex and critical role in the network of descending pathways projecting from brain structures to the spinal dorsal horn (Figure 7). The analgesic effect of descending pain control system relies on endogenous gamma-aminobutyric acid GABA, 5-HT, norepinephrine (NE), and endogenous opioids (Silva et al., 2013).
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FIGURE 7
Acupuncture inhibits neuropathic pain through the downstream pathway. PAG, periaqueductal gray matter; nucleus accumbens, NAc; GABA, Gama aminobutyric acid; NE, Norepinephrine; 5-HT, 5-hydroxytryptamine; 5-HT1AR, 5-hydroxytryptamine 1A receptors; 5-HT3R, 5-hydroxytryptamine 3 receptors; NMDAR, N-methyl-D-aspartate receptors; AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors.


Gama aminobutyric acid (GABA) is an important inhibitory neurotransmitter. GABAergic projections of interneurons from the brainstem to the spinal cord control spinal cord nociceptive transmission (François et al., 2017). The PAG manages pain through downstream modulation of the spinal dorsal horn, and EA activation of PAG neurons involved the descending pain control system of GABAergic (Fusumada et al., 2007). In the neuropathic pain model induced by chronic constriction injury (CCI), EA up-regulated the level of GABA in the PAG (Huang C. P. et al., 2019). EA at Jiaji (EX-B2) acupoints improved neuropathic pain by increasing protein expression levels of GABA receptors in the spinal cord (Jiang et al., 2018). Using in vivo two-photon imaging in mice with chronic systolic injury, it was found that EA therapy systematically modulates Ca2+ activity in primary somatosensory cortical neural circuits, including inhibition of excitatory pyramidal neurons, enhancement of GABA-ergic somatostatin positive interneurons, thereby mediating improved mechanical or thermal hypersensitivity (Wei et al., 2021).

5-HT and its receptors are key substances that regulate pain and play a crucial role in EA analgesia. 5-HT released from the nucleus accumbens (NAc) were increased in rats receiving acupuncture, which was observed 20 min after acupuncture treatment and persisted until 40 min after the end of acupuncture (Yoshimoto et al., 2006). Exogenous lateral ventricular 5-HT have analgesic effects that partially mimic the analgesic effects of EA (Chang et al., 2004). Current research indicated that the alleviation of cold nociceptive hypersensitivity by 2 Hz EA was mediated by spinal 5-HT1A and 5-HT3 receptors (Kim et al., 2005). In addition, it has been shown that lateral ventricular injections of 5-HT1A receptors antagonists blocked the analgesic effects induced by low-and high-frequency EA (Chang et al., 2004). Blockade of 5-HT1A receptors in the ventral tegmental area reversed morphine-/dextromethorphan-induced analgesia in pain model rats (Seddighfar et al., 2019). Spinal 5-HT2A receptors (5-HT2AR) mediate the downstream vulnerability of 5-HTergic axons through multiple mechanisms. Inhibition of spinal dorsal horn 5-HT2AR expression prevents mechanical nociceptive hypersensitivity of the face and associated changes in PKCγ+ interneuron morphology (Alba-Delgado et al., 2018). However, there are no reports of neuropathic pain relief by acupuncture mediated by 5-HT2A, providing a direction for the next study.

Norepinephrine (NE) and α2-adrenergic receptors are widely distributed in the brain and spinal cord, and activation of the NEergic descending pain control system is involved in the anti-nociceptive effects of EA (Silva et al., 2011). Acupuncture at Zusanli (ST 36) and Shangjuxu (ST 37) activated neurons in the PAG to exert anti-nociceptive effects, increased the release of NE from the PAG. The α1-, α2-, β-adrenoceptors were found to be located in the PAG, and noradrenalin and α1-and α2-agonists were found to activate the lateral and ventrolateral PAG neurons. These findings suggested that the modulation of pain by EA in PAG involved NE (Murotani et al., 2010). Intrathecal injection of drugs that increase spinal NE utilization promotes the long-term anti-nociceptive effects of EA (Silva et al., 2013). Intrathecal injection of the α2–adrenergic antagonist yohimbine reduced EA-induced analgesia in a dose-dependent manner, suggesting that the analgesic effect of EA was dependent on the binding of norepinephrine to α2 receptors (Koo et al., 2008).

Endogenous opioids were closely related to the analgesic effect of acupuncture. Acupuncture reduced the SNL-induced hypersensitivity response, which blocked by naloxone, a non-selective opioid receptor antagonist (Cidral-Filho et al., 2011), suggesting that the analgesic effect of acupuncture was dependent on the opioid system. Low-frequency and high-frequency EA activated different types of opioid receptors. Mu-or delta-opioid receptor antagonists blocked the 2 Hz EA anti-mechanical nociceptive hypersensitivity (Kim et al., 2004). 100 Hz EA leaded to the release of dynorphin, which binded to kappa-opioid receptors in the spinal cord and provides pain relief (Huang et al., 2008). However, 2/100 Hz EA activated both mu/delta and kappa opioid receptors, inducing a synergistic analgesic effect that was more effective than constant frequency stimulation (Han, 2003).

Ionic glutamate receptors include n-methyl-d-aspartate (NMDA) receptors and α-amino-3-hydroxy-5-methyl-4-isoxazolidinepropanoic acid (AMPA) receptors. Glutamate is the main excitatory neurotransmitter acting on ionotropic glutamate receptors to direct central sensitization (Groc and Choquet, 2006). EA inhibited phosphorylation of AMPA receptor (AMPAR) GluR2 subunit (Tang Y. et al., 2016). Low-frequency EA exerted analgesic effects by modulating the phosphorylation status of spinal NMDA receptor subunits NR1 and NR2B (Jung et al., 2010). EA improved SNI-induced pain behavior and decreased glutamate release in the spinal dorsal horn (Vidal-Torres et al., 2012). 5-HT1BR (Choi I. S. et al., 2012) and α2-adrenoceptors (Li and Eisenach, 2001) activation reduced glutamate release from medullary dorsal horn neurons. However, in SNL-induced neuropathic pain rat model, 2 Hz EA activated the endogenous opioid system and induces NMDA receptor-dependent long-term depression (LTD) in the spinal dorsal horn (Xing et al., 2007). The different results may be explained by different acupoints and different parameters of EA.

After the initial injury healing, chronic pain will continue, which is related to brain remodeling (Kuner and Flor, 2016) and the treatment rely on post-therapeutic effect of EA. Brain processing of acupuncture stimuli in neuropathic pain patients or animals may underlie its beneficial effects. Previous study showed that neuropathic pain following brachial plexus avulsion injury (BPAI) induced metabolic connectivity changes significantly among sensorimotor-related areas and pain-related area in bilateral hemispheres (Huo R. et al., 2020). The decreased metabolic connectivity between ipsilateral dorsolateral thalamus and somatosensory cortex was related with BPAI-induced neuropathic pain. EA increased the thermal withdrawal latency of BPAI rat and improved the strength of connectivity among the above regions (Hou et al., 2020). Evidence suggested that neuropathic pain patients responded to acupuncture with more pronounced fMRI signal decrease in the amygdala and signal increase in the lateral hypothalamic area differently than healthy people. Acupuncture coordinated limbic response that included the hypothalamus and amygdala (Napadow et al., 2007). The hypothalamus is an important component of the central descending pain modulatory circuit from the cerebral cortex to the spinal cord (Ossipov et al., 2010), activation of hypothalamic neurons can inhibit the input of nociceptive signals to the pain centers in the cortex (Lin and Chen, 2008). CCI rat following EA intervention, there were 17 hypothalamic proteins identified with significant changes in the expression. EA attenuated pain may via regulation of expression of these proteins in the hypothalamus (Vogt, 2016). Although studies have indicated involvement of many brain structures in the modulation of acupuncture analgesia, hypothalamus might play a crucial role in this process. A study revealed that increased local synaptic activity in the ipsilateral somatosensory cortex and decreased in the contralateral somatosensory cortex after sciatic nerve injury. EA served as repeated sensory stimulation, might potentially induce increased synaptic activity in the corresponding cortices involving contralateral somatosensory cortex of sciatic nerve injury (Wu et al., 2018).

As can be seen, the descending pain modulation system, including the ACC, the PAG, the NAc, and the hypothalamus, plays an important role in EA analgesia. EA might reverse the maladaptive brain plasticity, promote the release of endogenous substances such as GABA, NE, 5-HT, and opioids. This could be an important mechanism underlying the post-therapeutic effect of EA, and it deserves further study.




Discussion

Acupuncture, which has a history of 2,000-year, is a useful adjunct therapy or an acceptable alternative treatment of pain (Wells et al., 2017). The research base for acupuncture is rapidly expanding. Somatosensory stimulation, including acupuncture, could thus act as an additional input to re-arrange the neural loop, nociceptive, and acupuncture signals was integrated at spinal and supraspinal levels (Figure 4). Acupuncture suppressed pain, probably due to effects on the afferent nerve. The gate control theory might play a role in acupuncture analgesia. Non-painful input by acupuncture closed the “gates” to painful input, which prevented pain sensations from traveling to the central nervous system (Lemmon, 2018). Modulation of sensory input occurs at the primary afferent neuron and spinal dorsal horn during an acupuncture treatment, which may depend on acupoints at the same spinal section as the pain site. We speculated, in this case, acupuncture inhibited neuronal activity caused by neuropathic pain, through reducing pain-related ion channels and protein kinases activation (Figure 5). In the spinal dorsal horn, EA down-regulated the neuronal chemokine CX3CL1 and prevented microglial p38 MAPK/ERK signaling pathway, leading to reduced release of TNF-α and IL-1β, BDNF, PGE2, and reducing the neuronal excitability and inflammatory response (Figure 6). Furthermore, functional magnetic resonance imaging studies have shown that acupuncture at specific acupoints modulated areas of the brain (Huang et al., 2021), and acupuncture activated descending pain control system. The distal acupoints such as Neiting (ST 44), Hegu 4 (LI 4), and Sanjian (LI 3) probably work in this way. Research has found that, in nerve injury model, contralateral but not ipsilateral acupuncture produced clear analgesia. This difference might be due to the damaged nerve blocks the conduction of acupuncture signals, while contralateral acupuncture inhibited pain through the central descending inhibitory, independent of the influence of local damaged nerves (Zhang H. et al., 2018). GABA, NE, 5-HT, and endogenous opioids are involved centrally (Figure 7). Taken together, acupuncture, as a distinctive therapeutic modality to pain, produced physiologic changes in the brain, spinal cord, and at the periphery. Medication treatment was often associated with side effects, and many patients did not achieve adequate pain relief at tolerated doses (Finnerup et al., 2015). On the contrary, acupuncture is a relatively safe and well-tolerated treatment, with most patients experiencing no adverse effects at all (Pfister et al., 2010).

As a matter of fact, the optimal prescription of acupuncture treatment (acupuncture point, degree of stimulation, frequency of treatment, and a number of treatment sessions) for neuropathic pain is a controversial issue amongst acupuncture experts. EA and MA are two acupuncture manipulations commonly used in clinical practice. Our previous study found that EA and MA effectively improved pain symptoms in patients with osteoarthritis of the knee, but EA had a faster onset of action than MA (Xu et al., 2020). Current evidence does not yet support an efficacy difference between MA and EA in the treatment of neuropathic pain. MA involves inserting an acupuncture needle into an acupuncture point and then twisting it up and down with the hand. EA delivers an electric current to the acupoint through an inserted needle. In terms of “needling feeling,” EA is often described as painful and numb, while MA is dominated by heaviness and distension in the deep tissue beneath the acupuncture point. MA activated all types of afferent fibers (Aβ, Aδ, and C) (Kagitani et al., 2010). The current intensity of EA was sufficient to excite Aβ-and some Aδ-fibers inducing analgesic effects (Zhao, 2008). Reason for this difference might be that MA and EA activated distinct ion-channels, but this inference had not been confirmed. In clinical practice, the intense intensity of EA was not suitable for patient analgesia, because the excitation of C fibers by synchronous strong electrical pulses would inevitably cause unbearable pain. The parameters of the EA could be precisely characterized. A study characterized the generation and transmission of electrical signals in Aβ-and some Aδ-fibers induced by acupuncture-like stimuli. EA in frequency-specific modes (2/15 Hz or 2/100 Hz) best mimicked MA (Huo R. et al., 2020). The efficacy of MA and EA also may be influenced by disease state, acupuncture duration, acupuncture parameters and acupoints. Therefore, clarifying the analgesic mechanisms of MA and EA and selecting the appropriate acupuncture modality are essential to improve clinical efficacy.

The frequency-dependent study for analgesia at high-and low-frequency highlighted the best operating parameters. Low-frequency (2 Hz) EA caused the release of neuropeptides such as encephalin and endorphin, which acedt on mu and/or delta opioid receptors to mediate analgesia; high-frequency (100 Hz) EA caused the release of dynorphin, which was mediated by kappa opioid receptors to mediate analgesia. Certain brain regions have been found to be associated with the release of various types of central opioid peptides (Zhang et al., 2003), but it was unclear how these brain regions were modulated by the 2 Hz and 100 Hz EA, respectively. The studies screened frequencies of EA, and the results indicated that in rats with neuropathic pain, 2 Hz EA induced a robust and longer lasting analgesic than 100 Hz EA (He et al., 2017; Xia et al., 2019). In type 2 diabetic neuropathic pain rat, EA at both 2, and 100 Hz down-regulated CGRP (Calcitonin gene related peptide) and P2X3 receptors overexpression in DRGs, but the analgesic effect of EA was stronger at 2 Hz (He et al., 2017). Another study showed that compared with 100 Hz EA, 2 Hz EA effectively regulated the expression level of genes in the arcuate nucleus region of the hypothalamus, especially those related to neurogenesis (Wang et al., 2012).

Acupoints have a characteristic that they become sensitive and even painful when exposed to pathological processes (Zhou and Benharash, 2014). The analysis of anatomical have revealed that acupoints have a number of elements such as a high density of nerve endings, A-and C-afferent fibers and vascular, which could perceive stimulation (Li et al., 2004). When stimulating acupoints, the local of acupoints may release biomolecules to exert the role of analgesia or neuromodulation. Acupuncture stimulates the somatic afferent nerves of the skin and muscles under the acupoints. Then, the somatic sensory information is carried to the spinal cord and cortex area of the brain that modulate spinal signal transmission and pain perception in the brain (Wang et al., 2008). Therefore, acupuncture analgesia was essentially a manifestation of integrative processes at different levels of the nervous system between afferent impulses from the pain regions and impulses from acupoints. The infiltration of procaine, a local anesthetic, into the deep tissues around the point of acupuncture entirely abolished the analgesic effect, suggesting that nerves was mediators of this response (Zhou and Benharash, 2014). The selection of acupoints may make the effect of acupuncture more targeted in different diseases and different pain sites. But there are no studies to explain in the treatment of pain why acupoints are effective and non-acupoints are not, or why this acupoint is effective and other acupoints are not. Therefore, the specificity of the acupoints should be studied further.

Acupuncture has been used to treat neuropathic pain caused by different diseases. In addition to nerve injury-induced peripheral neuropathic pain, a meta-analysis showed that benefit for acupuncture over control in the treatment of neuropathic pain caused by diabetes, human immunodeficiency virus (HIV), Bell’s palsy, and carpal tunnel syndrome (Dimitrova et al., 2017). Here, it should be pointed out that diabetic neuropathy, a major complication of diabetes mellitus, refers to a collection of clinically diverse disorders affecting the nervous system. Despite most of diabetes peripheral neuropathy is characterized by hypoesthesia, it also may present with pain. Of all diabetic peripheral neuropathy patients, 20% develop neuropathic pain (Sloan et al., 2018). Acupuncture was considered as a treatment option for diabetic neuropathic pain. Zusanli (ST 36), Feishu (BL 13), Pishu (BL 20), Sanyinjiao (SP 6), and Yinlingquan (SP 9) were the most widely used acupoints (Cho and Kim, 2021). And acupuncture could have a beneficial effect on neurological and motor function recovery (Fan et al., 2018). Previous research indicated that acupuncture also appeared to improve motor and sensory nerve conduction parameters, curing the disease from both sensory and functional aspects (Dimitrova et al., 2017). In spinal cord injury patients, acupuncture could be useful to improve pain and other complications if patients experience side effects or have no (or a weak) response to a conventional treatment (Heo et al., 2013). However, the analgesic effect of acupuncture on neuropathic pain induced by spinal cord injury has an obvious selectivity, which depends on the location and type of pain, as well as the type of injury (Siddall and Middleton, 2015). Acupuncture recipients with incomplete damage to central nervous system pathways that remained intact appeared to recover better than those with complete damage, and patients with musculoskeletal pain responded better to treatment compared with those with central pain. In addition, participants with moderate pain were more likely to achieve long-term pain relief than those suffering from severe pain (Mehta et al., 2013).

In clinical and preclinical models, some forms of neuropathic pain persist as a result of sympathetic nerve activity, and local sympathetic blockade or lesion is used to treat it (Xie et al., 2016, 2020). After peripheral nerve injury, sympathetic neurons sprout within DRG, sensitizing nociceptive neurons to adrenergic stimulation, although this remains controversial (Hoffman et al., 2018). A new study provided evidence that sympathetic sprouting in the DRG played a role in spontaneous pain in the SNI and related neuropathic pain models (Zheng et al., 2022). They concluded that norepinephrine released from sympathetic induced DRG neuronal clustering discharge, which correlated directly with spontaneous pain behavior caused by nerve injury. Research has shown that acupuncture reduced sympathetic nerve hyperactivity (Li et al., 2009). However, EA for neuropathic pain by modulating sympathetic nerves has not been studied.



Summary and future directions

In neuropathic pain conditions, acupuncture may improve pain through somatosensory system including both central and peripheral mechanism. In the periphery, acupuncture inhibited neuronal activity caused by neuropathic pain, through reducing pain-related ion channels and receptors activation (Figure 5). In the spinal dorsal horn, EA down-regulated the neuronal chemokine CX3CL1 and prevented microglial p38 MAPK/ERK signaling pathway, leading to reduced release of TNF-α and IL-1β, BDNF, PGE2, and reducing the neuronal excitability and inflammatory response (Figure 6). Furthermore, acupuncture activated descending pain control system (Figure 7). The cumulative evidence demonstrated that acupuncture provided an alternative or adjunctive therapy for neuropathic pain.

In traditional Chinese medicine, the choice of appropriate acupoints is the key to acupuncture treatment. Intensities, frequencies, and the course of treatment of acupuncture all affect analgesic effects. However, the differences between MA and EA, the effects of EA frequency on relevant brain regions and the possible systematic differences between acupoint and non-acupoint are currently unknown. Conducting these studies in the future will provide better evidence to guide clinical on acupuncture modalities, acupuncture parameters and acupoints for the treatment of neuropathic pain. In the light of addressing the above issues, future studies shall be conducted in a broader context. High-quality, multifaceted basic research that explores the mechanisms of acupuncture analgesia will provide more possibilities for pain management.
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Migraine is a neurovascular disease with a high disability rate. Acupuncture treatment has emerged as a safe and viable alternative prophylactic therapy that can effectively alleviate the duration and frequency of migraine attacks. However, the therapeutic mechanisms underlying the effects of acupuncture are yet to be systematically elucidated. In this study, we enrolled female patients with migraine without aura (n = 20) and healthy controls (n = 10). Patients received acupuncture treatment on DU20, DU24, bilateral GB13, GB8, and GB20, applied three times per week over the course of 4 weeks for 12 sessions in total. Blood samples were collected from the median cubital vein before and after acupuncture treatment. Proteomic and metabolomic profiling was performed using liquid chromatography-mass spectrometry to determine the characteristics of differentially expressed molecules and expression of their corresponding biological pathways as well as to elucidate the pathogenesis of migraine and the biological effects underlying the treatment of migraine with acupuncture. Proteomic and metabolomic profiling of plasma samples from patients with migraine without aura before and after acupuncture treatment revealed enrichment of immune-related pathway functions and the arginine synthesis pathway. Joint pathway analyses revealed significant enrichment of the pentose phosphate and glycolysis/gluconeogenesis pathways in patients with migraine. The glycolysis/gluconeogenesis and riboflavin metabolism pathways were significantly enriched after acupuncture treatment. The expression levels of various key proteins and metabolites, including α-D-glucose, flavin adenine dinucleotide, biliverdin reductase B, and L-glutamate, were significantly differentially expressed before and after acupuncture treatment in patients with migraine without aura. Treatment of migraine with acupuncture was associated with significant changes in key molecules and pathways, indicative of physiological changes in the trigeminovascular system, glutamate neurotoxicity, and other migraine-related physiological changes. Overall, our comprehensive analysis using proteomic and metabolomic profiling demonstrates that energy metabolism may serve as a key correlative link in the occurrence of migraine and the therapeutic effects of acupuncture treatment. Our findings may facilitate the identification of diagnostic and therapeutic modalities in the ongoing search for effective treatments for migraine attacks.
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Introduction

Migraine is a painful chronic neurological disorder characterized by recurrent moderate or severe headaches that typically manifest unilaterally in a pulsating manner (Ashina et al., 2021b). Migraines are partly due to genetic predisposition (Gormley et al., 2016) but can also be aggravated by environmental triggers, leading to nausea, vomiting, and hypersensitivity to light and sound (Headache Classification Committee of the International Headache Society (IHS), 2018). Migraines adversely impact the lives of patients, afflicting approximately 1 billion people regardless of culture and socioeconomic status (GBD 2016 Disease and Injury Incidence and Prevalence Collaborators, 2017; Ashina, 2020). Indeed, migraine is currently the second most burdensome neurological disease worldwide (GBD 2016 Neurology Collaborators, 2019). Migraines impose a heavy economic burden due to both direct and indirect costs. Direct costs include costs incurred by specialist visits, medications, and diagnostic tests, which vary among countries according to different healthcare systems and administration policies. Indirect costs include costs due to lost jobs and reduced productivity, and the economic impact is evident in stressful environments (Agosti, 2018). A large European study reported that 17.7% of men and 28.0% of women lost more than 10 days of activity over a 3-month period due to migraine (Steiner et al., 2014).

Current medications used for migraine treatment include non-steroidal anti-inflammatory drugs, triptans, ergot-type preparations, and calcitonin gene-related peptide (CGRP) receptor antagonists (Ashina et al., 2021a). However, the clinical application of migraine medications is limited due to side effects such as cardiovascular and gastrointestinal issues (Katsarava et al., 2018), as well as their short-term therapeutic effects, which can lead to medication overuse and dissatisfaction with available treatments (Krymchantowski, 2004). Reports suggest that excessive use of antimigraine therapies or analgesics can increase the frequency of headaches (Tfelt-Hansen et al., 2012), while the use of different therapeutic drugs can lead to toxic reactions in the liver, heart, brain, and other organs (Lionetto et al., 2013). Accordingly, there is a critical unmet need to reconsider treatment approaches for the relief and prevention of migraines. As a complementary alternative therapy without severe adverse effects, acupuncture has been reported to exert long-term effects for alleviating migraine recurrence, significantly decreasing the occurrence of days with migraine and migraine attacks, and for reducing pain intensity (Zhao et al., 2017; Xu et al., 2020). A retrospective analysis revealed that acupuncture treatment is cost-effective for individuals with migraine, as the medical costs of patients with migraine and hospitalization of patients with severe migraine can reduce with the use of acupuncture add-on therapy (Tsai et al., 2020). However, the exact pathophysiology of migraine and physiological changes underlying acupuncture treatment of migraine are not fully understood. Previous reports have demonstrated that trigeminovascular system activation, immune effects, and oxidative stress may underscore migraine pathophysiology. Extant research suggests that the onset, progression, and termination of migraine may be associated with neuronal and trigeminovascular pain pathways, and trigeminovascular system activation has been linked to metabolic factors (Goadsby et al., 2017; Charles, 2018). In a rat model of migraine, dysregulation of the mitochondrial dynamic regulatory network was observed in trigeminal neurons, accompanied by suppression of mitochondrial biogenesis and a dynamic shift toward mitochondrial fission (Dong et al., 2017). Mitochondria also interact with the immune system. For instance, the cortical spreading depression (CSD)-induced neuroinflammatory signaling pathway may be associated with activation of the mitochondrial stress-induced mtDNA-triggered NLRP3 inflammasome (Kursun et al., 2021). Insufficient energy in the brain and high levels of oxidative stress are pathophysiological characteristics of patients with migraine (Gross et al., 2019). These findings support the notion that mitochondrial dysfunction is a key factor in migraine pathophysiology.

Given the multifactorial nature of migraines, integrated analysis combining proteomics and metabolomics is crucial for assessing migraine pathophysiology (Lionetto et al., 2013). Proteomics, as a supplement to other “omics” technologies, enables the identification and quantification of overall proteins in biological systems. Technological advances have led to substantial improvements in the quantitative accuracy of mass spectrometry (MS)-based quantitative proteomics, which supports the quantification of more proteins (Liu et al., 2014; Chi et al., 2018). Accordingly, quantitative proteomics holds promising prospects for development and application in the future, including in the discovery of biomarkers and clinical applications. This technology is currently applied in multiple fields and is used for detecting multiple diagnostic biomarkers, revealing pathogenicity mechanisms of disease, screening vaccine candidates for manufacturing, regulating expression patterns of different signals, and interpreting different functional pathways (Suhre et al., 2021). Moreover, metabolomic analyses afford novel perspectives for understanding an organism’s overall health status by evaluating key metabolic changes in living systems. This method reflects changes in genetic modifications, physiological stimuli (e.g., diet and environmental factors), and the gut microbiome to expound on the identification of biomarkers and alterations in biochemical pathways. As such, this method has the potential to promote the development of better strategies for disease prevention and treatment (Kaddurah-Daouk et al., 2008; Wishart, 2019).

To the best of our knowledge, although several studies have performed an “omics” analysis of patients with migraine (Zielman et al., 2016), there is yet to be a study examining the systemic proteomic and metabolomic effects of acupuncture treatment in patients with migraine. In this regard, deeper understanding of the underlying physiological changes will assist in the development of effective treatment strategies. Therefore, the objectives of our study were to elucidate the biological mechanisms of acupuncture treatment in patients with migraine and to identify the differentially expressed molecules and corresponding enriched pathways using proteomic and untargeted metabolic profiling. We hypothesized that several metabolic factors would be associated with acupuncture treatment of migraine. Ultimately, our study aimed to provide more comprehensive and detailed understanding of the association between the molecular status of proteins and metabolites following acupuncture for migraine.



Materials and methods


Patients and samples

All patients in our study were enrolled at the Outpatient Department of Acupuncture and Moxibustion, Beijing Hospital of Traditional Chinese Medicine. The study protocol was approved by the Research Ethical Committee of the Beijing Hospital of Traditional Chinese Medicine (ref: 2016BL-081-02). All individuals provided written informed consent for the recruitment for scientific purposes before enrollment. This study was conducted in accordance with the latest version of the Declaration of Helsinki.

Patients with migraine without aura (n = 20) who fulfilled the criteria of the International Classification of Headache Disorders (3rd edition, beta version) (Headache Classification Committee of the International Headache Society, 2013) and healthy controls (n = 10) were recruited. All the enrolled patients were diagnosed by an experienced neurologist. Patients and controls were matched based on age (20–40 years) and sex (female) to ensure that the groups were as homogenous as possible. Other inclusion criteria included the presence of 2–8 migraine attacks during the 4-week baseline phase, patients with migraine with an initial onset before 50 years of age, and a history of migraine lasting more than 1 year.

The exclusion criteria included other types of primary (e.g., tension-type headache, cluster headache, or chronic migraine) and secondary headaches, history of severe systemic diseases such as immune and nervous system diseases, cardio-metabolic disorders, acute infectious disease, hematopathy, allergies, clinically diagnosed psychiatric disorders, pregnancy, breastfeeding, non-compliance with the baseline headache diary, and the use of any type of prophylactic acupuncture or medication within 3 months before the baseline phase. Subsequently, all patients were instructed to avoid any other analgesics or initiating any other interventions.

Venous blood samples were collected from the median cubital vein in patients with migraine before and after acupuncture treatment (24 h) and in healthy control participants. All samples were drawn using ethylenediaminetetraacetic acid (EDTA)-containing plasma tubes (Shandong Aosaite Medical Devices Co., Ltd., Shandong, China) between 7:30 and 8:30 am. To achieve blinded measurement, the samples were coded. Plasma samples were centrifuged at 1,500 × g for 20 min at 4°C and immediately stored at −80°C until the analysis of proteins and metabolites using high-performance liquid chromatography-tandem mass spectrometry (HPLC–MS/MS) was performed. During the 48 h before sampling, participants were instructed to avoid taking analgesics or antimigraine medications, and there were no restrictions on dietary intake.



Study interventions

The treatments were administered by two licensed acupuncturists with more than 20 years of clinical experience. The acupuncturists received specific training regarding the study purpose, treatment strategies, and quality control (QC). Each patient received 12 acupuncture treatment sessions of 30-min duration, three times per week over 4 weeks. Supplementary Table 1 presents information about the location of acupuncture points and depth of needle insertion.

The acupuncturists performed manual acupuncture at eight acupuncture points, including DU20, DU24, bilateral GB13, bilateral GB8, and bilateral GB20. The therapy involved the use of sterile acupuncture needles (ANDE Needles, Guizhou ANDE Medical Equipment, Co., Ltd., Guizhou, China) with a diameter of 0.25 mm and length of 25–40 mm. After sterilization, acupuncture needles were inserted into acupuncture points and applied with manual manipulation to elicit the “Deqi” sensation. In cases of severe pain [visual analog score (VAS) > 8], ibuprofen (300 mg/capsule; maximal tolerated dose 1,200 mg/day) was used as a rescue medication.



Assessment of migraine

Detailed headache diaries regarding the duration of migraine diagnosis, number of migraine days, and headache intensity (VAS score) within the 4-week baseline phase and 4-week treatment phase (before and after acupuncture treatment) were obtained from migraineurs. The number of migraine days and average headache intensity were calculated every 4 weeks over an 8-week period. Each patient completed a baseline headache diary for screening and was subsequently interviewed by an experienced neurologist before enrollment.

All patients completed a standardized questionnaire encompassing demographics, headache characteristics, the six-item Headache Impact Test (HIT-6) (Yang et al., 2011), Migraine-Specific Quality-of-Life Questionnaire (MSQ) (Cole et al., 2007), Beck Depression Inventory-II (BDI-II) (Geisser et al., 1997), Beck Anxiety Inventory (BAI) (Leyfer et al., 2006), Montreal Cognitive Assessment (MoCA) (Freitas et al., 2013), and Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) at baseline and at the end of the 4-week treatment phase. Tables 1, 2 present the relevant demographic and clinical characteristics of the participants.


TABLE 1    Demographics and clinical characteristics of healthy controls and migraine patients.
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TABLE 2    Clinical characteristics of 20 migraine patients before and after treatment.
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Protein extraction and enzymatic solution

Plasma samples were diluted with 8 M urea containing 1% sodium dodecyl sulfate (containing a protease inhibitor) and lysed on ice, and vortex oscillations were performed every 10 min. After centrifugation at 12,000 × g for 20 min at 4°C, soluble protein lysates were collected and identified using the bicinchoninic acid protein assay. Then, 100 μg of protein from each sample was transferred into a fresh Eppendorf tube. After addition of 2 μL of 0.5 M tris(2-carboxyethyl)phosphine at 37°C, 4 μL of 1 M iodoacetamide was added, and the mixture was protected from light at room temperature for 40 min. After adding five volumes of prechilled acetone at −20°C, precipitation was conducted overnight. The precipitates were washed with 90% acetone solution and centrifuged at 12,000 × g for 20 min at 4°C. After thorough drying at room temperature, the proteins were dissolved in 100 μL of 100 mM tetraethylammonium bromide. Sequence-grade modified trypsin (Promega, Madison, WI, USA) was then added at a mass ratio of 1:50 enzyme/protein overnight at 37°C.



Liquid chromatography with tandem mass spectrometry analysis for proteomics

Desalination was performed using C18 ZipTip (Millipore, Burlington, MA, USA). A Pierce quantitative colorimetric peptide assay (Thermo Fisher Scientific, Waltham, MA, USA) was used for quantification followed by lyophilization. Subsequently, 30 μL of 0.1% formic acid aqueous solution (solvent A) was added to each sample. The whole system comprised an Orbitrap Exploris 480 mass spectrometer (Thermo Fisher Scientific) coupled to an EASY-nanoLC 1200 system (Thermo Fisher Scientific). Samples (3 μL) (Acclaim PepMap C18, 75 μm × 25 cm) were separated with a 130-min gradient. The column temperature was set at 40°C, with a constant flow rate of 250 nL/min. A mass spectrometer with electrospray at an inlet voltage of 2 kV was used. Using 0.1% formic acid aqueous solution (mobile phase A) and 0.1% formic acid acetonitrile (ACN) solution (mobile phase B), a 130 min separation gradient (0 min, 4% B; 10 min, 6% B; 120 min, 50% B; 121 min, 95% B; 130 min, 95% B) was established. The mass spectrometer was operated in data-independent acquisition (DIA) mode, and one full scan was followed by eight windows. The following MS parameters were used: (1) MS: scan range (m/z) = 350–1,200, resolution = 120,000, automatic gain control (AGC) target = 300%, maximum injection time = 50 ms, and charge states = 2–6; (2) HCD-MS/MS: resolution = 30,000, isolation window = 2, AGC target = 200%, maximum injection time = 50 ms, collision energy = 25, 30, 35; (3) variable isolation windows were used for DIA, and each window overlapped by 1 m/z. The DIA MS data were processed using DIA-NN (v.1.7.12) (Demichev et al., 2020), and the “Generate Spectrum Library” option was set. The workflow of DIA-NN commenced with a peptide-centric approach, and the collection of precursor ions supported automatic generation from a protein sequence database (library-free mode) (Demichev et al., 2020). The FASTA file used a human proteome database containing Swiss-Prot sequences (downloaded from the UniProt database on March 21, 2020; containing 20,365 proteins). A false discovery rate of <0.01 was set.



Metabolite extraction

For untargeted metabolomic analysis, the stored samples were thawed at 4°C. Then, 400 μL of methanol (MeOH) and 400 μL of ACN were added to a 100 μL plasma sample and centrifuged at 13,000 rpm for 15 min at 4°C. The supernatant was collected and evaporated to dry with a vacuum concentrator. The dry extract was resuspended in a 1:1 ACN:H2O solution (100 μL centrifuged at 13,000 rpm for 15 min at 4°C). The supernatant was collected and stored at −80°C.



Liquid chromatography with tandem mass spectrometry analysis for metabolomics

For untargeted metabolomic analysis in both positive and negative ion mode, the whole system comprised an HPLC–MS/MS on a Triple TOF 6600plus mass spectrometer (AB SCIEX, Foster City, CA, USA) coupled to an Agilent 1290 LC system (Agilent, Palo Alto, CA, USA), while the ACQUITY UPLC BEH Amide column (100 mm × 2.1 mm, 1.7 μm, Waters) was used for LC separation. For positive and negative ion modes, the ion spray voltage was set to 5,000 V (ESI+) and −4,000 V (ESI−), respectively. The MS scanning range was collected between 60 and 1,200 m/z. The curtain, heating, and atomization gas flow was set at 35, 60, and 60 psi, respectively. The injection volume was set at 5 μL, and the gradient separation was 12 min. The flow rate of the column was 500 μL/min, and the column temperature was set to 25°C. Mobile phase A was water (containing 25 mM ammonium acetate and 25 mM ammonia), and mobile phase B was pure ACN. Gradient settings were set at 95% of the initial conditions of mobile phase B for 0.5 min, then the linear gradient shifted from 95 to 65% of mobile phase B in 6.5 min, and then from 65 to 40% in 1 min; 40% of the elasticity of mobile phase B was maintained for 1 min. Subsequently, a 0.1-min gradient was used to return to the initial condition, which lasted for another 2.9 min. In the instrumental analysis, one QC sample was inserted for every seven analytical samples. For untargeted metabolomics analysis, the original data collected by MS were converted using ProteoWizard (version 3.0.6150). The converted file was further processed using XCMS (version 1.46.0) for peak identification and retention time alignment to obtain the peak list. The main parameters were as follows: minimum peak width, 5 s; maximum peak width, 30 s; ppm deviation, 25 ppm; and signal-to-noise threshold (snthresh), 3.



Statistical analysis

Continuous data are summarized as mean [standard deviation (SD)] and median [interquartile range (IQR)] values, and categorical data are described as numbers (%). The Shapiro–Wilk test was performed to assess normality. Comparisons of two groups (before vs. after treatment/healthy control vs. migraine) were conducted using an independent samples/paired t-test or Mann–Whitney U-test. The relationship between categorical variables was evaluated using the chi-squared test and Fisher’s exact test. Bonferroni adjustment was applied to control the family wise error rate in these comparisons in consideration of the main hypothesis of the study. In the analysis of demographics and clinical characteristics, Statistica 20.0 software (TIBCO Software Inc, Palo Alto, CA, USA) was used, and the statistical significance level was set at P < 0.05.

Missing values were processed using the “Wu kong” platform (Wang et al., 2020). Protein data rows with a missing value ratio of >80% in the quantitative results were deleted. The Seq-KNN method was used to fill in missing values. For quantitative proteins, deviation between samples was reduced using the median normalization method. The P-value of the protein was calculated using an unpaired two-sided Welch’s t-test, and the fold change was calculated according to the ratio of the two groups. The data were filtered according to a P-value of <0.05, and fold change of >1.2 or <1.2–1 in volcano plots. The gene names of differentially expressed proteins (DEPs) were drawn using the UniProtKB/Swiss-Prot public database. clusterProfiler (v.3.18.0) in R studio (v.1.2.5033) was used to enrich the Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways (Yu et al., 2012).

MetDNA1 was used for metabolite identification (Shen et al., 2019). Statistical analyses were performed using the StatTarget package (Luan et al., 2018). The QC-base random forest signal correction algorithm (QC-RFSC) was used to perform signal correction based on QC. We generated a preliminary filter according to a P-value of <0.05 and fold change of >1.2 or <1.2–1 in volcano plots. Subsequently, the data in the positive and negative ion modes were merged, and multivariable statistical analysis was conducted using SIMCA-P software version 14.1 (Umetrics, Umea, Sweden). An orthogonal partial least squares discriminant analysis (OPLS-DA) model was constructed, and the model was verified by a substitution test of 200 iterations. Differentially expressed metabolites (DEMs) were screened by variable importance in projection of >1, P-value of <0.05, and fold change of >1.2 or <1.2–1. Metabolic and joint pathway analyses were performed using MetaboAnalyst 5.02 (Pang et al., 2021). Sample normalization by median was selected. Pareto scaling and logarithmic normalization were selected for data scaling and transformation, respectively.

SIMCA-P software was used to construct an OPLS-DA model for multivariate correlation analysis. Data were scaled to unit variance and subjected to linear transformation. After data processing, regression analysis was performed between quantified plasma molecules (proteins and metabolites) and clinical variables of pain intensity (VAS) in patients with migraine who received acupuncture treatment. VAS was used as a single y-variable, and x-variables were molecular quantitative values. In S-plot plots, the abscissa and ordinate coordinates represented the co-correlation and correlation coefficients of the principal component and molecule, respectively. To verify the results obtained using the above method, Spearman correlation analysis was performed, and the results were illustrated as a heatmap.

Machine learning methods provide requisite data parsing, integration and analysis, and binary output capability characteristics, which enables the construction of multiple classification models using combinations of biomarkers. In recent years, machine learning has demonstrated broad application prospects for disease diagnosis, health management, and other medical and health fields. In this study, machine learning analysis was performed using MetaboAnalyst 5.0 (see text footnote 2). The classification was performed using linear support vector machines (SVMs), a supervised machine learning algorithm that efficiently separates datasets by constructing a hyperplane in an N-dimensional space. The mass spectrum intensity values were used as the input of the machine learning model to construct receiver operating characteristic curve analysis and calculate the area under the curve (AUC) to characterize the relationship between specificity and sensitivity.




Results


Demographic features and clinical characteristics

We recruited 20 patients with migraine without aura and 10 age- and sex-matched healthy controls to ensure the groups were as homogenous as possible (Table 1). To evaluate the impact of acupuncture on proteomics and metabolomics in patients with migraine without aura, we compared paired samples obtained before and after treatment (n = 20). The headache characteristics and comorbidities of the migraineurs before and after acupuncture treatment are presented in Table 2. Table 2 provides mean scores on the BDI-II (mean score 9.40 is indicative of normal, BDI-II score, 0–10), the BAI (mean score 9.75 is indicative of normal, BAI score, 0–14), the MoCA (mean score 27.60 is indicative of normal, MoCA score, 26–30) and the PSQI (mean score 5.00 is indicative of normal, PSQI score, 0–5) at baseline. Co-morbid depression, anxiety, cognitive impairment and sleep disturbance were not found in these migraine patients. Significant changes were observed in the number of migraine days, VAS score, HIT-6 scale, and MSQ scale after acupuncture treatment, which are consistent with the results of our previous studies (Wang et al., 2011; Zhao et al., 2017; Xu et al., 2020; Table 2). Specifically, acupuncture resulted in significantly greater reduction in the number of migraine days after the treatment phase, with a mean difference of 4.58 (95% confidence interval 2.43–6.73; P = 0.0003) days compared with that at the baseline phase. A significant decrease in VAS score was observed from baseline to the end of acupuncture treatment (8.10 ± 1.62 vs. 4.90 ± 1.65; P < 0.0001). At baseline, the mean HIT-6 score was 66.20, suggesting that headache had a severe impact. The decrease in mean HIT-6 score from baseline was significant at week 4 (P < 0.0001), resulting in a mean HIT-6 score at week 4 that was below the severe impact threshold. All subscales of the MSQ scale improved significantly by week 4 relative to baseline. Moreover, in patients with paired samples before and after acupuncture treatment, total scores on the BDI-II and BAI scales were significantly lower at week 4 than at baseline. However, we did not observe any significant differences in the changes in MoCA and PSQI scores from baseline to week 4.



Proteomic and metabolomic profiling of plasma from patients with migraine

We collected 50 plasma samples in total, including 20 blood samples from the same group of migraine patients without aura before and after acupuncture treatment, 20 plasma samples from patients before acupuncture treatment (M group), and 20 plasma samples from patients after acupuncture treatment (A group). In addition, 10 plasma samples of healthy control group (H group) were included. To characterize changes in protein and metabolite expression, we used DIA proteomics and UPLC-MS/MS untargeted metabolomics to analyze the protein and metabolite profiles in patients with migraine after acupuncture treatment (Figure 1). In total, 1,354 proteins (Supplementary Table 2) and 2,828 metabolites (1,389 in negative ion mode and 1,439 in positive ion mode) (Supplementary Tables 3, 4) were identified and quantified. For untargeted metabolomics, total ion chromatograms (TIC) of QC samples under positive and negative ion modes (Supplementary Figure 1) revealed good overlap between the retention time and response intensity of each chromatographic peak. Furthermore, the violin plot of the results of median normalization for proteomic and metabolomic data demonstrated that the biases between samples decreased (Supplementary Figure 2). Collectively, these results highlight the stability and reproducibility of the data.
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FIGURE 1
Study design and workflow. Overview patterns of blood sample collection from migraine without aura patients, including M group (migraine patients before acupuncture treatment) (n = 20), A group (migraine patients after acupuncture treatment) (n = 20), and H group (healthy controls) (n = 10). A total of 1,354 proteins and 2,828 metabolites were identified by proteomics and metabolomics. Differentially expressed biomarkers (DEPs and DEMs) are involved in pathways including a variety of immune responses and changes in energy metabolism. This may help us to understand the pathogenesis of migraine and the potential biological effects of acupuncture in the treatment of migraine. Furthermore, this may allow the identification of potential biomarker combinations for the classification of migraine without aura patients and healthy controls by using a machine learning strategy.




Differentially expressed protein and differentially expressed metabolite expression and functional enrichment between patients with migraine and healthy controls

Differentially expressed proteins were screened according to the criteria of fold change and P-value (Supplementary Figure 3). The volcano plots and OPLS-DA model were further used to screen DEMs according to the combination of P-value of <0.05, fold change of >1.2 or <1.2–1 (Supplementary Figure 3), and variable importance in projection value of >1. The permutation test with 200 iterations (Supplementary Figure 4) and high R2X, R2Y, and Q2 confirmed the good quality of each supervised model.

We compared the proteomic changes in patients with migraine without aura and identified 526 DEPs that centered on the involvement of the humoral immune response and complement and coagulation cascades (Figures 2A,B) between the M and H groups. In addition, we identified 114 DEMs (59 in negative ion mode and 55 in positive ion mode) in the comparison of the M and H groups. The related metabolic pathways (Supplementary Table 5) predominantly involved arginine biosynthesis (Figure 3A). Joint pathway analysis (Supplementary Table 6) revealed significant enrichment of the pentose phosphate and glycolysis/gluconeogenesis pathways (Supplementary Figure 5A).
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FIGURE 2
Gene Ontology (GO) terms and KEGG pathways enrichment analysis of DEPs. GO enrichment analysis (A) and KEGG pathway analysis (B) of DEPs in M group and H group. GO enrichment analysis (C) and KEGG pathway analysis (D) of DEPs in M group and A group.
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FIGURE 3
Pathway analysis for DEMs. (A) The metabolic pathway analysis between H group and M group. (B) The metabolic pathway analysis between M group and A group. The size and color of each bubble is based on the pathway impact value and P-value, respectively.


Our analysis also revealed three energy metabolism-related enzymes, including pyruvate kinase (PKM), glucose-6-phosphate dehydrogenase (G6PD), and hexokinase 1 (HK1) (Figure 4). In addition to these proteins, we identified key dysregulated metabolites, including L-arginine, ADP, and L-noradrenaline. These changes in key molecules, especially α-D-glucose and ADP, were indicative of energy metabolism disorders and oxidative stress in patients with migraine.
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FIGURE 4
Dysregulated proteins and metabolites in H group and M group. (A) Heatmap of DEPs and DEMs between H group and M group. (B) The expression level change of the key proteins and metabolites with significant difference between H group and M group. Asterisks indicate statistical significance based on unpaired two-sided Welch’s t-test. Significance levels: *P < 0.05, **P < 0.01, ***P < 0.001.




Differentially expressed protein and differentially expressed metabolite expression and functional enrichment after acupuncture treatment for patients with migraine

We identified 29 DEPs between groups A and M. GO and KEGG pathway enrichment analyses revealed that DEPs were highly enriched in immune response and complement activation (Figures 2C,D). Further, we identified 69 DEMs (45 in negative ion mode and 24 in positive ion mode) in the comparison of groups A and M. DEMs were uploaded to MetaboAnalyst, and the pathway impact value and P-value were calculated to evaluate the importance of the affected metabolomic pathways. Among these altered pathways (Supplementary Table 7), arginine biosynthesis, arginine metabolism, and proline metabolism were notable pathways of interest (Figure 3B). To integrate the DEPs and DEMs in the pathway, we conducted a joint pathway analysis (Supplementary Table 8). We observed that the DEPs and DEMs were significantly enriched in riboflavin metabolism, arginine biosynthesis, and glycolysis/gluconeogenesis pathways (Supplementary Figure 5B).

Figure 5 summarizes the key dysregulated molecules, including alpha-D-glucose, flavin adenine dinucleotide (FAD), L-glutamate, biliverdin reductase B (BLVRB), citrulline, and enolase 1 (ENO1). We evaluated the correlation between these key dysregulated molecules and pain intensity based on VAS. We observed multivariable correlations of these key molecules with pain intensity in the OPLS-DA model. Among the key molecules, alpha-D-glucose, citrulline, BLVRB, FAD, and L-noradrenaline exhibited a significant correlation with pain intensity, and VAS was positively associated with BLVRB and FAD and negatively related with alpha-D-glucose, citrulline, and L-noradrenaline (Supplementary Figure 6).
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FIGURE 5
Dysregulated proteins and metabolites between M group and A group. (A) Heatmap of DEPs and DEMs between M group and A group. (B) The expression level change of the key proteins and metabolites with significant difference between M group and A group. Asterisks indicate statistical significance based on unpaired two-sided Welch’s t-test. Significance levels: *P < 0.05, **P < 0.01, ***P < 0.001.




Identification of patients with migraine using machine learning

To further explore potential diagnostic biomarkers to distinguish migraine cases from controls, we adopted a machine learning approach using SVMs based on DEPs and DEMs screened from proteomic and metabolomic data. The model achieved a high AUC for classification based only on the first 25 variables, providing sufficient estimates of the AUC results of the first 5–100 biomarkers (Supplementary Figure 7). The 25 key biomarkers, including 16 proteins and 9 metabolites, were ranked by average importance (Figure 6A). The model achieved an AUC of 0.998 (Figure 6B) in our dataset. Receiver operating characteristic curve analysis was performed to quantify the diagnostic performance of each of the 25 previously highlighted individual plasma metabolites. Notably, FAD was a highly predictive metabolite identified by OPLS-DA in the dataset and exhibited the highest average importance in the construction of the SVM model.
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FIGURE 6
Identification of H group and M group by machine learning of proteomic and metabolomic features. (A) Top 25 characteristic molecules prioritized by SVM model by the average importance. (B) Receiver operating characteristic (ROC) of the SVM model can classify H group and M group perfectly; AUC: 0.998.





Discussion


Energy metabolism

Migraines may be interpreted as an adaptive and conservative behavioral response to an imbalance between the supply of and demand for brain energy. In recent years, advanced high-throughput techniques have increasingly been applied to different aspects of brain metabolism in migraineurs, and the metabolic mechanisms underlying migraine pathophysiology have partially been elucidated in animal studies (Gross et al., 2019). The recovery of brain energy and reduction of oxidative stress are thought to be facilitated by the onset of the migraine itself (Borkum, 2018, 2021). Moreover, growing clinical evidence has implicated an insufficient amount of brain energy or limited antioxidant capacity in migraine attacks (Aytaç et al., 2014). The application of 31P-magnetic resonance spectroscopy (31P-MRS) has revealed that mitochondrial oxidative phosphorylation in the brains of migraineurs is impaired during both ictal (Welch et al., 1989) and interictal periods (Montagna et al., 1994; Kim et al., 2010; Reyngoudt et al., 2012). Numerous reports based on 31P-MRS and morphological, biochemical, and genetic studies (Stuart and Griffiths, 2012) have indicated that an energy supply imbalance (i.e., insufficient energy generation coupled with increased consumption) occurs in patients with migraines. These findings suggest that when the energy demand exceeds a threshold level, the metabolic prerequisites for a migraine may be attained, which triggers the occurrence of migraines. Riboflavin and coenzyme Q10 are key components in the regulation of the mitochondrial respiratory chain and are recommended as effective prophylactic treatments for migraines (Holland et al., 2012; Pringsheim et al., 2012). These notable findings suggest that improved energy metabolism may reduce migraine susceptibility. In this study, we compared patients with migraine and healthy individuals, as well as patients with migraine before and after acupuncture treatments. Our results indicated that acupuncture treatment for migraine without aura reversed the levels of key molecules and stimulated systematic changes in immune-, arginine-, and energy metabolism-related pathways based on proteomic and metabolomic data. Further, we established a correlation between pain intensity and key molecular changes in patients with migraine. Collectively, our analyses of associated pathways and corresponding molecular changes related to energy metabolism provide evidence for the influence of energy metabolism on migraines.

We detected three energy metabolism-related enzymes (PKM, G6PD, and HK1) among the DEPs in the healthy controls and patients with migraine (Figure 4B). These enzymes are primarily involved in pentose phosphate and glycolysis/gluconeogenesis pathways (Supplementary Figure 5A). Via the catalysis of PKM in the glycolytic pathway reaction, a phosphate group is transferred from phosphoenolpyruvate to ADP, resulting in the production of ATP (Wang et al., 2018). The rate-limiting enzyme G6PD generates cytosolic NADPH in the oxidative pentose phosphate pathway for use in biosynthesis and oxidative defense (Zhong et al., 2021). HK1 phosphorylates glucose by consuming extracellular ATP. As the major contributors to brain energy metabolism (glucose metabolism), these enzymes that are implicated in ATP synthesis and glucose catabolism play a crucial role in migraine pathophysiology (Gross et al., 2019); therefore, the importance of these enzymes in energy metabolism-related pathways cannot be ignored. Several medications for acute migraine, such as corticosteroids, induce gluconeogenesis and are effective for treating refractory migraines and status migrainosus (Woldeamanuel et al., 2015). In hypoglycemia, cortisol, adrenaline, and noradrenaline protect cells by inhibiting insulin activity, inducing protein catabolism, and enhancing gluconeogenesis and glycogenolysis. Glycolysis and pentose phosphate pathways involved in the biological effects of changes in patients with migraine and healthy individuals are key clues to changes in energy metabolism, in which the response of these three key proteins perform to be instrumental and can serve as key evidence for changes in energy metabolism.

We also observed lower levels of alpha-D-glucose (Figure 5B) and higher levels of ADP (Figure 4B) in patients with migraine compared than in healthy controls. The aforementioned impairment in oxidative phosphorylation manifests as decreased organic phosphate levels and phosphorylation potential, higher ADP levels, and glucose hypometabolism (Welch et al., 1989; Kim et al., 2010), all of which lead to energy metabolism dysregulation, which is consistent with our data. There is also evidence of impaired oxidative phosphorylation in the brains of migraineurs during the ictal (Welch et al., 1989) and interictal periods (Montagna et al., 1994; Kim et al., 2010; Reyngoudt et al., 2012).

Previous studies have suggested that patients with migraines have insufficient metabolic reserves to satisfy the cerebral high energy demands (Lisicki et al., 2018). This causes these individuals to be susceptible to perturbations in cortical homeostasis. Therefore, it is conceivable that acupuncture treatment, in addition to riboflavin, may be beneficial for migraineurs with impaired energy metabolism, since acupuncture may provide an alternative source of fuel for the brain. Further clinical and animal studies are needed to validate the effects of acupuncture on energy metabolism in patients with migraine. Acupuncture may increase antioxidant levels, decrease oxidative stress, and downregulate neuronal reactivity, thereby reducing the energy demands of the brain, increasing mitochondrial biogenesis, and restoring brain energy homeostasis. Our results suggest that energy metabolism regulation underscores the effects of acupuncture in patients with migraine, which is consistent with the proteomic and metabolomic findings in the healthy controls and patients with migraine.

The comparison of patients with migraine before and after acupuncture treatments revealed several key molecules, including L-arginine (Figure 4B) and alpha-D-glucose (Figure 5B). However, no significant differences were observed in the levels of these molecules between the acupuncture and healthy groups (P > 0.05). Conversely, we observed that the levels of several key molecules, including alpha-D-glucose, FAD, L-glutamate, citrulline, ENO1, and BLVRB, were significantly altered after acupuncture treatment compared with pre-treatment values (Figure 5B) (P < 0.05). ENO1, which is a metabolic enzyme involved in pyruvate synthesis, is a key enzyme in glycolysis. As a plasminogen receptor, ENO1 activates plasmin and degrades the extracellular matrix. Based on current characterization of the biochemical and immunological features of ENO1, it may affect the induction of strong cellular immune and specific humoral responses.

Our joint pathway analysis revealed that changes occurred in riboflavin metabolism and glycolysis pathways after acupuncture compared with pre-treatment values. In accordance with the evidence-based American Academy of Neurology guidelines (Holland et al., 2012), riboflavin is recommended as a Level B medication for migraines in adults, and its effectiveness for migraine prevention has been reported in many clinical studies (Schoenen et al., 1998; Boehnke et al., 2004; Thompson and Saluja, 2017). The properties of riboflavin are also reflected in its neuroprotective functions, which include improvements in neuroinflammation, glutamate excitotoxicity, mitochondrial dysfunction, and oxidative stress. In various neurological diseases, such as migraines, multiple sclerosis, and Parkinson’s disease, the neuroprotective effects of riboflavin may play a key role in multiple pathways (e.g., iron metabolism, mitochondrial function, myelin formation, and antioxidation) that may be impaired at the physiological level. Riboflavin is involved in the oxidized glutathione recycling process and the metabolism of fats, proteins, and carbohydrates. Further, it plays a crucial role in the mitochondrial electron transport chain (Bütün et al., 2015; Marashly and Bohlega, 2017), however, a point that cannot be ignored is the excessive use of riboflavin may induce compensatory downregulation of riboflavin dependent enzymes. These changes in biological effects before and after acupuncture treatment can undoubtedly be used as evidence of changes in energy metabolism. These changes themselves may be crisscrossing and complex, but when we relate them to the corresponding molecular changes and consider the correlative intrinsic interrelationships, the role of changes in energy metabolism emerges.

Biliverdin reductase B family members are general flavin reductases that play a key role in the maintenance of cellular redox. BLVRB is thought to be capable of dictating cell fate alone (Duff et al., 2020). The BLVRB class of enzymes catalyzes the NADPH-dependent reduction of multiple flavin substrates and has emerged as a critical player in cellular redox regulation (Redzic et al., 2021). In the current study, FAD was identified as the molecule with the highest average importance in the SVM classification model that distinguished patients with migraine from healthy controls. FAD expression is upregulated in migraine patients, which may be due to the presence of reductive block in hypoxia and inflammatory signaling. Meanwhile, the level of FAD decreased after acupuncture treatment. These findings suggest alterations in the electron transport chain, which could impact ATP synthesis and energy metabolism. FAD is an essential coenzyme form of riboflavin, and plasma FAD levels have been reported to be consistent in healthy individuals who were administered low doses of riboflavin (Hustad et al., 2002). In humans, mitochondria also produce FAD, which plays a key role in mitochondrial energy metabolism (Mosegaard et al., 2020). These results highlight potential energy metabolism disorders and imbalance in energy regulation in patients with migraine.



Arginine metabolism

Arginine is an essential amino acid that regulates blood flow by modulating vascular endothelial cells. An increase in serum L-arginine level during the migraine interictal period has been reported (Reyhani et al., 2017). Clinical evidence suggests that nitric oxide (NO) also plays a key role in migraines. NO is synthesized from arginine via endothelial nitric oxide synthase (NOS). Studies focusing on substances that release NO and trigger migraines have provided evidence for the importance of NO in migraine pathogenesis (Demartini et al., 2019). In patients with migraines, endothelial dysfunction and oxidative stress have been linked to L-arginine/NO system dysfunction (Erdélyi-Bótor et al., 2017). The present metabolomics analysis identified changes in the arginine synthesis pathway in patients with migraine compared with those in healthy controls (Figure 3A), as well as in patients with migraine before and after acupuncture treatment (Figure 3B). Our data also revealed the presence of arginine biosynthesis dysregulation, including dysregulation of L-arginine, L-glutamate, citrulline, and L-aspartate.

The glutamate excitotoxicity hypothesis suggests that excessive glutamate damages neurons by causing dysfunction and degeneration (Lau and Tymianski, 2010). Glutamate is a critical neurotransmitter in the pathophysiology of migraine headaches and central sensitization due to its excitatory action on nociceptive neurons in the trigeminovascular system (Hoffmann and Charles, 2018). Our data revealed increased L-glutamate levels in patients with migraines (Figure 5B). Elevated glutamate levels in blood samples have been reported in migraineurs during both ictal and interictal periods (Ferrari et al., 1990; Martínez et al., 1993; Campos et al., 2013). Notably, in the present study, we observed a decrease in glutamate levels after acupuncture treatment. Effective preventive treatments for migraine that have distinct mechanisms of action have been reported to significantly lower plasma glutamate levels (Ferrari et al., 2009).

Citrulline, which is a precursor of NO synthesis, was downregulated in migraine patients (Figure 5B). This could be at least partly because migraine attacks were caused by enhanced NO production via the NOS-induced conversion of arginine to citrulline and NO, resulting in the high-output NO synthesis pathway (Gruber et al., 2010). NO may participate in the mechanisms underlying migraines by triggering neurogenic inflammation and activation of fibers conveying nociceptive inputs to the trigeminal ganglion. Citrulline has been reported to remain at low levels in other types of primary headaches, which is consistent with our data (D’Andrea et al., 2019). While citrulline was upregulated after acupuncture treatment, rodent studies in which citrulline attenuated the propagation velocity of KCl-induced CSD support the notion that increased citrulline levels alleviate migraines (Kurauchi et al., 2017).

High NO levels induce CGRP expression and activate the trigeminovascular system. In this regard, NO may modulate mitochondrial function via various mechanisms (Ghasemi et al., 2018). NO-mediated suppression of the mitochondrial electron transport chain may constitute an effect of NO on mitochondrial activity (Bolanos et al., 1994). Additionally, alterations in platelet activity may play a critical role in migraine pathophysiology through mechanisms that involve the NO pathway (Paolucci et al., 2021). Consequently, the presence of NO in platelets has been proposed as a promising tool for studying changes in NO during migraines.



Molecular insights into the pathogenesis of migraines: Link between altered bioenergetics and trigeminovascular activation

Factors that trigger migraine may be attributable to dysfunction in brain energy metabolism, hormones, and environmental factors. As a multifactorial disorder, individual differences exist in the primary pathophysiology of migraines. Increasing evidence indicates that migraines may constitute a disorder of brain energetics. The pathophysiology of migraines was the major focus of this study, and we identified the role of energy metabolism and mitochondrial function in migraine pathogenesis.

Extensive evidence suggests that individuals with migraines exhibit abnormalities in energy metabolism in the brain. An increase in sensory stimulation-induced brain reactivity was observed in patients with migraine in almost every sensory modality (de Tommaso et al., 2014), indicating that migraineurs have an imbalance in energy supply demand in the brain, characterized by an increase in demand and decrease in supply. Increased brain energy deficits and/or oxidative stress are also linked to a lower threshold for sensory pain. ATP-sensitive potassium channels, which are widely expressed in the trigeminovascular system, are involved in the relationship between trigeminovascular activation and metabolic stress and are influenced by the intracellular ATP/ADP ratio as well as by cAMP and cGMP pathways (Al-Karagholi et al., 2017). In a study examining the effects of insulin, glucagon, and leptin in a rat model of migraine, changes in the transmission of trigeminal nociceptive inputs were identified, which provides insight into the dysregulated glucose state associated with migraines (Martins-Oliveira et al., 2017). As mentioned above, the nature of blood glucose disorders in migraines is complex and should form the focus of future research efforts.

Collectively, these findings indicate that oxidative stress and energy metabolism play key roles in triggering or exacerbating migraines. Indeed, abnormalities in multiple metabolic pathways in migraines are well established. Disruption of brain energy homeostasis in the trigeminovascular system is also noteworthy, as it may contribute to the pathological changes underpinning migraines. A common pathway for the activation of trigeminal nociceptors may be related to its limbic connections, primarily via the activation of brainstem chemosensitive neurons or direct stimulation of the release of sensory neuropeptides (e.g., pituitary adenylyl cyclase-activating polypeptide and CGRP) by activated meningeal afferent fibers. Conversely, chemosensitive neurons in the diencephalic region and brainstem (Lisicki et al., 2018) may be capable of sensing metabolic changes and inducing the sensitization of the trigeminovascular system. Factors associated with enhanced oxidative stress may also act as contributors to migraine pain (Benemei et al., 2014; Kozai et al., 2014).

Glycogen reserves in the human brain are limited for various reasons, including the presence of the blood–brain barrier (BBB), which excludes the entry of large, energy-dense molecules. In addition, the brain has high energy requirements and is highly dependent on circulating energy sources. The insulin-independent glucose transporter type 1 plays a key role in the transport of glucose in astrocytes, oligodendrocytes, and endothelial cells in the BBB. Notably, the physiological increase in the levels of brain lactate induced by stimulation and the theory of the astrocyte-to-neuron lactate shuttle (ANLS) provide a highly plausible explanation in this regard (Magistretti and Pellerin, 1999). Glucose is the only carbon source of energy for metabolism in the brain and is transported into brain cells across the BBB. As such, brain tissue is highly sensitive to hypoglycemia. The ANLS theory suggests that astrocytes convert blood glucose into lactate during neuronal activation and play a pivotal role in neuronal energy metabolism, including in retinal ganglion cells (Mori et al., 2020). These results and evidence of diminished migraine energy reserves serve as the basis for our understanding of the role of glucose fluctuations and metabolic abnormalities in migraine pathophysiology.

In addition to their effects on brain excitability and reactivity, most preventive migraine therapies have the potential to improve metabolic function (Yang et al., 2014; Gross et al., 2019). Our data shed light on changes in proteomics and metabolomics profiles of the plasma of patients with migraine after acupuncture treatment. Our data reveal a correlative link between acupuncture treatment of migraine and energy metabolism (Figure 7). We hypothesize that acupuncture treatments may decrease oxidative stress levels while increasing glucose availability in the brain, thereby facilitating the restoration of energy homeostasis (Figure 7). In addition, increased mitochondrial biogenesis, reduced excitatory synaptic transmission in pain and inflammatory pathways, and increased antioxidant capacity are possible additional effects of acupuncture on migraine pathophysiology and treatment (Qu et al., 2020; Zhao et al., 2020). Nevertheless, more research is warranted to confirm these potential effects and clinical outcomes.
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FIGURE 7
Key proteins and metabolites profiling in migraine patients after acupuncture treatment could reveal the correlative link between acupuncture and energy metabolism in the context of trigeminovascular system. Proteomics and metabolomics profiles indicated that acupuncture treatments may decrease oxidative stress levels (FAD, BLVRB, L-glutamate) while increasing glucose availability (α-D-glucose), thereby aiding in restoring energy homeostasis.




Limitations and prospects

Despite the need for a larger sample size, the findings described in this study indicate the existence of several promising biomarker candidates. Our results suggest that acupuncture treatments may be beneficial for patients with migraines by enhancing brain energetics; however, further research (e.g., via MRS and 18F-fluorodeoxyglucose PET) on brain metabolism before and after acupuncture treatment is warranted to draw definite conclusions. Moreover, the impact of placebo acupuncture on proteomic/metabolomic profiles should be evaluated in future studies, as this would enhance the power of the correlations identified herein. Given that sampling from the median cubital vein is more convenient for patients with migraine, we collected plasma samples before and after acupuncture treatment. In this regard, migraine-generating tissues (e.g., meningeal, trigeminal nerve, or CSF) should also be collected to confirm the correlative link between biological differences in disease-specific proteomic/metabolomic profiles and acupuncture treatment for migraine.

Future investigations should harness combined evaluation of brain and energy metabolism with sensory information processing to elucidate the imbalance between brain activity and energy metabolism in patients with migraines. Similarly, studies investigating the role of specific alterations in energy metabolism for other migraine subgroups, such as chronic migraines and migraines with aura, are necessary. Moreover, additional clinical data are required to confirm whether acupuncture treatments that ameliorate dysregulation of energy metabolism result in changes in brain energy usability and sensory information processing.




Conclusion

Our study provides a comprehensive proteomic and metabolomic analysis of plasma samples from patients with migraines before and after acupuncture treatments and a group of healthy control participants. We analyzed key protein and metabolite changes to characterize the underlying molecular and physiological effects and the potential of acupuncture to treat migraines. Our results indicate that energy metabolism pathways may provide a key link in the association between the development of migraines and the molecular changes underscoring acupuncture treatments. Significant changes in key molecules such as FAD, L-noradrenaline, α-D-glucose, BLVRB, and L-glutamate and their corresponding pathways after acupuncture treatment suggest that physiological changes may involve glutamate neurotoxicity, alongside alterations in the trigeminovascular system and other migraine-related biological effects. Migraine triggers are generally thought to be related to energy imbalances, oxidative stress, and various forms of metabolic dysregulation, including glucose metabolism disorders. Indeed, our conclusions are consistent with these hypotheses. Our data offer an overview of molecular changes in the blood that are induced by activation of the trigeminovascular pain pathway. This information may catalyze future investigations on diagnostic and therapeutic modalities in the ongoing effort to identify effective treatments for migraine attacks.
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Background: Post-stroke shoulder pain (PSSP) is characterized by shoulder pain on the hemiplegic side, which can limit physical activity in patients with stroke. Acupuncture combined with rehabilitation training (AR) has been widely used in PSSP, but the evidence of its effectiveness is still unclear.

Objective: The study aimed to evaluate the effect and safety of AR vs. rehabilitation training (RT) alone on PSSP.

Methods: We searched PubMed, the Cochrane Library, the Chinese Biological Medicine Database (CBM), the Chinese Scientific Journal Database (VIP), China National Knowledge Infrastructure (CNKI), and the WAN FANG database for relevant studies from their inception to February 2022. Only randomized controlled trials (RCTs) comparing the effect of AR with RT alone on PSSP were considered. The primary outcome was shoulder pain. Secondary outcomes included upper limb motor function, activities of daily living (ADL), shoulder range of motion (ROM), and adverse events (AEs). Subgroup analysis and sensitivity analysis were also conducted. Quality assessment was implemented based on Cochrane risk of bias (ROB) criteria, which consist of seven items. When more than four items in a study were judged as low ROB, the overall quality of this study was considered low risk.

Results: A total of 40 studies were included in the qualitative analysis, and 35 (87.5%) studies with 2,554 patients were included in the meta-analysis. Of the 40 studies, 14 (35.0%) were of moderate-to-high quality. The meta-analysis results showed that AR is better than RT alone in reducing shoulder pain (MD −1.32, 95% CI −1.58 to −1.07), improving upper limb motor function (MD 6.81, 95% CI 4.95–8.67), ADL (MD 11.17, 95% CI 9.44–12.91), and shoulder ROM (internal rotation: MD 10.48, 95% CI 8.14–12.83; backward extension: MD 7.82, 95% CI 6.00–9.64; anteflexion: MD 12.88, 95% CI 5.47–20.29; external rotation: MD 11.40, 95% CI 6.17–16.64; abduction: MD 16.96, 95% CI 8.61–25.31) without obvious AEs.

Conclusion: AR may be better than RT alone for the improvement of shoulder pain, upper limb motor function, ADL, and shoulder ROM, without obvious AEs in patients with PSSP. However, considering the clinical and statistical heterogeneity, our findings need to be interpreted with caution. More rigorous RCTs in this area should be conducted in the future.

Systematic review registration: [www.crd.york.ac.uk], identifier [CRD42022326763].
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post-stroke shoulder pain, acupuncture, rehabilitation training, alternative and complementary medicine, meta-analysis


Introduction

Post-stroke shoulder pain (PSSP) is a common complication of stroke, characterized by shoulder pain on the hemiplegic side (1–3). PSSP occurs more frequently in the chronic phase after stroke than in the acute phase and usually occurs 2–3 months after stroke (4). Recently, a review including 3,496 patients with stroke demonstrated that the relatively conservative estimate of the total annual incidence of PSSP fluctuates at 0.30 (1). The prevalence may be higher among those in rehabilitation because they tend to have more risk factors (5). To date, due to the etiology of shoulder pain being complex and multifactorial, the exact pathogenesis of PSSP still remains controversial (6, 7). Altered peripheral and central nervous activities, such as spasticity, severe arm paralysis, central post-stroke pain, complex regional pain syndrome, and central hypersensitivity, are considered to be related to PSSP, as well as musculoskeletal disorders, such as supraspinatus tendon pathology, frozen shoulder, and impingement syndrome (5, 8–11). Furthermore, the aforementioned causes may contribute to the development of PSSP individually or in combination. The negative effects of PSSP, such as limited physical activity, depressive states, and sleep disturbances, significantly deteriorate patients’ quality of life (12–15), predispose patients to withdraw from rehabilitation programs, and prolong hospitalization (1, 16), which impose a great burden on both patients and society.

Rehabilitation training (RT) and symptomatic treatment (physical therapy, occupational therapy, transcutaneous electrical nerve stimulation, peripheral nerve stimulation, robotic-assisted shoulder rehabilitation, good limb position, and ROM exercises for the affected shoulder) are the main intervention methods of PSSP (7, 17–20). However, shortcomings exist in the single rehabilitation treatment, including the short duration of efficacy, the limited scope of medication indications, potential adverse drug reactions, and most importantly, limited analgesic efficacy (21–23). For example, neuromuscular electrical stimulation has preventive and therapeutic effects on subluxation, but not pain relief (24, 25). Pharmacological therapy such as corticosteroid injections may not be applied to some type of PSSP owing to its potential side effects (26).

In recent years, acupuncture has become an increasingly popular technique and is used worldwide for the management of pain, headache, musculoskeletal diseases, and other health problems (27). Previous studies demonstrated that acupuncture is effective and safe for PSSP, especially in reducing pain intensity (27–30). It has been incorporated into some guidelines as adjuvant therapy for PSSP (31). Acupuncture combined with rehabilitation (AR) is more effective than rehabilitation training (RT) alone in relieving shoulder pain, improving upper limb movement, and increasing joint range of motion (ROM) in patients with PSSP (17, 32–34). The combined therapy can also shorten the treatment duration, increase blood flow, and reduce edema with fewer adverse reactions (32, 35–37). In 2015, a review including 13 randomized controlled trials (RCTs) demonstrated that AR may be better than RT alone in reducing pain and improving upper limb motor function and activities of daily living (ADL) (38). The number of studies included in this meta-analysis was limited, the quality of studies included was mostly low, and the reliability of its conclusions needs to be improved. In recent years, a large number of RCTs focusing on AR in the treatment of PSSP have been published. We conducted this systematic review (SR) and meta-analysis (MA) to comprehensively update the existing evidence to clarify the role of AR in PSSP. The results of this study may provide evidence for the rehabilitation management of PSSP.



Methods

We conducted this SR and MA according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Only RCTs compared the efficacy of AR with RT alone on PSSP and published in Chinese or English were considered eligible for our MA. A total of six databases, such as PubMed and the Cochrane Library, were searched systematically from their inception to February 2022 for eligible studies. The protocol was registered in the International Prospective Register of Systematic Reviews (No. CRD42022326763). In this review, no ethical approval or patient consent was required because all data analyses were from previously published studies.


Inclusion and exclusion criteria


Types of studies

We included all RCTs comparing the effectiveness of AR with RT alone for PSSP. The studies should be published in Chinese or English. We contacted the authors by email if there was any incomplete information, and studies were excluded if data remained incomplete. The studies would still be excluded if (1) the study compared the effect of different RT techniques, different acupuncture parameters, or different types of acupuncture; and (2) the study type is crossover trials, case reports, animal experiments, abstracts, thesis, or review articles.




Population

We included studies in which participants were diagnosed with ischemic or hemorrhagic stroke by recognized criteria or brain imaging technology (e.g., brain CT, MRI, and DSA). Studies were included if the participants in the study had hemiplegic shoulder pain following a stroke, and shoulder pain was assessed by using a visual analog scale (VAS), or other recognized instruments [e.g., McGi pain questionnaire (MPQ) (39), numeric rating scale (NRS) (40), and faces pain scale (FPS) (41)]. The inclusion criteria included participants > 18 years, regardless of gender, race, clinical setting, or the time since stroke. We excluded studies that recruited participants with the shoulder-hand syndrome (i.e., complex regional pain syndrome) or shoulder dislocation. We also excluded studies that included participants who suffered from shoulder periarthritis, shoulder trauma, and other shoulder diseases before the stroke.



Intervention and comparison

We included studies assessing the effectiveness of AR vs. RT alone on PSSP. The types of acupuncture included auricular acupuncture, abdominal acupuncture (AA), balancing acupuncture (BAA), body acupuncture (BA), carpus–ankle acupuncture (CAA), electroacupuncture (EA), fire acupuncture (FA), relaxing needling at meridian-muscle nodes (RNN), scalp acupuncture (SA), traditional acupuncture (TA), and warm acupuncture (WA), but not moxibustion. The RT mainly included good limb position, Bobath, Brunnstrom, Rood, and shoulder joint ROM exercise. The participants in the AR group received AR, while the participants in the RT group, received RT alone. The RT regimens and base medicines in the two groups must be similar.



Outcomes


Primary outcome

The primary outcome was shoulder pain assessed by VAS, NRS, MPQ, or FPS at the end of treatment. The VAS score changes between 0 and 10 points, the NRS uses the numbers 0–10 to indicate pain intensity, the MPQ evaluates pain via 11 questions, and the FPS uses different facial expressions to show six levels of pain. These scales indicate that the higher the score, the more severe the pain.



Secondary outcome

The secondary outcomes were the motor function of the upper limb, ADL, shoulder ROM, and adverse events (AEs). The assessment time of the outcomes was at the end of treatment. The upper limb motor function was assessed by the Fugl-Meyer scale for the upper limb (FMA-U), ADL evaluated by the Barthel Index (BI) or the modified Barthel Index (MBI), and shoulder ROM measured by the protractor. The FMA-U scale contains 33 items, with a full score of 66 points. The higher the FMA-U score, the better the upper limb function (42). The BI or MBI includes 10 items (e.g., eating, personal hygiene, bathing, toileting, dressing, anal control, bladder control, bed and chair transfer, level walking, and stairs), with a full score of 100 points. The lower the score, the more serious the ADL (43, 44). The potential AEs related to RT or AR may include local subcutaneous ecchymosis, nausea, dizziness, infection, and palpitation.



Data sources and searches

We searched six electronic databases from their inception to February 2022: PubMed, the Cochrane Library, the Chinese Biological Medicine Database (CBM), the Chinese Scientific Journal Database (VIP), China National Knowledge Infrastructure (CNKI), and the WAN FANG database. We performed a systematic search using Medical Subject Headings, titles, keywords, and free words related to acupuncture, RT, and PSSP. The detailed electronic search strategies for all databases are provided in Supplementary Appendix 1. We manually searched additional studies by screening the reference lists of the included articles and the relevant reviews.




Data collection and analysis


Selection of studies

Initially, all articles were imported into EndNote (version X9) for automatic deduplication. After removing duplicates, two authors (XW and CT) independently reviewed the titles and abstracts of all articles to determine whether these articles met the inclusion and exclusion criteria. Full-text articles that potentially met the eligibility criteria were retrieved. Then, the same two authors independently read these full-text articles to identify eligible studies. When multiple studies described the same trial, we included only the earliest published study. During the study selection process, any disagreements could be resolved by discussion or by consulting with a third author (JZ) as necessary.



Data extraction and management

Microsoft Excel was used by two authors (XY and PZ) independently to extract predefined data from the studies included. Where a study considered multiple intervention groups, data were extracted only for AR and RT groups. These authors conducted data extraction in duplicate and then checked the accuracy of these data. During the data extraction process, any disagreements could be resolved by discussion or by consulting with a third author (JZ), as necessary. The predefined data included (1) basic characteristics of the study, such as author name, publication year, sample size, gender, age, time since stroke, and type of stroke; (2) detailed information about interventions, such as types of acupuncture, selected acupoints, duration of needle retention, and frequency and duration of treatment; and (3) outcome measures, such as VAS, FMA-U, BI/MBI, shoulder ROM, and AEs.



Quality assessment

The risk of bias (ROB) assessment tool in the Cochrane Handbook for Systematic Reviews of Interventions (45) was used by two authors (CT and XY) independently to assess the methodological quality of the studies included. This tool included seven criteria: randomization method, allocation concealment, blinding of the participant and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. Each of the criteria is classified as “low risk,” “high risk,” or “unclear risk.” Where a study had more than four low risks in the seven criteria, we considered the overall quality of this study as moderate-to-high quality. Any disagreements could be resolved by discussion or by consulting with a third author (JZ), as necessary.



Measures of treatment effect

We used the post-treatment mean and standard deviation of the two groups to obtain the pooled effect size. When outcomes were evaluated by using the same scale, we used weighted mean differences (WMDs) with 95% confidence intervals (CIs) to describe continuous variables; otherwise, we used standardized mean differences (SMDs) with 95% CIs.



Unit of analysis issues

We managed and analyzed the data of non-standard design studies in accordance with the guidelines recommended in the Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0) (45).



Dealing with missing data

We contacted the corresponding authors or relevant authors of the studies included by email to obtain relevant data and information missing from the study. When the authors of these studies had provided data on at least one outcome among shoulder pain, upper limb motor function, and ADL before and after the intervention, we included those studies in our meta-analysis; otherwise, only a qualitative synthesis of those was performed.



Assessment of heterogeneity

We tested the clinical heterogeneity of studies included via analysis of the basic characteristics of participants (e.g., gender, age, type of stroke, and time since stroke), protocols of intervention (e.g., types of acupuncture, duration of needle retention, and frequency and duration of treatment), outcome measures, and trial design (e.g., randomization method, allocation concealment, and double-blinding).

We tested the statistical heterogeneity of the studies included using the Cochrane I-squared statistic. The I-squared statistic quantified the percentage of heterogeneity in the outcome measures. When I-squared was more than 25, 50, and 75%, the heterogeneity between studies was considered low, moderate, or high, respectively.



Assessment of reporting biases

We tested the publication biases by using visual funnel plots and Egger’s test when the number of studies included was beyond 10.




Data synthesis

We conducted statistical analyses using RevMan version 5.3 (Nordic Cochrane Centre, the Cochrane Collaboration 2014) and RStudio Desktop 1.4.1717.1 Shoulder pain was the primary outcome of this meta-analysis. Given the small number of studies included and moderate-to-high heterogeneity, we conducted a meta-analysis for the primary outcome using a random effects model. For secondary outcomes (e.g., FMA-U, MBI, and ROM), we used a random effects model to pool data when the statistic heterogeneity was significant; otherwise, we used a fixed effects model to conduct the meta-analysis. Furthermore, we performed a narrative summary for AEs. For all meta-analyses, we considered two-tailed P-values less than 0.05 as statistically significant.



Subgroup analysis

Considering the clinical heterogeneity of studies included, we performed subgroup analyses based on different types of acupuncture as follows: EA plus RT vs. RT alone, BAA plus RT vs. RT alone, and TA plus RT vs. RT alone.



Sensitivity analysis

We conducted a sensitivity analysis for the primary outcome by removing each study individually to test the robustness of the meta-analysis results.




Results


Study selection

In total, 2,090 electronic publications were identified from the selected databases. After removing duplicates (n = 614), we further excluded 1,307 articles by screening titles and abstracts, and then 169 articles were retained with full text. Of the 169 articles, 127 were removed for the following reasons: unrelated to PSSP (n = 11), not RCTs (n = 14), irrelevant intervention or comparison (n = 72), thesis (n = 24), separate articles for the same trial (n = 2), not published in Chinese or English (n = 2), and missing data (n = 2). Finally, 40 studies (46–85) were included in the qualitative analysis, and 35 studies with 2,554 patients were included in the meta-analysis due to five studies (54, 58, 60, 65, 77) without appropriate outcomes data. The selection flow of studies is described in Figure 1.
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FIGURE 1
Study flow diagram.




Characteristics of eligible studies

With sample sizes ranging from 26 to 164, the publication years of studies included were distributed between 2002 and 2022. Except for 11 studies without reporting how long after stroke PSSP occurred, the remaining studies reported PSSP occurred in the acute and chronic phases of stroke, ranging from days to months. Overall, 20 studies covered stroke patients with infarction or hemorrhage, two studies (60, 84) were limited to cerebral infarction, and 18 studies had no further information on the type of stroke. Of the 40 studies included, 10 compared EA plus RT vs. RT alone, nine compared TA plus RT with RT alone, two compared AA plus RT vs. RT alone, three compared BAA plus RT with RT alone, four compared CAA plus RT vs. RT alone, two compared WA plus RT with RT alone, and four compared SA and BA plus RT vs. RT alone. The remaining studies compared the effectiveness of TA and BAA plus RT vs. RT alone, EA and BA plus RT vs. RT alone, SA plus RT vs. RT alone, WA and EA plus RT vs. RT alone, FA plus RT vs. RT alone, and RNN plus RT vs. RT alone, respectively. The highest needle retention time was 30 min, except for the fire acupuncture, which only needed 30 s. The treatment duration ranged from 5 to 60 sessions with the days ranging from 7 days to 4 months. Of the 40 eligible studies, 31 assessed shoulder pain by using VAS, one by NRS, one by FPS, and one by MPQ. A total of 29 studies assessed the upper limb motor function via the FMA-U, 12 studies used the MBI or BI to evaluate ADL, and five studies evaluated the shoulder ROM by the protractor. The characteristics of the included studies are given in Supplementary Table 1.



The quality of studies included

Of the 40 eligible studies, 14 (35.0%) were of moderate-to-high quality based on the ROB criteria. In terms of selection bias, 17 articles (42.5%) reported on the randomization process using a random number table approach were judged as low risk, two were considered high risk due to inappropriate randomization procedures, and 21 were considered an unclear risk due to lack of reporting. As for allocation concealment, only two (5%) articles were classified as low risk because correct allocation concealment processes using opaque envelopes were reported. Others were judged as an unclear risk due to the absence of the random number allocation process. For performance bias, patients could not be blinded because there were no sham or placebo controls, so we focused on whether the articles had blinding of acupuncture practitioners. Of all, only one RCT (2.5%) was considered low risk because its acupuncturists were blinded to the grouping. In terms of the blinding of outcome assessment, only three articles (7.5%) were judged as low risk and their outcomes were assessed by those who did not participate in acupuncture practice and unknown to the grouping. Two studies (5%) reported cases of dropouts but did not specify the reasons for dropout, and 38 studies (95%), which reported all outcome data, were considered as low ROB due to attrition bias. In total, seven studies (17.5%) were judged as high risk of reporting bias because one or more outcomes of interest to this SR were poorly or not reported in these studies, which prevented them from being included in the meta-analysis. Other biases were not found in all the studies. The risk of bias assessments of studies included is shown in Figure 2.
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FIGURE 2
Risk of bias assessments of included studies.




Meta-analysis


Primary outcome


Shoulder pain

A total of 31 studies with 2,290 patients compared the effectiveness of AR vs. RT alone on shoulder pain assessed by using VAS. We used the random effects model to pool the data due to the high statistical heterogeneity (I2 = 93%, P < 0.01). The results of pooling data showed that AR is superior to RT alone in reducing shoulder pain in patients with PSSP (MD −1.32, 95% CI: −1.58 to −1.07, Z = −10.10, P < 0.01) (Figure 3). Only one study with 88 patients used the NRS to evaluate shoulder pain, and there was a significant difference between AR and RT alone (2.83 ± 2.24 vs. 3.95 ± 2.31, P < 0.05); one study with 60 patients used the FPS to assess the improvement of shoulder pain between AR and RT alone, and the difference between AR vs. RT alone was significant (1.23 ± 0.77 vs. 5.30 ± 1.44, P < 0.05); and one study including 25 patients used the MPQ to evaluate shoulder pain, and AR was better than RT alone in reducing shoulder pain (10.54 ± 3.01 vs. 17.25 ± 2.77, P < 0.05).
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FIGURE 3
Forest plot and meta-analysis of VAS.





Secondary outcome


Motor function of upper limb

A total of 29 studies including 2,033 patients compared the effectiveness of AR vs. RT alone on upper limb motor function assessed by using the FMA-U. Because of significantly statistical heterogeneity (I2 = 97.3%%, P < 0.01), we selected the random effects model to pool the data. The results of the meta-analysis showed that AR is better than RT alone in improving the upper limb motor function (MD 6.81, 95% CI: 4.95–8.67, Z = 7.18, P < 0.01) (Figure 4).
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FIGURE 4
Forest plot and meta-analysis of FMA-U.




Activities of daily living

In total, 12 studies including 906 patients compared the effectiveness of AR vs. RT alone on ADL assessed by using the MBI or BI. We used the fixed effects model to pool the data because of the low statistical heterogeneity (I2 = 35.4%, P = 0.11). The results of pooling data showed that the effectiveness of AR on ADL is better than that of RT alone (MD 11.17, 95% CI: 9.44–12.91, Z = 12.61, P < 0.01) (Figure 5).
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FIGURE 5
Forest plot and meta-analysis of MBI.




Shoulder range of motion

Only two studies including 110 patients compared the effectiveness of AR vs. RT alone on ROM of shoulder internal rotation and backward extension, respectively. The effects on ROM of shoulder internal rotation and backward extension were analyzed by a fixed effects model due to low to moderate statistical heterogeneity (I2 = 0.0%, P = 0.42; I2 = 62.4%, P = 0.10; respectively). AR for the improvement of ROM of shoulder internal rotation and backward extension was better than RT alone, respectively (MD 10.48, 95% CI: 8.14–12.83, Z = 8.76, P < 0.01; MD 7.82, 95% CI: 6.00–9.64, Z = 8.44, P < 0.01; respectively) (Figure 6).
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FIGURE 6
Forest plot and meta-analysis of ROM of internal rotation and backward extension.


Only five studies including 392 patients compared the effectiveness of AR vs. RT alone on ROM of shoulder anteflexion, external rotation, and abduction, respectively. The effects on ROM of shoulder anteflexion, external rotation, and abduction was analyzed using a random effects model, owing to significant heterogeneity (I2 = 95.0%, P < 0.01; I2 = 96.0%, P < 0.01; I2 = 98.0%, P < 0.01; respectively). The effect of AR on ROM of shoulder anteflexion, external rotation, and abduction, respectively, was better than that of RT alone (MD 12.88, 95% CI: 5.47–20.29, Z = 3.41, P < 0.01; MD 11.40, 95% CI: 6.17–16.64, Z = 4.27, P < 0.01; MD 16.96, 95% CI: 8.61–25.31, Z = 3.98, P < 0.01; respectively) (Figure 7).
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FIGURE 7
Forest plot and meta-analysis of ROM of anteflexion, external rotation, and abduction.




Adverse events

Only one study reported no AEs related to AR or RT alone, and the other studies did not mention AEs.




Subgroup analysis


Electroacupuncture plus rehabilitation training vs. rehabilitation training alone

A total of nine studies including 527 patients compared the effectiveness of EA plus RT vs. RT alone on shoulder pain assessed by VAS. A random effects model was used to pool the data due to significant heterogeneity (I2 = 91%, P < 0.01). The results of the meta-analysis showed that EA plus RT was better than that RT alone in reducing shoulder pain (MD −0.76, 95% CI −1.08 to −0.44, Z = 4.68, P < 0.01) (Figure 8).
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FIGURE 8
Forest plot and subgroup meta-analysis of VAS (BAA, balancing acupuncture; EA, electroacupuncture; RT, rehabilitation training; TA, traditional acupuncture; VAS, visual analog scale).




Traditional acupuncture plus rehabilitation training vs. rehabilitation training

Overall, six studies including 430 patients used VAS to assess shoulder pain. We used a random effects model to conduct meta-analysis because of significant heterogeneity (I2 = 80%, P < 0.01). There was a significant difference in reducing shoulder pain between TA plus RT and RT alone (MD −1.25, 95% CI −1.65 to −0.85, Z = 6.15, P < 0.01) (Figure 8).



Balancing acupuncture plus rehabilitation training vs. rehabilitation training alone

A total of three studies with 220 patients compared the effectiveness of BAA plus RT vs. RT alone on shoulder pain assessed by VAS. Due to a significant heterogeneity (I2 = 70%, P = 0.04), we used a random effects model to pool the data. BAA plus RT was better than RT alone in reducing shoulder pain (MD −1.90, 95% CI −2.44 to −1.35, Z = 6.83, P < 0.01) (Figure 8).




Sensitivity analysis

The stability of the pool data of the primary outcome was tested by removing studies one by one, and the result also supports that the effectiveness of AR in reducing shoulder pain was better than that of RT alone (P < 0.01) (Table 1).


TABLE 1    Results of sensitivity analysis based on VAS.

[image: Table 1]



Publication bias

All included studies were roughly well distributed on both sides of the funnel based on VAS and the MBI. Meanwhile, Egger’s test based on VAS (t = −0.27, P = 0.79) and the MBI (t = 0.44, P = 0.67) also did not find obvious publication bias. However, some studies based on the FMA-U did not distribute inside 95% CIs, and Egger’s test (t = 4.30, P < 0.01) demonstrated obvious publication bias (Figure 9).
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FIGURE 9
Funnel plots illustrating meta-analysis of VAS, FMA-U, and MBI. (FMA-U, Fugl-Meyer Assessment Scale for upper extremity; MBI, modified Barthel Index; VAS, visual analog scale).






Discussion

Our systematic review contained 40 RCTs focusing on the effectiveness of AR vs. RT alone for the improvement of symptoms and function in PSSP. Of the 40 studies included, 14 (35.0%) were of moderate-to-high quality based on the ROB criteria. The meta-analysis results of 35 RCTs with 2554 patients demonstrated that AR is better than RT alone in reducing shoulder pain and improving upper limb motor function, ADL, and shoulder ROM, without obvious AEs. Nevertheless, these conclusions must be interpreted with caution on account of substantial heterogeneity between studies.

In this meta-analysis, we found AR was superior to RT alone in the improvement of shoulder pain, motor function of the upper limb, ADL, and shoulder ROM of patients with PSSP. The robustness of the meta-analysis results was also confirmed by sensitivity analysis. In addition, a subgroup analysis of the efficacy of acupuncture on analgesia was conducted based on the different acupuncture types. Efficacy data of the same type of acupuncture from a single study were excluded for a more reliable result. The pooled results revealed that the EA, or TA, or BAA plus RT was better than that of RT alone on shoulder pain in patients with PSSP. Beyond that, when RT was combined with BAA, patients experienced a greater reduction in shoulder pain than combined with TA or EA, as well as with relatively low heterogeneity. The BAA seems to be a more promising solution for PSSP among the varied acupuncture. This may be a helpful finding for future research on acupuncture for PSSP. Overall, the heterogeneous sources of studies included mainly were diversified acupuncture regimens, such as the selected acupoints, manipulation of acupuncture, needle retention duration, and frequency and session of acupuncture. For instance, among RCTs using TA as intervention, one study (52) reported that the acupuncturist performed neutral supplementation and the draining method after stabbing the needles, while another study (53) reported that the acupuncturist conducted the lifting—thrusting supplementation and draining method to achieve Deqi [i.e., a feeling of soreness, numbness, distension, heaviness, or the electric shock sensation (86)]. Only 35% of the included articles were rated as moderate-to-high quality, which reflects the high possibility of methodological heterogeneity in the included literature. As we can see, neither randomization nor blinding was performed for the majority of RCTs included.

From the perspective of traditional Chinese medicine, pain is caused by the blockage of the meridians and collaterals, and acupuncture uses metal needles to penetrate specific acupoints in the body to regulate the Qi in the meridians and achieve its analgesic effect by unblocking the meridians and collaterals (87–89). From the perspective of modern medicine, acupuncture analgesia is a comprehensive effect that is considered to be achieved by the transmission of impulse signals generated by acupoints to the nervous system, thereby adjusting the generation and release of neurotransmitters (88, 90, 91). Some neurotransmitters related to pain regulation pathways, such as opioid peptides, γ-aminobutyric acid (GABA), 5-hydroxytryptamine (5-HT), glutamate, and norepinephrine (92–95), have been found to be involved in acupuncture analgesia. The most well-recognized mechanism therein of acupuncture analgesia is the endogenous opioid mechanism (88, 90). However, the exact physiological mechanism of acupuncture analgesia is still unclear.

Compared with previous studies, three reviews are similar to ours, published in 2018 (27), 2015 (46), and 2012 (96). The review published in 2018 specified a wider range of shoulder pain for eligible patients, including shoulder-hand syndrome. Also, the review took routine stroke care as the comparative intervention, which may make the conclusion less specific. In addition, only narrative summaries, rather than meta-analyses of data, were performed in the review, which made the conclusions lack the support of objective data. The reviews published in 2015 and 2012 have different inclusion criteria for eligible studies, such as the study type, control group, outcomes measurements, and quality assessment. The quality of the literature included in the aforementioned reviews was generally low, and there was a high risk of selective bias and measurement bias. Moreover, these three reviews have been published for a long time, and there may be hysteresis in their conclusions. In addition, as shown in Supplementary Table 1, some evidence of RCTs for AR on PSSP has emerged since 2018. Therefore, a comprehensive update of the available evidence is necessary to clarify the role of AR in PSSP.

There were some advantages in this review. We performed a comprehensive literature search using a combination of machine and manual methods after consulting professional library searchers. Meanwhile, we also rigorously conducted this SR and MA in accordance with PRISMA and the guideline of Cochrane Collaboration. In addition, we performed subgroup analysis and sensitivity analysis on the included studies, further investigated the effects of different types of acupuncture therapy, and explored the possible sources of heterogeneity among the studies. This can help our conclusions be more reliable and helpful to the actual condition.

There are some limitations to our study. First, we did not limit the intervention to a specific type of RT, which may lead to the amplification of the meta-analysis results. Second, we restricted the published languages of studies to Chinese or English, but only one eligible study was published in English, and all studies included were conducted in the Chinese population, which may lead to linguistic and regional biases that are difficult to eliminate. Third, due to the lack of clear descriptions of randomization, blinding, and allocation concealment in the protocols of most studies included, we cannot judge whether the authors performed these steps, which may affect the accuracy of our findings. Finally, there was a significantly statistical heterogeneity in this meta-analysis, which may increase the uncertainty of our results.



Conclusion

In this review, we found AR is better than RT alone for the improvement of shoulder pain, upper limb motor function, ADL, and shoulder ROM, without obvious AEs in patients with PSSP. However, considering the clinical and statistical heterogeneity, our findings need to be interpreted with caution. In the future, more rigorous and standardized trials on AR for PSSP should be conducted.
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Objective: Glial cells are involved in the analgesic effect of electroacupuncture (EA) in rats with chronic neurological pain. The objective of this study was to observe the role of neuronal–glial interaction and glutamate (Glu) transporters in EA-induced acute neck pain relief in rats.

Materials and methods: Male rats were placed into the following five groups: control, model, EA Futu (LI18), EA Hegu (LI4)-Neiguan (PC6), and EA Zusanli (ST36)-Yanglingquan (GB34). The incisional neck pain model was established by making a longitudinal incision along the midline of the neck. The thermal pain threshold (TPT) was measured using a radiation heat detector. The immunoactivities of glial fibrillary acidic protein (GFAP), ionized calcium-binding adapter molecule 1 (Iba-1), neurokinin-1 receptor (NK-1R), Glu aspartate transporter (GLAST), and Glu transporter-1 (GLT-1) in the dorsal horns (DHs) of the cervico-spinal cord (C2–C5) were detected using immunofluorescence histochemistry. The expression levels of GFAP, Iba-1, GLAST, and GLT-1 mRNAs were determined using quantitative real-time polymerase chain reaction (PCR).

Results: The TPT and levels of mRNAs expression and immunoactivity of GLT-1 and GLAST were significantly decreased, and those of Iba-1 and GFAP were significantly increased in the model group than those of the control group (P < 0.05). The activated microgliacytes were gathered around the NK-1R positive neurons, and co-expression of NK-1R and astrocytes was observed in the model group. EA LI18 significantly increased the TPT and expression of GLAST and GLT-1 mRNAs (P < 0.05) and notably decreased the number of Iba-1 positive cells and Iba-l mRNA expression (P < 0.05), whereas GLAST and GLT-1 antagonists inhibited the analgesic effect of EA LI18. However, these effects, except for the downregulation of Iba-1 mRNA, were not observed in the EA ST36-GB34 group. Fewer NK-1R-positive neurons were visible in the spinal DHs in the EA LI18 group, and the co-expression of NK-1R and astrocytes was also lower than that in the three EA groups.

Conclusion: Electroacupuncture of LI18 had an analgesic effect in rats with neck incisions, which may be related to its functions in suppressing the neuronal–glial cell interaction through NK-1R and upregulating the expression of GLAST and GLT-1 in the spinal DHs.

KEYWORDS
glial cells, electroacupuncture, incisional neck pain, glutamate transporter-1, glutamate–aspartate transporter


Introduction

Postoperative incisional pain is a common complication of surgery that may seriously affect patient quality of life. Within 4 days after thyroidectomy or parathyroid and endoscopic surgery, many patients complain of severe neck pain and anterior chest discomfort (Wattier et al., 2016; Kim et al., 2018). Moreover, in some cases, chronic pain may occur due to a topical inflammatory reaction, central hypersensitivity, changes in patient psychological or pathophysiological factors, or improper treatment of acute pain (Lin, 2014; Lou et al., 2017). Block (2016) conducted a comprehensive analysis of previous studies and concluded that surgery-induced inflammation at the injury site further caused low-grade inflammation in the central nervous system (CNS), leading to an imbalance of neuronal–glial interaction and communication. Thus, enhanced excitability of the excitatory neurons and increased pain-signal transmission developed, inducing a transition from acute incisional pain to persistent postsurgical pain. During this process, the neuronal–glial interaction plays an important role in pain maintenance (Gwak et al., 2017; Zhang et al., 2017).

As excitatory neurotransmitters, glutamate (Glu) and substance P (SP) play a critical role in pain-signal transmission and maintenance. In the spinal dorsal horns (DHs), they are released from the peripheral endings of small diameter afferent fibers upon noxious stimulation (Kingery et al., 2002; Jin et al., 2009; Clarke et al., 2011), whereas, neurokinin-1 receptors (NK-1Rs) and Glu receptors (GluR) are expressed on spinal DH neurons (Ma et al., 2015; Wang et al., 2019). The NK-1Rs are also expressed in non-neuronal cells in the CNS, including microglia and astrocytes, and these glial cells have important immune functions (Härtel et al., 2009; Johnson et al., 2016; Burmeister et al., 2017; Jiang et al., 2020). The combination of SP and NK-1R functions in promoting inflammatory immune responses by the activated microglia and astrocytes (Johnson et al., 2016), which may be involved in acute incisional pain that progresses to chronic pain. The Glu aspartate transporter (GLAST) and Glu transporter-1 (GLT-1) are two major transporters expressed in astrocytes of the spinal cord that absorb extracellular Glu to maintain normal extracellular levels and protect neurons from neurotoxicity. Inhibition of GLAST expression in the spinal cord reduces excitatory synaptic activity and spontaneous responses after nociceptive stimulation of the paw (Niederberger et al., 2006). In the spinal DHs, GLT-1 and GLAST are densely expressed in laminae I and II, and their expression levels in the activated astrocytes (neither microglia nor neurons) were evidently decreased at both 7 and 14 days after partial sciatic nerve ligation (Xin et al., 2009). These results indicate that NK-1R, GLAST, and GLT-1 are all involved in the nociceptive input processing in DHs of the spinal cord.

Our previous research showed that EA of LI18 (close to the neck incision) and LI4-PC6 (located at the neighboring nerve segments of the neck incision) suppressed incisional neck pain or neck inflammatory pain and inhibited the immunoactivity of SP and NK-1R, as well as protein expression of the NR2B subunit of N-methyl-D-aspartate (NMDA) receptors in cervical spinal cord DHs in rats with inflammatory (Gao et al., 2009) and incisional neck pain (Qiao et al., 2010). Repeated EA treatment attenuated hyperalgesia by inhibiting spinal glial activation in rats with chronic neuropathic pain (Wang et al., 2018). Thus, EA may reduce pain by modulating SP/NK-1R signaling and GLAST activities, which have a close relationship with glial cells. However, it remains unclear whether the neuron–glial interaction via SP/NK-1R signaling and GLAST in the cervical spinal DHs are involved in EA-induced relief of acute incisional neck pain. Therefore, the present study was designed to investigate the role of spinal neuronal–glial cross-talk by regulating NK-1R and astrocytic GLAST in incisional pain induction and EA analgesia.



Materials and methods


Animals and grouping

All experimental protocols and animal care were approved by the Institutional Animal Welfare and Use Committee of the Institute of Acupuncture and Moxibustion of the China Academy of Chinese Medical Sciences (Approval No. 2013021801) and were performed in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85–23, revised 1985). A total of 65 male Sprague-Dawley (SD) rats (200–220 g in weight) were obtained from the Experimental Animal Center of the China Academy of Medical Sciences [license number: SCXK (Jing, 2014-0013)] and housed under standard laboratory conditions at 22 ± 2°C with a 12:12-h light–dark cycle. The rats were given food and water freely and acclimatized to the laboratory conditions for 7 days prior to the experiment. Sixty-five rats were randomly assigned to the following five groups (n = 13 in each group): normal control, model (incisional neck pain), EA Futu (LI18), EA Hegu (LI4)-Neiguan (PC6), and EA Zusanli (ST36)-Yanglingquan (GB34) by using a random number table. To validate the effects of GLAST and GLT-1 in EA analgesia, another 30 male SD rats were randomized into the following three groups: vehicle + EA, glutamate aspartate transporter (GLIST) antagonist + EA, and GLT-1 antagonist + EA; these rats received intrathecal injection (i.t.) of the related vehicle or antagonists.



Incisional neck pain model establishment

Rat neck hair was removed with an appropriate amount of hair removal cream (barium sulfide) 1 day before the incision operation. To establish the incisional neck pain model, the rats were anesthetized with isoflurane (1–2% in oxygen), delivered by a nose cone in a tabletop animal anesthesia ventilator system (VME Matrix, Midmark, Dayton, OH, USA). A 1.5 cm longitudinal incision was made along the midline of the neck, and a pair of forceps was used to separate and manipulate the bilateral sternohyoideus muscles in the region of the thyroid gland repeatedly for approximately 30 min. Next, the incision was sutured in layers with surgical silk (gauge 4.0) at intervals of approximately 0.5 cm. After the operation, the rats were placed back into the cages for recovery.



Electroacupuncture intervention

According to the acupoint chart for rats in the book “Experimental Acupuncture” (Li, 2007), and the positions of acupoints in the human body, LI18 is located on the lateral part of the neck between the anterior and posterior margins of the sternocleidomastoid muscle on the horizontal level of the 4th cervical vertebra. LI4 is located between the first and second metacarpal bones of the forelimb. PC6 is on the ventral side of the forelimb, approximately 3 mm from the wrist, between the ulna and the radius. ST36 is on the lateral side of the knee joint of the hind limb, 5 mm under the capitulum fibulae. GB34 is approximately 4 mm superior-lateral to ST36. Bilateral acupoints were selected for this study (Figure 1A).
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FIGURE 1
Electroacupuncture (EA) increases thermal pain threshold (TPT, thermal neck withdrawal latency, TNWL) in rats with incisional neck pain. (A) The location of LI18, LI4, PC6, ST36, and GB34 in rats. (B) Schematic diagram of experimental procedures of EA treatment and behavioral measurements. (C) Effect of EA at Futu (LI18), Hegu (LI14)-Neiguan (PC6), and Zusanli (ST36)–Yanglingquan (GB34) on TPT in rats with incisional neck pain (mean ± SD, n = 13/group). The TPT was significantly increased in both EA LI18 and EA PC6-LI4 groups but not in the EA ST36-GB34 group 24 h after incision. *P < 0.01, vs. the control group; #P < 0.05, vs. the model group; ^P < 0.05, vs. the EA LI18 group.


Under the same anesthesia, isoflurane (1–2% in oxygen), the filiform needles were inserted into the acupoints mentioned above. EA treatment was administered using a HANS Apparatus (Hans-200A, Jisheng Medical Technology, Co., Ltd., Nanjing, China) immediately after the neck surgery was completed, and 20 h after the incision, with the following parameters: 1 mA, alternative frequency of 2/100 Hz, and duration of 30 min. The rats in the normal control and model groups were administered the same anesthesia without acupuncture needle insertion and EA stimulation.



Measurement of thermal pain threshold

The thermal pain threshold (TPT, i.e., thermal neck withdrawal latency, TNWL) of the neck incision region was measured before and 24 h after neck incision using a tail-flick unit (37360, UGO Basile, Gemonio, VA, Italy) while the rat was fully awake (Figure 1B). The heat intensity was set to 50 units, with a cutoff time of 30 s to avoid tissue damage. The TPT was measured as described in our previous reports (Gao et al., 2009; Qiao et al., 2010). During the incisional neck pain measurement, the rat was held in place with the neck incision region over the mounted window of the radiant heat source of the tail-flick unit. The TPT was recorded automatically when the rat swiftly moved its neck away from the heat source. The measurement was repeated three times for each rat, with an interval of approximately 5 min between every two measurements, and the average value was used. The researcher who analyzed the TPT data was blinded to animal grouping and did not participate in EA interventions.



Surgery for intrathecal injection

The rats used for intrathecal injection (i.t.) under light anesthesia (isoflurane) were placed in a stereotaxic apparatus. After exposing the dura mater of the lumbar (L5–L6) spinal cord, a polyethylene (PE10) catheter [outside diameter (OD) 0.61 mm, internal diameter (ID) 0.28 mm, Smiths Medical, ICU Medical Inc., Minneapolis, MN, USA] prefilled with sterilized 0.9% NaCl solution was inserted into the subdural space and moved rostrally about 8 cm to the spinal subarachnoid space of the cervical vertebrae C2–C5 (Chen et al., 2012). The local muscles and skin were sutured in layers with 3-0 silk stitches, the catheter was fixed and buried in the muscle layers and sealed with a cautery pen, and approximately 2–3 cm of the catheter end was left exposed. The rats were allowed to recover for 7 days before beginning the next experimental procedure. After completing the experiment, the location of the catheter was verified by injecting lidocaine, and only rats who developed a brief forelimb paresis after lidocaine injection were used.



Intrathecal administration of glutamate aspartate transporter and glutamate transporter-1 antagonists

One week after catheter implantation, the rats were placed under light anesthesia (isoflurane) and received one of the following treatments by i.t.: 100 μg/10 μl DL-threo-β-benzyloxyaspartate (DL-TBOA, a competitive, non-transportable blocker of excitatory amino acid transporters such as GLAST), 100 μg/10 μl DHK (a GLT-1 specific antagonist), or 10 μl vehicle (0.9% saline, n = 10/group) through the catheter by using a micro-osmotic pump (0.5 μl/h), once daily for 5 days. Any residual reagent solution or vehicle was flushed from the catheter with subsequent delivery of 10 μl of saline, with the outer end sealed by heat every time. This treatment was followed by the neck incision procedure. Thermal hyperalgesia of the neck incision area was measured before incision, at 4 and 24 h after incision.



Quantitative real-time polymerase chain reaction

Under deep anesthesia with pentobarbital sodium (35 mg/kg, i.p.), the C2–C5 segments of the cervical dorsal spinal cord (semi-section) were quickly collected on ice 24 h after neck incision and stored in liquid nitrogen. The total RNA of spinal cord tissue was extracted using the TRIzol method. The reverse transcription of cDNA was performed using the Prime ScriptTM Reagent Kit (Takara Bio, Shiga, Japan). Gene expression levels were measured using a fluorescence quantitative real-time PCR system (ABI7500, Applied Biosystems, Waltham, MA, USA), with the primer sequences summarized in Table 1. Each reaction mixture consisted of 2 μl cDNA, 10 μl REAL SYBR Mixture (2×), 0.8 μl (10 μmol/μl) of both forward and reverse primers, and 7.2 μl PCR-grade water, equating to a final volume of 20 μl. PCR was performed under the following conditions: 95°C, 30 s; 40 PCR cycles (95°C, 5 s, 60°C, 40 s); followed by 95°C for 10 s, 60°C for 60 s, and 95°C for 15 s. The data were analyzed by 2–ΔΔCt.


TABLE 1    Primer sequences.
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Immunofluorescence labeling

Under deep anesthesia with pentobarbital sodium (35 mg/kg, i.p.), the rats were initially perfused with normal saline followed by a 4% paraformaldehyde solution. The cervical spinal cord (C2–C5, semi-section) was removed and dehydrated with 30% sucrose solution and then sliced into 40 μm thick sections with a freezing microtome (Thermo Fisher Scientific, Bremen, Germany). NK-1 and glial fibrillary acidic protein (GFAP)/ionized calcium-binding adapter molecule 1 (Iba-1), or GFAP and GLT-1/GLAST double immunofluorescence analyses were performed. Free-floating tissue sections were incubated in the following primary antibodies: rabbit anti-NK-1 (1:1,000, AB5060, Sigma-Aldrich, Burlington, MA, USA) and mouse anti-GFAP (1:1,000, 3670S, Cell Signaling Technology, Danvers, MA, USA)/goat anti-Iba-1 (1:500, ab5076, Abcam, Waltham, MA, USA), or mouse anti-GFAP and rabbit anti-GLAST (1:200, ab416, Abcam, Waltham, MA, USA)/rabbit anti-GLT-1 (1:200, ab41621, Abcam, Waltham, MA, USA) overnight at 4°C. Next, the sections were incubated with fluorescent secondary antibodies: Alexa Fluor 594-conjugated donkey anti-rabbit antibodies (1:500, A32754, Life Technologies, Waltham, MA, USA) and Alexa Fluor 488-conjugated donkey anti-mouse antibodies (1:500, A21202, Life Technologies, Waltham, MA, USA)/Alexa Fluor 488-conjugated donkey anti-goat antibodies (1:500, A11055, Life Technologies, Waltham, MA, USA), or Alexa Fluor 488-conjugated donkey anti-mouse antibodies (1:500, A21202, Life Technologies, Waltham, MA, USA), and Alexa Fluor 594-conjugated donkey anti-rabbit antibodies (1:500, A32754, Life Technologies, Waltham, MA, USA) for 2 h at room temperature. The 435/455 Blue Fluorescent Nissl (1:1,000, N21479, Invitrogen, Waltham, MA, USA) was also used for the identification of cellular nuclei. The images of three sections (within the superficial DHs) of each rat were captured with a fluorescent microscope (E600, Eclipse, Nikon,Tokyo, Japan) or a laser scanning confocal microscope (FV1200, Olympus, Tokyo, Japan) equipped with a digital camera (DP70, Olympus, Tokyo, Japan). Under the microscope, five areas in the same section of DHs of the spinal cord in each tissue section were randomly selected for counting the number of Iba-1 positive cells or for measuring the intensity of GFAP/GLAST/GLT-1 immunofluorescence with the Nikon Imaging Software (NIS) elements (Nikon, Tokyo, Japan). The mean number or the mean intensity of each section in the five areas was calculated. Next, the mean number or mean intensity of three slices from the same rat was taken as the positive cell count or fluorescence intensity of that rat. Control immunostaining was obtained by substituting the primary antibody with normal serum.



Statistical analyses

All data were expressed as the mean ± standard deviation (mean ± SD) and were analyzed with IBM SPSS software (IBM Corp., Armonk, NY, USA). Repeated measures ANOVA was used to analyze the TPT data, and one-way ANOVA was used to analyze the remaining data from the present study. A post-hoc test for least significant difference (LSD) was performed to compare differences between the two groups. Statistical significance was set at P < 0.05.




Results


Effect of electroacupuncture on thermal pain

Before the neck incision, we found no significant differences in the TPT levels among the five groups (P > 0.05, Figure 1C). After neck incision, the TPTs were significantly decreased in the model group when compared with the control group at 24 h after neck incision (P < 0.05). Also, when compared with the model group, the TPTs were observably increased 24 h after neck incision in both the EA LI18 and EA LI14-PC6 groups (P < 0.05, Figure 1C), but not in the EA ST36-GB34 group (P > 0.05, Figure 1C). The TPT of the EA LI18 group was markedly higher than that of the EA ST36-GB34 24 h after neck incision (P < 0.05, Figure 1C).



Effect of electroacupuncture on activities of microgliacytes and astrocytes

Under the microscope, 24 h after neck incision, the microgliacytes labeled by Iba-1 exhibited small cell bodies and thin processes in the superficial layers of the spinal DHs in the control group, and those in the model group exhibited an ameboid shape with enlarged cell bodies and thick and short processes (Figure 2A). When compared with the control group, the number of Iba-1 positive cells in the model group was observably increased 24 h after neck incision (P < 0.05, Figure 2B), suggesting microgliacyte activation after neck incision. The microgliacytes in the EA LI18 group exhibited a similar state as those in the control group. When compared with the model group, the number of Iba-1 positive cells at 24 h was significantly decreased in both the EA LI18 and EA LI4-PC6 groups (P < 0.05), whereas, the number in the EA ST36-GB34 was slightly decreased (P > 0.05). The number of Iba-1 positive cells was markedly lower in the EA LI18 group than that in the EA ST36-GB34 group 24 h after neck incision (P < 0.05, Figure 2B).
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FIGURE 2
Comparison of the effects of electroacupuncture (EA) on activities of microglia in the dorsal horns (DHs) of cervical (C2–C5) spinal cord at 24 h after neck incision in different groups (mean ± SD, n = 5/group). (A) Representative fluorescence micrographs of immunofluorescent staining of ionized calcium-binding adapter molecule 1 (Iba-1) for microgliacytes in the spinal DHs in different groups. The magnified microglial cells shown in the right column images were chosen from the dashed squares of the left column images in the five groups. The scale bar in the five images on the left column is 100 μm, and 20 μm in the five images on the right column. (B) Bar graphs showing the numbers of microglia in the DHs of spinal cord at 24 h after incision in different groups. One-way ANOVA revealed that the number of Iba-1 immunoreaction (IR) positive cells was significantly increased in the model group (vs. the control group) and considerably decreased in both EA LI18 and EA PC6-LI4 groups but not in the EA ST36-GB34 group (vs. the model group). *P < 0.01, vs. the control group, #P < 0.05, vs. the model group, ^P < 0.05, vs. the EA LI18 group.


In the normal control group, a few GFAP-labeled astrocytes were evenly distributed in the DHs of the cervical spinal cord and exhibited thin dendrites. The astrocytes in the model group exhibited an activated state marked by hypertrophied cell bodies and thicker processes, with a significantly increased mean intensity of GFAP than that in the control group (P < 0.05, Figure 3A). The average intensity of GFAP in the EA LI18 group (but not in the EA LI4-PC6 and ST36-GB34 groups, Figure 3B) was significantly lower than that in the model group 24 h after incision (P < 0.05), suggesting a suppression of the astrocytic activity only in the EA LI18 group after EA.
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FIGURE 3
Effect of electroacupuncture (EA) on activities of astrocytes in dorsal horns (DHs) of cervical spinal cord at 24 h after neck incision in different groups. (A) Representative fluorescence micrographs of immunofluorescence staining of GFAP for astrocytes in the cervical (C2–C5) spinal DHs in the five groups. The magnified astrocytes shown in the right column images were chosen from the dashed squares of the right column images in the five groups. The scale bar in the five images on the left column is 100 μm, and 20 μm in the five images on the right column. (B) Bar graphs showing the mean intensity of glial fibrillary acidic protein (GFAP) immunoreaction (IR) in the DHs (mean ± SD, n = 5/group). One-way ANOVA analysis revealed that the mean intensity of GFAP IR was significantly increased in the model group (vs. the control group), and considerably decreased in the EA LI18 but not in the EA PC6-LI4 and EA ST36-GB34 groups (vs. the model group). *P < 0.01, vs. the control group, #P < 0.05, vs. the model group, ^P < 0.05, vs. the EA LI18 group.




Effect of electroacupuncture on the expression of ionized calcium-binding adapter molecule 1 and glial fibrillary acidic protein mRNAs

The expression levels of Iba-1 mRNA and GFAP mRNA in the cervical dorsal spinal cord in the model group were markedly higher than those in the normal control group 24 h after incision (P < 0.05, Figures 4A,B). When compared with the model group, the expression levels of Iba-1 mRNA and GFAP mRNA in the EA LI18 group, and those of Iba-1 mRNA in the EA LI14-PC6 and EA ST36-GB34 groups, were significantly decreased (P < 0.05, Figures 4A,B) 24 h after incision. Meanwhile, no remarkable differences were found among the three EA groups in the expression of Iba-1 mRNA, and between the EA LI18 and EA LI14-PC6 groups in the expression of GFAP mRNA. Also, no significant differences in the expression levels of GFAP mRNA were found between the EA ST36-GB34 group and the model group (P > 0.05, Figure 4B).
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FIGURE 4
Effect of electroacupuncture (EA) intervention on ionized calcium-binding adapter molecule 1 (Iba-1) mRNA (A) and glial fibrillary acidic protein (GFAP) mRNA (B) of dorsal spinal cord (C2–C5) at 24 h after neck incision (mean ± SD, n = 8/group). The expression levels of Iba-1 mRNA and GFAP mRNA were significantly upregulated in the model group (vs. the control group), that of Iba-1 mRNA was obviously downregulated in the three EA groups (vs. the model group), and that of GFAP mRNA was obviously downregulated in the EA LI18 group but not in the EA PC6-LI4 and EA ST36-GB34 groups (vs. the model group). *P < 0.01, vs. the control group, #P < 0.05, vs. the model group, ^P < 0.05, vs. the EA LI18 group, $P < 0.05, vs. the EA LI14-PC6 group.




Electroacupuncture suppresses the cross-talk between neurokinin-1 receptor and glial cells

To analyze the effect of EA on the interaction between NK-1R and glial cells in the cervical spinal cord, we examined the co-labeled state of NK-1R and Iba-1 or GFAP in the DHs by using an immunofluorescence dual-labeling technique. Confocal microscopic observation results indicated that the NK-1Rs expression was mainly on neurons but not on microgliacytes.

In the normal control group, NK-1R expression was found in the superficial layers of the DHs of the spinal cord (lamina I) where both C and Aδ fibers terminate, and the Iba-1-labeled microglial cells remained in a resting state. NK-1R was clearly expressed on the neuronal bodies and axons (in the lamina I), which extended to the laminae II and III (Figure 5) in the model group 24 h after neck incision. Simultaneously, it was found that some activated microgliacytes gathered around the neurons expressing NK-1R in the spinal cord DHs. Following EA intervention, it was difficult to detect NK-1R-labeled neurons in the spinal cord DHs in the EA LI18 group, whereas NK-1R was expressed in neurons in the superficial layer of the spinal cord DHs in the EA LI4-PC6 and EA ST36-GB34 groups.
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FIGURE 5
Confocal micrographs showing the expression of neurokinin-1 receptor (NK-1R) (red) and ionized calcium-binding adapter molecule 1 (Iba-1) (green) in the superficial dorsal horns (DHs) of the cervical spinal cord in different groups at 24 h after neck incision. Nissl staining (blue) shows the nucleus of cells. The scale bar is 50 μm. The white arrows indicate the NK-1 immunoreaction (IR) (red) positive neurons which are gathered around by the activated microgliacytes (green) in the DHs of cervical spinal cord.


Immunofluorescence triple-labeling showed that few NK-1R- and GFAP-positive astrocytes were found in the superficial layers of spinal cord DHs in the normal control group rats (Figure 6), and many GFAP-labeled astrocytes were activated in laminae II–III 24 h after incision in the model group (Figure 6). This co-expression of NK-1R and GFAP was not found in the EA LI18 and EA LI4-PC6 groups, probably due to an EA-induced inhibitory effect on NK-1-positive astrocytes (Figure 6). Moreover, a markedly lower level of NK-1R-positive astrocytes was observed in the EA ST36-GB34 group.
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FIGURE 6
Confocal micrographs showing the co-expression (yellow) of NK-1 (red) and glial fibrillary acidic protein (GFAP) (green) in dorsal horns (DHs) of the cervical spinal cord in different groups at 24 h after neck incision. The scale bar is 50 μm. The white arrows indicate the NK-1R positive astrocytes. The expression of NK-1 immunoreaction (IR) and GFAP IR and co-expression were clearly seen in the superficial layer of spinal DHs (laminae II–III) in the model group and reduced in the three EA groups.




Effect of electroacupuncture on the expression of glutamate aspartate transporter and glutamate transporter-1

Immunofluorescence staining analysis showed that GLAST immunoreaction-positive product was found in the superficial layer of spinal cord DHs (lamina I) where C/Aδ fibers terminate and transmit nociceptive information (Figure 7A). When compared with the normal control group, the immunofluorescence intensity of GLAST and expression of GLAST mRNA were markedly decreased in the model group 24 h after neck incision (P < 0.05, Figures 7B,C). Moreover, when compared with the model group, the expression of GLAST mRNA in the EA LI18 group and the immunofluorescence intensity of GLAST in both the EA LI18 and EA LI4-PC6 groups were significantly increased (P < 0.05, Figures 7B,C), but this increase was not observed in the EA ST36-GB34 group (P > 0.05). When compared with the normal control group, the mean immunofluorescence intensity of GLT-1 and the expression of GLT-1 mRNA were significantly decreased in the model group (P < 0.05, Figures 8A–C). In contrast to the model group, the expression of GLT-1 immunofluorescence intensity and GLT-1 mRNA was significantly increased in both the EA LI18 and EA LI4-PC6 groups (P < 0.05, Figures 8B,C), but not in the EA ST36-GB34 group (P > 0.05). The effect of the EA LI18 group in upregulating the immunofluorescence intensity levels of GLT-1 and GLAST of spinal cord DHs was significantly superior to that of the EA ST36-GB34 group (P < 0.05, Figures 7B, 8B).
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FIGURE 7
Comparison of expression of glu aspartate transporter (GLAST) in different groups (mean ± SD, n = 6/group). (A) Fluorescence micrographs of immunohistochemistry staining showing the co-expression (yellow) of GLAST (red) and glial fibrillary acidic protein (GFAP) (green) in the cervical spinal cord dorsal horns (DHs) at 24 h after neck incision. The scale bar is 100 μm. (B) Bar graphs showing the mean fluorescence intensity of GLAST in the five groups. The expression of GLAST protein was reduced in the model group relevant to the control group. After electroacupuncture (EA), the expression level of GLAST protein was significantly upregulated in both EA LI18 and EA PC6-LI4 groups but not in the EA ST36-GB32 group. (C) Bar graphs showing the relative expression of GLAST mRNA in the five groups. The expression of GLAST mRNA was significantly downregulated in the model group (vs. the control group) and significantly increased in EA LI18 group, rather than in the EA PC6-LI4 and EA ST36-GB34 groups (vs. the model group). *P < 0.01, vs. the control group, #P < 0.05, vs. the model group, ^P < 0.05, vs. the EA LI18 group.
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FIGURE 8
Comparison of expression of glu transporter-1 (GLT-1) in different groups (mean ± SD, n = 6/group). (A) Fluorescence micrographs of immunohistochemistry staining showing the co-expression (yellow) of GLT-1 (red) and glial fibrillary acidic protein (GFAP) (green) in different groups in the cervical spinal dorsal horns (DHs) 24 h after neck incision. GLT-1 was densely expressed by astrocytes in the normal control group, relatively denser in the EA LI18 and EA LI4-PC6 groups, and lower in both model and EA ST36-GB34 group. The scale bar is 100 μm. (B) Bar graphs showing the mean fluorescence intensity of GLT-1 in the five groups. GLT-1 expression was reduced in the model group relevant to the control group. After electroacupuncture (EA), the expression levels of GLT-1 were significantly upregulated in both EA LI18 and EA PC6-LI4 groups but not in the EA ST36-GB32 group (vs. the model group). (C) Bar graphs showing the relative expression of GLT-1 mRNA in the five groups. The expression of GLT-1 mRNA was observably decreased in the model group compared to the control group and significantly increased in both EA LI18 and EA PC6-LI4 groups (rather than in the EA ST36-GB34 group) in contrast to the model group. *P < 0.01, vs. the control group, #P < 0.05, vs. the model group, ^P < 0.05, vs. the EA LI18 group.




Glutamate aspartate transporter and glutamate transporter-1 antagonists weaken the analgesic effect of electroacupuncture

To confirm the involvement of GLAST and GLT-1 in the analgesic effect of EA, we employed i.t. of antagonists of GLAST (TBOA) and GLT-1 (DHK) in rats with incisional neck pain (Figure 9A). The outcomes showed that following EA intervention of bilateral LI18, the TPT levels were significantly lower at 4 and 24 h after modeling in the i.t. TBOA + EA and DHK + EA groups than those in the i.t. saline + EA group (P < 0.05, Figures 9B,C). A marked weakened analgesic effect of EA was found after the administration of both GLAST and GLT-1 antagonists, suggesting that both GLAST and GLT-1 in cervical spinal cord DHs contribute to the analgesic effect of EA of LI18 in rats with neck incisions.
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FIGURE 9
Intrathecal injection of glu aspartate transporter (GLAST) antagonist (DL-threo-beta-Benzyloxyaspartate, DL-TBOA) and glu transporter-1 (GLT-1) antagonist (dihydrokainate, DHK) diminishes the analgesic effect of EA LI18. (A) Schematic diagram showing the experimental procedures of i.t., electroacupuncture (EA) intervention of LI18, and behavioral measurements. (B,C) Significant reductions in the thermal pain threshold (TPT, thermal neck withdrawal latency, TNWL) at different time point after i.t. of GLAST antagonist TBOA (B), and GLT-1 antagonist DHK (C), separately (mean ± SD, N = 10 per group). i.t.: intrathecal injection; *P < 0.05, vs. the i.t.-saline + EA group.





Discussion

Our previous studies revealed that EA of LI18 and PC6-LI4 induced pain relief in rats with neck incision at 4 h after modeling (Qiao et al., 2010); however, the effect was not observed 24 h after neck incision when EA treatment was given twice. In the present study, an analgesic effect was observed after EA treatment was given twice in EA LI18 and EA LI4-PC6 groups (one immediately after the incision and another 20 h later) and was higher than that in EA ST36-GB34. These results were similar to the outcomes of Jia et al. (2016) in which EA of ST36 and Kunlun (BL 60) effectively reduced both mechanical and thermal hyperalgesia in rats with pelmatic incisional pain. The difference in the analgesic effect among the three acupoint groups is probably due to different segmental innervations. LI18 is close to the neck incision (in the same nerve segment, thus having the best EA effect), PC6 and LI4 are in the neighboring nerve segment, and ST38 and GB34 are quite distant from the neck incision, exhibiting a better and a poorer effect, respectively. Our previous electrophysiological research (Liu et al., 1993) showed that in normal rabbits, the spontaneous discharges of DH neurons in the thoracic spinal cord (T2–T3) were activated by EA stimulation of PC6 (the same nerve segment as T2–T3) in 35.48% (11/31) units and activated by EA of ST36 (the nerve segment distant from T2–T3) in only 7.14% (2/28) units. Moreover, acupuncture analgesia includes local analgesia that is achieved by activating A-type nerve fibers (innocuous intensity, triggering segmental nerve inhibition) and systemic analgesia which is obtained by activating Aδ and C nerve afferents (noxious stimulation). The latter may recruit the diffuse noxious inhibitory controls system (Xu et al., 2003; Zhu, 2015) of the brain stem. Thus, the stimulation strength is critical in achieving regional or systemic analgesic effects. These findings explain why in the present study, the analgesic effect of EA LI18 at 1 mA (lower strength) was significantly superior to that of EA ST36-GB34.

As the largest number of cells in the CNS, gliacytes play an important role in both physiological and pathological processes. Over the past several decades, a growing body of evidence indicated that activation of microglia and astrocytes was involved in pain induction and maintenance (Scholz and Woolf, 2007; Chen et al., 2018). The microgliacytes are essential for synaptic plasticity and chronic pain in the spinal cord DHs (Xu et al., 2014), and the activated astrocytes are involved in the pathogenesis of hypersensitivity in a chronic post-ischemia pain model (Fu et al., 2006). The findings of the present study showed that along with the appearance of incisional neck pain, the number of Iba-1-labeled microgliacytes was apparently increased and the GFAP-labeled astrocytes also exhibited an activation state, marked by hypertrophied cell bodies with thicker processes 24 h after neck incision. In addition, a notable upregulation of Iba-1 mRNA and GFAP mRNA was observed in the cervical spinal cord DHs 24 h after neck incision.

It is reported that even in the very early postoperative period after plantar incision, the peripheral sensory afferent neurons exhibited an increased spontaneous and stimulus-evoked activity that mediated hyperalgesia and allodynia (Xu and Brennan, 2009). Administration of SP produced mechanical allodynia in a dose-dependent fashion in mice, and administration of the NK-1R antagonist LY303870 attenuated the allodynia (Peyman et al., 2009). The SP is produced at high levels within the CNS, and NK-1R is abundantly expressed on neurons and is also present in glial cells including microglia and astrocytes (Johnson et al., 2016). C-fiber afferent SP/NK-1R signaling supports spinal microglial and astrocytic activation after noxious stimulation (Li et al., 2015). Thus, SP/NK-1 signaling plays an important role in nociceptive sensitization by facilitating the interaction of neuron–glial cells, and the relationship of NK-1R and glial cells during the occurrence of neck incision acute pain was observed by confocal imaging. After the neck incision, the increased NK-1R was expressed on the neuronal bodies in lamina I, and the activated microgliacytes gathered around the NK-1R-positive neurons. Co-expression of NK-1R and GFAP was observed in astrocytes in laminae II–III, which was deeper than those predominantly expressed in the NK-1R area. Therefore, NK-1R may be involved in the induction of hyperalgesia after neck incision through a glial-cell-mediated inflammatory response. Inhibiting a spinal glial cell activation and inflammation reaction may be one of the effective ways to mitigate pain. Our previous study showed that repeated EA suppressed the activated glial cells induced by chronic neuropathological pain (Wang et al., 2018), but the effect of EA on glial cells was unknown in rats with incisional pain. When EA intervention was applied twice in the present study, along with the occurrence of pain relief, the Iba-1 IR positive cells and expression of Iba-1 mRNA in both EA LI18 and EA PC6-LI4 groups, and the expression of GFAP mRNA in the EA LI18 group were significantly reduced. This indicate that suppression of activities of both microgliacytes and astrocytes may also contribute to the analgesic effect of EA in rats with acute pain. NK-1R is expressed by neurons and glial cells of the CNS. Our study demonstrated that in LI18 and LI4-PC6, EA stimulation-induced downregulation of SP and NK-1R immunoactivity levels in the dorsal cervico-spinal cord may have contributed to their effects in relieving neck incision pain (Qiao et al., 2010), but the relationship of the SP/NK-1R signal and the glial cells was not clear after EA treatment. The findings of the present study demonstrated that following EA intervention, almost no NK-1R-positive neurons were visible in the spinal cord DHs in the EA LI18 group, and the number of NK-1R-positive astrocytes was also fewer to be found in DHs of the 3 EA groups, suggesting that EA regulates the neuron–glial cell interaction through NK-1R to achieve an analgesic effect. These findings have not previously been demonstrated in similar incisional pain animal models.

Glutamate is a major excitatory neurotransmitter in the central neuronal circuits, including the spinal cord DHs, and plays an important role in the nociceptive sensory transmission from injured tissue peripherals to the DHs of the spinal cord (Neugebauer, 2007). When Glu is released from the presynaptic nerve endings, it acts on Glu receptors of the post-synaptic membrane, such as NMDA, a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), and metabotropic Glu receptors. Activation of these receptors causes the spinal cord neurons to become more sensitive to peripheral inputs, leading to central sensitization. Excessive extracellular Glu induces an overload of Ca2+ influx that may result in excitotoxicity and neuronal death (Kung et al., 2013). The clearance of neurotoxic concentrations of Glu is completed by a high-affinity Glu uptake system made up of the following five types of Na+-dependent high-affinity Glu transporters: GLT-1, GLAST, excitatory amino acid carrier 1 (EAAC1), excitatory amino acid transporter 4 (EAAT4), and EAAT5. Among them, GLT-1 and GLAST are expressed mainly on glial cells and differentially expressed on sensory neurons and post-synaptic spinal interneurons (Gadea and Lopez-Colome, 2001). In addition to the major role in extracellular Glu removal, Glu transporters also have more sophisticated functions in the modulation of neurotransmissions, such as modifying the time course of synaptic events and the extent and pattern of activation and desensitization of receptors extending outside the synaptic cleft and at the neighboring synapses (Danbolt, 2001). The outcomes of the present study showed that after neck incision, the protein and mRNA levels of GLAST and GLT-1 were downregulated accordingly in the model group and significantly upregulated in both EA LI18 and LI4-PC6 groups (rather than in the EA ST36-GB34 group), along with the occurrence and relief of the incisional neck pain. GLAST and GLT-1 antagonists also weakened the analgesic effect of EA LI18. Immunofluorescence dual labeling revealed that both GLAST and GLT-1 were expressed in astrocytes of the spinal cord DHs. As in rats with incisional pain, EA treatment also significantly upregulated GLAST and GLT-1 in rats with neuropathic pain, and i.t. of glutamate transport (GT) inhibitors attenuated the EA-induced analgesic effect (Zeng et al., 2016). Cui et al. (2016) revealed that the expression levels of spinal GTs increased on days 2 and 4 and gradually decreased as the time of EA intervention increased. Our previous study showed that EA significantly downregulated the expression levels of mGluR5 mRNA and the NMDAR 2B subunit mRNA and protein in rats with neck pain after neck incision (Lin et al., 2012), or subcutaneous injection of formalin at the neck (Gao et al., 2009). Therefore, EA alleviates incisional acute pain possibly by decreasing the expression of mGluR5 and NMDAR 2B on neurons and increasing the expression of GLAST and GLT-1 to reduce the neurotoxicity of Glu.

This study had several limitations. First, SP/NK-1R and GLAST/GLT-1 are only part of the interaction mechanisms of EA on neurons and glial cells. Fewer results were obtained on interactions between the microgliacytes and astrocytes and between the neurons and microgliacytes. Second, the techniques used in the present study were relatively limited, reducing the depth of the research. Thus, further studies should be conducted to elucidate the underlying mechanisms of EA analgesia in the same incision pain model.

In conclusion, our results demonstrate that EA of LI18 and LI4-PC6 can relieve thermal hyperalgesia probably by modulating neuronal–glial interaction in two ways, that is, by reducing SP/NK-1R signaling (nociceptive signal transmission) and glial cell activities, and by upregulating GLAST and GLT-1 to increase the intake of Glu in astrocytes in DHs of the cervical spinal cord (Figure 10). These results may provide experimental evidence for the clinical complementary application of EA of LI18 and LI4-PC6 in surgery of the thyroid gland region.


[image: image]

FIGURE 10
Schematic diagram showing the neuronal–glial mechanism of electroacupuncture (EA) analgesia in DHs of the cervical spinal cord in rats with incisional neck pain. Following neck incision, more substance P (SP) and glutamate (Glu) were released from the presynaptic terminals of the activated primary afferent nerve fibers in the superficial layers, and more neurokinin-1 receptor (NK-1R) was expressed on the post-synaptic membrane of the neurons and astrocytes. The expression levels of glu aspartate transporter (GLAST)/glu transporter-1 (GLT-1) on astrocytes were decreased, and more extracellular Glu acted on N-methyl-D-aspartate (NMDA)/amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) of the post-synaptic neurons after neck incision. Those led to an activation of NK-1R-positive neurons and glial fibrillary acidic protein (GFAP)-labeled astrocytes and ionized calcium-binding adapter molecule 1 (Iba-1)-labeled microgliacytes. The activated microgliacytes gathered around the NK-1R-positive neurons. These activated neurons and glial cells may contribute to the formation of hyperalgesia. EA stimulation upregulated the expression of GLAST/GLT-1 on astrocytes and downregulated the expression of NK-1R on neurons and astrocytes, to reduce the extracellular Glu level and the transmission of injury information to the post-synaptic neurons. The microgliacytes and astrocytes returned to the resting state, and the aggregation of microgliacytes around the NK-1R-positive neurons was also alleviated after EA treatment. These changes between glial cells and neurons may be one of the mechanisms of EA analgesia.
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Introduction: The most frequent complications after abdominal surgery include a decrease or loss of appetite, abdominal distension, abdominal pain caused by reduced gastrointestinal motility, anal arrest with intestinal distension and defecation, and nausea and vomiting due to anesthetic and opioid analgesic administration. These complications severely affect postoperative recovery, prolong hospital stay, and increase the financial burden. The objective of this study is to investigate the efficacy and safety of three acupoint stimulation modalities (electroacupuncture [EA], transcutaneous electrical acupoint stimulation [TEAS], and transcutaneous acupoint electrical stimulation combined with EA [TEAS+EA]), and two EA instrument waveforms (continuous wave and dilatational wave) for rapid recovery after abdominal surgery.

Methods and analysis: A total of 560 patients will be recruited and randomly allocated to receive one of the following seven interventions: continuous wave EA, continuous wave TEAS, continuous wave TEAS + EA, dilatational wave EA, dilatational wave TEAS, dilatational wave TEAS + EA, and a control. For this study, continuous waves at 2 Hz, and dilatational waves at 2/50 Hz would be selected. The points to be stimulated by EA are the bilateral Neiguan (PC6), Hegu (LI6), Zusanli (ST36), Shangjuxu (ST37), and Xiajuxu (ST39), and TEAS would stimulate the bilateral Liangmen (ST21) and Daheng (SP15). The control group will neither receive EA nor TEAS. All patients will undergo an enhanced recovery plan after surgery and be provided with standardized perioperative management. Treatment will start on the first postoperative day and be administered once daily in the morning until the patient regains spontaneous bowel movements and can tolerate oral intake of solid food. The primary outcome is a composite of time to first defecation and time to tolerance of a solid diet. Secondary outcomes include time to first exhaustion; time of first defecation; time of tolerance of a solid diet; time to the first ambulation; length of hospital stay from surgery to discharge; visual analog scale score for postoperative daily pain, nausea, and vomiting; incidence of postoperative complications; and treatment acceptability.

Discussion: This study will compare the efficacy and safety of three acupoint stimulation methods and two EA instrument waveforms for rapid recovery after abdominal surgery.

Trial Registration: Chinese Clinical Trial Registry (http://www.chictr.org.cn), ChiCTR2100043883.

KEYWORDS
 transcutaneous electrical acupoint stimulation, electroacupuncture, rapid recovery, abdominal surgery, randomized controlled trial


Introduction

Postoperative complications of abdominal surgery include gastrointestinal dysfunction, pain, nausea, and vomiting (1, 2). These complications adversely affect the patient's quality of life, prolong the length of hospital stay, increase hospitalization costs, and the risk of needing a second operation (3). Therefore, reducing postoperative complications and promoting rapid recovery after surgery have been widely studied (4).

An Increasing amount of clinical evidence supports the use of acupuncture for enhanced recovery after surgery (ERAS) (5–7). Nevertheless, there is no unified standard for the use of specific acupuncture methods, acupoint selection, and electroacupuncture (EA) instrument parameters (8, 9). The majority of previous studies evaluating the use of acupuncture during postoperative rehabilitation after abdominal surgery have utilized distal limb acupoints (10, 11). This may be related to the surgical wound after abdominal surgery and changes in the structure and state of the abdominal organs which affect the acupuncture procedure and its safety. However, emerging evidence in recent years has indicated that acupuncture applied to select abdominal or limb acupoints can lessen the degree of abdominal pain and distension (12, 13). The use of abdominal meridian points may be particularly effective in decreasing abdominal pain (14, 15). This study is based on many early clinical practices and on the application of EA at meridian points in the distal extremities where efficacy was compared with the addition of a safer transcutaneous electrical acupoint stimulation (TEAS) of the abdominal acupoints.

Stimulation parameters are critical factors for the effectiveness of EA, as different stimulation parameters will bring about different therapeutic effects (16, 17). The use of a continuous wave in EA results in muscle contraction, exciting sensation, and motor nerve. The continuous wave is the most commonly used waveform to strengthen the effect of acupuncture in the clinic. In contrast, dilatational waves can increase metabolism, promote blood circulation, and improve muscle weakness and other functions. Dilatational waves are frequently used to facilitate postoperative rehabilitation (18). To date, no studies have compared the effectiveness of these two waveforms in promoting rapid rehabilitation after abdominal surgery (19).

Therefore, the primary purpose of this randomized controlled study is to compare the efficacy and safety of three acupoint stimulation methods and two EA instrument waveforms in facilitating rapid recovery after abdominal surgery, with the overarching aim of informing the development of an objective and unified standard for acupuncture use to facilitate rapid postoperative recovery.



Methods and analysis


Study design

This is a prospective, single-center, parallel, single-blind, randomized controlled trial. Effectiveness and safety will be compared among three acupoint stimulation methods (EA, TEAS, TEAS+EA) and two EA instrument waveforms (continuous waves, dilatational waves) to determine their suitability for promoting them in postoperative rehabilitation. This study will be conducted in accordance with the principles of the Declaration of Helsinki. The “Standard Protocol Items: Recommendations for Interventional Trials” checklist is provided in Supplementary Material 1.



Recruitment

This trial will be conducted from 1 April 2021 to 31 March 2023, at West China Hospital of Sichuan University. A total of 560 patients who have undergone abdominal surgery (i.e., hepatobiliary, gastrointestinal, renal, or bladder tumor resection) and meet the study inclusion and exclusion criteria will be enrolled in this study. All patients will be requested to provide written informed consent prior to study participation. Figure 1 presents the study flow chart.


[image: Figure 1]
FIGURE 1
 Flowchart of the study protocol.




Inclusion criteria

Patients will be included if they (1) are aged 18–70 years old, male or female; (2) have undergone resection of hepatobiliary, gastrointestinal, renal, or bladder tumors under general anesthesia; and (3) participate voluntarily and provide written informed consent.



Exclusion criteria

The exclusion criteria would comprise the following: (1) the surgical incision was made through the abdominal acupoints selected for this study; (2) local skin infection is evident at the selected acupoints; (3) patients are unable to understand or cooperate with the assessments (e.g., visual analog scale [VAS]); (4) metal allergy or severe fear of acupuncture, TEAS, or EA; (5) uncontrolled diabetes, severe coagulopathy, or cardiac, central nervous system, or psychiatric disorders; (6) pacemaker; and (7) concurrent enrolment in other research trials.



Withdrawal criteria

Patients will be withdrawn from the study if they (1) experience serious adverse events, (2) have a serious complication or illness during the study that requires urgent action; or (3) withdraw informed consent.



Randomization and blinding

This study has a single-blind design. Patients will be unaware of their group allocation, which will only be known to the lead investigator and acupuncture physician. The randomization sequence and allocation ratio (1:1:1:1:1:1) will be generated using the statistical software SPSS 26.0. Group allocation will be concealed using opaque envelopes, which will be distributed sequentially after patient enrolment.



Intervention

Each group will receive an Enhanced Recovery After Surgery (ERAS)-standardized perioperative management (20). The acupoints used in the treatment group are referenced from the China National Standard Nomenclature and Location of Meridian Points (GB 12346-2021) (21). The selected acupoints and their locations are shown in Figures 2–4. The Hwato SDZ-V (Suzhou Medical Supplies Factory) EA apparatus will be used, and the current intensity will be adjusted to the tolerance level of the patient. Each treatment will last for 30 min and the initial session will commence on the first postoperative day. Treatment sessions will be provided once daily in the morning until the patient regains spontaneous flatus and can tolerate oral intake of solid food. All acupuncture maneuvers will be performed independently by the same acupuncturist, who has at least 5 years of work experience. The acupuncturist will not be replaced at any point during the study.


[image: Figure 2]
FIGURE 2
 Localization of abdomen acupoints and electrode connection. ST21 (Liangmen) in the upper abdomen, 4 cun above the navel and 2 cun from the anterior midline. SP15 (Daheng) in the ventral part, 4 cun from the navel. A set of electrodes is attached at the blue dot (transcutaneous electrical acupoint stimulation).
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FIGURE 3
 Location of upper extremity acupoints and electrode connection. PC6 (Neiguan) on the volar aspect of the forearm, 2 cun on the wrist crease, and between the palmaris longus tendon and the flexor carpi radialis tendon. LI4 (Hegu) between the first and second metacarpals, at the midpoint of the radial aspect of the second metacarpal. A set of electrodes is attached at the red dot (electroacupuncture).
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FIGURE 4
 Location of lower extremity acupoints and electrode connection. ST36 (Zusanli) on the lateral lower leg, 3 cun under the external knee eye. ST37 (Shangjuxu) on the lateral lower leg, 6 cun under the external knee eye and 3 cun under the ST36 (Zusanli) acupoint. ST39 (Xiajuxu) on the lateral lower leg, 9 cun under the external knee eye. A set of electrodes is attached at the red dot (electroacupuncture).



Continuous wave EA (cEA) group

EA will be used to stimulate the bilateral Neiguan (PC6), Hegu (LI6), Zusanli (ST36), Shangjuxu (ST37), and Xiajuxu (ST39). The current frequency will be a continuous wave at 2 Hz.



Continuous wave TEAS (cTEAS) group

TEAS will be used to stimulate the bilateral Liangmen (ST21) and Daheng (SP15). The current frequency will be a continuous wave at 2 Hz.



cTEAS + EA group

EA will be used to stimulate the bilateral Neiguan (PC6), Hegu (LI6), Zusanli (ST36), Shangjuxu (ST37), and Xiajuxu (ST39). TEAS will be used to stimulate the bilateral Liangmen (ST21) and Daheng (SP15). The current frequency will be a continuous wave at 2 Hz.



Dilatational wave EA (dEA) group

EA will be used to stimulate the bilateral Neiguan (PC6), Hegu (LI6), Zusanli (ST36), Shangjuxu (ST37), and Xiajuxu (ST39). The current frequency will be a dilatational wave at 2/50 Hz.



Dilatational wave TEAS (dTEAS) group

TEAS will be used to stimulate the bilateral Liangmen (ST21) and Daheng (SP15). The current frequency will be a dilatational wave at 2/50 Hz.



dTEAS + EA group

EA will be used to stimulate the bilateral Neiguan (PC6), Hegu (LI6), Zusanli (ST36), Shangjuxu (ST37), and Xiajuxu (ST39). TEAS will be used to stimulate the bilateral Liangmen (ST21) and Daheng (SP15). The current frequency will be a dilatational wave at 2/50 Hz.



Control group

Only ERAS-standardized perioperative management, without TEAS or EA, will be performed in the control group.

All acupoints will be routinely disinfected. The acupoints in the distal limb will be punctured straight through the skin to a depth of 25–30 mm using disposable stainless steel needles (0.25 × 40 mm, Suzhou Jiajian, Jiangsu, China). The needle will then be twisted slightly to achieve the de qi sensation, and the EA apparatus will be connected with a set of electrodes in the ipsilateral Neiguan (PC6), Hegu (LI4), Zusanli (ST36), and Xiajuxu (ST39). The abdominal acupoints will be stimulated with a self-adhesive electrode sheet with electrical conductivity, and the ipsilateral Liangmen (ST21) will be connected with a set of electrodes at Daheng (SP15).




Outcome measures
 
Primary outcome

The primary outcome is Gastrointestinal-2, which is a composite outcome of time to first defecation and time to tolerance of a solid diet (22).



Secondary outcomes

Secondary outcomes comprise the following: (1) time of first spontaneous exhaustion after operation; (2) time of first spontaneous defecation after operation; (3) time of first tolerance to oral intake of solid food after operation; (4) time to first ambulation after surgery; (5) VAS scores for postoperative daily pain and nausea and vomiting; (6) postoperative daily incidence of nausea and vomiting; (7) length of hospital stay, from surgery to discharge; (8) incidence of postoperative complications; and (9) acceptability of acupuncture therapy on a 5-point Likert scale (very acceptable, moderately acceptable, somewhat acceptable, moderately unacceptable, and totally unacceptable).




Safety evaluation

EA-related safety evaluation during treatment includes the documentation of broken needles, fainting due to needles, intolerable pinprick pain, local hematoma, infection, abscess, and other incidences of discomfort after pinprick. Adverse events will be recorded by the acupuncture physician in a standardized form.



Sample size

The determination of the sample size was based on the following pre-experimental results for the primary outcome measure, Gastrointestinal-2: cEA, 84.8 ± 36.1 h; cTEAS, 86.8 ± 40.1 h; cTEAS+EA, 70.3 ± 39.3 h; dEA, 78.3 ± 42.2 h; dTEAS, 81.2 ± 44.2 h; dTEAS+EA, 64.1 ± 36.3 h; and control, 110.8 ± 42.3 h. PASS 15 software was used to determine the sample size of 560 patients (80 patients in each group; α = 0.05 [two-sided], β = 0.1 [90% power], with an assumed 20% dropout rate).



Statistical analysis

The data will be analyzed using SPSS 26.0. All statistical tests will be two-sided, and a p-value of less than 0.05 will be considered statistically significant. Measurement data conforming to a normal distribution will be expressed as mean ± standard deviation (x ± s). Comparisons among groups will be performed via one-way analysis of variance, using the Student–Newman–Keuls q-test for pairwise comparisons. Variables that do not follow a normal distribution will be analyzed with the Kruskal–Wallis H-test. Categorical and count data will be described as frequency or percentage and compared among groups using the chi-square or Fisher's test.




Discussion

Although perioperative ERAS measures can facilitate accelerated recovery in patients, there is still much room for improvement in preventing and treating postoperative gastrointestinal dysfunction and analgesia, as well as reducing the length of hospital stay (23–25). Acupuncture can contribute to postoperative multimodal analgesia. Postoperative analgesia is one of the core components of ERAS. While opioids remain the conventional option for postoperative pharmacological analgesia, they are also associated with nausea, vomiting, and other complications. Thus, reducing opioid use can help patients recover sooner. Many studies have been conducted on the mechanism of acupuncture analgesia through electrophysiology, neurochemistry, molecular biology, and brain imaging investigations (26–28). Patient recovery is also adversely affected by postoperative nausea and vomiting (29), which may be effectively prevented by Neiguan (PC6) stimulation (30, 31).

Previous studies have demonstrated the efficacy of acupuncture in rapid postoperative rehabilitation (32). However, there may be concerns that the presence of surgical wounds after abdominal surgery and the possible changes in the structure and state of abdominal organs after abdominal surgery can affect the manipulation and safety of acupuncture. Therefore, previous clinical experience and research for acupuncture treatment after abdominal surgery have primarily selected acupoint stimulation on the distal limbs (24). Studies have shown that Zusanli (ST36), Shangjuxu (ST37), and Xiajuxu (ST39) stimulation can effectively improve gastrointestinal transit by reducing local inflammation of the intestinal musculature (33). Thus, based on the plethora of available clinical evidence for the use of EA at distal extremity acupoints, we have proposed in the present study the adjunctive use of TEAS, which is safer than EA for the stimulation of abdominal acupoints. Moreover, the selected bilateral Liangmen (ST21) and Daheng (SP15) of the abdomen are unconventional locations for incisions during abdominal surgery. Daheng (SP15) is a pair of acupoints belonging to the spleen meridian, and Liangmen (ST21) is a pair of acupoints belonging to the stomach meridian. These acupoints are more convenient to use; they are also antiemetic and promote gastrointestinal peristalsis, relieve abdominal pain, and have other effects (34, 35).

Therefore, this parallel-group randomized controlled trial aims to compare the efficacy and safety of three acupoint stimulation methods and two EA instrument waveforms for facilitating rapid recovery after abdominal surgery. The results of this study will inform the development of an objective and unified standard for EA and TEAS as indispensable components of ERAS.


Limitation

This trial will not include a sham control arm, and a placebo response and effect analysis is lacking. Nevertheless, some studies on the use of acupuncture for gastrointestinal symptoms have shown that EA may have more significant benefits than sham acupuncture, despite a placebo effect (36, 37).
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Background: Acupuncture and moxibustion have been widely used in the treatment of Irritable Bowel Syndrome (IBS). But the evidence that acupuncture and moxibustion for IBS reduction of symptom severity and abdominal pain, and improvement of quality of life is scarce.

Methods: PubMed, Embase, Cochrane Library, Web of Science, Chinese National Knowledge Infrastructure (CNKI), Chinese Scientific Journals Database (VIP), Wanfang Database, China Biomedical Literature Service System (SinoMed), and unpublished sources were searched from inception until June 30, 2022. The quality of RCTs was assessed with the Cochrane Collaboration risk of bias tool. The strength of the evidence was evaluated with the Grading of Recommendations Assessment, Development and Evaluation system (GRADE). Trial sequential analysis (TSA) was conducted to determine whether the participants in the included trials had reached optimal information size and whether the cumulative data was adequately powered to evaluate outcomes.

Results: A total of 31 RCTs were included. Acupuncture helped reduce the severity of symptoms more than pharmaceutical drugs (MD, −35.45; 95% CI, −48.21 to −22.68; I2 = 71%). TSA showed the cumulative Z score crossed O'Brien-Fleming alpha-spending significance boundaries. Acupuncture wasn't associated with symptom severity reduction (SMD, 0.03, 95% CI, −0.25 to 0.31, I2 = 46%), but exhibited therapeutic benefits on abdominal pain (SMD, −0.24; 95% CI, −0.48 to −0.01; I2 = 8%) compared to sham acupuncture. Moxibustion show therapeutic benefits compared to sham moxibustion on symptom severity (SMD, −3.46, 95% CI, −5.66 to −1.27, I2 = 95%) and abdominal pain (SMD, −2.74, 95% CI, −4.81 to −0.67, I2 = 96%). Acupuncture (SMD, −0.46; 95% CI, −0.68 to −0.24; I2 = 47%) and the combination of acupuncture and moxibustion (SMD, −2.00; 95% CI, −3.04 to −0.96; I2 = 90%) showed more benefit for abdominal pain compared to pharmacological medications as well as shams. Acupuncture (MD, 4.56; 95% CI, 1.46–7.67; I2 = 79%) and moxibustion (MD, 6.97; 95% CI, 5.78–8.16; I2 = 21%) were more likely to improve quality of life than pharmaceutical drugs.

Conclusion: Acupuncture and/or moxibustion are beneficial for symptom severity, abdominal pain and quality of life in IBS. However, in sham control trials, acupuncture hasn't exhibited robust and stable evidence, and moxibustion's results show great heterogeneity. Hence, more rigorous sham control trials of acupuncture or moxibustion are necessary.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=262118, identifier CRD42021262118.
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irritable bowel syndrome, acupuncture, moxibustion, complementary and alternative medicine, abdominal pain, quality of life


Key points

• Numerous IBS patients seek substitute medical help from acupuncture and moxibustion. It is essential for physicians to understand the evidence supporting acupuncture and moxibustion as a treatment for IBS.

• In this systematic review and meta-analysis, acupuncture and/or moxibustion are beneficial for symptom severity, abdominal pain and quality of life. The strength of the evidence ranges from very low to high.

• Acupuncture hasn't exhibited robust and stable evidence, and moxibustion's results show great heterogeneity. However, high quality of sham-controlled trials are necessary to consolidate these results.



Introduction

Irritable bowel syndrome (IBS) is the most common functional bowel disorder, which characterized by abdominal pain or discomfort association with altered stool form or frequency (1, 2). The disorder affects 5–17.5% of general population and has significant effect on quality of life and social function (2–4). Moreover, The pain and discomfort of abdominal and other impairment from IBS contribute to significant healthcare resource consumption and workplace absenteeism (5–7). The biopsychosocial mechanisms that explain abdominal pain and disordered bowel habits in IBS are multifaceted, including genetic predisposition, adverse childhood events, psychological factors, and changes in the enteric nervous system, which regulates intestinal motor, sensory, mucosal barrier, and secretory responses (1). Due to the complexity of the underlying mechanism, effective and safe medications are still in research. Most of the drugs recommended for treating the condition only focus on symptom alleviation, and antispasmodics, tricyclic antidepressants and selective serotonin reuptake inhibitors were found to have low to moderate quality of evidence by the American College of Gastroenterology Task Force. They also found some of these agents have a risk of ischemic colitis and cardiovascular events (8).

Patients and healthy providers are frequently dissatisfied with the existing pharmacological drugs and may seek complementary and alternative medicine (CAM) for help (9). Acupuncture and moxibustion, also termed energy-healing therapies, are two of the most widely utilized CAM therapies worldwide. Several systematic reviews and meta-analyses of acupuncture and moxibustion have been performed, however, the primary outcomes of these reviews were based on adequate relief rate or total response. IBS symptom severity score and abdominal pain, which are recommended by the FDA to assess the therapeutic effect (10), were rarely assessed as the primary or secondary outcomes in this meta-analysis. In addition, some conflicting results from previous meta-analysis still couldn't provide a definitive conclusion, for example, relative to sham acupuncture, real acupuncture had no significant benefit for symptom severity, but patients receiving real acupuncture reported greater improvements of IBS symptoms compared with patients receiving pharmacological therapies (11). It has been several years since the publication of the most recent meta-analysis for acupuncture and moxibustion in the treatment of IBS. More rigorous randomized controlled trials (RCTs) of acupuncture and related therapies have been published in recent years, for instance, a multicenter RCT of acupuncture published in 2021 found that patients with IBS who received acupuncture therapy experienced a significant reduction in IBS symptom severity and an improvement in quality of life (12). What's not mentioned in the previous meta-analysis is the sample size estimation, which is as important as sample size calculation in RCTs. And none of the previous meta-analysis had corrected the increased risk of type I errors caused by parse data and repeated significance testing on accumulating data.

In light of the conflicting results, limitations of previous reviews, the increasing number of RCTs of acupuncture or moxibustion used in IBS, and the ensuring need for critical evacuation, a systematic review and meta-analysis of the available evidence is essential. The specific research questions were as follows: do acupuncture or moxibustion contribute to reducing symptom severity and abdominal pain, and improving the quality of life compared with pharmacological medications or sham control?



Methods


Protocol and guidance

This systematic review and meta-analysis followed Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA), and the protocol was registered in PROSPERO with the ID of CRD42021262118.



Inclusion criteria

We considered trials to be eligible if they enrolled adults (age ≥18) with IBS; if they compared acupuncture or moxibustion with sham control or pharmacological medications (when other therapies were also given, they had to be the same dosage in all groups); if they provided information in symptom severity measured by the IBS symptom severity scale (IBS-SSS), abdominal pain, or IBS quality of life (IBS-QOL); and if they were randomized controlled trials.



Exclusion criteria

We excluded studies that were case reports, case series, or observational studies; if the participants were pregnant or lactating women; if the intervention included laser acupuncture, non-invasive electrostimulation (i.e., using electrodes on the skin rather than needles to stimulate acupuncture points), transcutaneous electrical nerve stimulation, and acupressure; and if studies compared two types of acupuncture techniques or acupuncture with other traditional treatments. All conference proceedings, guidelines, dissertations, commentaries, and letters were excluded.



Outcomes

The primary outcome was symptom severity, measured by the Irritable Bowel Syndrome Symptom Severity Scale (IBS-SSS). Secondary outcomes were abdominal pain and quality of life as measured by Irritable Bowel Syndrome Quality of Life (IBS-QOL).



Search strategy

One of the authors (YYM) conducted the search of several databases: PubMed, Embase, Web of Science, Cochrane Library, the Chinese National Knowledge Infrastructure Database (CNKI), Wanfang Database, China Science and Technology Journal Database (VIP) and China Biomedical Literature Service System (SinoMed) from database inception to June 30, 2022. ClinicalTrials.gov was also searched to identify ongoing or unpublished eligible trials. The search strategy consists of 3 components: clinical condition (Irritable Bowel Syndrome), intervention (acupuncture or moxibustion) and study design (randomized controlled trial). To maximize the search of relevant articles, existing systematic reviews were examined to identify additional studies. Language restrictions were not applied.



Study selection

The searching results were exported to Endnote for screening and removing duplicates. Two reviewers (RKH and ZK) independently reviewed the titles and abstracts to identify any relevant studies. Citations deemed potentially relevant by either screener were advanced to second-stage full-text review. Then, full text reports were retrieved and screened for eligibility. Any discrepancies between the reviews were handled through discussion or consultation with a third party (SM) until consensus was reached. The flowchart illustrated the process of literature review and study selection (Figure 1).
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FIGURE 1
 PRISMA 2020 flow diagram.




Data collection process

Two independent researchers (YYM and RKH) used a standard data extraction form to extract data from the included trials. We extracted the following information from included studies: study title, first author, demographic data, details of the interventions, and outcomes.



Assessment of risk of bias and quality of evidence

Quality of all included trials was assessed independently by two investigators (YYM and SM) who recorded the method used to generate the randomization schedule and allocation concealment; whether blinding was implemented for participants, prescribers and outcome assessors; whether there was evidence of incomplete outcome data, and whether there were any selective outcome reporting data available. In addition, they examined the quality of evidence for outcomes using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach.



Data synthesis

RevMan (version 5.4.4; the Cochrane Collaboration) and Stata (version 16; Stata Corp, LLC) were used to perform statistical analyses. As the outcomes we selected were continuous variables, mean differences (MD) and 95% confidence intervals (CI) were calculated for variables with the same scale (e.g., symptom severity as measured by IBS-SSS and quality of life as measured by IBS-QOL). For continuous outcomes with different scales (e.g., different measures of abdominal pain), the standardized mean difference (SMD) and 95% confidence intervals (CI) were calculated. Heterogeneity was assessed using the I2 test. Fixed effects models were used to pool outcomes if significant heterogeneity was not present (I2 < 50%), otherwise, random effects models were applied. The possibility of small study effects was assessed by the Egger and Begg tests.



Trial sequential analysis

Trial sequential analysis (TSA) was conducted to determine whether the cumulative data has significant power to evaluate outcomes. In meta-analysis, TSA can be used to assess the likely influence of future trials on the pooled findings and estimate the point at which further studies are not likely to change the pooled findings (13). In our research, TSA (version 0.9.5.10 Beta, Copenhagen Trial unit, https://ctu.dk/tsa/) was performed with an overall 5% risk of type I error and 80% power.



Subgroup analyses and sensitively analyses

The studies were categorized by the type of intervention (acupuncture, moxibustion or the combination of acupuncture and moxibustion). Subgroup analyses were performed according to comparators (e.g., pharmacological medications including pinaverium, trimebutine, loperamide and others). Sensitive analyses were conducted by systematically omitting one of the trials.




Results


Eligible studies and study characteristics

A total of 4,706 records were identified through different database searches and 16 records were searched from ClinicalTrial.gov, from which 1,751 duplicate publications were removed and 2,940 articles were excluded for not meeting the inclusion criteria. Thirty-one eligible RCTs (12, 14–43) were included in the final meta-analysis, and details are shown in Table 1.


TABLE 1 Characteristics of randomized controlled trials.
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Among the 31 trials included, 9 (21.43%) were sham controlled and 22 (78.57%) were open-label trials. Acupuncture was compared to pharmacological medications in fourteen of the 22 open-label trials, and in one trial, participants were divided into IBS-D and IBS-C groups, with pinaverium and polyethylene glycol serving as corresponding control interventions (12). Six of the 22 open-label trials compared moxibustion to medications, while two of the 22 trials compared the combination of acupuncture and moxibustion to pharmaceuticals. Seven sham controlled trials compared real acupuncture to sham acupuncture, Bifidobacterium tetralogy capsules were used with the same dosage between real and sham groups in one trial (38), another sham controlled trial compared real acupuncture plus real moxibustion to sham acupuncture and sham moxibustion (14), and two sham controlled trials compared moxibustion to sham moxibustion. Seven sham controlled studies were distinguished for their high quality, since each of the 7 domains of risk of bias was deemed to have a low risk. Detection bias existed in the residual trials due to participants not being blinded to the treatments and the primary and secondary outcomes being subjective. Therefore, it was thought that there was a high risk of bias in the 22 open-label trials (Figure 2).
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FIGURE 2
 Summary of risk of bias.




Primary outcome: Symptom severity

In terms of symptom severity at the time of treatment ending, pooled results from 9 articles containing 10 open-label trials showed a significant association between acupuncture and a reduction in symptom severity compared to pharmacological medications, along with substantial heterogeneity and moderate certainty (MD, −35.45; 95% CI, −48.21 to −22.68; I2 = 71%) (Figure 3 and Table 2). The exclusion of one outlier study (31) reduced heterogeneity with no significant change in results (MD, −39.30; 95% CI, −49.44 to −29.17; I2 = 39%). In trial sequential analysis (TSA), though the information size of participants with symptom severity didn't exceed the required information size (RIS), the cumulative Z score crossed O'Brien-Fleming alpha-spending significance boundaries (sample size, 1,567; RIS, 5,490) (Figure 4). Funnel plot analysis showed no asymmetry and suggested no publication bias (Figure 5). In addition, neither the Egger test (P = 0.191) (Figure 6) nor the Begg test (P = 0.929) (Supplementary Figure 1) detected any significant small study effects. Moreover, the result was robust in sensitivity analyses by systematically omitting one of the trials (Figure 7). At the time of follow-up, pooled results also indicated that acupuncture was superior to pharmacological medications on IBS symptom severity (MD, −23.8; 95% CI, −32.28 to −15.32, I2 = 24%) (Supplementary Figure 2). However, the therapeutic benefits of acupuncture on symptom severity are not exhibited when compared to sham acupuncture (SMD, 0.03, 95% CI, −0.25 to 0.31, I2 = 46%) (Supplementary Figure 3). With respect to moxibustion, results from one trial showed the association of symptom severity reduction and moxibustion rather than pharmacological medications with low certainty (MD, −59.75; 95% CI, −71.47 to −48.03) (Supplementary Figure 4). Results from two sham-controlled trials show a significant association between moxibustion and a reduction in symptom severity when compared to placebo moxibustion along with substantial heterogeneity and high certainty, not only at the time of treatment ending (SMD, −3.46, 95% CI, −5.66 to −1.27, I2 = 95%) but also at the time of follow-up (SMD, −4.07, 95% CI, −6.08 to −1.34, I2 = 96%) (Supplementary Figures 5, 6).
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FIGURE 3
 Forrest plot of acupuncture vs. pharmacological medications for symptom severity at the time of treatment ending. Results are shown by using the random-effect model with mean difference and 95% confidence intervals (CI).



TABLE 2 Grade recommendation of acupuncture and moxibustion for IBS with different outcomes at the time of treatment ending.
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FIGURE 4
 Trial sequential analysis (TSA) for symptom severity. Trial sequential analysis (TSA) of 10 trials comparing acupuncture with pharmacological medications for symptom severity in patients with IBS. The TSA shows that the information size is insufficient, but the cumulative Z score crossed O'Brien-Fleming alpha-spending significance boundaries. The evidence is sufficient to identify the effect of intervention. A required information size of 5,490 was calculated using α = 0.05 (two sided), ß = 0.20 (power 80%).
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FIGURE 5
 Funnel plot of acupuncture vs. pharmacological medications on IBS symptom severity at the time of treatment ending.
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FIGURE 6
 Egger test of acupuncture vs. pharmacological medications on IBS symptom severity at the time of treatment ending (Egger test, P = 0.191).
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FIGURE 7
 Sensitive analysis of acupuncture vs. pharmacological medications on IBS symptom severity at the time of treatment ending.


Subgroup analyses revealed that acupuncture was superior to pinaverium (MD, −45.24; 95% CI, −58.23 to −32.25; I2 = 32%) and pinaverium plus Bifidobacterium (MD, −33.49; 95% CI, −54.38 to −12.60; I2 = 64%) for symptom severity reduction (Figure 3). It also showed that there was no significant difference in symptom severity reduction between acupuncture and other medications like polyethylene glycol and lactulose oral liquid in patients with IBS-C (MD, −8.55; 94% CI, −19.80 to 2.71; I2 = 0%) (Figure 3).



Secondary outcomes: Abdominal pain and quality of life

Data from 7 RCTs demonstrated that acupuncture is linked with a reduction in abdominal pain compared to pharmacological medications with heterogeneity and moderate certainty (SMD, −0.35; 95% CI, −0.48 to −0.21; I2 = 47%) (Supplementary Figure 7). Trial sequential analysis showed that the sample size of abdominal pain didn't transcend the required information size (RIS), but the cumulative Z score crossed O'Brien-Fleming alpha-spending significance boundaries (sample size, 928; RIS, 1,260) (Supplementary Figure 8).

Pooled results from four sham-controlled studies revealed a significant benefit of real acupuncture over sham acupuncture for the relief of abdominal pain, along with small heterogeneity and low certainty (SMD, −0.24; 95% CI, −0.48 to −0.01; I2 = 8%) (Supplementary Figure 9). Three open-label trials on moxibustion showed that the reduction of abdominal pain was associated with moxibustion in comparison with pharmacological medications without heterogeneity and low certainty (SMD, −0.75; 95% CI, −1.04 to −0.46; I2 = 0) (Supplementary Figure 10). Pooled results from two trials found that the reduction of abdominal pain was associated with a combination of acupuncture and moxibustion rather than pharmacological medications with considerable heterogeneity and very low certainty (SMD, −2.00; 95% CI, −3.04 to −0.96; I2 = 90%) (Supplementary Figure 11). A single sham-controlled trial revealed that acupuncture and moxibustion are superior to sham acupuncture and sham moxibustion with low certainty (MD, −1.12; 95% CI, −1.78 to −0.46) (Supplementary Figure 12). Two sham-controlled trials also show a significant association between moxibustion and a reduction in abdominal pain when compared to placebo moxibustion along with substantial heterogeneity at the time of treatment ending (SMD, −2.74, 95% CI, −4.81 to −0.67, I2 = 96%) and follow-up (SMD, −2.87, 95% CI, −4.75 to −0.99, I2 = 95%) (Supplementary Figures 13, 14).

Regarding quality of life (QOL) at the time of treatment ending, 6 papers containing 7 trials analyzing 1,335 participants contained data demonstrating the association between improvement of quality of life and acupuncture compared to pharmacological medications with substantial heterogeneity and moderate certainty (MD, 4.56; 95% CI, 1.46–7.67; I2 = 79%) (Supplementary Figure 15). The exclusion of two outliers (18, 24) reduced heterogeneity without reversing change in effect (MD, 2.37; 95% CI, 0.16–4.59; I2 = 43%). At the time of follow-up, pooled results also suggested that acupuncture is superior to pharmacological medications on improvement of quality of life (MD, 4.33; 95% CI, 2.54–6.11; I2 = 0%) (Supplementary Figure 16). Three open-label trials revealed that the improvement of QOL was associated with moxibustion compared with pharmacological medications with small heterogeneity and low certainty (MD, 6.97; 95% CI, 5.78–8.16, I2 = 21%) (Supplementary Figure 17).




Discussion

In this meta-analysis of 31 randomized controlled trials, acupuncture or moxibustion were found to be beneficial for IBS symptom severity, abdominal pain and quality of life. The present study updated the synthesis of the current evidence and suggests that acupuncture or moxibustion could reduce symptom severity and abdominal pain, and improve quality of life with low to high certainty of evidence (Table 2).


Principal findings and comparison with other studies

Although several systematic review and meta-analysis on acupuncture and moxibustion has been conducted (11, 44–47), primary outcome assessment of these studies has been limited to effectiveness rate. The continuous outcome from one of these reviews used Chinese Medicine symptoms integral with weighted mean difference (WMD) to estimate the efficacy (45). However, Chinese Medicine symptoms integral to IBS were rarely used in the clinical trials. The IBS series scales, such as the symptom severity scale (IBS-SSS) and quality of life (IBS-QOL), are widely used worldwide. Hence, symptom severity measured by IBS-SSS and quality of life measured by IBS-QOL are necessary to be assessed. Abdominal pain in the included trials was measured by Likert classification or visual analog scoring, the standardized scales should receive more application. Therefore, IBS series scales, such as IBS-SSS which including abdominal pain, are recommended in further research. Another essential issue which is not discussed in previous review is the increased type I error rate due to sparse data and repeated significance testing when updating meta-analysis with new trials.

Consistent with previous researches (11, 48), our results showed that acupuncture is linked with a significant reduction in symptom severity and abdominal pain in open-label studies. However, there may be an overestimation of treatment response in these trials due to a lack of blinding (48), since the therapeutic benefits of acupuncture on symptom severity are not exhibited when compared to sham acupuncture. Our analysis shows that real acupuncture is related to a reduction in abdominal pain compared to sham control, which differs from the findings of the previous review (11), owing to the inclusion of the latest published trials (38). However, the interesting finding was reversed when the sensitive analysis was conducted by omitting one of the trials (38), which indicated the result wasn't robust. What should be noted is that the sham control used in these trials, which involves skin penetrating needles inserted at non-acupuncture points, may have potential weak physiological activity that could influence the outcome and lead to a more feasible intervention response (11), particularly in the IBS population where high placebo responses are common (49). The ongoing randomized sham-controlled trials [NCT04276961 (50), ChiCTR2100044762] will clarify the efficacy of acupuncture compared with sham-acupuncture. And more shams, which are unlikely to have physiological effects, would be necessary for further research.

An exciting result, which is different from acupuncture's result, is found in moxibustion. On the one hand, our results show that moxibustion, like the pooled open-label trials result of acupuncture, is linked with a significant reduction in symptom severity and abdominal pain; on the other hand, the real and sham-controlled trials of moxibustion show benefits in symptom severity, which differ from the pooled sham-control trials result of acupuncture. Although the number of rigorous sham-controlled trial is limited and heterogeneity is great, ongoing RCTs (51) and the registered RCT with ID ChiCTR2100046852 may provide additional evidence of moxibustion's effectiveness for IBS treatment. Hence, more rigorous sham-controlled trials should be conducted in the future to enhance their reliability.

The major innovation that differentiated this research from prior reviews was the trial sequence analysis on IBS symptom severity and abdominal pain. Due to the potential for additional bias, heterogeneity in various features of the design and conduct of the included trials, and an inflated type I error rate, it is reasonable to interpret a meta-analysis with a higher level of skepticism than a single randomized controlled trial (52). Though the number of patients included in our study is much smaller than the calculated optimal information size, the cumulative Z score crossed O'Brien-Fleming alpha-spending significance boundaries for the outcomes of symptom severity and abdominal pain. Trial sequence analysis shows that there is enough evidence to show that acupuncture is better than pharmaceutical drugs when it comes to reducing symptoms and abdominal pain in open-label trials. More research is unlikely to change this result.

For a meta-analysis to provide definitive evidence, it must meet the basic requirements of a well-designed, adequately powered, and rigorously executed single randomized controlled trial (52). However, the majority of studies comparing acupuncture or moxibustion to pharmacological therapy are not blind. And expectation effects, which are defined as the impact of expectations on subjective outcomes, may differ between acupuncture and drug treatment (53, 54). As a result of the lack of blinding and differential expectations, it is impossible to determine whether any of the reported benefits of acupuncture are due to a larger biological effect of acupuncture needling compared to drugs, or the impact of the trial participants' greater expectation of benefit from acupuncture (11). Therefore, we recommend that future acupuncture and moxibustion studies should focus on sham-controlled trials. Further research should consider these questions as a research direction for some of the ideas we'd like to pursue but haven't been able to because of a lack of related trials, such as the effect difference of acupuncture and moxibustion between different subtypes of IBS and different regions.



Strengths and limitations

This systematic review and meta-analysis possesses a number of methodological strengths. We followed the Cochrane Collaboration's recommendations and were registered in PROSPERO under the number CRD42021262118. This study also included a rigorous assessment of the quality of evidence using the GRADE approach. In addition, trial sequence analysis was used to evaluate the required information size and interim monitoring boundaries, which could decrease the probability of type I error.

Nonetheless, several limitations are unavoidable. First, the methodologic quality of the included trials was generally low due to a lack of blinding and allocation concealment, which limited the credibility of the results and contributed to a poorer evidence grade. Second, outcomes in our research were limited to symptom severity and quality of life, the possibility of a risk of selective bias should be considered. Thirdly, abdominal pain in the RCTs was measured by different classification scales, and the effect size was assessed with standard mean difference (SMD), which may have decreased the accuracy of the effect size. In light of these limitations, more sham-controlled trials of acupuncture or moxibustion are required to detect the treatment response and long-term prognosis.




Conclusions

The findings of this systematic review and meta-analysis suggest that acupuncture and/or moxibustion are beneficial for symptom severity, abdominal pain and quality of life in IBS. The effects of acupuncture and moxibustion should be better known by more doctors and patients and widely used in clinical practice. However, in sham control trials, acupuncture hasn't exhibited robust and stable evidence, and moxibustion's results show great heterogeneity. Hence, more rigorous sham control trials of acupuncture or moxibustion are necessary.
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Background: Here provides a complementary treatment, acupressure at the Qiu acupoint, a novel acupoint, which potentially alleviates renal colic.

Materials and methods: 90 patients were included in this study. Acupressure-group patients (n = 46) were administered acupressure at the Qiu acupoint following a preset protocol. Parecoxib sodium-group patients (n = 44) were administered parecoxib sodium (40 mg) (via the direct intravenous route). The visual analog scale (VAS) was used to evaluate pain intensity at baseline and at 1, 5, 10, 20, 30, and 120 min after initiating the intervention. Linear mixed effects model was performed to detect the rate of decrease of VAS per time and their covariant effect on the efficacy of acupressure.

Results: No significant statistical differences in baseline data and VAS scores were observed. The acupressure group obtained lower VAS scores at the 1st, 5th, 10th, and 20th minute than the parecoxib sodium group after initiating the intervention (mean: 4.33 vs. 7.61, mean difference (MD): 3.29, 95% CI: 0.23, 2.84; mean: 2.65 vs. 7.61, MD: 4.96, 95% CI: 4.44, 5.49; mean: 1.63 vs. 6.59, MD: 4.96, 95% CI: 4.48, 5.44; mean: 1.26 vs. 3.64 MD: 2.38, 95% CI: 1.87, 2.88; P < 0.05). The markedly effective rate was similar between the two groups. The linear mixed effects model demonstrated that acupressure at the Qiu point was significantly faster than parecoxib sodium in decreasing VAS scores with an estimate of –2.05 (95% CI: –2.51, –1.59, p = 0.000), especially within 10 minutes with an estimate of 0.18 (95% CI: 0.12, 0.25, p = 0.000).

Conclusion: Acupressure at the Qiu acupoint is significantly faster than parecoxib sodium in decreasing VAS scores within 10 minutes.

Clinical trial registration: http://www.chictr.org.cn/, identifier 2100047168.

KEYWORDS
acupressure, parecoxib sodium, renal colic, alternative therapy, NSAIDs


1. Introduction

Acute renal colic is a common symptom presented to the emergency and urology departments, with lifetime risks of 12 and 6% in men and women, respectively (1). Among patients with acute abdominal pain, 31.18% of the cases are caused by acute renal colic (2). Acute renal colic reportedly affects 5–15% of the UK population, often requiring emergent administration (3). Non-steroidal anti-inflammatory drugs (NSAIDs) and opioids are the most common pharmacotherapies for acute renal colic (4). NSAIDs have proven to be effective drugs for acute renal colic and have been recommended by the European Association of Urology guidelines (5). However, the adverse and financial burdens posed by these painkillers should be taken into consideration. NSAIDs are associated with approximately 30% of hospital admissions for drug-related adverse events (6). In particular, older patients are vulnerable to NSAID side effects, such as gastrointestinal toxicity, cardiovascular adverse effects, and nephrotoxicity (7). Furthermore, healthy financial data generated in Australia demonstrated that opioid prescriptions are expected to reach approximately three million by 2030, thus raising Australian healthcare system costs from AUD$ 25.2 million to AUD$ 72.4 million (8). Hence, there is an urgent need to identify an alternative treatment with reduced painkiller-induced side effects and financial burdens.

Although acupressure has been proven to be effective in patients with pain caused by cancers, premenstrual syndrome, and labor (9–11), there is limited evidence corroborating the utility of acupressure for acute renal colic. Herein, we propose a novel alternative treatment, namely, acupressure at the Qiu acupoint. The Qiu acupoint was discovered by YQ, a urologist at the First Affiliated Hospital of Guangzhou University of Chinese Medicine, during his extensive clinical practice in treating acute renal colic for decades. The location of the Qiu acupoint is described in detail in the Section “2 Materials and methods.” Our previous clinical observations revealed that acupressure at the Qiu acupoint is advantageous (12). However, strong evidence is still lacking; hence, we performed a prospective cohort study on acupressure at the Qiu acupoint for acute renal colic.



2. Materials and methods


2.1. Study design

This prospective cohort study was conducted at the First Affiliated Hospital of Guangzhou University of Chinese Medicine between June and October 2021. This trial was registered at the Chinese Clinical Trial Registry ChiCTR (ChiCTR2100047168) and approved by the Ethics Committee of the First Affiliated Hospital of Guangzhou University of Chinese Medicine (ethical approval number: NO. ZYYECK【2020】083). This study was performed and drafted according to the STROBE statement.



2.2. Enrollment criteria

Patients were enrolled if they fulfilled the following inclusion criteria: (1) sudden lumbar and abdominal pain; (2) accompanying percussion pain of the kidney region’s affected side; (3) paleness, weakness, nausea, vomiting, and sweating accompanying pain; (4) perineal radiation pain; (5) lower urinary tract symptoms (frequent urination, urgent urination, and pain); (6) anal-irritation symptoms; and (7) microscopic or naked-eye hematuria. Patients who provided consent to participate were included in the study, and their ages ranged from 18 to 65 years.



2.3. Exclusion criteria

Patients with the following conditions were excluded: (1) lumbar and abdominal pain not calculous-related; (2) unconsciousness, mental disease, complications with other serious diseases or unstable vital signs, or inability to cooperate; (3) pregnancy, preparation for pregnancy, or lactation; (4) lumbar skin damage, ulceration, or severe urinary tract infection; (5) allergy to NSAIDs or previous history of gastrointestinal bleeding, active gastric ulcer, or related contraindications prohibited in drug instructions; and (6) history of taking oral calcium blockers and α-receptor blockers within 4 days before inclusion in the study.



2.4. Location of Qiu acupoint

The Qiu acupoint lies one thumb width (body size equal to 1.3 inches) down and one thumb width inside the lumbocostal point. The lumbocostal point is an intersection point crossed by the twelfth floating rib and erector spinae. Herein, we describe a simple method to find the Qiu acupoint. The lumbocostal point was pressed with one thumb, and the other thumb was subsequently pressed on the erector spinae in a position directly facing the thumb that pressed the lumbocostal point. Thereafter, the thumb that pressed on the erector spinae was moved down a distance of one thumb width (body size equal to 1.3 inches) along with the erector spinae, and the position of the thumb was thus above the Qiu point. The location of the Qiu acupoint is shown in Figure 1 and Supplementary Video.


[image: image]

FIGURE 1
Anatomical location of Qiu acupoint (26).




2.5. Exposure

Patients in the acupressure group were administered acupressure at the Qiu acupoint. The detailed protocol is as follows: (1) The patient was placed in a lateral position with the painful side facing upward. (2) The Qiu acupoint was pressed in a force direction of 45° oblique to the spine with the thumb. (3) The power of the thumb was gradually increased for 1 min. The correct sign was the sensation of soreness and distention in the patient. Patients in the parecoxib sodium group were administered parecoxib sodium 40 mg resuspended in 20 ml 0.9% sodium chloride via the direct intravenous route.



2.6. Outcomes

The primary outcome was pain intensity, measured using a visual analog scale (VAS) that was 100-mm linear. VAS score ranges from 0 to 10 and every 10-mm represented 1 score. A score of 0 means no pain, and a score of 10 means the most excruciating pain. The VAS score was recorded by the investigator before the intervention and at 1, 5, 10, 20, 30, and 120 min after the intervention. The secondary outcomes were (1) onset time, defined as the time taken to achieve a 50% decrease in VAS score, and (2) the markedly effective rate, defined as the proportion of patients achieving a >60% VAS-score decrease within 30 min relative to each patient’s baseline. Adverse events were recorded at treatment initiation and until the patient was discharged from the hospital. Demographic and clinical data were collected from all the patients.



2.7. Propensity score matching

To adjust the potential confounding factors and baseline. PSM analysis was conducted to reduce these biases, PSM was conducted by creating a new control group from original control group in a way of selecting better matched subjects depending on a similar probability to receive the treatment. To achieve this, matching variables including gender, age, pain site which is defined as left side or right side (detected by ultrasound or X-ray), stone location which is defined as renal pelvis and upper ureter, middle ureter and lower ureter, and stone size which is defined as size <6 mm, 6 mm ≤ size <10 mm, and size ≥1 mm (detected by ultrasound or X-ray) were obtained as independent variables, and groups (control or treatment) were obtained as dependent variables. Those data were analyzed by logistic regression to find out the correlation of each variable with the selected treatment (13). The tolerance in PSM was 0.05 according to the previous report (14).



2.8. Statistical analysis

Variables are expressed as the mean ± standard deviation or values with 95% confidence intervals (CIs). All statistical analyses were performed using SPSS (version 25.0; IBM, Armonk, NY, USA). Student’s t-test was used to compare the continuous variables in baseline of demographic and clinical characteristics between acupressure group and parecoxib sodium group, the chi-square test was used to compare the categorical variables in baseline of demographic and clinical characteristics, VAS decrease, and markedly effective rate in 30 min between acupressure group and parecoxib sodium group, and the linear mixed effects models were used to compare the rate of decrease of VAS within 10 min between acupressure group and parecoxib sodium group and their covariant effect on the efficacy of acupressure. Statistical significance was set at P < 0.05. No data were missed.




3. Results


3.1. Baseline information

A total of 111 patients who met the inclusion criteria were included in the study. Twenty patients were excluded for the following reasons: (1) comorbid severe disease, (2) hypersensitivity to NSAIDs, (3) administration of analgesics before enrollment, and (4) refusal to participate. Ninety patients were divided into two cohorts. Forty-six patients were assigned to the acupressure group and 44 to the parecoxib sodium group. After PSM, both acupressure group and parecoxib sodium group were 41 patients. All patients in the two groups completed the study, and data were obtained for further analysis. Detailed information is shown in the flowchart in Figure 2. There were no statistical differences between the two groups in the following baseline characteristics: age, sex, pain site, stone location, and stone size. Details of the baseline characteristics are shown in Table 1.
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FIGURE 2
Flow chart of the study.



TABLE 1    Baseline demographic and clinical characteristics of enumeration data.

[image: Table 1]



3.2. Effects on VAS-decrease rate and markedly effective rate

As shown in Table 2, pre-treatment VAS scores were comparable between the acupressure and parecoxib sodium groups (P = 0.961). The median and IQR for the baseline of VAS in the acupressure and parecoxib sodium group were both 8, 1 (before PSM) and 8, 1 (after PSM). Both groups exhibited significant decreases in VAS scores before or after PSM. However, the acupressure group yielded lower VAS scores at the 1st, 5th, 10th, and 20th minute than the parecoxib sodium group (mean: 4.33 vs. 7.61, mean difference (MD): −3.28, 95% CI: −3.74, −2.84; mean: 2.65 vs. 7.61, MD: −4.96, 95% CI: –5.49, −4.44; mean: 1.63 vs. 6.59, MD: −4.96, 95% CI: −5.44, −4.48; mean: 1.26 vs. 3.64 MD: −2.38, 95% CI:−2.88, −1.87), P < 0.05 before PSM; (mean: 4.39 vs. 7.61, MD: −3.22, 95% CI: −3.70, −2.73; mean: 2.71 vs. 7.61, MD: −4.90, 95% CI: −5.47, −4.33; mean: 1.66 vs. 6.59, MD: −4.93, 95% CI: −5.43, −4.42; mean: 1.24 vs. 3.66 MD: −2.41, 95% CI: −2.95, −1.87) P < 0.05 after PSM. There was no significant difference in VAS score between the two groups at the 30th and 120th minute (Figure 3). The onset time (time taken to achieve a 50% VAS-score decrease relative to each patients’ VAS baseline) was remarkably different between the two groups (1.15 min of acupressure vs. 15.80 min of parecoxib sodium, MD: 14.64, 95% CI: 14.08, 15.21, P < 0.001) before PSM and (1.17 min of acupressure vs. 15.68 min of parecoxib sodium, MD: 14.51, 95% CI: 13.91, 15.11, P < 0.001) after PSM. These results indicate that acupressure achieved a faster remission of renal colic than parecoxib sodium within 20 min after administration. After the 20th minute, the groups exhibited the same efficacy. Furthermore, the recurrence rate within 24 h was almost the same (0.22 vs. 0.18 95% CI: −0.15, 0.21 before PSM, 0.24 vs. 0.20 95% CI: −0.15, 0.24 after PSM, P > 0.05). The markedly effective rate, which was defined as the proportion of patients achieving a >60% decrease within 30 min relative to each patient’ s baseline, was similar between the two groups (86.9% for acupressure vs. 88.6% for parecoxib sodium, 95% CI: −0.173, 0.143 before PSM, 87.8 vs. 87.8%, after PSM, 95% CI: −0.167, 0.167 Table 3). The adverse effects are shown in Table 4.


TABLE 2    Outcomes of each group.
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FIGURE 3
Visual analog scale (VAS) decrease between the acupressure group and parecoxib sodium group before and after propensity score matching (PSM).



TABLE 3    Markedly effective rate in 30 min.
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TABLE 4    Adverse effects.
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3.3. Linear mixed effects regression

Further linear mixed effects regression analysis was conducted to investigate the rate of decrease of VAS within 10 min between acupressure group and parecoxib sodium group and their covariant effect on the efficacy of acupressure. Covariant including age, sex, pain site (right or left), stone location, and stone size were enrolled in this model. Linear mixed effects regression was performed and the results are shown in Table 5. In this model, the estimate of intercept represented that the VAS score was 7.61 (95% CI: 6.75, 8.47, p = 0.000) under no any other factors. The acupressure group could significantly affect the VAS decreasing rate and gained an estimate of −2.05 (95% CI: −2.51, −1.59, p = 0.000) lower than the parecoxib Sodium group. Other covariant such as gender, age, pain site, stone location, and stone size showed no remarkable effect on VAS decreasing rate. The estimate of Time 1 represented the rate of change of VAS per minute among the controls before minute 10 and gained an estimate of −0.34 (95% CI: −0.39, −30, p = 0.000) which meant that is a decrease of 0.34 per minute. Time 2 represented the change of the before minute 10 rate of change of VAS per minute among the controls after minute 10 and gained an estimate of 0.31 (95% CI: 0.26, 0.36, p = 0.000). In another word, that is a decrease of 0.03 (−0.34 + 0.31) per minute past minute 10 among the controls. The interactive model found the estimate of Acupressure * Time 1 represented a difference in rate of change of VAS between the acupressure and the controls before minute 10 with an estimate of −0.15 (95% CI: −0.21, −0.08, p = 0.000), which indicated that acupressure is associated with a further 0.15 decrease per minute compared to the controls. The full rate of decrease for acupressure group before minute 10 is −0.15–0.34 = −0.49 per minute. However, parecoxib sodium group* Time 2 showed a better effect on VAS decreasing rate than acupressure group. The co-effect of them gained an estimate of 0.18 (95% CI: 0.12, 0.25, p = 0.000). It also meant the full rate of change among the acupressure group is 0.18–0.15 + 0.31–0.34 = 0.00 per minute after minute 10.


TABLE 5    The estimation of visual analog scale (VAS) decreasing rate in linear mixed effects models.
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4. Discussion

With the widespread use of painkillers, including NSAIDs and opioids, side effects, such as nausea, vomiting, constipation, and drowsiness, have also received increasing attention. Thus, an increasing number of alternative therapies have been developed for acute renal colic. Treatment involving active warming of the abdomen and lower back region has been reported to be effective for renal colic (15). Acupuncture also plays an important role in renal colic, a phenomenon that has been proven in several clinical trials (16, 17). Acupressure, which is very similar to acupuncture, is an ancient Chinese treatment. It performs an analgesic function through the stimulation of acupoints using acute pressure, called acupressure. According to Chinese medicine, pressing these acupoints potentially regulates the balance of yin and yang through meridians (18). Current studies have demonstrated that neurotransmitters, such as serotonin, and the increase in pain threshold mediate the analgesic mechanism through the stimulation of acupoints (18–21).

Like other acupoints, the Qiu acupoint also exerts its effect through acute pressure. However, the Qiu acupoint is not the traditional acupoint that goes through the meridians; it is similar to the A-shi point, which reflects a specific pain area beyond the meridian acupoint, treated using alternative therapies, especially acupuncture and acupressure.

Our data demonstrated that acupressure at the Qiu acupoint achieves a similar effect to that of parecoxib sodium; excitingly, Qiu acupoint has a remarkably rapid effect. In our investigation, VAS scores decreased significantly in the 1st min in the acupressure group; however, an almost similar effect between the same groups was observed in the 30th min. This result is consistent with that obtained by Kaynars et al. (16), in which the acupuncture group experienced a drastic decrease after 10 min compared with the diclofenac and acetaminophen groups. Coincidentally, several studies have reported on analgesic treatment in locations near the Qiu acupoint. Gul and Gul (22) injected sterile water into the triangular area bound by the 12th costal margin, iliac crest, and vertebral spine for renal colic, and it had an effect similar to that of diclofenac sodium by muscle injection. Aydin et al. (23) performed a pilot clinical feasibility study and found that erector spinae plane block with 0.25% bupivacaine achieved a better effect than NSAIDs. The trigger point, which is described as a point located at an area bound by the costal margin, vertebral spine, and iliac crest, has been reported to be effective for renal colic by injecting lidocaine (24, 25). The Qiu acupoint lies near the middle of the triangular area bound by the 12th costal margin, iliac crest, and vertebral spine. This evidence reveals that a certain mechanism exists for analgesia in this triangular area. According to our study, acupressure at the Qiu acupoint appears easy to perform and does not require injection equipment or any medicine. In linear mixed effects regression analysis, we determined the rate of decrease of VAS within 10 min between acupressure group and parecoxib sodium group and their covariant effect on the efficacy of acupressure at the Qiu acupoint and found that acupressure had a better VAS decreased rate within 10 min compared to parecoxib sodium while there was no effect in other clinical factors including age, sex, pain site, stone location, and stone size. These result considered the co-effect of other variants and convinced the result that acupressure at the Qiu acupoint has a quicker Analgesic effect within 10 min compared to parecoxib sodium.

Acupressure has been considered a low-cost, low-risk, environmental- and patient-friendly treatment in China. More importantly, the alternative treatment potentially curtails the addictiveness of many analgesics, such as morphine, and side effects caused by NSAIDs. However, the worldwide promotion of acupressure still faces many challenges. First, there was a lack of high-quality evidence. In addition, the habit of using painkillers is not easy to alter. Thus, we hope our study provides some evidence regarding the utility of acupressure in treating acute renal colic.

Indeed, there are certain limitations to our study. First, the sample size was insufficient, and only a single center was used. We hope that a multi-center study or randomized controlled trials (RCTs) will be performed in the future to strengthen our conclusions. Second, bias was inevitably generated because of the nature of our cohort study compared with that of RCTs. Third, the investigation time of the protocol was limited to 30 min, which was based on the NSAID onset time. The duration of analgesia was also assessed at the 120th min. However, it might have been better to increase the detection time to the 60th and 90th minutes, thus rendering the study more complete.



5. Conclusion

In this study, we demonstrated that acupressure at the Qiu acupoint had a significant effect on reducing pain caused by renal colic, similar to that of parecoxib, but without significant adverse effects. Acupressure was significantly faster than parecoxib sodium in decreasing VAS scores within 10 min. Overall, the foregoing evidence presents an alternative therapy for acute renal colic.
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Acupuncture is a minimally invasive therapeutic method that uses small caliber needles while inserting them through the skin into various areas of the body. Some empirical studies find evidence to support the use of acupuncture as a treatment for certain medical conditions, however, this peculiar practice is widely considered as the domain of alternative and non-evidence-based medicine. Several mechanisms have been suggested in an attempt to explain the therapeutic action of acupuncture, but the way in which acupuncture alleviates chronic non-cancer pain or psychosomatic and psychiatric disorders is not fully understood. A recent study suggested a theoretical model (coined “Fascial Armoring”) with a cellular pathway to help explain the pathogenesis of myofascial pain/fibromyalgia syndrome and functional psychosomatic syndromes. It proposes that these syndromes are a spectrum of a single medical entity that involves myofibroblasts with contractile activity in fascia and aberrant extracellular matrix (ECM) remodeling, which may lead to widespread mechanical tension and compression. This can help explain diverse psycho-somatic manifestations of fibromyalgia-like syndromes. Fascia is a continuous interconnected tissue network that extends throughout the body and has qualities of bio-tensegrity. Previous studies show that a mechanical action by needling induces soft tissue changes and lowers the shear modulus and stiffness in myofascial tissue. This hypothesis and theory paper offers a new mechanism for acupuncture therapy as a global percutaneous needle fasciotomy that respects tensegrity principles (tensegrity-based needling), in light of the theoretical model of “Fascial Armoring.” The translation of this model to other medical conditions carries potential to advance therapies. These days opioid overuse and over-prescription are ubiquitous, as well as chronic pain and suffering.
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1. Introduction

Acupuncture is a traditional Chinese treatment method using fine needles that are inserted into various areas of the body. The origins of this strange practice date back several thousand years to the far East, with the canonical text established in the first century BC and known as the Inner Classic of the Yellow Emperor (1). Suggested mechanisms to explain acupuncture include neurohormonal pathways and induction or release of anti-nociceptive substances, activation of endogenous opioid mechanisms, stimulation of neuropeptide gene expression, the gate control theory, immunomodulation, reflex and spinal nerve stimulation followed by autonomic modulation, mechanical cellular signaling pathways, psychological or placebo effect, and “Qi energy” (1–5). While several explanations exist for its mode of action, acupuncture is often perceived as non-scientific. Until relatively recently, many in the west considered it the Chinese equivalent of voodoo (1). Despite the existence of some empirical evidence to support this therapeutic method for certain medical conditions, many physicians do not recommend acupuncture to their patients due to lack of a comprehensive theoretical model to explain it. Indeed, the treatment should be based on the pathophysiology of the disease. Often grouped with other alternative methods under one eastern umbrella, acupuncture stands out of the rest because it appears to be a minimally invasive surgical intervention of the fascia.

A recent study suggested a theoretical model (coined “Fascial Armoring”) with a cellular pathway to help explain the mechanism and pathogenesis of “functional somatic syndromes” (6). Syndromes such as “fibromyalgia,” “chronic fatigue syndrome,” “somatic symptoms disorder,” “myofascial pain syndrome,” and other psychosomatic/functional/“non-specific” conditions are suggested to be on a spectrum of a single medical entity (6–8). The underlying pathophysiology of these syndromes is suggested to involve, among several things, myofibroblasts in fascia that possess contractile activity with a positive feedback loop of force generation (6). This abnormality can lead to mechanical tension in the fascial tensegrity system and compression of anatomical structures, which can help explain the symptomatology and manifestations of fibromyalgia-like syndromes. Fibromyalgia is a chronic-widespread-pain-and-fatigue disorder with an unknown mechanism or cause, with much stigma. It affects 2–6 percent of the population (7) and is often managed by primary care physicians and rheumatologists. Current treatments are insufficient, causing frustration among patients and clinicians alike. No cure is known to exist. The opioid crisis in our society is ongoing, suffering is prevalent, and the social and economic burden of chronic pain conditions is high. In this paper the theoretical model of Fascial Armoring is presented in order to then discuss a new mechanism of action for acupuncture.

The following discussion is based on a literature review and aims to offer a new mechanism for acupuncture as a global percutaneous needle fasciotomy that respects tensegrity principles in light of the framework of Fascial Armoring. According to this suggested model, a decompressive mechanical treatment that applies multiple needles in different areas of the tensegrity system might be utilized to treat the fascial abnormality in myofascial pain/fibromyalgia syndrome and functional psychosomatic syndromes. Insertion of multiple needles, while letting the system completely rest, might allow internal fascial forces to tear fibers and release tensions in the system (6). It is a more yielding approach with less pain. In addition, compared to western dry needling (which elicits pain and may not properly treat the underlying disease), more compliance is expected from patients using this method. The holistic view of acupuncture aligns with the continuity and pervasiveness of fascia. In the long term, a method that respects tensegrity principles is expected to be much more effective as a treatment and prophylaxis of fibromyalgia-like diseases.

The key points setting the ground for this paper’s proposed hypothesis are as follows:


•Acupuncture is an intriguing ancient technique, considered by many as alternative medicine, and still lacks a clear mechanism to explain its practical application and theory.

•Fascia and proto/myo/fibroblasts phenotypes may have a major role in the pathophysiology of “non-specific” pain and psychosomatic syndromes.

•Fibromyalgia patients are found to have pathological changes in their extracellular matrix (ECM) and myofascial tissue.

•The theoretical model of Fascial Armoring integrates biomechanical properties of fascia and biotensegrity principles to propose a treatment for fibromyalgia-like conditions.

•A new mechanism of action for needling therapy was recently offered, whereby needling fascia relieves mechanical abnormalities in myofascial tissue and in the network of myo/fibroblasts, while taking into consideration the concept of tensegrity.





2. A brief explanation of the theoretical model of fascial armoring

In order to unfold the therapeutic action of acupuncture as a global percutaneous needle fasciotomy that respects tensegrity principles, we must first look at the model of fascial armoring and the process of myofibroblast force generation in the bio-tensegrity system of fascia. Fascial armoring is a theoretical model that was developed to help explain the pathogenesis of fibromyalgia-like syndromes (6). Functional psychosomatic syndromes are suggested to be on a spectrum of a single medical entity (7, 8), which may share a common rheuma-psycho-neurological mechanism (6). The fascial armoring model focused on the rheumatological facet of this medical entity. It suggests that these syndromes are driven, in part, by myofibroblast-generated-biotensegrity-tension, i.e., a network of myo/fibroblasts with contractile activity in fascia causing a connective tissue abnormality of the fascial biotensegrity system, leading to widespread mechanical compression (6).

The cellular pathway of the pathophysiology of fibromyalgia was suggested to involve mechano-signaling of myo/fibroblast phenotype cells in fascia (e.g., integrin and focal adhesion, Rho-associated-kinase, alpha smooth muscle actin, and transforming growth factor beta pathways) (6). Widespread mechanical tension and fascial rigidity might help explain several of fibromyalgia’s manifestations such as: pain, distribution of pain, decreased pressure pain threshold, chronic fatigue, morning stiffness, cardiovascular and metabolic abnormalities, autonomic abnormalities, small fiber neuropathy, close association with hypermobility syndrome, various somatic symptoms, absence of clear inflammation, silent imaging investigations, and other phenomena (e.g., occasional complete resolution soon after surgery) (6). The following findings are the basis for the theoretical model of fascial armoring: (i) Myofibroblasts can cause long-term contractures in tissue; they synthesize alpha-smooth-muscle-actin (α-SMA) fibers that allow them to lock in tension in the ECM in a slip and ratchet mechanism (9). Tomasek et al. described the complex biological and mechanosensitive activity of myofibroblasts and their stress shielding. Forces generated in ECM are maintained and reinforced over time by matrix remodeling and collagen deposition, accompanied by simultaneous myofibroblast contraction and force generation (9). (ii) Fascia forms a continuous network throughout the body and has qualities of tensegrity (or biotensegrity) (6, 10–12). Tensegrity is an architectural term describing how compressive and tensile element forces enable the dynamic stabilizing of one connected structure (10, 11). The term “biotensegrity” integrates complex biological aspects of living systems into a tensegrity biomechanical model where each “separate part” of the system is valued with relation to the whole (12). (iii) Fascia can transmit forces in the body to a distance with mechanical forces able to travel along myofascial chains (13). (iv) Fascia is able to actively contract (14). Myofibroblasts are present in fascia of normal individuals and can cause long term pathological contracture as shown in studies of Schleip and Klingler (15). (v) Soft tissue fibroblasts form a widespread interconnected cellular network with potentially critically overlooked physiological and functional importance (16).

These findings help form a theoretical model of fascial armoring- the creation of generalized tension and compression due to a widespread myofibroblast network in a stiff and rigid fascial system. Empirical evidence in support of the fascia-based pathogenesis of fibromyalgia, with widespread compression, can be found in studies such as:


1)A study by Katz et al. found significantly higher intramuscular pressures in trapezius muscle of fibromyalgia patients. The mean value of intramuscular pressure in the patient group was 33.48 mmHg compared to 12.23 mmHg in controls (17). The authors of the study stated that the burden of the pressure abnormality might contribute to diffuse muscle pain in fibromyalgia and may be an intrinsic feature of the disease. Therefore, fibromyalgia as a disease of exclusively central neuroplastic pain should be reconsidered (17).

2)Biopsies of fibromyalgia cases indicate definite and non-specific muscle changes which are suggested to be due to chronic muscle contraction and ischemia of unknown etiology (18).

3)Decreased peripheral blood flow in fibromyalgia patients was found, which suggests there are functional disturbances in their cardiovascular system (19).

4)In muscles of fibromyalgia patients, increased DNA fragmentation and ultrastructural changes are suggested to be secondary to chronic muscle contraction (20).

5)In a biopsy study of fibromyalgia patients, peripheral fibroblast transforming growth factor-β gene expression is significantly higher compared to controls (21).

6)The protein expression of genes involved in ECM turnover and oxidative metabolism has a differential expression in fibroblast of fibromyalgia patients, which could explain the inflammatory status of these patients (22).

7)A significantly lower amount of intramuscular collagen was found in fibromyalgia patients, which may cause a lower threshold for muscle micro-injury and result in non-specific signs of muscle pathology (23).



An elaboration and analysis with further empirical evidence that support fibromyalgia as an entity involving widespread mechanical compression can be found in a recent study (6). According to the model of fascial armoring, unhealthy lifestyle (e.g., sedentarism, western diet, obesity, and mechanical factors such as tight clothes) is suggested to be a major contributor to “functional-psycho/somatic syndromes” by stimulating fascial myofibroblasts. Based on the model, any factor that induces proto/myofibroblasts in fascia may increase risk for, or lead to, a fibromyalgia-like condition. It was hypothesized that a sever manifestation of fascial armoring might manifest as a mild-to-moderate-global-chronic-compartment-like syndrome, which may help explain various organic findings in fibromyalgia suggesting long-standing low-grade widespread ischemia (6).



3. Hypothesis

A treatment that uses multiple needles inserted in various areas of the body while respecting the complex properties of fascia is hypothesized to modulate the fascial bio-tensegrity system, thereby relieving mechanical tension in myofascial and subcutaneous tissue (6). I suggest acupuncture acts mechanically as a global percutaneous needle fasciotomy that respects the biotensegral properties of fascia (i.e., “tensegrity-based needling”) and can shift the state of the system to a more balanced state. Studies show that inserting dry needles has mechanical effects on fascia and alleviates pain (24–32). Modulating the bio-tensegrity structure and fascia may be a way to relieve mechanical pressure and treat the underlying fascial abnormality in fibromyalgia-like diseases (6). Tensegrity-based needling/acupuncture (needling while respecting qualities of tensegrity) is expected to lower the shear modulus of fascia over multiple sessions, and ultimately lead to significant effects on myofibroblasts in fascia through mechanosensitive signaling and changes in tissue stiffness (6). Fibromyalgia, even though currently defined as a central neuroplastic pain disorder, is dependent on peripheral input of nociception. Therefore, I reason that acupuncture might be able to treat the fascial abnormality of fibromyalgia-like diseases to help induce and sustain remission.



4. Methods

This work is based on a narrative review that used key phrases on fascia, myofascial pain, fibromyalgia, and acupuncture. The databases used were MEDLINE, EMBASE, COCHRANE, PEDro, and medRxiv. Systematic searches for keywords on fascia, fibromyalgia, acupuncture, and myofascial pain, were done between September 2020 and 6 February 2022. Non-systematic searches for keywords on related topics were done in PUBMED. Inclusion/exclusion based on title and abstract, then full text inspection. Items off topic and foreign language were excluded. A data charting form was used to abstract key data, as well as a summary document that was updated in an iterative process- that document evolved into this review. A total of 831 items were included in the literature of this study for the purpose of offering a new hypothesis and theory on acupuncture based on the model of fascial armoring.



5. Needling

Empirical studies suggest needling exerts mechanical effects on fascia and a mechanical action of needling itself relieves pain (24–26). Needling therapy lowers the shear modulus and stiffness of myofascial tissue (27–29). Langevin et al. show that the insertion of needles into fascia has important effects on surrounding tissue and cells (30–32). Fibroblasts contract upon release of tension in attached collagen lattices (33). Fibroblasts create tension in the attached matrix and when tension is released cells undergo contraction with a rapid contraction of the collagen matrix (9). It was suggested that needling may help relieve mechanical tension from the fascial fiber-cellular network and modulate the bio-tensegrity structure as a possible treatment for fibromyalgia (6). Evidence for the efficacy of needling techniques in relieving chronic pain and myofascial pain conditions can be found in literature (34–38). Two main types of mechanical needling therapy (without injection) are found in the literature which are: (i) western dry needling, and (ii) traditional Chinese medicine’s acupuncture. I would like to discuss these two methods in light of principles of the bio-tensegrity model of facial armoring, a framework called tensegrity-based needling (TBN) (6).


5.1. Dry needling

Dry needling is a relatively new minimally invasive method developed in modern medicine. It still lacks a comprehensive theory to fully explain its mode of action in myofascial and “non-specific” or psychosomatic diseases, mainly because these conditions lack a clear pathophysiology and mechanism themselves. Ideally, any treatment method should theoretically conform to the pathophysiology of the disease that it aims to treat. Some empirical studies support western dry needling, although most of the studies examine its short/medium-term effects, whereas the long-term effects are still unclear (36, 39–41).

Western dry needling can be seen as a variation of trigger point injection (without the injection) or an uncomplicated variation of acupuncture. Used often to treat myofascial pain and trigger/tender points, dry needling can be extremely painful for the patient (29), some might even call it abusive. In dry needling for myofascial trigger-points, a needle is often inserted forcefully and repeatedly deep into the trigger/tender point during a session (e.g., fast-in and fast-out/pistoning/sparrow pecking maneuver, possibly in a fan or cone shape), with the purpose of “destroying” the trigger point or trying to induce edema, positive inflammation, and self-healing processes; or aiming to relieve the pain through spinal cord afferent signaling or other mechanisms (42–45). However, as many clinicians’ experiences might indicate, these mysterious painful points recur a short while after treatment too often, if not in the same site, then in a different one. Interestingly, sometimes pain migrates.

Many patients are deterred from repeating this type of treatment due to extreme pain elicited by needling (called “post-needling soreness”) (46). If the trigger point recurs, either in the same spot or a different one, the needling procedure can be repeated. However, in cases where the patient’s pain eventually becomes diffuse and widespread, the underlying diagnosis can be altered to a psychologically driven pain or “chronic widespread pain”/“fibromyalgia,” for which the treatment nowadays is often psychological or psychiatric. Cognitive behavioral therapy is one such modality for diffuse pain (47). Noteworthy, chronic widespread pain is not considered by some certified clinicians as a real organic medical condition to treat (48). Fibromyalgia is one example of such a prevalently neglected and stigmatized medical condition (where many certified clinicians actually think that the patient is imagining the pain).



5.2. Acupuncture

Acupuncture is an important therapeutic method in East Asian medicine. Its theoretical and philosophical framework differs from that of the modern West. East Asian medicine tries to formulate a qualitative diagnosis in the overall entirety of a person’s state, signs, and behaviors. The west’s biomedical approach aspires to achieve a scientific and measurable quantitative assessment of an organic biological process (1). Eastern philosophy, such as yin-yang and Qi, is integrated into acupuncture and is one of the reasons for the difficulty of accepting it in western thought and science (1). Moreover, acupuncture uses a network like view of the human body with channels of flow of energy that can be needled in certain points to correct an imbalance or to modulate internal elemental life energies. Multiple needles are gently inserted in various area of the body, sometimes in a distance from the chief area of complaint. The scientific measurable justification for the theory and philosophy behind acupuncture is not an issue for traditional eastern thought and practitioners (1).

Evidence supporting the use of acupuncture in chronic pain and “psychosomatic” conditions can be found in literature (49–53). The mechanism of acupuncture is not fully understood, and many theories have been proposed to explain it, e.g., neurohormonal pathways and induction or release of anti-nociceptive substances, activation of endogenous opioid mechanisms, stimulation of neuropeptide gene expression, immunomodulation, the gate control theory, mechanical cellular signaling pathways, Qi energy, psychological effect, placebo effect, and so forth (1–5).

Overall, acupuncture is considered safe when performed by a competent trained practitioner (1, 54, 55). In rare circumstances, acupuncture can cause complications such as those associated with any other type of needle use (dizziness, minor hemorrhage, pain, infection, or more serious events such as pneumothorax) (1, 56–58). Adverse events usually occur when the acupuncture practitioner has inadequate training (1).



5.3. Tensegrity-based needling

Tensegrity-based needling (TBN) was suggested as a treatment method based on the facial armoring model of myofascial pain/fibromyalgia syndrome (6). It utilizes a tensegrity network conceptual framework to treat “functional psycho/somatic” or “non-specific” pain conditions. Tensegrity states that structures (or tensegrity systems) are stabilized by continuous tension with discontinuous compression, and function as one connected system (10–12). TBN suggests that needling therapy should take into consideration the bio-tensegrity qualities of fascia and its interconnectedness and continuity throughout the body. Needles are inserted in different areas of the system in order to lower global fascial stiffness and aim to collapse the tension of the system in a synchronized and directed manner (6).

The forces imposed in muscles are distributed over the tissue as a whole and transmitted by intramuscular connective tissue (59). Skeletal muscles are linked by fascial tissue and form a body-wide network of multidirectional myofascial continuity (60). A 2004 study suggests that soft tissue fibroblasts form an extensively interconnected cellular network, suggesting they may have important overlooked physiological functions (16). Fascia has contractile abilities and contains contractile cells (proto/myofibroblasts) (14, 15). A fascial myo/fibroblast network was suggested to cause long term contracture and tensegrity tension in fascia; therefore, needle insertion throughout this network is expected to cause mechanical disruption of the ECM’s fiber-cellular network and modulate abnormal tensions in the fascial system (6).

TBN is based on three elements of fascial armoring. These are (i) tensegrity mindset in the continuity of the fascial system (ii) trigger points and satellites (iii) a proto/myo/fibroblast population (network) creating tension, contracture, and stress shielding.

The mechanical action of needling has physiological and therapeutic importance: studies suggest the needle insertion itself relieves pain (25, 26, 37), which might suggest needling creates a focus for a mechanical tearing action on fascia (6). Needling exerts mechanical effects on tissues (30–32). Under the framework of fascial armoring, the tension and shear stress inside connective tissue pull on the point of fine needle insertion until the sum force vectors (or horizonal components) at that point is eliminated or needle is removed (6). Eliminating tensional forces and cutting off fascial fibers causes cells to rapidly contract and subsequently lose their stress fibers and adhesion complexes (9). Myofascial trigger points and satellites were suggested to be manifestations of myofibroblast populations in fascia with mechanical tensegrity links (6). Myo/fibroblasts create tension in the attached matrix; when tension is released cells undergo contraction with rapid contraction of the ECM (9). Studies observe changes in contractility and stiffness in fascia, including “needle grasp” phenomenon when needles are inserted (30–32). Needle delivery systems deform and move soft tissue and organs (61, 62). These mechanical effects may suggest that inserting a needle causes windup of connective tissue and modulation of the fascial system’s fiber-cellular network, guided by its internal forces and contractile cells. Studies suggest needling affects facia both at the insertion point and further at a distance (3, 32, 61, 63). Damage to fascia inflicted by a needle might actually allow for eliminating tensions between tense nodes in the network of (myofibroblasts) myofascial trigger-points and satellites. If inserted deep enough, it might also free edematous fluid, hyaluronic acid, and other factors trapped within the layers (e.g., serotonin). Micro-dialysis studies of trapezius muscle show myofascial pain syndrome patients have increased concentration of nociceptive and inflammatory substances in myofascial tissue (e.g., substance P, interleukins, tumor necrosis factor alpha, etc.) (64–66), and fibromyalgia patients have higher levels of lactate and pyruvate in myofascial tissue (67). Relieving mechanical tension might improve prefusion and lymphatic drainage, leading to better clearance of nociceptive and inflammatory substances (6). While one study suggests needling can improve blood perfusion (68), another study showed infiltration of trigger points can improve symptoms of intermittent claudication (69).

In short, TBN is expected to gently change the dynamics of the tensegrity structure and shift the state of the system to a more balanced state. The theoretical end purpose for this treatment would be to progressively collapse the tension of the system in a concentric way throughout multiple sessions by passively inserting multiple needles and then allowing the network of cells to lower global fascial stiffness beneath the threshold necessary for myofibroblasts activity (∼10–20 kPa) (6). One study suggested tissue stiffness of ∼20 kPa is the threshold for robust myofibroblast α-SMA synthesis (70). Upon complete freeing of tension in the attached matrix, myofibroblasts undergo apoptosis with reduction of α-SMA (71). Each intrafascial/subcutaneous needling treatment should be adapted to the current state of the bio-tensegrity structure. Ignoring tensegrity principles is expected to lead to more pain, either in the immediate, short, or long term. As an example, to illustrate this model, limb amputation is expected to lead to high risk of chronic pain due to a new imbalance in the fascial system (6). Studies suggest needling lowers myofascial tissue stiffness as measured by shear wave elastography (27–29). Releasing tensions in ECM might also relieve stretch lesions along sensory/sympathetic nerves (6). The more stress-shielding is present, the longer it should take until significant symptomatic improvement is achieved. Under this framework, needling therapy actively breaks the connections in the tensegrity-like network of fascia and then allows for new healthier connections to form via natural remodeling of the ECM (6). After modulation of the tensegrity structure, fascia will regenerate via myo/fibroblasts. Studies show fascia regenerates within several months after fasciectomy/fasciotomy (72, 73).

Under the framework of tensegrity and fascial armoring, one might consider first needling the dorsal foot and foreleg in plantar fasciitis, for example, if connective tissue is pulling the plantar fascia and triggering pain. Thus, aiming to treat the underlying tensional abnormality in the connective tissue, and not simply the symptoms of pain. Importantly, needling the foreleg would change other areas of the tensegrity system, because tensegrity domes are made of many nodes- and changing one node changes the dome. Figures 1, 2 depict the framework of the fascial armoring model as a geodesic dome to illustrate fascia as a complex connected system susceptible to imbalance.


[image: image]

FIGURE 1
A geodesic model of the bio-tensegrity structure. Each sheet may represent an area of fascia in the system. Each “sheet” has its spring constant set by fascial qualities and myofibroblast generated forces. Mechanical forces can travel to other areas through connections in the structure and myofascial chains. With permission from PACIFIC DOMES Inc. www.eventdome.wordpress.com. Reprinted from https://eventdome.files.wordpress.com/2010/07/bm-multi-colored.jpg, with permission from Sequoia Miller from Pacific Domes Inc.



[image: image]

FIGURE 2
A bio-tensegrity structure with imbalance. Nerves can be affected by internal fascial forces and sense tension to send pain signals. This happens more in weaker areas of the structure, i.e., areas that are pulled by myofascial tissue and myofibroblast generated forces, for example, as seen on the right side of the structure when the dome is facing the observer. Needling the painful area does not address the underlying cause for the pain, which may be increased tension generated by the left side of the structure (when facing the observer). To balance the structure, one should needle the contralateral side to pain as well: the side to which the structure leans and which indicates more stress shielding and force generation. In this model, pain and somatic manifestations are a symptom of imbalance rather that the problem to simply target anatomically. With permission from, and photographed by, Aaron Neilson-Belman AaronNeilsonBelman.com. Reprinted from https://hippievanman.com/photos (accessed 2021).


Realizing the tensegrity qualities of fascia, it seems that a trigger point with severe localized pain may not necessarily be the source of pathological tension because myofibroblasts stress shield their area from tension. Targeting only the symptom of pain during treatment is expected to lead to an endless chase of migrating pain whose location is determined by dynamics of the bio-tensegrity system (6). Tension may have a tendency of developing near hard and angled surfaces with sharp force-gradients. Tension and myofibroblasts in connective tissue will be present, but pain depends on the degree of sensory nerve involvement (6). Developing a therapeutic method that treats such a complex dynamic affair is not a trivial matter.




6. Discussion

In 1815 Dr. William Balfour described his method of “curing” patients with “rheumatism” (i.e., fibromyalgia) (74). Balfour applied bandages to treat patients with fibromyalgia or chronic “non-specific” pain at the area of complaint and saw immediate improvement in pain, joint range of motion, and ability to move. However, some patients returned a short while later with pain that migrated to a different area. The “cure,” as it seems, was only symptomatic and temporary (e.g., the case of Mrs. M. pp. 179–180) (74). Mechanical signals feed input into the myofibroblast positive feedback cascade of transforming growth factor beta-1 and α-SMA synthesis, which can lead to further contraction and tension in the ECM in a detrimental loop (9). This suggests that Balfour’s method modulates the tensegrity dynamics but in an opposite way compared to needling and acupuncture (6). Bandages (as well as taping and compression techniques) can modulate the tensegrity structure and/or induce myofibroblasts, matrix remodeling, and stress shielding, but fail to resolve the overall tension. TBN, on the other hand, is expected to slowly release the tensions from the tensegrity system, lower tissue stiffness, and, over time, treat the patient’s underlying fascial tensegrity abnormality. TBN, when done correctly, is expected to effectively treat- and perhaps even completely relieve- the underlying disease, according to the fascial armoring model.

Many controlled trials of acupuncture in the research literature are described as lacking strong evidence (38, 53). Noteworthy, establishing a proper control group is difficult in such studies. Finding a suitable placebo is somewhat challenging, and as it seems, any sham needling is not inert with regards to tensegrity dynamics. Moreover, some studies adopted a western non-holistic approach while using a fixed, drug-like, well-defined study protocol of needling a single acupuncture point for a particular symptom, even though this approach has little relevance to the methods of an acupuncture practitioner in clinic (1).

The terminology regarding dry needling in literature can benefit from being more consistent. In this paper, the term “dry needling” refers to any technique that suggests one should insert needles into points/areas of pain as the only strategy of the therapy, without embracing a holistic view of the body or the bio-tensegrity system. This encompasses “intramuscular manual therapy” or “trigger point dry needling” and any other technique that sees “non-specific” pain as the problem to target anatomically rather than a symptom of imbalance in a complex fiber-cellular network of fascia. A guiding principle of TBN is that imbalance in fascia should be balanced by modulating multiple areas of the tensegrity system simultaneously (via mechanical needling) to minimize any exacerbation and carefully shift the imbalance of the system toward a more balanced state. Geodesic tensegrity domes are made of many nodes- and to change a node is to change the dome. In this discussion, a geodesic tensegrity dome is a parable for the (fascio)musculoskeletal system, for the purpose of simplicity. As biology does not separate or segregate itself into different medical specialties, an imbalanced tensegrity structure is likely to be associated with an imbalanced mind (6). The “body” and the “mind” are one Being, one flesh.


6.1. Acupuncture as tensegrity-based needling (TBN)

Studies find needling lowers shear wave modulus of myofascial tissue (29). Systematic reviews and meta-analyses find acupuncture alleviates pain and stiffness in fibromyalgia and in myofascial pain syndrome (34, 36, 38). The proposition that acupuncture may be a form of TBN is derived from the marked similarity between the two methods and the holistic view of the body they both embrace. The following points suggest acupuncture may function as TBN:


(1)In traditional eastern acupuncture, several needles are often used simultaneously and in multiple areas of the body, as recommended by TBN. Between five and fifteen needles are typically used in acupuncture treatment, with the point combinations varying over the course of the sessions (1).

(2)Acupuncture points adhere to symmetry of the human body. Symmetry during needling reflects the understanding that affecting one side of the tensegrity structure can affect the reciprocal contralateral side of the structure, and a modulation of one side alone can exacerbate any pre-existing imbalance. Inserting a needle into one point on the midline respects right-left symmetry but not anterior-posterior or cranio-caudal chains of force transmission. Needling bilateral points off the midline respects left-right symmetry. The skeleton is mostly symmetrical across the mid-sagittal plane, but internal organs and their fascia are not necessarily so.

(3)Needles are often inserted into a distant site further away from the chief area of complaint (75, 76), or sometimes in the contralateral side (77). This is a guiding principle in TBN. Since myofibroblasts stress shield themselves and remodel ECM, a painful point is not necessarily the source of pathological tension but rather may be a sign of a weak area that is being pulled by more distant myofascial tissue (via myofascial or biotensegral channels or chains). In acupuncture therapy for plantar fasciitis, for example, needles are often applied in the dorsal side of the foot and in the foreleg (points designated BL 57, BL 60, ST 36, SP 5, etc.) (78, 79). According to TBN, the foreleg and dorsal side of the foot, as well as more proximal points in the leg, are reciprocal areas that should be needled because they act to pull the plantar fascia and cause tension and pain. A study indicated that tightness in the gastrocnemius and hamstrings is associated with plantar fasciitis (80, 81). In lateral epicondylitis, points in the wrist and the elbow are needled, including in the anterior surface of the upper limb (82). In “neuropathic/neuroplastic” limb pain, needles are inserted into the contralateral limb to relieve pain (77). In tension-type headache, adjacent points can be used, bilaterally, including the adjacent large myofascial tissue of the trapezius and sternocleidomastoid (83). In acupuncture theory, headaches can be treated by placing pins in the hands (1). The rationale for this, even though may sound peculiar to a reader who is not familiar with the concept of tensegrity, is that the myofascial tissue in the upper limbs is suggested to pull the fascia of the head and transmit the tension through myofascial chains and tensegrity connections. Fascia is continuous from the trunk across the upper and lower limbs, thus capable of affecting range of motion. Fascia connects the ankle and hip not only anatomically, but also mechanically (84). While one study demonstrated existence of an anatomical continuity between all muscles of the flexor region of the upper limb (85), there is evidence in support of direct serial tissue continuity from the neck and shoulder area to the forearm (86). Reportedly, an anatomical myofascial continuum exists between the neck, head, and eyes (87). Most human skeletal muscles are directly linked by fascia and connective tissue (13).

(4)Acupuncture points are distributed in a higher density in areas of bone protrusions (88) and are distributed in a systemic network-like relationship of channels (88–90). Needling points adjacent to bone protrusions and solid curved surfaces is a general principle of TBN because those are the areas where tension and/or myofibroblasts tend to develop, even if asymptomatic or subclinical (6). Solid surfaces cause more pressure and stronger mechanical signals when fascia is chronically pressed against them in a person subjected to factors such as sedentary behavior and tight clothing. Chronic mechanical stimuli then lead to induction of myofibroblasts and their cascade of contracture. The development of myofibroblasts and fascial armoring will also depend on the type of tissue and its mass at the involved area. Mapping areas and points adjacent to hard surfaces and myofascial tissue, while avoiding important structures such as nerves and blood vessels, while also considering myofascial chains, might correlate to a certain degree with the distribution and relationship of acupuncture points. A study aimed to evaluate the correlation between trigger points and acupuncture points for pain (91). It found a high degree of correspondence (approximately 70 percent) between these two sets of points. The close correlation suggests that trigger points and acupuncture points for pain represent the same phenomenon and may be explained in terms of the same underlying mechanisms (91). Non-trigger-point needling might influence muscular and neurovascular structures as well as the connective tissue. Noteworthy, trigger points and acupuncture points should not be expected to correspond entirely under this framework, because of the complexity of the tensegrity system. Tension developing in one area will often have a reciprocal area to be needled (even if not painful). For example, needling the area of the mastoid process (bilaterally) might require needling the back, the legs, or the middle of the forehead in the future even if the forehead is mostly flat, and even if the forehead does not have a painful trigger point. This is because releasing tension from the back of the head can shift imbalance to the front of the head, especially in a person with myopic vision overuse or a person overusing myopic vision during the needling session. The topography of acupuncture points might reflect tensegrity tension and its dynamics, and not simply myofascial painful points. Pain is a symptom of the entity; it is not the entity. Worth noting, the area of the abdomen does not contain many bone protrusions (although the anterior superior iliac spine should not be overlooked), however, bloating and sedentary behavior, as well as poor diet, belts and tight clothes, might lead to fibroblast-to-myofibroblast differentiation (with downstream physiological consequences). Fibrosis occurs in immobilized contracted muscles if they are maintained in the flexed position (59, 92). Sitting maintains abdominal muscles in the more flexed position. Psychological stress can potentially increase chronic abdominal muscle tone, thereby exacerbating the issue. Integrating the enteric nervous system and gastrointestinal tract complicates this model, though, overall, bloating acts to feed mechanical stimuli into the myofibroblast cascade of this model. Figure 3 shows the vicious cycle of fascial armoring and factors that modulate the myofibroblast cycle of force generation and tissue contracture (Figure 3). Poor diet can have biochemical effects and effects on the microbiome to induce myofibroblasts (93–95). Needling the abdominal fascia or Linea alba might require reciprocal needling in all four limbs and head to maintain balance in the fascial system.




[image: image]

FIGURE 3
Inputs into the positive feedback loop of fascial armoring (fascial rigidity and biotensegrity tension). Fibroblasts, adipocytes, and other cell-types can differentiate to myofibroblasts. Empirical studies show various factors influence fibroblast-to-myofibroblast differentiation and α-SMA synthesis, such as: immobility, infection/inflammation, diet, herbicides, drugs, epi/genetics, etc. (6). Once myofibroblasts activity is initiated, a positive feedback loop can stimulate and maintain fascial armoring (i.e., lead to a chronic fascial bio-tensegrity pathology driven by a myo/fibroblast network of contracting cells in connective tissue). Open arrows with a plus sign indicate upregulation/stimulation. TGF-β, transforming growth factor beta; α-SMA, alpha smooth muscle actin.



(5)In acupuncture, needles are inserted once in a session, and patients are allowed to fully relax and rest. Manipulation of a needle once inserted is performed momentarily and minimally, only if necessary. Needle twisting may be utilized to induce a mechanical response by myofibroblast contraction around the needle. Twisting the needle winds up ECM and fascia around the needle causing increased tension momentarily. Myofibroblasts have stretch activated calcium channels, and intracellular calcium and myofibroblast contractility are mechanistically linked (6, 96, 97). The direction of twisting can increase or decrease tension in the fascia, depending on the forces in it and the direction of twist. In certain cases, twisting the needle after insertion can help release tensions, for example, in cases where fascia has become very fibrotic with much remodeling and stress shielding. If a torque force exists in an intertwined fascia, twisting might help relieve it. Nonetheless, increasing tension via twisting in specific points will modulate the tensegrity forces around that area (and along that chain), and then, the needle will tear fibers throughout the session, as explained in the findings section. Encountering microscopic blood vessels/capillaries throughout the tearing process of fascia might lead to minor bleeding by the end of the session. The more bleeding and erythema, the stronger indication it is that much tearing of fascia occurred (assuming a blood vessel was not accidentally punctured). Too much bleeding is a sign of unconstrained modulation of fascia.

(6)Pain is something to avoid, not induce. As is seems, the pain and post-needling soreness of western dry needling is not a complication of the technique but rather it is a direct result. An important principle of TBN which is adhered to by acupuncture is allowing the myofascial system to rest during treatment. Elicited pain and the accompanied muscle contractions of patients during a “dry needling pistoning maneuver” is absolutely avoided. Rest and relaxation are of special importance during treatment. The fascio-musculo-skeletal system needs to be relaxed during treatment according to TBN, as well as the relaxation of the mind. When there is rest and relaxation, the internal fascial forces guide the process of fascial tensional release, which is a key aspect of TBN.

(7)The order of sequential needle insertion is a factor that is given attention in acupuncture (98). In TBN, if imbalance in the tensegrity structure is detected in the right upper part of the body, for example, it might require needling the right lower limb, left lower limb, and left upper limb, working around the structure to collapse the tension in a controlled fashion. If, for example, imbalance and pain is detected in the lower limb (e.g., following below knee amputation), needling might be done in the head, unilateral upper limb, contralateral upper limb, and contralateral lower limb, while working around the weak area of the structure. The back and thoracolumbar fascia should be needled to help relieve tension traveling down the lower limb. Determining the order of needling is complex under this framework and requires further understanding. Much research is required before translating this oversimplified discussion into clinical practice.

(8)Systemic symptoms require needling in multiple points throughout the body (98, 99). According to fascial armoring, functional-somatic or non-specific symptoms such as fatigue can be a sign of widespread fascial compression or a global chronic exertional compartment-like syndrome. Fascia is an interconnected fiber-cellular network like a woven net, with myofibroblast nodes/populations that create tension, and trigger points and satellites (6). Tension in a woven net cannot be released by cutting one string.



Even if a series of needling treatments does not induce complete relaxation in the tensegrity structure, it most likely makes the body more receptive to relaxation because it decreases mechanical tension and sympathetic tone. Sympathetic tone can be generated by pain and by fascial forces or stretch lesions in the nerves embedded in fascia (6). The bio-tensegrity structure is dynamic and each patient’s structure and the imbalance in it is unique to that individual at that point in time. Therefore, each needling treatment should be adapted according to the current state of the patient’s tensegrity status and modified according to the response to treatment. In other words, one needling protocol does not fit all, and does not fit one at all times. A reader who is familiar with acupuncture probably understood this concept already. Clinical examination is important and should be done prior to each needling session. Developing a method to monitor the state of the body’s fascial tensegrity structure by palpation would be an astounding achievement for modern medicine. The purpose would be to palpate and monitor the fascial system and to feel its qualities, not the cardiac pulse. Although, a weak string like cardiac radial pulse might be a marker for a widespread compression by an abnormal bio-tensegrity structure. A disease that is an “exertional chronic compartment-like syndrome of the whole body” should be easily felt and evaluated via palpation by a skillful individual (if one is aware of what to look for). Placing only two fingers on the wrist might not be sufficient to detect lateral movement or changes of the fascia beneath the skin during palpation.

Non-ideal modulation of the tensegrity structure, resulting from needling in a wrong way, would lead to exacerbation of pain and symptoms, either immediately or in the long-term. The therapeutic process should be gradual and progressive spanned over multiple sessions because changing the tensegrity structure too quickly may cause serious harm (6). Some suggest needles should remain for 20–30 min during each session, with a frequency of approximately two sessions per week (83). Fascia might have enough hidden potential elastic energy to cause bone fracture (6). A sudden change in fascia might shift tensegrity forces and exacerbate an imbalance (100).

Choice of needle depth: the precise depth of needling is an important variable. De-qi (needle grasp) describes a successful needling (31). It is a mechanical phenomenon. It may actually be the phenomenological representation of myo/fibroblast rapid contractions in connective-tissue (31) which is mediated by smooth muscle actin and calcium-myosin mediated contraction (6). Myo/fibroblasts have stretch activated calcium channels, and intracellular calcium and myo/fibroblast contractility are mechanistically linked (96, 97). Needle insertion can induce temporary contraction and increase the local tension. Following this increase in tension, if let rest, the needle will tear fascial fibers and slowly release tension (6). To “puncture the bone without damaging the tendons, to puncture the tendons without damaging the muscles, to puncture the muscle without damaging the “pulse,” and to puncture the “pulse” without damaging the skin” (Huangdi Neijing Suwen), seems to suggest that a therapist should be able to target and modulate the tensegrity system with caution and precision (the term “pulse” refers to fascia under this framework). If the needle does not penetrate the proper layer, the tensegrity structure will not be able to release its internal tensions in a healthy manner. If inserted too deep, it may cause harm. The angle of insertion affects depth. Worth noting, the repeated action of needle penetration in dry needling is neither very careful nor delicate and should be avoided, according to this theory. The long-term consequences of dry needling while ignoring tensegrity dynamics are not entirely known.



6.2. “Meridians”: A bio-tensegrity map?

The idea of meridians and their mechanical significance is interesting under this framework. It may be possible that the fascial tensegrity structure tends to have a conserved topography of tensional forces. Variations in this topography may also exist. Figure 2 depicts a tensegrity structure with imbalance whereby imbalance in the structure can manifest in different anatomical areas due to myofascial forces traveling in the system. Any specific imbalance in the fascial system would require needling in reciprocal areas. Imbalance or asymmetry in the tensegrity structure might have a tendency to reach certain energetic states which are stabilized by abnormal myofascial tensegrity forces. Also, the specific state of the tensegrity structure will be affected by elements of the musculoskeletal system. The skeleton is somewhat conserved between individuals but still has variations. Also, hypertrophy of a certain muscle group can cause imbalance in the structure. If, hypothetically, meridians serve as a topographical guide for the location of needling that can alleviate compression and shift the tensegrity dynamics to a more balanced state, it will further support the notion that acupuncture acts as TBN. If meridians correspond (to a degree) with myofascial/tensegrity chains, acupuncture as TBN would make even more sense. Any therapy that modulates the bio-tensegrity structure would have to take fascia’s complex dynamics into consideration while understanding that forces can be transmitted to a distance via myofascial chains. Myofibroblasts can be arranged in nodes or in lines, and lines of force are found to exist in tissue (101–106). For example, cardiac myofibroblasts tend to align their shapes and forces with the long axis of a wavy substrate (107). Myofibroblasts reorient themselves toward the direction of a stretch force exerted on them (108). Substrate concavity and convexity also affect mechanics of cells (109).

The ability of tensegrity forces to flow freely throughout this fiber-cellular network and in the system of fascia (or the “pulse”) might be related to the idea of a palpated “Qi energy.” This notion is presented assuming traditional Chinese philosophy accepts that even the metaphysical can have a physical representation in the body. If mechanical needling affects a person’s “Qi,” then “Qi” should have a mechanical aspect in the body. The Body-Mind-Spirit is one Being. This discussion is not aimed to validate or refute the idea of Qi energy or the whole philosophical background of acupuncture.



6.3. Acupuncture for fibromyalgia: Should we expect relapses until remission?

Since studies suggest fibromyalgia is overall dependent on peripheral input (110), interventions such as TBN/acupuncture aiming to target peripheral tissue have a role for central components of fibromyalgia as well as for treating their fascial abnormality. Allodynia and hyperalgesia in fibromyalgia can be improved or abolished by removal of peripheral impulse input (110). Mechanical hyperalgesia in fibromyalgia patients is likely a consequence of abnormal input from sensitized peripheral tissue receptors and resultant central sensitization. Abnormally sustained impulse input from muscle receptors in fibromyalgia patients and/or muscular ischemia appear to be a relevant mechanism for chronic muscle pain in such patients (110). Research has yet to establish if enhanced responses to somatic and cutaneous stimuli in fibromyalgia result from facilitating mechanisms within the brain, spinal sensitization maintained by tonic impulse input from somatic tissues, or abnormal mechanisms of descending facilitation from the brain to the spinal cord and/or somatic tissues (110). Nevertheless, recognizing the elevated intramuscular pressure as a possible mechanism for hypoperfusion and subsequent diffuse muscle pain in fibromyalgia suggests a therapeutic role for reducing intramuscular pressure as an intervention (17).

In the fascial armoring model, hyperalgesia would likely be affected by the state of nociceptors in abnormal fascia. Chronic nociceptor and mechanoreceptor activation, mechanical compression of neural structures, increased circulating inflammatory signals, and cytokine induced peripheral sensitization, are some of the pathways possibly leading to long term changes in the brain of these patients. Relieving a fascial biotensegrity abnormality and its noxious stimuli may be relevant for neurobiology by affecting input to the central nervous system including the somatosensory cortex, amygdala, brainstem, and insular cortex, reducing physical-emotional stress, affecting pathways of peripheral and central sensitization (including spinal and dorsal root ganglion), reduce microglia activation, and conditioned pain modulation, among many other related processes and paradigms neuroscience is familiar with. Treating their fascia properly is also expected to lead to less “pain catastrophizing” and should be more therapeutically effective than, for example, acceptance and commitment therapy.

Clinical trials show a beneficial effect of acupuncture for fibromyalgia (34, 38). According to the fascial armoring model, relapse is expected to happen after treatment due to the proto/myofibroblasts that remain in fascia (6). Myofibroblasts contract and lock in tension in the ECM over several hours (9). Relapses might occur a short while after each treatment. This will happen until global tension is eliminated or decreased enough to downregulate α-SMA and cause myofibroblast de-differentiation or apoptosis (6). A randomized controlled trial studied dry needling and extracorporeal shockwave therapy and measured their effect on the stiffness and shear modulus of fascia using shear wave elastography (27). Results showed both modalities significantly lowered the stiffness of fascia as measured by shear wave elastography. The shear modulus measured 1 month after treatment was significantly lower than pre-treatment values, and these values corresponded with lower patient reported pain and pressure pain thresholds. However, when measured at 3 months post-treatment, the shear modulus had increased above 1-month post-treatment values. Stiffness seemed to recover to a degree, perhaps reflecting the start of recurrence. The authors noted that the mechanisms of elastic recovery after the extracorporeal shockwave therapy and dry needling treatment are unclear (27).

According to fascial armoring, as long as proto/myofibroblasts are present in fascia, and as long as lifestyle continues to feed input into the cascade of fascial armoring, relapse of tension, stiffness, pain, and increased shear wave measurements is expected to occur due to matrix remodeling and myofibroblast force generation. Based on fascial armoring, TBN therapy (and any needling therapy) initiates a process of tensegrity modulation that should be then supported and continued by the patient following treatment. Release of tension from of the bio-tensegrity structure is a dynamic ongoing process. Therefore, movement, physical exercise, maintaining proper posture, and relaxation techniques are required especially during the period following each needling session and as a lifestyle intervention.



6.4. Suggesting a role for acupuncture in the prevention of chronic widespread pain and psychosomatic disorders

The dynamic nature of ECM synthesis as an ongoing process suggests that homeostasis and balance normally exist between matrix synthesis and degradation (remodeling), between myofibroblast induction and de-differentiation, and between cellular force generation and tensional release. It is a delicate interplay of multiple factors (e.g., collagen, elastin, matrix metalloproteinases, growth factors, etc.). If any imbalance develops in the fascial bio-tensegrity structure, it can help maintain and propel the myofibroblast cascade of contracture via mechanosensitive signals, therefore driving the positive feedback loop of myofibroblast contractions and stress shielding (6). Studies show a close association between hypermobility/Ehlers-Danlos syndrome and fibromyalgia/psychosomatic disease (111–114). Chronic widespread pain, fibromyalgia, and hypermobility syndrome pain, share common features and perhaps a common pathophysiology (6). Patients with Ehlers-Danlos/hypermobility syndrome have widespread ECM disarray and an increase in myofibroblasts (115–117). According to the fascial armoring model these patients are expected to have a tendency to develop an imbalance in the tensegrity system because of the altered qualities of their fascia (6). In this model, an imbalanced tensegrity structure with laxity in its frame is expected to collapse more easily. The link between a collagen polymorphism and chronic widespread pain becomes more intuitive once we consider the properties of fascia.

The multifactorial interplay of fascia suggests that needling might be utilized as a method to maintain fascia in a low stiffness state. As mentioned, studies show needling lowers fascial stiffness and its shear modulus (27–29), and that myofibroblast synthesis of α-SMA is regulated by substrate rigidity (70). In disorders where fascia and tensegrity have a part in the pathophysiology, it might be useful to use TBN as a prophylaxis and maintenance. The aim would be to maintain the shear modulus of soft/myofascial tissue below the threshold of myofibroblast activity (6). Prophylaxis seems a more optimal way than trying to treat late-stage advanced disease. “Fibromyalgia,” due to high cut-off for diagnosis chosen by the American College of Rheumatology, is by definition a late-stage advanced disease likely to be more resistant to many treatment modalities and monotherapies. Since lifestyle (sedentarism, tight clothes, diet, pollution, and smoking, etc.) is suggested to be a major part of the etiology of fibromyalgia-like syndromes by inducing fascial myofibroblasts, lifestyle changes should be part of the treatment and prevention (6). Needling alone may not be enough for the cure and maintenance of remission. As long as lifestyle factors stimulate the cascade of fascial myofibroblasts, symptoms are expected to recur.



6.5. The problem with dry needling in light of bio-tensegrity

Because the mechanism of trigger/tender points themselves is not entirely understood, the theoretical scientific validity of western dry needling for such conditions remains just as questionable. The frequency of recurrence and possible migration of pain to different anatomical locations in the long term have not been well studied. Many studies of dry needling aim to examine the local effect of needling on a certain type of pain syndrome in a certain anatomical location, while the long-term consequences are still unclear (37, 39–41, 118–123).

It was recently suggested that trigger points and “non-specific” pains might arise due to myofibroblasts with contractile activity in the fascial bio-tensegrity system (6). These can affect nearby nerves, meaning, a painful spot is not necessarily the origin and cause of the underlying problem. Therefore, needle treatment should also be applied further away from the location of chief pain and aim to collapse the underlying tension of the bio-tensegrity system in a concentric manner. It should be performed while working according to a trigger point/satellite and myofibroblast-tensegrity-network model. The method of dry needling does not utilize these ideas, but rather “aiming and shooting at the pain” is the main strategy of this technique. According to TBN, negating one painful node in the system is not sufficient to treat the underlying problem. On the contrary: when done improperly, even if improving the local myofascial pain that it aims to treat by freeing the nerve from local tethering or tension, this false treatment might add tensions to other nodes in the structure and exacerbate the overall imbalance, and lead to other seemingly unrelated pains and symptoms. Beginning the relaxation process further away from the focus of pain while using multiple needles is sensible under this framework. It slowly and progressively starts to relax the nodes in the satellite-relationship model. In line with the bio-tensegrity model, one should recognize that the peripheries carry tension affecting the focus and should not be disregarded simply because they seem asymptomatic.

According to fascial armoring, the in-and-out maneuver stimulates local myofibroblasts to rapidly contract (via calcium influx and mechanosensitive stretch receptors) and leads to increased tension in the area. Increased tension leads to increase in pain. Forcefully causing edema and/or minor hemorrhage might affect fascia after multiple iterations of needle insertion. With so much pro-active destruction of fascial tissue ultimately lowering local tensions, it unfortunately neglects any conception of bio-tensegrity dynamics. Meanwhile, permitting needles to remain in fascia with patience might allow the tensegrity system to re-align according to its internal forces and release tensions in the fascial network. Rest and relaxation should allow the high-density of myofibroblasts in the network to pull and tear fascia around the needle, delicately and independently. It is also worth noting that some studies in literature have defined certain complications of treatments as “unrelated” rather than “unexplained” (124). Defining adverse events as “unrelated” may be problematic, especially if a sufficient explanation is not provided for the subjective interpretation of that phenomenon. Studies of dry needling should reflect on this fact because dry needling affects the bio-tensegrity structure, even at more distant seemingly unrelated locations.

Langevin et al. provide important evidence on acupuncture points and meridians and their relationship with connective tissue, along with evidence on the complex mechano-cellular effects of acupuncture (31, 32, 125). The effect of needling and needle manipulation on fibroblast and connective tissue is documented in studies (126, 127). As substrate rigidity and matrix mechanics deeply influence myofibroblasts and other cell types (128–132), acupuncture may be able to affect vital biomechanical, physiological, and cellular processes. The fascial connective tissue system constitutes a widespread network throughout the body, including intermuscular and subcutaneous tissue layers, and is continuous with more specialized connective tissues such as perineurium, periosteum, perimysium, peritoneum, and pleura (6, 31, 60, 85). The material surrounding blood vessels and lymphatics includes interstitial connective tissue (31). The myodural bridge connects the rectus capitis posterior with the dura (133, 134) and there is evidence that the meninges and the brain function as one network (135–138). Modulating interstitial connective tissue would cause biomechanical, vasomotor and neuromodulatory effects (31). Abnormal biotensegrity forces affecting spinal or intracranial fascia are expected not to be physiologically immaterial. Changing the fascia changes the bio-tensegrity system; and changing bio-tensegrity dynamics is expected to change the “mind” (6). The body and the mind are one being.




7. Conclusion

Acupuncture and TBN share several characteristics. While acupuncture may act as a global percutaneous needle fasciotomy that respects tensegrity principles, it is reasonable to suggest there are several mechanisms working in parallel in acupuncture, TBN being another mode of action in this ancient practice. Understanding the mechanism of acupuncture as tensegrity-based needling and how it can treat resistant chronic pain syndromes such as fibromyalgia may open a new avenue for medical research and practice. Examining this model in the context of other medical conditions may prove useful. In the modern era, western medicine (and humanity) aspires to follow evidence-based science; further research is needed to help reveal the mechanisms by which acupuncture targets and treats chronic non-cancer pain and functional-psychosomatic medical conditions.
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Background: We aim to obtain clinical trial data regarding the safety, efficacy, and usefulness of invasive laser acupuncture (ILA) for non-specific chronic low back pain (NSCLBP) through a randomized placebo-controlled trial.

Methods: Our clinical trial will be an assessor- and patient-blinded, prospective, parallel-arm, multi-center, randomized placebo-controlled clinical trial. One hundred and six participants with NSCLBP will be allocated evenly to the 650 ILA or control group. All participants will receive education on exercise and self-management. The 650 ILA group will undergo 650 nm ILA for 10 min, and the control group will undergo sham ILA for 10 min per visit, twice a week for 4 weeks, at bilateral GB30, BL23, BL24, and BL25. The primary outcome will be the proportion of responders (≥30% reduction in pain visual analogue scale [VAS] without increased use of painkillers) at 3 days after the intervention ends. The secondary outcomes will include changes in the scores of the VAS, European Quality of Life Five Dimension Five Level scale, and Korean version of the Oswestry Disability Index at 3 days after the intervention ends and 8 weeks after the intervention ends.

Discussions: The results of our study will provide clinical evidence concerning the safety and efficacy of 650 nm ILA for the management of NSCLBP.

Clinical trial registration: https://cris.nih.go.kr/cris/search/detailSearch.do?search_lang=E&focus=reset_12&search_page=M&pageSize=10&page=undefined&seq=21591&status=5&seq_group=21591, identifier KCT0007167.
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Introduction

Low back pain (LBP), defined as discomfort and pain, localized below the costal margin and above the inferior gluteal folds with or without referred lower extremity pain, is a symptom rather than a specific disease (1, 2). It is a major cause of disability in daily living. Functional restrictions and consequent disabilities pose a huge economic burden for individuals and the society (3). Most LBPs are non-specific (commonly cited as 90–95%) (4), and non-specific chronic LBP (NSCLBP) is defined as that which cannot be attributed to a known specific pathology (e.g., structural deformity, tumor, osteoporosis, infection, radicular syndrome, fracture, cauda equina syndrome, or ankylosing spondylitis) and persists for >3 months (1, 2, 5–7).

Treatment guidelines for patients with NSCLBP recommend the use of exercise therapy, antidepressants, psychosocial interventions, and non-steroidal anti-inflammatory drugs (2, 5, 6). Non-pharmacological treatments, such as exercise and self-management, are preferred to pharmacological interventions in the management of NSCLBP (2, 7–9). Physical modalities such as transcutaneous electrical nerve stimulation and low level laser therapy (LLLT) have a low quality evidence (6, 8) and acupuncture has mixed support and received conflicting recommendations (2, 5, 8).

Low level laser therapy is a light source intervention that creates no vibration, heat, or sound and stimulates photochemical or non-thermal cellular processes (10). LLLT is currently used to treat musculoskeletal disorders, such as back pain (11). The possible underlying mechanisms for the pain reduction effects of LLLT include its inhibition of neural function, anti-inflammatory effect, and connective tissue repair ability which have been demonstrated by a number of experiments (12–14). Laser acupuncture (LA) is the irradiation of a low-intensity laser at the acupoints using laser pointer devices (15). Whether LLLT, including LA, is effective for LBP when compared with sham laser remains controversial. A Cochrane systematic review of LLLT on non-specific LBP in 2008 decried the lack of sufficient data to either refute or support the efficacy of LLLT for the management of LBP (16). In contrast, a meta-analysis suggested that LLLT was an effective treatment for reducing pain in patients with NSCLBP (17, 18). Glazov et al. reported that LLLT alone or in combination with other therapies might effectively reduce pain for up to 3 months in NSCLBP without adverse effects (19).

While LA is a non-invasive therapy that uses laser-emitting devices, invasive LA (ILA) is conducted concurrently with invasive acupuncture and focused laser irradiation utilizing an acupuncture needle attached to a laser instrument (20). Our previous pilot randomized controlled trial (RCT) revealed that 650 nm ILA with the same ILA parameters (650 nm wavelength, 20 mW power, and 50 Hz frequency), treatment acupoint, and treatment schedule as in this study significantly improved pain and pain-related functional limitations in patients with NSCLBP at the end of the intervention (21). These potential effects of 650 nm ILA on NSCLBP requires validation using a rigorous RCT with a large sample size. Therefore, we aim to obtain clinical evidence on the safety and efficacy of 650 nm ILA for the management of NSCLBP. In a situation where is no high-quality evidence supporting the efficacy of LLLT and acupuncture, the results of this study will provide clinical evidence of the use of ILA for NSCLBP and thus promote the use of ILA in the treatment of NSCLBP.



Materials and analysis


Aims


1)We will investigate the clinically persistent pain-reduction effect of 650 nm ILA for NSCLBP at 3 days after the end of intervention.

2)We will investigate the pain reduction, functional limitation improvement, and quality of life improvement effects of 650 nm ILA for NSCLBP.

3)We will investigate the safety of 650 nm ILA in patients with NSCLBP.





Hypothesis


1)The 650 ILA group will have a significantly higher proportion of responders than the control group at 3 days after the end of intervention.

2)The 650 nm ILA will show improvements in pain intensity, quality of life, and functional limitation in patients with NSCLBP.

3)The 650 nm ILA would be a safe treatment for patients with NSCLBP.





Study design and setting

Our study was approved by the Ministry of Food and Drug Safety (Medical Device Approval No. 1322) and was registered with the Clinical Research Information Service (registration No. KCT0007167). Our study complies with the Korean Good Clinical Practice guidelines and the principles of the Declaration of Helsinki. We have written the manuscript in accordance with the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) reporting checklist (22).

This clinical trial will be an assessor and patient–blinded, prospective, parallel-arm, multi-center, randomized placebo-controlled clinical trial. In total, 106 eligible participants will be randomized evenly into the 650 ILA or control group (n = 53 in each group). All participants will receive education on exercise and self-management. Participants in the 650 ILA group will undergo real 650 nm ILA for 10 min, while those in the control group will undergo sham ILA for 10 min. The treatment will be administered once per visit, twice a week for 4 weeks, at bilateral Gallbladder 30 (GB30; Huantiao), Bladder 23 (BL23; Shenshu), Bladder 24 (BL24; Qihaishu), and Bladder 25 (BL25; Dachangshu).

The primary outcome will be the proportion of responders (≥30% reduction in pain visual analogue scale [VAS] without increased use of painkillers) at 3 days after the intervention ends. The secondary outcome will be changes in the scores of the VAS, European Quality of Life Five Dimension Five Level scale (EQ-5D-5L), and Korean version of the Oswestry Disability Index (ODI) at 3 days after the intervention ends and 8 weeks after the intervention ends.

The clinical trial design is shown in Table 1.


TABLE 1    SPIRIT statement showing the enrollment, interventions, and data collection.
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Recruitment

We will recruit participants at the Kyung Hee University Korean Medicine Hospital and Dongshin University Gwangju Korean Medicine Hospital in the Republic of Korea via the use of posters, local newspapers, and the internet in hospitals and communities. Interested people will receive an explanation of this study from the clinical research coordinator (CRC) upon visiting the hospital and will provide written informed consent prior to participation.

At each visit, the CRC will explain the following visit schedule and will adjust the visit schedules for each participant to facilitate participation.



Inclusion criteria

(1) Adults aged between 19 and 70 years; (2) has NSCLBP lasting for at least the preceding 3 months, and LBP that occurred more than 14 days a month; (3) has no change in history of medications for 4 weeks before screening. For participants with medications prescribed and used for NSCLBP, usage shall be at a stable dose in the 4 weeks prior to the baseline visit; (4) moderate pain (100 mm VAS scores for pain had a range of 35–74) (23) at screening; and (5) has sufficient fluency in Korean to perform valid assessments.



Exclusion criteria

(1) Participants has progressive neurological deficits or radicular pain; (2) has a serious disease (diabetic neuropathy or cancer, severe kidney, liver, cerebrovascular, or cardiovascular disease); (3) has a serious spinal pathology (cauda equina syndrome, cancer, inflammatory spondylitis, recent vertebral fracture, or spinal infection); (4) has a LBP caused by rheumatoid arthritis, ankylosing spondylitis, gout, trauma, or fibromyalgia; (5) has a history of treatment for mental illness (depression, dementia, schizophrenia, or epilepsy) or drug/alcohol dependency in the 6 months preceding screening; (6) has moderate or severe depression (scored ≥ 23 points on a Korean version of Beck depression inventory-II) (24) at screening; (7) has contraindications for ILA, such as presence of electronic medical devices, severe skin disease in the lumbar region, blood clotting abnormalities, or presence of metallic devices in the lumbar vertebrae; (8) has a history of lumbar spinal surgery within 1 year or scheduled procedures during the trial; (9) participation for the purpose of social insurance or compensation; (10) concurrent participation in another trial; (11) Pregnant or having a plan for pregnancy; and (12) not suitable for ILA and our rescue regimen.



Dropout and violation criteria

The dropout criteria are as follows: (1) incomplete data that can affect the results of the trial; (2) decision to discontinue participation in this trial by the institutional review board (IRB) or principal investigator (PI) owing to the inability of the participant to participate in this study or the occurrence of a side effects requiring long-term treatment; (3) withdrawal of consent; or (4) occurrence of a serious adverse event (SAE) causing requirement of hospitalization or surgery, serious disability, or death. Participants who meet the dropout criteria will be discontinued from participating in our clinical trial.

The violation criteria are as follows: (1) participating in less than six of the eight treatment sessions (<75% compliance with the intervention protocol); and (2) serious deviation in implementation or critical errors in the protocol.

The participants who meet the violation and dropout criteria will be excluded from the per protocol set (PPS) analysis.



Ethics

This protocol (version. 1.0) was approved by the Ministry of Food and Drug Safety (date: March 16, 2022; Medical Device Approval # 1322). It was approved by the IRB of Kyung Hee University Korean Medicine Hospital (date: April 22, 2022; approval No.: KOMCIRB 2022-03-004-001) and Dongshin University Gwangju Korean Medicine Hospital (date: March 22, 2022; approval No.: DSGOH-2022-002). Participants and their companions will be informed of the study purpose and risks. All participants will provide written informed consent prior to participation.



Randomization and allocation

The investigator will carry out a screening interview, and then the assessor will conduct baseline assessment. The 106 enrolled participants will be randomly allocated evenly to the 650 ILA or control group (n = 53 per group). The serial numbers will be generated by stratified block randomization using SAS® version 9.4 (SAS Institute Inc., Cary, NC, USA). The serial numbers will be packed in opaque envelopes and stored in a cabinet with two locks.

The investigator managing the serial numbers will open the envelopes and assign participants to the investigator who will conduct the intervention.



Implementation

The investigator managing the serial numbers will generate the randomization sequence and distribute participants to the groups. The CRC will enroll the participants.



Blinding

The practitioner will insert the acupuncture needles into GB30, BL23, BL24, and BL25 and then operate the laser emitting device according to the treatment method of each group (650 ILA group, 20 mW power for 10 min; control group, 0 mW power for 10 min). Therefore, the practitioner who will conduct the intervention would know the group assignment of participant. Owing to the practitioner unblinding, we will adopt an assessor and patient-blinded design using sham ILA. During the course of the study, all investigators except those who will perform the intervention and manage the serial number codes will be blinded. However, if necessary, such as in the event of SAE, unblinding will be permitted under the IRB approval. This study will only include individuals without predetermined positions or competing interests.



Interventions

Trained Korean medical doctors will administer the treatment. The investigators who will carry out the interventions will undergo joint training to ensure adherence to our protocol. ILA treatment will be conducted using a laser emitting device (Ellise; Wontech Co. Ltd., Daejeon, Republic of Korea) comprising an optical fiber-coupled laser diode (InGaAIP), a sterile acupuncture needle with optical fibers inserted therein, and a laser output device (Figure 1).
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FIGURE 1
Invasive laser acupuncture (ILA) therapy.


The acupuncture needles will be vertically inserted into GB30, BL23, BL24, and BL25 and then the laser (650 ILA group, 20 mW power for 10 min; control group, 0 mW power for 10 min) will be turned on. The ILA parameters will be 50 Hz frequency, 20 mW power, 63.69 W/cm2 power density, 12 J/point energy dose, 38216.56 J/cm2 energy density, and pulse type wave. Participants will receive treatment for 10 min per visit, twice a week for 4 weeks. Based on previous RCTs investigating the efficacy of LLLT for NSCLBP (25, 26), the control group will receive the same procedure as the 650 ILA group. No significant differences in sound, feeling, or observation will be expected between the two groups. Hence, all participants will be blinded. The ILA treatment methods have been described in more details in our previous pilot study (20).

All participants will receive education on exercise and self-management during the treatment period (Visit 1–Visit 8). We will provide all participants with acetaminophen (500 mg), which can be taken when the pain is severe as a rescue regimen.

At each visit, the medical condition of the participants will be monitored to ensure that they adhere to the trial procedure. All participants will be expected to comply with the intervention protocol. However, the assessment and treatment schedule may be changed upon the request of the participant or in accordance with the judgment of the PI.

During the study period, all participants will not be permitted to receive other treatments (complementary and alternative therapies, physical therapy, or pharmacological treatments not allowed in our trial) for improving NSCLBP symptoms. However, they will be allowed to use pharmacological and non-pharmacological treatments for improving other symptoms.



Outcome measurements

The primary outcome will be the between-group differences of the proportions of responders at 3 days after the intervention ends. A responder is defined as a participant who responds with more than 30% decrease in baseline VAS score without an increase in baseline use of painkillers (27, 28).

The secondary outcomes will include the between-group differences of changes in VAS, EQ-5D-5L, and ODI at 3 days after the treatment ends and 8 weeks after the treatment ends.

The VAS is a self-reported scale, usually a 100-mm-long straight line marked 0 for no pain and 100 for pain as intense as it could be (29). It is widely used to assess pain severity in LBP trials (30).

The EQ-5D is a generic assessment tool for measuring health-related quality of life (31). The EQ-5D-5L is a new version of the EQ-5D that extends the level of each dimension from three to five (32).

The ODI includes nine questions about interference with several physical activities and one question about pain intensity (33). We used the Korean version of the ODI, which excluded sexual life from the original ODI and has been validated (34).



Adverse events

Adverse events (AEs) are unintentional and undesirable symptoms, signs, or diseases that appear during or after treatment in a clinical trial. In our pilot study, no AEs and SAEs were associated with laser irradiation (21). AEs that could occur in our trial include bleeding, pallor, local hematoma, skin irritation, objective worsening of pain, and dizziness or fainting. All the AEs and SAEs would be recorded in detail, including the potential causalities between the intervention and AE, degree of severity, time of occurrence, and any measures taken to improve AE by the CRC. They will be reported to the IRB. The occurrence rate of SAEs and AEs will be compared between the two groups in the safety assessment. Participants who will experience AEs and SAEs related to our intervention will be compensated according to the relevant regulations.



Quality control

Our protocol has been developed and revised severally by experts in LA, NSCLBP, and statistics. Before the study, all investigators will be trained severally to fully understand the standard operating procedures (SOPs) of this trial and the protocol. An independent clinical research associate will monitor our study and check all the trial documents. Any revision of this protocol will be reviewed and approved by the Ministry of Food and Drug Safety and the IRB of Kyung Hee University Korean Medicine Hospital and Dongshin University Gwangju Korean Medicine Hospital.



Sample size estimation

In our previous pilot study (21), the difference in proportion of responders between 650 ILA (93% [14/15]) and control groups (40% [6/15]) was 53%. To obtain sufficient clinical data, we determined the sample size assuming an expected responder proportion of 30% in the control group and 60% in the 650 ILA group, a two-sided alpha level of 0.05, and a statistical power of 0.8. Under these assumptions, a total of 84 (42 per group) participants will be required. Estimating a maximum dropout rate of 20%, 106 participants (53 in each group) will be required in our trial.

[image: image]



Statistical analysis

The final data will be analyzed by a biostatistician not involved in the execution of our trial. The primary analysis population for assessing the efficacy of the intervention will be a full analysis set (FAS), while the supplementary analysis population will be a PPS. The results of the FAS and PPS analyses will be compared and reflected in the efficacy evaluation. “Multiple Imputation” method will be used to obtain the missing value. All analyses will be performed at the 5% (two-sided) significance level using SAS® version 9.4 (SAS institute. Inc., Cary, NC, USA) software. We will not perform interim analyses.

Baseline characteristics and variables will be compared between the two groups. Categorical data will be compared using the Fisher’s exact test or chi-square test, while continuous data will be compared using the Wilcoxon’s rank sum test or independent t-test.

The difference in responder proportions will be tested using the chi-square test or Fisher’s exact test. The degrees of changes in the VAS, EQ-5D-5L, and ODI scores at 3 days after the treatment ends and 8 weeks after the intervention ends, relative to the baseline score, between the groups will be evaluated using analysis of covariance with baseline scores as covariates. Within each group, changes in VAS, EQ-5D-5L, and ODI scores at each time will be analyzed using one-way analysis of variance and a paired t-test or Wilcoxon signed rank test. Sub-analyses will be performed according to each institution.

A safety assessment will be conducted for all SAEs and AEs that will occur during the trial period. The incidences of SAEs and AEs will be compared between the two groups using chi-square test or Fisher’s exact test. A comparative analysis will be carried out between the groups for participants who will be out of normal range for a clinical laboratory test.



Confidentiality and data management

All documents will be classified and logged with identification codes, but the names will remain concealed.

All identification records will be kept confidential and will not be accessible without IRB approval. All data will be recorded in the electronic case report forms (eCRFs) by the CRC and checked by a investigator, who will not be involved in the execution of this trial. Electronic data will be securely stored in the eCRFs using the myTrial data management system (NIKOM, Republic of Korea). Data access will be protected by user name and password. The data manager will have online access to the all data, whereas institutions will have access only to data related to their own institution. The data manager and the statistician will have online access to the entire database. The data coordinating center in the Korea Institute of Oriental Medicine will be unaffiliated with the sponsor and devoid of competing interests. No access to the data will be granted to anyone not approved by the IRB. In addition, raw data will be stored for 3 years after the completion of the trial. Participants will voluntarily offer informed written consent for the dissemination of their personal information.




Discussion

The efficacy of LA for musculoskeletal pain is majorly determined by the energy dosage applied (35). Energy penetration through the skin is affected by the scatter, reflection, and absorption of energy by skin structures. As the acupoints are thought to be located in the myofascial layer, the low energy transmission of non-invasive LA may not be fully effective in stimulating acupoints (15). However, the 650 nm wavelength ILA used in this study is safe and can compensate for the scatter, reflection, and absorption of light by the skin and enhance energy transmission, because the laser is emitted at the acupuncture needle’s tip after being placed beneath the skin. The design of this study, including the ILA intervention (i.e., treatment acupoint and laser wavelength), treatment schedules, outcome measurements, and sample size, is based on that of our previous pilot study (21). In our previous pilot clinical trial (21), 650 nm ILA at bilateral GB30, BL23, BL24, and BL25 showed significant improvement in the VAS and ODI scores at the intervention endpoint and ODI score at 4 weeks after the intervention ends, compared with sham laser in patients with NSCLBP. Therefore, BL23, BL24, BL25, and GB30 were selected for treatment acupoints and 650 nm for laser wavelength in this study.

The clinical assessments used in LBP trials are often highly subjective and correlate poorly with symptoms. The responder index could be sensitive to clinically meaningful treatment effects and could mitigate the placebo effect (27). The preliminary developed responder index for chronic low back pain was at least 30% improvement in pain, with an improvement of at least 30% in patient global assessment and no worsening in function (27). We adopted responder proportions (≥30% relief on the VAS without analgesics increase) used in a recent chronic LBP clinical trial as a primary outcome (28). Four core outcome domains for LBP trial are pain intensity, number of deaths, health-related quality of life, and physical functioning (36, 37). We used change in VAS scores to measure the pain intensity, ODI scores to measure the physical functioning, and EQ-5D-5L scores to evaluate the health-related quality of life.

Considering the results of this study, 650 nm ILA is expected to show safety, clinically significant improvement, pain reduction, and improvement of functional limitation and quality of life in patients with NSCLBP. This is important for the clinical use of 650 nm ILA and development of optimal laser parameters for the treatment of NSCLBP.

This protocol has certain limitations. First, we will not use different treatment methods of LA for NSCLBP treatment. The factors that influence the efficacy of LA are selected acupoints, wavelength, and energy dose. Various treatment methods of LA differ according to wavelength, energy dose, and acupoints for treating NSCLBP (16–19, 38). Since 650 nm ILA parameters, including the wavelength, power, energy dose, and acupoints, used in our pilot study show significant pain reduction at the intervention endpoint, we adopted only the 650 nm ILA parameters used in our pilot study in this study. Thus, further studies should be conducted to investigate the optimal parameters. Second, since most participants in our pilot study had moderate pain at the baseline and the high dropout rate owing to pain increase during the study period in the case of patients with severe pain was concerning, our study will include only patients with moderate NSCLBP, not those with severe NSCLBP. Third, since the practitioner will operate the laser emitting device according to the treatment method of each group (650 ILA group, 20 mW power for 10 min; control group, 0 mW power for 10 min), we cannot adopt practitioner blinding. Therefore, we will adopt an assessor- and patient-blinded study design.

Nevertheless, the findings of this study would suggest clinical evidence concerning the safety and efficacy of 650 nm ILA for the management of NSCLBP, thereby establishing the basis for further investigation. It would contribute to increasing the availability of laser and promoting the development of optimal laser treatment method in the management of LBP.
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Background: Osteoarthritis (OA) is a chronic disease that is a major cause of pain and functional disability. Warm needle acupuncture (WA) therapy has been widely used to treat OA. This overview summarizes the evidence from systematic reviews (SRs) and assesses the methodological quality of previous SRs that evaluated the use of WA therapy for OA.

Methods: We searched electronic databases to identify SRs that evaluated the efficacy of WA therapy for OA. Two reviewers independently extracted data and assessed the methodological quality of the reviews according to the A Measurement Tool to Assess Systematic Reviews (AMSTAR 2) tool. The reporting quality was assessed using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 2020 (PRISMA 2020) guidelines. The quality of evidence was assessed according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach.

Results: Fifteen SRs were included in this study. WA therapy was more effective than control conditions for the treatment of OA. The results of the AMSTAR 2 tool showed that the methodological quality of all included studies was critically low. The items with the lowest scores were item 2 (reporting the protocol), item 7 (listing excluded studies and justifying the exclusions), and item 16 (including conflicts of interest). Regarding the PRISMA guidelines, 2 SRs exhibited greater than 85% compliance. The overall quality of evidence in the included SRs ranged from “very low” to “moderate.”

Conclusion: This overview shows that WA therapy was more effective than the control treatment for OA. However, the methodological quality of the reviews was low, indicating the need for improvements in the collection of evidence. Future studies are needed to collect high-quality evidence regarding the use of WA for OA.

Systematic review registration: https://www.researchregistry.com/, Research Registry (reviewregistry1317).
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 acupuncture, moxibustion, warm needle acupuncture, osteoarthritis, overview, systematic review


Introduction

Osteoarthritis (OA) is a common chronic disease and a main symptom of joint stiffness, instability, and weakness. It usually occurs in middle-aged (between 50 and 60 years of age) people, and in particular, it occurs more often among women than men (1, 2). According to research results, the costs directly incurred by OA are billions of US dollars per year (3, 4). Therefore, the treatment of OA is significant for reducing pain in patients and alleviating the socioeconomic burden.

Traditional medicine has been used for thousands of years to treat numerous diseases and has been used to relieve pain and improve the function of the knee joint in OA patients (5, 6). Acupuncture is one of the options for treating OA (7, 8). WA is one type of acupuncture combined with moxibustion (9). The heat of the needle is transmitted to the deep part of the acupoint through the needle, which helps reduce pain and improve function. Recently, the number of studies using warm needle acupuncture (WA) for the treatment of musculoskeletal pain has increased, and the quality of the studies has gradually improved (5, 10). Systematic review (SR) is performed on a particular topic in order to provide a comprehensive and unbiased clinical evidence based on rigorous studies (11). One recent SR analyzed 66 randomized controlled trials (RCTs) and showed beneficial effects of WA for OA (12).

An overview of SRs is a method for compiling evidence and synthesizing the results of various SRs (13, 14). The greater the amount of information gathered, the better the quality of evidence that can be provided for clinical work. An overview of SRs on traditional Chinese medicine (TCM) for knee OA (15) and acupuncture for knee OA has been published recently (8, 16), which concluded that TCM generally appears to be effective for the treatment of knee OA. Nevertheless, the effectiveness of WA as a treatment for OA has not been thoroughly evaluated.

The purpose of this study was to summarize the efficacy of WA in the treatment of OA presented in SRs and to evaluate the methodological quality of the SRs.



Methods

We followed the Preferred Reporting Items for Overviews of SRs (PRIOR) statement (17). This overview was registered in the Research Registry (reviewregistry1317) (18).


Data sources and search strategy

An electronic literature search was conducted in PubMed, the Cochrane Register of Controlled Trials (CENTRAL), Embase, three Chinese databases (CNKI, VIP, and Wanfang), and six Korean databases (Research Information Service System (RISS), the Korean Studies Information Services System (KISS), Korean Medical Database (KMbase), DBPIA, (Korean Traditional Knowledge Portal) KTKP, KoreaMed, and Oriental Medicine Advanced Searching Integrated System (OASIS)) from their inception to January 2023. The search terms were (“warm needle acupuncture” OR “wen zhen” OR “warm acupuncture” OR “warm needle moxibustion”) AND (“osteoarthritis”) AND (“systematic review” OR “Meta-analysis”) in Korean, Chinese, and English. The search terms and websites of 12 databases are described in Supplementary 1.



Inclusion and exclusion criteria


Types of studies

SRs and meta-analyses of randomized controlled trials (RCTs) or quasi-RCTs that used WA for OA were included.



Population

Studies of participants diagnosed with OA. There were no restrictions regarding sex or age.



Intervention and comparators

Studies that used WA as an intervention to treat OA were included regardless of types of comparators. Moreover, studies in which WA was combined with other therapies were also included.



Outcomes

SRs reporting on patient health outcomes were included. The studies included data on at least one outcome evaluating the total treatment effect and clinical symptom of interest.




Study selection and data extraction

Two reviewers (JHJ and TYC) separately assessed the citations obtained during the search, and full-text publications from potentially relevant SRs were retrieved and appraised for inclusion. One reviewer (JHJ) extracted the data using a standardized form. Two reviewers (JHJ and TYC) independently evaluated the retrieved data, and any differences were addressed through discussions between the two authors (SP and MSL) and were resolved by discussion. The data extracted from the reviews included the first author, publication year, data search, number of trials included, interventions, comparators, outcomes, direction of effect, overall risk of bias, conclusion, and adverse events. An assessment of the methodological quality for each included SR was also conducted.



Overlap calculation of the reviews

The degree of overlap of the original literature for SRs was assessed by creating citation metrics for SRs. We calculated the “corrected covered area” (CCA) index (19, 20). The measure of overlap dividing the frequency of repeated occurrences of the index publication in other reviews by the product of index publications and reviews is reduced by the number of index publications. Calculation formulas were calculated as CCA = (N – r)/(rc -r), where N is the number of included publications in evidence synthesis (this is the sum of the ticked boxes in the citation matrix), r is the number of rows (number of index publications), and c is the number of columns (number of reviews) (supplement overlap). The calculation results lower than 5 can be considered a “slight overlap,” 6–10 can be considered a “moderate overlap,” 11–15 can be considered a “high overlap,” and greater than or equal to 15 can be considered a “very high overlap.”



Methodological quality assessment

The quality of the included SRs was evaluated using the Assessing the Methodological Quality of Systematic Reviews 2 (AMSTAR 2) tool (21). There were 16 evaluation items. The reporting was assessed as being sufficiently reported and performed (Yes), insufficiently reported (Partial Yes), or not reported (No). The overall confidence in the results of the review was rated as follows: critically low quality (more than one critical flaw with or without non-critical weaknesses), low quality (one critical flaw with or without non-critical weaknesses), moderate quality (more than one non-critical weakness), and high quality (zero or one non-critical weakness). The AMSTAR 2 tool was used by two authors (JHJ and TYC). If there was a disagreement, the other authors (SP and MSL) resolved the disagreement.



Reporting quality assessment

We used the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA 2020) checklist (22). There were 27 element items that evaluated SR reporting quality. “Yes,” “Partial yes,” or “NO” were used to respond to each item. We reported the results as a ratio.



Certainty of evidence

The quality of outcomes of the included SRs was evaluated by the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) tool1 (23, 24). If the GRADE tool was not used in SRs, we evaluated the strength of evidence from primary trials. The assessment of the included SRs was independently carried out by the reviewers. The five categories of GRADE influenced (i.e., downgraded or upgraded) the quality of evidence and included risk of bias, inconsistency, indirectness, imprecision, and publication bias. The quality of evidence of SRs was rated as “high,” “moderate,” “low,” and “very low.” Evidence based on RCTs began as high quality. Two authors (JHJ and TYC) assessed the quality of evidence. Disagreements were resolved by discussion with a third author (MSL).



Data synthesis and analysis

Narrative synthesis was provided because of the high heterogeneity. The results of the WA intervention were also narratively summarized in more detail from the included SRs, and the direction of effects was calculated. Such a detailed form included the features of the intervention, methodological quality, and quality of evidence.




Results


Study selection

Twelve database searches identified 161 potentially relevant studies, with 39 repeated studies removed. Of the remaining 122 studies, 93 studies were excluded due to lack of relation, review, protocol, and RCT designs. A total of 29 studies were obtained after retrieval. After the final reading of the full texts, 15 SRs (12, 25–38) were included in this review. The details of the SR selection screening process are shown in Figure 1. The list of excluded studies and reasons for exclusion are shown in Supplementary 2.
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FIGURE 1
 PRISMA diagram for the included studies. RCT, randomized controlled trials; SR, systematic review.




Characteristics of the included studies

Fourteen SRs (25–38) were conducted in China. They were published between 2015 and 2022, of which 40% were published in 2019. Thirteen SRs (25–33, 35–38) were published in Chinese, and two SRs (12, 34) were published in English. The SRs included between 8 and 66 primary studies. In total, the reviews included 155 different RCTs and 2 clinical control trials (CCTs). The total number of participants in the SRs was 13,940 participants. Five SRs (25, 27, 36–38) evaluated the included studies using the Jadad scale, nine SRs (12, 26, 28–30, 32–35) evaluated studies using the Cochrane risk of bias (ROB) tool, and one SR (31) did not mention an evaluation tool. All SRs conducted a meta-analysis as a statistical approach. The outcomes included in the SRs varied widely; however, they mainly focused on the overall total effective rate, visual analog scale (VAS) scores, the LKSS, and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). One SR (12) focused on 3 outcomes: total effective rate, pain, and function. Five SRs (12, 27, 30, 33, 35) assessed the adverse effects of WA treatment of OA. Nine SRs (25–27, 29–34, 37) arrived at a clearly positive conclusion, four SRs (12, 28, 35, 36) were neither positive nor negative, and one SR (38) drew a negative conclusion.

Various comparisons among the studies in the included SRs included WA versus Western medicine (12, 25–27), WA versus traditional medicine (acupuncture, electroacupuncture, and EA) (34–38), WA versus all types of therapies (including traditional medicine and Western medicine) (32, 33), WA plus Western medicine versus Western medicine (12, 28–30), and WA plus all types of therapies vs. all types of therapies (31). The data from the included SRs are summarized in Table 1.



TABLE 1 Summary of systematic review studies of warm needle acupuncture for knee osteoarthritis.
[image: Table1]



Overlap of reviews

A total of 15 SRs (12, 25–38) were included in this review. N indicates 245, r indicates 157, and c indicates 15. The formula CCA = (245–157)/(15[image: image] 157–157) = 0.04 indicates slight overlap. The overlap matrix is shown in Supplementary 3.



Outcomes

Fifteen SRs (12, 25–38) summarized the evidence on the effectiveness of WA alone or in combination with Western medicine or traditional medicine in reducing pain and improving the total effective rate, function, and WOMAC total score. The outcomes from the included SRs are summarized and presented in Table 2.



TABLE 2 Certainty of evidence in included systematic review with GRADE approach.
[image: Table2]


Total effective rate

Fourteen SRs (12, 25–30, 32–38) suggested that the total effective rate of WA alone or combined with other therapies in OA patients was superior to that in the control group. One SR (30) with the largest sample size included 66 RCTs with 6,231 patients treatment, and a comparison of the effects of WA or WA plus WM group versus control group results showed a greater effect in the intervention group than in the control group. In most studies, WA was effective for OA. However, two SRs (35, 38) reported no significant differences between WA and EA.



Pain

Seven SRs (28, 31, 32, 34–36, 38) reported VAS scores. Four SRs (29, 31, 32, 34) had positive results, and three SRs (35, 36, 38) had negative results. Three SRs (28, 35, 36) reported the Lysholm score (LKSS) meta-analysis and showed that there was a significant difference between the WA alone or combined with other therapy groups and the control group. One SR (12) reported pain, which included the VAS, LKSS, and WOMAC (pain score). The SRs of the results were neither positive nor negative.



Function

One SR (12) evaluated the effects of WA alone or WA plus WM in the intervention group on function compared to WM. The analysis results of this SR showed that the intervention group was significantly improved compared with controls.



WOMAC total score

Seven SRs (28, 31, 32, 34–36, 38) reported the WOMAC total score. The meta-analysis showed the effects of WA alone or combined with other therapies on the WOMAC total score. However, four SRs (28, 31, 32, 34) failed to show that WA had superior effects compared with EA on the WOMAC.



Adverse events

Of all 15 SRs, five SRs (12, 27, 30, 33, 35) mentioned adverse events. The major symptoms reported in the WA treatment groups were skin burns. Most of the RCTs included in the SRs reported no adverse events. Four SRs (12, 30, 33, 35) reported that serious adverse events did not occur. One SR (27) indicated that the incidence of adverse events in the WA treatment groups was lower than that in the control groups, which indicated that WA was a safe therapy for OA.




Methodological quality of the included systematic reviews

The results of the AMSTAR 2 tool showed that the included SRs were critically low quality, low quality, or moderate (Figure 2; Supplementary 4). Ten SRs (25–27, 29–31, 33, 36–38) were considered to have critically low quality, four SRs (28, 32, 34, 35) were considered to have low quality, and one SR (12) was considered to have moderate quality. All of the SRs reported the inclusion of PICO components (item 1). None of the SRs provided a complete list of excluded studies with reasons (item 7). Some SRs were evaluated with a partial yes in three domains (e.g., items 4 and 8).

[image: Figure 2]

FIGURE 2
 Quality evaluation using AMSTAR 2. AMSTAR2 was used to critically appraise the reporting quality of each included SR. The overall confidence of each SR was graded as “high” (no or non-critical weakness in all items), “moderate” (more than one non-critical weakness among all the items), “low” (one critical flaw with or without non-critical weakness), or “critically low” (more than one critical flaw with or without non-critical weakness). Q1: Did the research questions and inclusion criteria for the review included the components of PICO?; Q2: Did the report of the review contain an explicit statement that the review methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol?; Q3: Did the review authors explain their selection of the study designs for inclusion in the review?; Q4. Did the review authors use a comprehensive literature search strategy?; Q5: Did the review authors perform study selectin in duplicate?; Q6: Did the review authors perform data extraction in duplicate?; Q7: Did the review authors provide a list of excluded studies and justify the exclusions?; Q8: Did the review authors describe the included studies in adequate detail?; Q9: Did the review authors used a satisfactory technique for assessing the risk of bias (ROB) in individual studies that were included in the review?; Q10: Did the review authors report on the sources of funding for the studies included in the review?; Q11: If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results? Q12: If meta-analysis was performed, did the review authors assess the potential impact of ROB in individual studies on the results of the meta-analysis or other evidence synthesis?; Q13: Did the review authors account for ROB in individual studies when interpreting/ discussing the results of the review?; Q14: Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?; Q15: If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the review?; Q16: Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?. CL: critically low; L: low; M: moderate; PT: partial yes.


Seven domains (items 2, 4, 7, 9, 11, 13, and 15) of the AMSTAR 2 tool were critical domains. For item 2, 14 of the SRs (25–38) provided a registry protocol, and one SR (12) was registered with PROSPERO and published protocol. For item 4, six SRs (12, 28, 30, 31, 34, 35) searched core databases (PubMed, the Cochrane Library, and Embase) and related intervention databases. However, nine SRs (25–27, 29, 32, 33, 36–38) lacked a search of the core databases. For item 7, none of the SRs provided the excluded studies and explained the reason for exclusion. For item 9, 13 SRs (25–30, 32–37) described the bias, one SR insufficiently reported bias (38), and one SR performed the assessment, but the results were not described. For item 11, all of the SRs performed a meta-analysis. For item 13, six SRs (12, 28, 33, 35–37) took the risk of bias into account when discussing the results and drew a conclusion with caution. For item 15, all of the SRs investigated publication bias and analyzed its potential effects on the results of the review.



Report quality of included systematic reviews

To assess the reporting quality of the included SRs, we used the PRISMA 2020 checklist (22). Figure 3 shows the reporting quality assessment results of the included SRs. Item 1 (title), item 2 (abstract), item 4 (objects), item 8 (selection process), item 19 (results of individual studies), item 20 (results of syntheses), and item 21 (reporting biases) were reported adequately (100%). Item 15 (describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome), item 22 (certainty of evidence), and item 24 (registration and protocol) of results reported insufficient description. Overall, two SRs (12, 34) exhibited over 85% compliance. The results are shown in Supplementary 5.
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FIGURE 3
 PRISMA 2020 checklist results for each item. Q1. Title; Q2. Abstract; Q3. Rationale; Q4. Objectives; Q5. Eligibility criteria; Q6. Information sources; Q7. Search strategy; Q8. Selection process; Q9. Data collection process; Q10. Data items; Q11. Study risk of bias assessment; Q12. Effect measures; Q13. Synthesis methods; Q14. Reporting bias assessment; Q15. Certainty assessment; Q16. Study selection; Q17. Study characteristics; Q18. Risk of bias in studies; Q19. Results of individual studies; Q20. Results of syntheses; Q21. Reporting biases; Q22. Certainty of evidence; Q23. Discussion; Q24. Registration and protocol; Q25. Support; Q27. Availability of data, code and other materials.




Certainty of evidence

We evaluated the quality of outcomes extracted from the included studies. Table 2 shows the level of evidence quality of the studies reported. The quality of evidence for outcomes evaluated by the GRADE approach ranged from very low to moderate (Supplementary 6). The risk of bias and imprecision mainly accounted for the downgrade. The quality of evidence was moderate for 5 outcomes (8.92%), low for 21 outcomes (35.21%), and very low for 32 outcomes (55.17%).




Discussion

This overview of SRs was intended to summarize the features and evaluate the quality of methodological, reporting bias, and evidence from included SRs about the efficacy of WA in OA. Fifteen SRs reported that intervention groups using WA alone or WA plus other therapies showed symptom improvements compared with control groups (32, 35, 36, 38). WA treatment was safer than control treatment, and serious adverse events did not occur; however, the evidence of safety based on the included reviews was not sufficient since certain data were missing. Most of the SRs were associated with a high risk of bias, rated moderate to very low with the GRADE approach, and rated critically low with the AMSTAR 2 tool. Thus, it is not possible to draw a clear conclusion. Future research involving large sample sizes and high-quality studies are needed. Regarding the reporting quality of the results, only 2 SRs (12, 34) exhibited over 85% compliance.

All included studies had average reporting quality, according to the PRISMA 2020 checklist. The 6 element items (items 1, 2, 4, 8, 19, 20, and 21) were complete. Only two SRs reached 85.2% (34) and 100% ((12) compliance. Most of the included SRs were on knee OA and were conducted and published in China. In future studies, the reasonable utilization of the Consolidated Standards of Reporting Trials (CONSORT) (39) and PRISMA (22) checklists will improve the reporting quality of SRs and meta-analyses, which will reduce potential selection bias.

In nine SRs, the methodological quality was critically low because there were deficits in the critical items of the AMSTAR 2 tool, which included items 2 (registration protocol), 7 (list of excluded studies), and 16 (potential source of conflicts of interest). For item 2, only one SR (12) reported rates in the protocol and recording section. Preregistration helps to promote transparency, minimize potential biases in reporting and reviewing, reduce duplication of effort among groups, and keep service requests current. For item 7, an exclusion list is recommended because without this list, authors can arbitrarily exclude RCTs that differ from their desired results (21). Nevertheless, as the AMSTAR 2 tool is a more rigorous assessment tool than the previous version, the evaluation results should be interpreted by considering that the methodological quality of the published SRs was underestimated. A major reason for downgrading the evidence in the GRADE tool was that most of the included SRs were assessed as having a risk of bias and inconsistency across categories. The major reasons for this quality of evidence assessment were that randomization and blinding methods were not described and there was high heterogeneity.

This overview has some limitations. First, the SRs were dependent on RCTs published in China. The results of this review are not applicable or generalizable to other studies conducted elsewhere. In the future, clinical research should be actively conducted in countries other than China so that WA treatment for OA can be actively used in various ways. Second, the evaluation tools (AMSTAR, PRISMA, and GRADE) that were used were subjective. Two independent reviewers provided the evaluation, and the results were checked; nevertheless, they may have been their own judgment included in the assessment of each factor. Third, this overview was limited to the use of AMSTAR 2 to evaluate the methodological quality of the SRs. Consequently, the quality of the included SRs was not assessed. Future research should use the Risk of Bias in Systematic reviews (ROBIS) tool (40) to evaluate risk of bias and the PRISMA checklist (22) to evaluate the reporting characteristics of the included SRs.

In conclusion, WA or WA plus other therapies was more effective than the control conditions. However, the methodological quality of most of the included systematic reviews was critically low. Therefore, future studies should report SRs according to reporting guidelines, such as the PRISMA 2020 checklist, to improve the methodological quality and quality of evidence. This overview will help improve the evidence-based treatment and acupuncture evaluation system and facilitate research conducted by clinicians and scientific researchers.
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infra-orbital nerve

Diabetes-induced neuropathic
pain

Mode of induction

By ligation of 1/3 or 1/2 of sciatic
nerve

By ligation of sciatic nerve
By ligation of L5/L6 of spinal cord

By ligation of peroneal and tibial
nerves

By damaging the dorsal and ventral
nerve rootlets of C5-T1

By transecting T10 spinal cord
By i.p. injecting anti-cancer agents
(vincristine, cisplatin,oxaliplatin,
paclitaxel)

By injecting 10 pL
PLVX-IRES-Zsgreen1-Mir-223-3p
into the lumbar spine between L5 and
L6

By ligation of infra-orbital nerve

By persistenting
hyperglycemia-induced changes in
the nerves

Disease types
Peripheral nerve injury

Peripheral nerve injury
Peripheral nerve injury
Peripheral nerve injury
Peripheral nerve and spinal
cord injury
Spinal cord injury pain
Neuropathy after

chemotherapy

Postherpetic neuralgia

Trigeminal Neuralgia

Painful diabetic neuropathy

Peripheral/Central
Peripheral

Peripheral
Peripheral
Peripheral

Peripheral and Central
Central

Peripheral

Peripheral

Peripheral

Peripheral
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

2.2.1 shoulder internal rotation

Gao ZZ 2014 48.7 9.07 22 39.95 6.69 20 9.0% 8.75[3.96, 13.54] -

Wen YC 2020 4482 6.17 34 33.79 5.09 34 28.5% 11.03[8.34, 13.72] — &
Subtotal (95% CI) 56 54 37.5% 10.48 [8.14, 12.83] N

Heterogeneity: Chi? = 0.66, df =1 (P = 0.42); I?= 0%
Test for overall effect: Z = 8.76 (P < 0.00001)

2.2.2 shoulder backward extension

Gao ZZ 2014 395 806 22 349 6 20 11.3%  4.60[0.33, 8.87] -
Wen YC 2020 36.51 4.44 34 2798 399 34 512% 8.53[6.52, 10.54] ——
Subtotal (95% CI) 56 54 62.5%  7.82[6.00, 9.64] N

Heterogeneity: Chi? = 2.66, df =1 (P = 0.10); 1> = 62%
Test for overall effect: Z = 8.44 (P < 0.00001)

-10 -5 0 5 10
Favours [control] Favours [experimental]
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Experimental Control Mean Difference Mean Difference

tudy or Subgrou Mean D Total Mean D Total Weight IV. Random. 95% CI IV, Random, 95% CI
2.1.1 shoulder anteflexion
Gao ZZ 2014 96.15 12.52 22 BIL15 1652 20 5.3% 9.00[0.42, 17.58] .
Liao SY 2019 1534 952 69 133.26 7.67 69 6.8% 20.14[17.26, 23.02] T
Li JY 2017 152.4 95 32 133.6 15 32 6.6% 18.80[14.61, 22.99] -
Wen YC 2020 81.41 9.94 34 70.31 8.9 34 6.5% 11.10 [6.62, 15.58] -
Zhang JK 2022 94.14 5.26 40 89.32 5.07 40 6.9% 4.82 [2.56, 7.08] Bl
Subtotal (95% CI) 197 195 32.1% 12.88 [5.47, 20.29] “‘"

Heterogeneity: Tau? = 65.50; Chi? = 79.82, df =4 (P < 0.00001); I> = 95%
Test for overall effect: Z = 3.41 (P = 0.0007)

2.1.2 shoulder external rotation

Gao ZZ 2014 5325 756 22 3815 519 20 6.6% 15.10[11.21, 18.99] ——
Liao SY 2019 66.38 621 69 5481 436 69 7.0% 11.57[9.78, 13.36] -

Li JY 2017 663 62 32 548 43 32 69% 11.50[8.89, 14.11] ——

Wen YC 2020 5135 7.07 34 3494 451 34 69% 16.41[13.59, 19.23] ——
Zhang JK 2022 4028 376 40 37.32 343 40 7.0% 2.96 [1.38, 4.54] -

Subtotal (95% Cl) 197 195 34.4% 11.40 [6.17, 16.64] s

Heterogeneity: Tau? = 33.87; Chi? = 103.72, df =4 (P < 0.00001); I?> = 96%
Test for overall effect: Z = 4.27 (P < 0.0001)

2.1.3 shoulder abduction

Gao ZZ 2014 796 934 22 634 117 20 59%  16.20[9.76, 22.64] .

Liao SY 2019 11765 564 69 9632 513 69 7.0% 21.33[19.53,23.13] -

Li JY 2017 1176 56 32 963 51 32 69% 21.30[18.68,23.92] ——
Wen YC 2020 7658 941 34 5508 6.83 34 6.6% 21.50[17.59, 25.41] ——
Zhang JK 2022 88.76 432 40 8415 412 40 7.0% 4.61[2.76, 6.46] -

Subtotal (95% Cl) 197 195 33.5% 16.96 [8.61, 25.31] ———

Heterogeneity: Tau? = 87.24; Chi? = 201.25, df =4 (P < 0.00001); I> = 98%
Test for overall effect: Z = 3.98 (P < 0.0001)

-20 -10 0 10 20
Favours [control] Favours [experimental]
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Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference

IV, Random. 95% CI

Mean Difference

1.1.1 TA plus RT versus RT alone

Cheng YL 2006 289 101 28 343 145 30 4.8%
Gao ZZ 2014 291 174 25 41 183 25 35%
Liao SY 2019 246 072 69 373 068 69 6.5%
Li JY 2017 25 04 32 33 06 32 6.4%
Li ZQ 2015 17 06 30 36 14 30 53%
Wang L 2019 3.07 113 30 494 123 30 50%
Subtotal (95% Cl) 214 216  31.4%

Heterogeneity: Tau? = 0.17; Chi? = 24.89, df = 5 (P = 0.0001); 1> = 80%
Test for overall effect: Z=6.15 (P < 0.00001)

1.1.2 EA plus RT versus RT alone

Bu L 2013 3.31 0.53 34 4.15 0.64 33 6.3%
Chen DM 2019 2.56 0.95 30 1.56 0.82 30 5.7%
Lin YJ 2014 1.18 0.88 25 3.54 1.88 25  41%
Lu JH 2013 1.07 1.05 30 2.33 2 30 41%
Wen YC 2020 28 03 34 3.8 0.5 34 6.6%
Xun YJ 2019 3.67 0.36 30 4.46 0.53 30 6.5%
Yang RC 2018 16 05 20 2.15 0.37 20 6.3%
Zhang JK 2022 3.28 0.46 40 4.09 0.57 40 6.5%
Zhang Z 2014 0.65 0.24 22 1.52 0.44 20 6.5%
Subtotal (95% CI) 265 262 52.5%

Heterogeneity: Tau? = 0.20; Chi? = 84.67, df = 8 (P < 0.00001); I?=91%
Test for overall effect: Z = 4.68 (P < 0.00001)

1.1.3 BAA plus RT versus RT alone

Chen J 2016 1.21 1.02 40 3.28 0.96 40 5.7%
Wen PX 2019 23 0.8 30 36 14 30 51%
Zhang ZX 2012 1.11 0.98 40 3.4 1.52 40 5.2%
Subtotal (95% CI) 110 110 16.0%

Heterogeneity: Tau? = 0.16; Chi? = 6.56, df =2 (P = 0.04); I?=70%
Test for overall effect: Z =6.83 (P < 0.00001)

-0.54 [-1.18, 0.10]
-1.19 [-2.18, -0.20]
-1.27 [-1.50, -1.04]
-0.80 [-1.05, -0.55]
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-0.79 [-1.02, -0.56]
-0.55 [-0.82, -0.28]
-0.81 [-1.04, -0.58]
-0.87 [-1.09, -0.65]
-0.76 [-1.08, -0.44]
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-1.30 [-1.88, -0.72]
-2.29 [-2.85, -1.73]
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IV, Random. 95% CI
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i
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2 0 1 2

Favours [experimental]

Favours [control]
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Study

Bu L 2013
Chen DM 2019
Cheng G 2018
Cheng YL 2006
Chen HX 2011
Chen J 2016
Gao ZZ 2014
Guo YY 2012
He YY 2017
Kong L 2017
Liao SY 2019
Li JY 2017

Lin YJ 2014

Li ZQ 2015

Lu JH 2013
Luo X 2016

Qi Y 2020
Wang L 2019
Wen PX 2019
Wen YC 2020
Wu FC 2019
Wu JY 2015
Xiao CH 2014
Xun YJ 2019
Yang RC 2018
Zhang B 2012
Zhang JK 2022
Zhang Z 2014
Zhang ZX 2012
Zheng LQ 2020
Zhou GH 2002

Experimental

Random effects model 1147
Heterogeneity: /2 = 93%, % = 0.4616, p < 0.01

Total Mean SD

3.31 0.53
2.56 0.95
1.72 0.71
2.89 1.01
2.69 1.29
1271 1.02
291 1.74
1.56 0.25
1.30 0.60
2.40 2.20
2.46 0.72
2.50 0.40
1.18 0.88
1.70 0.60
1.07 1.05
2.97 0.31
1.56 0.28
3.07 1.13
2.30 0.80
2.80 0.30
2.97 0.87
2.55 1.08
2.06 1.99
3.67 0.36
1.60 0.50
3.05 1.52
3.28 0.46
0.65 0.24
1.11 0.98
3.13 1.07
2.16 1.05

Control

Mean SD

4.15 0.64
1.56 0.82
2.81 0.84
3.43 1.45
4.45 1.66
3.28 0.96
4.10 1.83
3.21 0.32
2.50 0.80
3.70 2.60
3.73 0.68
3.30 0.60
3.54 1.88
3.60 1.40
2.33 2.00
4.53 1.22
3.78 0.61
4.94 1.23
3.60 1.40
3.80 0.50
4.01 1.38
4.50 1.19

4.92 0.97 —&—

4.46 0.53
2.15 0.37
5.02 2.13
4.09 0.57
1.52 0.44
3.40 1.52
5.01 1.19
2.92 1.21

Mean Difference

—l-
—l-
—-

-

MD

-0.84

1.00
-1.09
-0.54
-1.76
-2.07
-1.19
-1.65
-1.20
-1.30
-1.27
-0.80
-2.36
-1.90
-1.26
-1.56
-2.22
-1.87
-1.30
-1.00
-1.04
-1.95
-2.86
-0.79
-0.55
-1.97
-0.81
-0.87
-2.29
-1.88
-0.76

-1.32

95%-Cl Weight

[-1.12; -0.56]
[0.55; 1.45]
[-1.47; -0.71]
[-1.18; 0.10]
[-2.51; -1.01]
[-2.50; -1.64]
[-2.18; -0.20]
[-1.83; -1.47]
[-1.42; -0.98]
[-2.52; -0.08]
[-1.50; -1.04]
[-1.05; -0.55]
[-3.17; -1.55]
[-2.45; -1.35]
[-2.07; -0.45]
[1.91; -1.21]
[-2.39; -2.05]
[-2.47; -1.27]
[-1.88: -0.72]
[-1.20; -0.80]
[-1.45; -0.63]
[-2.45; -1.45]
[-3.79; -1.93]
[-1.02; -0.56]
[-0.82; -0.28]
[-2.69; -1.25]
[-1.04: -0.58]
[-1.09; -0.65]
[-2.85; -1.73]
[-2.45; -1.31]
[-1.20; -0.32]

3.6%
3.3%
3.4%
3.0%
2.8%
3.4%
2.4%
3.6%
3.6%
2.0%
3.6%
3.6%
2.7%
3.2%
2.7%
3.5%
3.7%
3.1%
3.1%
3.6%
3.4%
3.3%
2.5%
3.6%
3.6%
2.9%
3.6%
3.6%
3.2%
3.1%
3.3%

[-1.58; -1.07] 100.0%
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Experimental Control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Bao YH 2011 46 36.46 13.55 42 28.47 14.02 — 7.99 [2.22;13.76] 3.0%
BuL 2013 34 35.39 6.57 33 27.45 6.42 5 7.94 [4.83;11.05] 3.8%
Chen DM 2019 30 54.63 9.63 30 45.24 9.80 —l— 9.39 [4.47;14.31] 3.2%
Cheng G 2018 35 55.37 1042 30 41.33 10.26 : —l— 14.04 [9.00; 19.08] 3.2%
Chen HX 2011 30 24.13 25.48 30 14.73 10.29 — 9.40 [-0.43;19.23] 1.9%
Chen J 2016 40 23.14 5.28 40 15.86 4.57 - 7.28 [5.12; 9.44] 4.0%
Gao ZZ 2014 25 37.95 9.69 25 31.90 8.32 —— 6.05 [1.04; 11.06] 3.2%
Guo YY 2012 20 18.58 2.54 20 22.31 2.82 -3.73 [-5.39;-2.07] 4.1%
Han ZX 2017 30 35.67 9.63 30 21.10 18.40 —— 1457 [7.14;22.00] 2.5%
He YY 2017 82 13.60 2.10 82 8.80 1.30 480 [4.27; 5.33] 4.2%
Kong L 2017 30 28.00 7.00 30 24.00 5.00 . 5 400 [0.92; 7.08] 3.8%
Lin YJ 2014 25 63.45 2498 25 50.12 25.25 & 13.33 [-0.59; 27.25] 1.3%
Lu JH 2013 30 10.70 342 30 8.50 3.61 &= 2.20 [0.42; 3.98] 4.0%
Luo JF 2015 13 30.31 197 12 15.92 2.02 14.39 [12.82; 15.96] 4.1%
Luo X 2016 50 42.16 21.35 50 35.68 19.27 —— 6.48 [-1.49;14.45] 2.4%
Qi Y 2020 60 28.14 547 60 22.68 3.53 546 [3.81; 711] 4.1%
Shi DK 2011 45 4215 21.34 45 35.67 19.28 —— 6.48 [-1.92;14.88] 2.3%
Wang L 2019 30 29.03 4.38 30 26.23 4.64 L & 2.80 [0.52; 5.08] 4.0%
Wen PX 2019 30 2260 5.80 30 17.50 4.60 . 3 5.10 [2.45; 7.75] 3.9%
Wen YC 2020 34 31.70 4.70 34 2550 3.90 B 6.20 [4.15; 8.25] 4.0%
Wu FC 2019 60 53.36 10.06 60 45.24 9.86 —— 8.12 [4.56; 11.68] 3.6%
Wu JY 2015 40 25.28 10.01 40 21.97 8.32 = 3.31 [-0.72; 7.34] 3.5%
Xiao CH 2014 22 52.32 456 22 31.78 4.88 20.54 [17.75; 23.33] 3.8%
Xun YJ 2019 80 3198 1291 30 27.34 13.05 -+ 4.24 [-2.18;10.66] 2.8%
Yang RC 2018 20 33.20 2.17 20 23.70 3.91 - 9.50 [7.54;11.46] 4.0%
Zhang JK 2022 40 42.01 4.83 40 36.59 4.21 - 5.42 [3.43; 741] 4.0%
Zhang Z 2014 22 235 029 20 1.90 0.27 [ 0.45 [0.28; 0.62] 4.2%
Zhang ZX 2012 40 2246 5.61 40 16.22 4.18 B 6.24 [4.07; 8.41] 4.0%
Zheng LQ 2020 30 29.52 10.02 30 24.02 9.23 —— 5.50 [0.63;10.37] 3.3%
Random effects model 1023 1010 61 ] 6.81 [4.95; 8.67] 100.0%

Heterogeneity: /2 = 97%, t2 = 21.3879, p < 0.01 | !
20 -10 O 10 20
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Experimental Control

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Bao YH 2011 46 61.41 21.95 42 51.79 20.76 —l;— 9.62 [0.70; 18.54] 3.8%
Chen HX 2011 30 64.73 27.21 30 §1.33 21.53 . 13.40 [0.98;25.82] 2.0%
Gao ZZ 2014 25 68.50 9.61 25 49.25 9.63 i —#— 10.25 [13.92; 24.58] 10.6%
Lin YJ 2014 25 69.79 20.58 25 55.11 21.28 = 14.68 [3.08;26.28] 2.2%
Luo X 2016 50 63.48 18.23 50 55.26 20.34 —— 8.22 [0.65;15.79] 5.3%
Qi Y 2020 60 68.74 10.67 60 58.57 7.84 —.— 10.17 [6.82;13.52] 26.9%
Shi DK 2011 45 63.47 18.22 45 55.25 20.33 — - — 8.22 [0.24;16.20] 4.7%
Wen YC 2020 34 58.10 7.50 34 49.00 6.80 —!— 9.10 [5.70;12.50] 26.1%
Wu FC 2019 60 65.27 21.69 60 52.71 21.19 —i— 12.56 [4.89;20.23] 5.1%
Xun YJ 2019 30 66.87 18.30 30 63.08 17.86 ——-ﬁ:— 3.79 [-5.36;12.94] 3.6%
Yang RC 2018 20 50.25 595 20 34.25 14.02 —&— 16.00 [9.33;22.67] 6.8%
Zheng LQ 2020 30 74.02 19.98 30 61.08 19.83 + 12.94 [2.87;23.01] 3.0%

Common effect model 455 451 < 11.17 [ 9.44; 12.91] 100.0%
Heterogeneity: /° = 35%, t* = 7.3727, p = 0.11 | ! l
20 -10 O 10 20
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Clinical characteristics Baseline After treatment MD (95% CI) P-value?

Days with migraine per 4 weeks, 6.10 (5.55) 1.52 (1.66) 4.58 (2.43,6.73) 0.0003

mean (SD)¢

Mean VAS score, mean (SD)® 8.10 (1.62) 4.90 (1.65) 3.20(1.98, 4.42) <0.0001
HIT-6, mean (SD)® 66.20 (5.02) 57.30 (7.36) 8.90 (5.76, 12.04) <0.0001
MSQ, mean (SD)"

Role restrictive subscale 55.43 (13.45) 77.14 (15.73) —42.00 (—59.30, —24.69) 0.0001

Role preventive subscale 71.25 (13.56) 85.75 (15.07) —14.50 (—21.70, —7.30) 0.0005

Emotional subscale 67.67 (22.51) 84.67 (11.87) —17.00 (—26.58, —7.43) 0.0015

BDI-15 mean (SD)® 9.40 (4.99) 4.85 (4.17) 4.55(2.28,6.82) 0.0005

BAL mean (SD)® 9.75 (7.49) 475 (3.97) 5.00 (2.09, 7.91) 0.0015

MoCA, mean (SD)® 27.60 (2.09) 28.15 (1.84) —0.55 (—1.25,0.15) 0.1183

PSQL mean (SD)® 5.00 (2.32) 450 (2.06) 050 (—0.69, 1.69) 0.3905

 All tests were two-sided. Statistical significance was set at P < 0.05.

" Analyzed using paired ¢-test.

“Number of days with migraine was defined as the duration of migraine attacks. SD, standard deviation; MD, mean difference; CI, confidence interval; VAS, visual analog scale; HIT-6, six-item
Headache Impact Test; MSQ, Migraine-Specific Quality of Life Questionnaire; BDI-II, Beck Depression Inventory-II; BAI, Beck Anxiety Inventory; MoCA, Montreal Cognitive Assessment; PSQI,
Pittsburgh Sleep Quality Index.
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Adverse events

Total

Related to acupuncture overall
Dermorrhagia

Numbness

Lassitude

Related to medication overall
Nausea

Palpitations

Dyspepsia

Upper abdominal pain
Heartburn

Somnolence

Dizziness

Sweating attack

Acupuncture group (n = 86)

Participants, N (%)

8 (9.30%)
3 (3.49%)°
3(3.49%)
0
0
5 (5.81%)°
0
0
2(2.33%)
1(1.16%)
0
1(1.16%)
0
1(1.16%)

Events, N

N OoO O Ul © © W W ®

Medication group (n = 84b)

Participants, N(%)

14 (16.67%)
4 (4.76%)4
2 (2.38%)
1(1.19%)
1(1.19%)

10 (11.90%)"
2(2.38%)
2 (2.38%)
1(1.19%)
1(1.19%)
1(1.19%)
1(1.19%)
1(1.19%)
1(1.19%)

Events, N

16

? Adverse events were analyzed in all participants who received at least one session of treatment. Adverse events experienced by the same participant were counted according to type rather than

frequency. Adverse events of different types experienced by a single participant were defined as independent adverse events. Multiple occurrences of an adverse event in a single participant was

defined as one adverse event.

YTwo participants in the medication group did not receive treatment.

€Adverse events related to true acupuncture.
d Adverse events related to sham acupuncture.
€ Adverse events related to placebo naproxen.
f Adverse events related to naproxen.
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Treatment guess, No. (%) Acupuncture
group (n = 80%)

Cycle 1.5 True acupuncture plus placebo naproxen 61 (76.2%)
Sham acupuncture plus naproxen 19 (23.8%)

Cycle 3 True acupuncture plus placebo naproxen 62 (77.5)
Sham acupuncture plus naproxen 18 (22.5%)

2Six participants in the acupuncture group were not recorded at Cycles 1.5 and 3 because they dropped out.
PSeven participants in the medication group were not recorded at Cycles 1.5 and 3 because they dropped out.
€P was calculated from a kappa analysis.

CI, confidence interval.

Medication
group (n = 77°)

53 (68.8%)
24 (312%)
49 (63.6%)
28 (36.4%)

Kappa
Coeflicient
(95% CI)

0.075 (—0.07, 0.22)

0.14 (—0.00, 0.28)

0.30

0.06





OPS/images/fnins-16-992577/fnins-16-992577-g001.jpg
364 potential patients assessed for baseline
assessment (-3 to O cycles)

192 Excluded

l

(Cycle-0)

172 Eligible patients randomized

systemic diseases

123 Did not meet inclusion Criteria

52 Lacked interest in participation

» 11 Accepted prophylactic migraine

medication in the last three months
6 Existing relatively severe

2 Excluded

»

receive treatment

» 2 Withdrew consent and did not

l

86 allocated to acupuncture group |

l

80 completed 3 cycles treatment
6 dropped out
S time restriction
1 fear of needling

l

80 completed 3 cycles follow-up
O lost to follow-up

l

86 included in intention-to-treat set
80 included in per protocol set
86 included in safety analysis

l

84 allocated to medication group

l

77 completed 3 cycles treatment
7 dropped out
4 time restriction
1 residence changed
1 unsatisfied
1 fear of needling

l

77 completed 3 cycles follow-up
O lost to follow-up

l

84 included in intention-to-treat set
77 included in per protocol set
84 included in safety analysis
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Characteristics

Mean (SD) age, y

Mean (SD) duration from the time of migraine diagnosis to baseline, y
Family history, n (%)

Accompanying symptoms

Nausea or vomiting, n (%)

Photophobia or phonophobia, n (%)

Others, n (%)

Dysmenorrhea, n (%)

Mean (SD) length of menstrual cycle, day

Mean (SD) length of menstruation, day

Mean (SD) number of migraine days during the perimenstrual period
Mean (SD) number of migraine days outside the perimenstrual period
Mean (SD) number of migraine hours during the perimenstrual period
Mean (SD) number of migraine hours outside the perimenstrual period
Mean (SD) pain VAS score recorded during the perimenstrual period
Mean (SD) pain VAS score recorded outside the perimenstrual period

Use of acute pain medication, n (%)

SD, standard deviation; VAS, visual analog scale.

Acupuncture
group (n = 86)

36.44 (6.74)
8.24 (7.06)
28 (32.56)

82 (95.35)
57 (66.28)
22(25.58)
28 (32.56)
29.24 (2.32)
5.53 (1.15)
1.83(0.73)
2.07 (143)
21.03 (12.25)
14.72 (8.85)
7.30 (145)
6.13 (145)
60 (69.77)

Medication
group (n = 84)

35.15 (6.73)
8.35 (5.72)
27 (32.14)

80 (95.24)
52 (61.90)
15 (17.86)
21 (25.00)
28.74 (2.15)
549 (1.19)
1.67 (0.55)
1.81 (0.99)
19.77 (11.18)
14.15 (8.27)
7.27 (1.41)
6.04 (1.48)
55 (65.48)

Total (n = 170)

35.81 (6.75)
8.30 (6.42)
55 (32.35)

162 (95.29)
109 (64.12)
37 (21.76)
49 (28.82)
28.99 (2.24)
5.51(1.16)
1.75 (0.65)
1.94 (1.23)
20.41 (11.71)
14.44 (8.55)
7.28 (1.43)
6.08 (1.46)
115 (67.65)
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Outcome Acupuncture Medication Between-group difference

group (n = 86) group (n = 84)
Value (95% CI) P-value®

Primary outcome
Average number of migraine days per perimenstrual period®, cycles 1—3, mean (95% CI)

0.89 (0.74 to 1.05) 1.06 (0.95 to 1.17) 0.17 (—0.24 to 0.36) 0.0862
Change from the baseline average number of migraine days per perimenstrual period?, cycles 1—3, mean (95% CI)®

0.94 (0.82 to 1.07) 0.61 (050 t0 0.71) 0.33 (0.17 to 0.50) 0.0001
Secondary outcomes
Change from the baseline average number of migraine days per perimenstrual period, cycles 4—6, mean (95% CI)¢

0.84 (0.72 to 0.97) 0.44 (0.32 to 0.56) 0.41(0.24 to 0.58) <0.0001
Change from the baseline average number of migraine days outside the perimenstrual period, mean (95% CI)®
Cycles 1-3 1.08 (0.89 to 1.27) 0.49 (039 to 0.60) 0.59 (0.37 to 0.80) <0.0001
Cycles 4—6 0.95 (0.75 to 1.16) 0.31 (021 to 0.41) 0.64 (0.41 to 0.87) <0.0001
Change from the baseline mean number of migraine hours during the perimenstrual period!, mean (95% CI)®
Cycles 1-3 7.61 (6.22 10 9.02) 5.01 (3.83 t0 6.20) 2.60 (0.79 to 4.41) 0.0055
Cycles 4—6 5.65 (4.36 t0 6.93) 3.09 (2.14 to 4.05) 2.55 (0.97 to 4.13) 0.0019
Change from the baseline mean number of migraine hours outside the perimenstrual period!, mean (95% CI)®
Cycles 1-3 456 (3.56 10 5.66) 2.59 (1.9 to 3.19) 1.97 (0.82 to 3.12) 0.0010
Cycles 4—6 352 (2.66 to 4.37) 1.51 (0.86 to 2.15) 2.01 (0.95 to 3.07) 0.0003
Change from the baseline mean VAS score during the perimenstrual period, mean (95% CI)¢
Cycles 1-3 252 (2.15 t0 2.90) 2.14 (1.84 to 2.44) 0.38 (—0.10 to 0.85) 0.1221
Cycles 4—6 239 (2.05t0 2.73) 1.30 (1.09 to 1.52) 1.08 (0.69 to 1.48) <0.0001
Change from the baseline mean VAS score outside the perimenstrual period, mean (95% CI)®
Cycles 1-3 2.17 (176 t0 2.57) 1.81 (1.53 to 2.09) 0.36 (—0.12 t0 0.85) 0.1462
Cycles 4—6 1.45 (1.20 to 1.69) 0.95 (0.71 to 1.18) 0.50 (0.17 t0 0.83) 0.0039
50% migraine responder rate, participants, n (%)&
Cycles 1-3 54 (62.8%) 36 (42.9%) 19.9 (5.22 to 34.64) 0.0092
Cycles 4—6 50 (58.1%) 32(38.1%) 20.0 (5.33 to 34.76) 0.0089
Use of acute pain medication, participants, n (%)8
Cycles 1-3 24 (27.9%) 35 (41.7%) 13.8 (—27.94 to 0.42) 0.0595
Cycles 4—6 40 (46.5%) 46 (54.8%) 8.3(—23.23t0 6.73) 02821

2Six participants in the acupuncture group and seven in the medication group were missing information on the average number of migraine days during/outside the perimenstrual period, mean
number of migraine hours during/outside the perimenstrual period, and mean VAS score during/outside the perimenstrual period over cycles 1—3. Six participants in the acupuncture group and
seven in the medication group were missing these details in cycles 4—6. The missing data of participants who dropped out were replaced using the last observation carried forward method. The
number of participants with imputed data: 6 (7.0%) in the acupuncture group and 7 (8.3%) in the medication group.

b All tests were two-sided. P-value < 0.05 was considered significant.

“The perimenstrual period is starts from the two days before the onset of menstruation to first three days of menstruation.

dBaseline was calculated as the cycle average of the three-cycle screening phase prior to the start of treatment.

€ Analyzed by fitting a mixed-effect model using the baseline value as a covariate, treatment as a fixed effect, and center as a random effect.

fBaseline was calculated the daily average of the three-cycle screening phase prior to the start of treatment.

& Analyzed using the chi-square test.

CI, confidence interval; VAS, visual analog scale.
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References ES duration
Sex (M/F)
Age

Lin et al. (25) :52.1; B: 529 days

Shao (29)

Shi et al. (30)

:2.49 months
10718

Congetal. (31)
.05 months

Congetal. (32)

Huang (33)

Yanget al. (34) 1-6 months

Lietal (35) ::

Huang et al. (36) e 6 months
1412

He (37) Y 85 months

Ke etal. (38)

Lietal (39)

Huang et al. (41)

Li (40)

Intervention

(4) EA (30 min,
n=40)

(4) EA (30 min,
n=20)

(4) EA (30 min,
n=57)

(4) EA (30 min,
n=27)

(4) EA (60 min,
n=2)

(4) EA,plus B
(n=27)

(4) EA, plus B

(n=>31)
(4) EA,plus B
(=31

(4) EA, plus B
(n=52)

(4) EA, plus B
(n=3)

(4) EA, plus B
(n=30)

(4) EA, plus B
(n=>30)

(4) EA, plus B
(n=30)

(4) EA,plus B
(n=74)

Control

(B) MA (30 min, »

(B)MA (30 min, 1w =29)

(B)MA (30 min, u=56)

(B)MA (30 min, w=28)

(B) MA (60 min,  =28)

(B) Joint mobilization (n =21)

(B) Arthrolysis (n = 31)

(B) general rehabiltation
(x=31)

(B) TDP (n = 26)
(B) Intermediate frequency
(46 KH2) (n=30)

(B) Very high frequency
+ joint mobilization (n = 30)

(B) Electromoxibustion
(Fuyang pot warming) (1 = 30)

(B) Tuina (n = 30)

(B) Tuina (n = 74)

tA lower score indicates better conition; *a higher score indicates better condition.

A, intervention groups; B, comparison group.

Outcome measures

1) Pain (VAst)
2) Function (Constant-Murley?)
3) Response rate

Response rate

1) Pain (Vast)

2) Function (neck and shoulder pain®)
3) Response rate

1) Pain (VAst)

2) Function (neck and shoulder pain®)
3) Response rate

1) Pain (Vast)

2) Function (neck and shoulder pain®)
Response rate

1) Pain (VAst)

2)Response rate

1) Pain (MRMCF)

2) Function (MRMCH)
3) Response rate

1) Pain (Vast)

2) Function (BROM?)
3) Response rate

Response rate

Response rate

1) Function (Constant-Murley?)
2) Response rate

1) Pain (Vast)

2) Function (Constant-Murley?; ASES?)
3) Response rate

1) Function (Constant-Murley?)

2) Response rate

Response rate

Main results

1)MD —0.65 [~125, ~0.03], P < 005
2) MD 7.45 [4.58, 10.32], P < 0.001
3)RR 119 [1.00, 141], P < 005
RR1.12[0.95, 1.32],N§

1)MD ~1.50 [~1.57, ~1.43], P < 0001
2)MD 177 [16.49, 1925], P < 0.001
3)RR 118 (101, 1.38], P < 005

1)MD ~1.61 [~1.77, ~1.45], P < 0001
2)MD 15481132, 19.64], P < 0.001
3)RR1.17(0.97, 141, NS

39], P < 0001
2) MD 4,05 229, 10.39], NS
3)RR1.11[0.89, 1.38], N§

1)MD —1.21 [~1.94, ~0.48], P < 001
2)RR1.06 [0.91,1.25], NS

1)MD7.82 [478,10.86], P < 0.001
2)MD5.79 [472, 636, P < 0001
3)RR1.03(0.92, 116], NS

1)2) details nr, P < 0.05
3)RR1.36 108, 1.72], P < 001

RR1.05[0.95, 1.15], N§

RR132[1.06, 1.65], NS

1)MD 17.30 (659, 28,01, P < 001
2)RR1.33 [1.04, 172], P < 0.05

1)2) details n.r, P < 0.01
3) Avs. B:RR 108 0,88, 1.32], N§

1)MD 1180 [8.72,1438], P < 0.001
2)RR 150 [1.09, 2.06], P < 0.01

RR113[101,1.27), P < 005

Authors’ conclusion

“EA.. reduces shoulder pain, improves
shoulder joint mbility, ..”

“EA has a reliable curative effect
“.. BA...lis] superior
" EA

[was] better than MA&™

No dlear conclusion given

“...Ithe relationship of EAL. .. with joint
‘mobilization. . is definite.”
arthrolysis... with EA ... is better. ."

[general rehabilitation] combined with
EAs beneficial.”

“..EA...with TDP.
than. .. TDP. ..alone"

is better

“EA.._with intermediate frequency hasa
significant curative effect”

“Treatment... with EA
[outcomes].”

improved

“Fuyang pot warming. . with EA.._has...fa
greater] curative effect .. than EA. . or
Fuyang pot warming therapy alone™
“EA....with tuina. .. [was] superior... [for]
improving range of motion. .. [and]
allevating clinical symptoms”

“Tuina... [with] EA has a elable curative
effect”

ASES, American Shoulder and Elbow Surgeons; AEs, adverse effects; EA, electroacupuncture; S, frozen shoulder; MA, manual acupuncture; MD, mean difference; MRMC, Michael Reese Medical Center; n.r. not reported; NS, not significant; RCT,
sndocuiend contellad ek GROME ithie vibme of otk T ik yatlo: BT sleuderd deviation: TOP fnding dlinctho pic VAS, viriel anslos hala’
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References

Acupuncture points

Medium
(model,
manufacturer)

‘Wave (Hz)

Intensity

Treatment
session and
interval

Lin etal. (28)

Shao (29)

Shi etal. (30)

Cong etal. (31)

Cong etal. (32)

Huang (33)

Yang et al. (34)

Lietal. (35)

Huang et al. (36)

He (37)

Ke etal. (38)

Lietal. (39)

Huang et al. (41)

Li (40)

EA: Ashi points, L115, TEL4,
EX-UE70,S19, LI11, TES, L4, SI3
MA: Ashi points, LT15, TEL4,

EX-UE70,S19, LI11, TE5, LI, SI3

EA:EX-UE70,L115, TE14,SI11,
L14,GB34

MA: X-UE70, L115, TE14, SI11,
L14,GB34

EA:EX-UE70, TE14, L1IS, ST10,
TES, LI

MA: EX-UE70, TE14, L115, ST10,
TES, L4

EA:EX-UE70, L115 or TE14, 5110,
TES, L4

MA: EX-UE70, LI15 or TE14, ST10,
TES, L4
EA:EX-UE70,L115, TE14, ST10,
TES, L4

MA: EX-UE70, LI15, TE14, ST10,
TES, L4

(Ashi points, L115, TEL4, LI11,
L14/Flexion restriction: L114, Tai
Jian

Extension restriction: TE13, ST10
‘Abduction restriction: Nao Shang,
Cheng Feng

External rotation restriction: SI11,
st

Internal rotation restriction: Jian
Nei Ling) + joint mobilization
(115,519, EX-UE70, L114, PC3,
LI11, LUS, GB34, SP8, ST11,
TES/GB12, BL60, Lld, ST38, TE3,
LU, LU7, TES)

(L1 meridian, ST meridian, TE.
‘meridian, L11S, Ashi points, TE14)
(Ashi points, L115, 519, TE14,
EX-UE70)

(Ashi points, L115, EX-UE70, SI9,
LI11, 114, SP9, L13, TE3, SI3)
S114, EX-UE70, L11S, TE14, SI9,
LI, TES, Ll

+ Very high frequency
(frequency 40.68 mHz, wavelength
7.37m, output 200 W)

(Ashi points, GB20, GV 14, GB21,
L115, L114,5T39, BL57)

+ Fuyang pot warming

(Ashi points, GB20, GV 14, GB21,
L115,519, LU, ST11)

EA: Ashi points, L115, TEL4,
EX-UE70,519

(819, Tai jian, L115, TE14, SI11, L14)

nr

nr

HANS LH-202H

HANS LH-202H

HANS LH-202H

nr

nr

KWDs08-1

Gesos

Gesos

Gesos-1T

HANS LH-202H

SDZII, Hwato

nr

Dense-dispersed
wave
(2 Hz/100 Hz)

nr

Dense-dispersed
wave
(2 Hz/100 Hi)

Dense-dispersed
wave
(2 Hz/100 Hz)

Dense-dispersed
wave
(2 Hz/100 Hz)

Continuous (high
frequency 10 min
— > low frequency
10 min)

Dense-dispersed
wave (2 Hz/15 Hz
OR 100 Hz)

Continuous
(0-10Hz)
220Hz

nr

Dense-dispersed
wave
(50 Hz/100 Hz)

Dense-dispersed
wave
(2 Hz/100 Hz)

Dense-dispersed
wave
()

nr

Tolerance level

nr

(G+2mA

nr

(£ ma

2-4mA

2-3mA

Tolerance level

nr

1-15mA

Tolerance level

14 times (once
daily)

20 times (once
daily)

5 times (once
every other day)

5 times (once
every other day)

5 times (once
every other day)

10 times (once
daily)

5 times (once
daily)

20 times (once
daily)
10 times (once
daily)
20 times (once
daily)
21 times (once
daily)

12 times (three
times/week)

21 times (once
daily)

20 times (once
daily)

k. it MK mantl ARt Sr. ok tattal.
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Patient or population: Patients wi

h FSIntervention: EA or EA + WMComparison: MA or WM

Outcomes Anticipated absolute effects* (95% CI)  Relative effect No of participants  Certainty of the
(95% CI) (Studies) evidence (GRADE)
Risk with MA Risk with EA
EA vs. MA
Pain (VAS) ‘The mean pain (as MD L1t lower - 208 8000
measured by the VAS) (1.61 lower to 0.61 lower) (4RCTs) Very lows<
ranged from —161 to
—o0s1
Function = SMD 2,02 5D higher - 208 8000
(0.36 higher to 3.69 higher) (4RCTs) Very low™P:<
Response rate 812 per 1,000 942 per 1,000 RRL16 356 e®00
(869-1,000) (107-1.25) (5RCTs) Lowsd
EA -+ WM vs. WM
Pain intensity - SMD 1.12SD lower - 110 e00
(152 lower to 0.71 lower) (2RCT5) Low*®

*Most information is unclear (random number generation and allocation concealment).
PSerious limitation of inconsistency: Unexplained high heterogeneity (12 > 50%).
“Total participants < 400.

*Total participants < 300.

*The risk in the intervention group (slong with its 95% confidence interval) is based on the assumed risk in the comparison group and the relatve effect of the intervention (and its 95%
C1). C, confidence interval; MD, mean difference; RR, risk ratio; SMD, standardized mean difference; WM, Western medicine.
GRADE Working Group grades of evidence. High certainty: we are very confident that the true effectlies close to the estimate of the effect. Moderate certainty: we are moderately confident
in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: our confidence in the effect
estimate islimited: the true effect may be substantially different from the estimate of the effct. Very low certainty: we have very ltle confidence in the effect estimate: the true effect is

Bl 6 s et tially v o i Ervien This setiniiste &f afoct.
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Authors

Cui etal. (2021)

Yuetal. (2021)

Pei etal. (2019)

Liuetal. (2019)

Dimitrova et al. (2017)

Ma etal. (2015)

Journal

Complement Med
Res

J Clin Pharm Ther

J Pain Res

Front Neurol

J Altern
Complement Med

J Neurotrauma

Type of study

Systematic review
and meta-analysis

Systematic reviews

Meta-analysis

Systematic review
and meta-analysis

Meta-analysis

Systematic review
and meta-analysis

Sample size

915

8378

498

3,184

680

35

Disease types

Trigeminal neuralgia

Diabetic peripheral
neuropathy

Postherpetic
neuralgia

Central post stroke
pain

Peripheral
neuropathy
Spinal cord injury
pain

Conclusion

Acupuncture may be effective for
patients with trigeminal
neuralgia.
Acupuncture appears to have an

effect on painful diabeti

neuropathy, effectively improving
nerve conduction and clinical
symptoms.

Acupuncture may reduce pain
intensity, relieve anxiety and
improve quality of life in patients
with postherpetic neuralgia.
Adding acupuncture to
conventional rehabilitation
treatment for post-stroke pain is

superior to rehal

tation
treatment alone.

Acupuncture is beneficial in some
peripheral neuropathies.

Acupuncture may be an effective

treatment for reducing chronic
pain in patients with spinal cord
injury.
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Condition

Trigeminal neuralgia

Sciatica

Painful diabetic neuropathy

Postherpetic neuralgia

Spinal cord injury pain

Chemotherapy-induced
peripheral neuropathy

Acupoints

Neiting (ST 44), Hegu 4
(L1 4), Sanjian (LI 3),
ophthalmic branch
(Yuyao, Ex-HN 4;
Cuanzhu, B 2; Yangbai,
GB 14), maxillary branch
(Quanliao, SI 18; Sibai,
ST 2; Juliao, ST 3), and
mandibular branch
(Xiaguan, ST 7; Jiache,
ST 6; Extraordinary
point, Ex)

The bilateral acupoints of
Dachangshu (BL 25),
Shenshu (BL 23),
Weizhong (BL 40), and
Chengshan (BL 57)

Zusanli (ST 36), Feishu

(BL 13), Pishu (BL 20),

Sanyinjiao (SP 6), and
Yinlingquan (SP9),
Xuanzhong (GB 39),
Taichong (LR 3) and

Zulingi (GB 41)
Jiaji (Ex-B2) and Ashi
points

Changgiang (GV 14),
Jiaji (Ex-B2), etal.

Qihai (CV 6), Baihui
(GV 20), Bilateral
Zusanli (ST 36),
Sanyinjiao (SP 6), Hegu
(LI4), Quehi (LI 11), and
Taichong (LR 3) as the
general points and
bilateral Bafeng (EX-LE
10) and Baxie (EX-UE 9)

Acupuncture
methods

The penetration depth
was 25 to 50 mm in the
muscle.

The needles were
inserted 30-70 mm into
the acupoints slowly and

vertically. Twirling,
lifting, and thrusting

‘manipulates were
performed tenderly and

evenly three times in
order to reach the de gi
sensation.

Needles will be inserted
perpendicularly and
stimulated only in the
beginning to achieve a de
gi sensation and then will
be leftin place.

A filiform needle,
0.25-0.30 mm in
diameter, 25-40 mm in
length, is stimulated with
an electrical current

Needles were inserted to
adepth of 15 to 30 mm
and left in place for
20 min

Needles (0.25x0.40 mm)
were inserted
perpendicularly at the
depth of 5-15 mm
acupoints, with proper
needling manipulation to
induce “de qi” (the
arrival of qi).

Duration of
treatment

The retention time for
the needles was 20 min
and one session per week
for a total of 10 weekly
sessions.

12 sessions of treatment
(30 min each) for 4 weeks
(three times a week).

12 sessions administered
over a period of 8 weeks
(preferably 2 sessions in
each of the first 4 weeks,
followed by 1 session per
week in the remaining
4 weeks).
20-30 min in each

session

15 sessions of
acupuncture over a
7!/2-week period

3 times per week for 4
weeks (20 min in each
session)
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studies design bias considerations

Acupuncture vs. pharmacological medications for symptom severity at the time of treatment ending (assessed with: IBS-SSS)
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trials

Moxibustion vs, pharmacological medications for symptom severity at the time of treatment ending (assessed with: IBS-SSS)
1 Randomized Very serious® Not serious Not serious Not serious None

trials

Moxibustion vs. placebo moxibustion for symptom severity at the time of treatment ending (assessed with IBS-SSS)

2 Randomized  Not serious Not serious Not serious Not serious None

trials

Acupuncture vs. pharmacological medications for abdominal pain at the time of treatment ending
7 Randomized  Very serious'  Not serious Not serious Not serious Strong association

trials

Acupuncture vs. sham acupuncture for abdominal pain at time of treatment ending

v

4 Randomized  Serious® Serious' Not serious Not serious None

trials

Moxibustion vs. pharmacological medications for abdominal pain at the time of treatment ending
3 Randomized  Veryserious’ ot serious Not serious Not serious None

trials

Acupuncture and moxibustion vs. pharmacological medications for abdominal pain at the time of treatment ending

2 Randomized ~ Veryserious'  Serious® Not serious Not serious None

trials

Acupuncture and moxibustion vs. sham acupuncture and sham moxibustion for abdominal pain at the time of treatment ending
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Acupuncture vs. pharmacological medications for quality of life at the time of treatment ending (assessed with: IBS-QOL)
7 Randomized  Veryserious'  Not serious Not serious Not serious Strong association
wials

Moxibustion vs. pharmacological medications for quality of life at the time of treatment ending (assessed with: IBS-QOL)
3 Randomized Very serious® Not serious Not serious Not serious None

trials

Cl, confidence interval; MD, mean difference; SMD, standardized mean difference; * High risk of blinding and allocation concealment; ® Consequence was influenced when one of study was removed; © Heterogeneity: I-s
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Intervention

Method

Acupuncture,
30 min, 3/weeks
Acupuncture,
30 min, 3/weeks
Acupuncture,
20 min, S/weeks
Acupuncture,

30 min, 3/weeks

Acupuncture,
30 min, 3/weeks
Acupuncture,
30 min, 5/weeks
Acupuncture,
30 min, 5/weeks

Acupuncture,

30 min, 5/weeks

Acupuncture,
30 min, 3/weeks
Acupuncture,
30 min, 3/weeks

Acupuncture

Acupuncture,
30 min, 5/weeks
Acupuncture,
30 min, 3-4/weeks

Acupuncture

Acupuncture,
30 min, 3/weeks
Acupuncture,
30min, 1/weeks
Acupuncture,

30 min, 2/weeks

Acupuncture,
40 min;
Bifidobacterium
tetralogy capsule,
45g tid
Acupuncture,
25min, 2/wweek
Acupuncture
Moxibustion, every
other day
Moxibustion,

30 min, bid plus
Loperamide 2 mg,
bid
Moxibustion, qd

Moxibustion, qd
Morxibustion,
45 min Pinaverium,
50 mg, tid
Moxibustion,
30 min
Acupuncture and
moxibustion,
30 min
Acupuncture and
moxibustion,
20 min,
Acupuncture and
‘moxibustion
Acupuncture, 3
times per week,
30 min
Morxibustion, 3
times per week,
30min
Morxibustion, 3
times per week,
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Duration Follow-up

(weeks)

16

(weeks)
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2
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Control

Method
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Polyethylene glycol,
10g, qd (1BS-C);
Pinaverium, 50 mg,
tid (IBS-D)
Pinaverium, 50 mg,
tid
Pinaverium, 50 mg,
tid
Pinaverium, 50 mg,
tid live combined
Bifidobacterium,
Lactobacillus and
Enterococcus powder,
2g tid
Pinaverium, 50 mg,
tid Bifidobacterium
capsules, 0.84g, tid
Pinaverium, 50 mg,
tid
Pinaverium, 50 mg,
tid
Pinaverium, 50 mg,
tid
lactulose oral liquid,
15ml, tid
Pinaverium, 50 mg,
tid
Pinaverium, 50 mg,
tid
Pinaverium, 50 mg,
tid
‘Sham acupuncture,
30 min, 1/wweeks
‘Sham acupuncture,
30 min, 2/weeks
Sham acupuncture,
40 min;
Bifidobac-terium
tetralogy capsule,
45g tid
Sham acupuncture,
25 min, 2/veek
Sham acupuncture
Pinaverium, 50 mg,
tid

Loperamide 2 mg, bid

‘Trimebutine maleate,
0.2g1tid
Loperamide 2 mg, tid
Pinaverium, 50 mg,

tid

Loperamide, 2 mg,
bid
Pinaverium, 50 mg,
tid

Trimebutine maleate,

0.2gtid

Sham acupuncture
and moxibustion
Sham acupuncture, 3
times per week,
30 min
Sham moxibustion, 3
times per week,
30min
Sham moxibustion, 3
times per week,

30 min

6

10
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18

18
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24

12
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16
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12

Mean age (SD)

Duration Follow-up Interven-
(weeks)

tion

46.34 (14.32)

4572 (12.52)
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45.89 (13.01)

46.38 (11.47)
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40.71 (10.84)

44.38 (8.61)

1(11)

6 (13)

30.0(62)

44(12)
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5085 (11.57)
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37.5(14.6)
43(4)

4133 (1.14)

4133 (1.14)

43.11(13.22)

35.68 (8.25)
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448 (9.5)
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38.61 (11.57)

47.6 (11.9)

25021 (12.21)

Control

47.02(13.59)

4699 (12.48)

38.45 (8.22)

47.00 (12.73)

47.49 (12.39)

384 (13.5)

4155 (11.62)

44.05 (8.72)

39(12)

48 (13)

322(54)

44(14)

37.9(11.5)

38.59 (11.45)
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43(15)

376 (12.6)

2148 (2.73)

389 (14.1)
43(5)

22/30 (M/F)

44.05 (1.14)
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2623 (7.82)
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453 (10.2)

46.80 (2.70)

343

43.28 (13.64)

452(147)

44.26 (15.10)

Gender
(Male/Female)
Interven- Control
tion
33/59 17128
146/106 71/59
12123 13/22
1771165 88/87
2018 19721
16/19 13/22
24/30 23027
16/19 1718
14/16 117
727 13/13
12128 15/25
11719 91
15120 18/17
13/18 2012
1215 13/14
20720 1822
7136 10126
2317 21119
16/24 1822
1228 14726
21128 26/22
1317 11719
2377 2416
2129 20/30
25/31 2332
69 5110
18/15 16/16
2329 28124
2117 20/18
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Primers  Sequences Length

(bp)

Iba-1 Forward, 5'-AGCGAATGCTGGAGAAACTTG-3 194
Reverse, 5 -AGTTGGCTTCTGGTGTTCTTTG-3

GFAP Forward, 5'-GCTAATGACTATCGCCGCCAACTG-3' 136
Reverse, 5'-CCTCCTGGTAACTCGCCGACTCC-3

GLAST Forward, 5'-GCCATCATGAGATTGGTAGCGGT-3 187
Reverse, 5'-GGAAGTAGAGGAGAGGCAGGACGA-3'

Glt-1 Forward, 5'-GAACTTCGGTCAATGTAGTGGGCG-3 132
Reverse, 5'-TGGACTGCGTCTTGGTCATTTCG-3'

GAPDH Forward, 5'-TTCCTACCCCCAATGTATCCG-3' 270

Reverse, 5'-CCACCCTGTTGCTGTAGCCATA-3'
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Intervention day

Laxatives During
After
Antacid/PPI During
After
Pneumonia During hospitalization
f/u 1 month
Gl bleeding During hospitalization

f/u 1 month

Acupuncture (37), n (%)

13 (35.1%) 13 (35.1%)
3(8.1%) 6 (16.2%)
19 (51.4%) 20 (54.1%)
5% (13.5%) 16* (43.2%)
1(2.7%) 1(2.7%)
1(2.7%) 1(2.7%)

Laser acupuncture (37), n

(%) Sham laser acupuncture (35), n (%)

20 (57.1%)

9 (25.7%)

27 (77.1%)

10 (28.6%)
0 (0%)

0(0%)

P value

0.095
0.132
0.050
0.018
1.000

1.000

PPI, proton pump inhibitor; Gl, gastrointestinal.
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Acupuncture, day (n) Laser acupuncture, day (n)

Rib fractures 9.1 +2.4(27) 9.9 +5.7(28)
Combined clavicle fracture 9.9+ 5.0(10) 12.6 £56.1(9)
P* value 0.645 0.225

Sham laser acupuncture, day (n)

9.8 + 4.4 (29)
15.8 £ 3.6 (6)
0.003

P* value

0.769
0.076

All patients; day (n)

0.6 + 4.4 (84)
12.3 £ 5.2 (25)
0.011

#One-way analysis of variance with Scheffé’s post hoc testing.
*Independent t-tests.
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Characteristics Acupuncture Laser acupuncture Sham Laser acupuncture P value
(N =37) (N=37) (N =35)

Age, years, mean + SD? 54.49 + 15.81 54.46 + 15.87 54.06 + 13.59 0.991

Male gender, n (%)° 22 (59.5%) 27 (73%) 20 (57.1%) 0.317

BMI (kg/m2)a 26.15 £ 5.28 26.38 £ 5.33 2427 £ 3.46 0.134

Current smoker, n (%)° 12 (32.4%) 11 (29.7%) 10 (28.6%) 0.800

Mechanism of injury, n (%)° 0.444

Traffic accident 31(83.8%) 27 (73.0%) 25 (71.4%)

Fall 1(2.7%) 5(13.5%) 5 (14.3%)

Crush 5 (13.5%) 5(13.5%) 5 (14.3%)

Number of ribs fractured® 4.05 £2.26 419+2.07 3.89 + 1.84 0.821

Injury Severity Score? 10.95 £+ 5.59 9.97 £4.32 11.94 +£6.80 0.337

Complications, n (%)° 0.950

Pneumothorax 6 (16.2%) 6(16.2%) 4 (11.4%)

Hemothorax 3 (8.1%) 4(10.8%) 3 (8.6%)

Hemopneumothorax 1(2.7%) 3 (8.1%) 2 (5.7%)

Chest tube/pig tail insertion, n (%)° 4 (10.8%) 3(8.1%) 5 (14.3%) 0.694

Trauma to admission (days)? 1.86 £1.72 1564 £0.77 1.66 £ 0.97 0.517

Admission to intervention (days)? 4.43 £2.32 4.05+1.89 417 £1.86 0.716

Admission to discharge (days)? 93433 106456 10.8 £ 4.8 0.352

a0ne-way analysis of variance with Scheffé’s post hoc testing. °Chi-squared testing.
SD, standard deviation; BMI, body mass index.
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NRS

Average

Deep

breath

Cough

Turnover

Intervention day

pre D1

post D1
post D2
post D3
pre D1

post D1
post D2
post D3
pre D1

post D1
post D2
post D3
pre D1

post D1
post D2
post D3

Acupuncture

6.19 +£1.29
5.22 +1.29
3.73 £1.19*
2.78 = 1.02%
519 +£2.26
427 £2.18
3.00 &+ 1.78*
219 & 1.18%
7.97 +£1.61
7.57 £1.54
6.24 £1.75
5.46 +2.09
8.49 +1.69
7.92 +£1.82
6.65 +2.12
562 +£2.13

Laser acupuncture

6.11+1.27
5.06+1.20
4.00 £ 1.31*
2.73 £ 1.24*
4.62 +2.62
3.69 &+ 2.18*
2.97 + 1.87*
211 £+ 1.45%
7.73+1.95
6.97 +£2.24
6.27 £2.19
5.27 £ 2.47
8.54 4+ 1.56
7.89+1.79
6.68 & 2.00
5.35+ 2.65

Sham laser acupuncture

6.06 £+ 1.00
563 £1.17
491 +£1.34
4.00 £ 1.44
517 £1.86
5.00 £ 1.88
411 +£1.86
3.26 £1.67
7.69 £1.57
7.54 £1.62
711 £214
6.43 £2.32
8.14 £1.67
7.86 £ 1.90
7.20 £2.06
6.54 £ 2.33

NRS, Numerical Rating Scale; pre D1, NRS score on day 1 before treatment; post D1, D2, D3, NRS score on day 1-3 after treatment.

*Significance when compared with sham laser acupuncture group, *P < 0.05.

P value

0.894
0.128
<0.001
<0.001
0.480
0.020
0.013
0.001

0.745
0.293
0.127
0.078
0.541

0.990
0.449
0.090
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Intervention day Acupuncture Laser acupuncture Sham laser acupuncture P value
SMI pre D1 627.0 £277.3 668.9 +219.3 658.0 + 220.6 0.741
post D1 77304+2136 767.6 + 208.6 758.6 +214.0 0.959
post D2 914.9 +£241.8 909.5 +211.8 848.6 +217.8 0.386
post D3 944.6 +237.6 931.6 + 229.1 9171 £ 2125 0.881
Cortisol pre D1 0.26 £0.14 0.41+£0.30 0.38 +0.35 0.067
post D1 0214012 0.21 £0.21 0.20 £0.12 0.951
post D2 0.16 +£0.09 0.22+£0.13 0.17 +£0.08 0.037
post D3 0.20 £0.18 0284047 0.23 £0.17 0.761
LF pre D1 998.5 + 1506.4 416.9 £ 557.7 1162.8 +2185.6 0.135
post D1 1248.5 +£1718.5 844.0 + 1512.5 767.3 £1314.4 0.387
post D2 2013.0 £4015.1 988.0 + 1805.6 991.2 £ 1414.2 0.191
post D3 1170.7 £1701.2 1057.3 £ 2474.8 1123.8 + 1958.5 0.947
HF pre D1 626.3 +691.0 433.78 £ 573.0 560.2 + 648.6 0.438
post D1 960.4 + 1383.0 533.2 £ 674.4 593.6 + 804.2 0.167
post D2 766.5 £795.3 673.6 £ 879.2 729.5 + 809.9 0.894
post D3 7731 4+ 896.2 602.7 + 779.6 600.1 +712.2 0.595
LF/HF pre D1 1.42 £1.20 1.20+0.87 1.57 £ 1.76 0.527
post D1 1.32 £0.90 1.36 £ 1.23 1.32 £ 1.62 0.990
post D2 1.71 £1.83 1.42 +£1.30 1.55+1.14 0.694
post D3 1.39 £0.96 1.55+ 1.56 1.84 £ 1.17 0.361
HR pre D1 7764133 76.8+11.9 76.5 +£13.0 0.935
post D1 7544180 76.3+12.0 751 £11.1 0.919
post D2 79.1 £12.0 76.7 £10.7 7.7 +125 0.696
post D3 7824117 76.8 +£10.0 769 +£11.2 0.842
MAP pre D1 91.4 +£14.7 100.8 £ 15.0 97.6 £ 18.1 0.124
post D1 92.2 +£14.0 100 £17.7 9383+ 176 0.227
post D2 97.4 £ 154 95.8+28.4 95.9+£17.5 0.959
post D3 95.3 +12.8 95.4 +24.0 95.9 +£12.3 0.991
Sleep pre D1 6.1 +£1.8* 56+1.8 49+23 0.048
post D1 60421 54+26 5.7 +£27 0.586
post D2 54429 55+28 58+23 0.824
post D3 51428 6.5+ 2.1 6.7 £2.0 0.052

pre D1, NRS score on day 1 before treatment; post D1, D2, D3, NRS score on day 1 to 3 after treatment; NRS, Numerical Rating Scale; SMI, sustained maximal
inspiration; LF, low frequency; HF, high frequency; LF/HF, LF/HF ratio; HR, heart rate; MAR, mean arterial pressure.
*Significance when compared with sham laser acupuncture group, *P < 0.05.
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Intervention day Acupuncture (37), n (%) Laser acupuncture (37), n (%) Sham laser acupuncture (35), n (%) P value

Opioids During 30 (81.1%) 29 (78.4%) 26 (74.3%) 0.783
After 16 (43.2%) 14 (37.8%) 17 (48.6%) 0.655

NSAIDs During 22 (59.5%) 24 (64.9%) 21 (60.0%) 0.871
After 12 (32.4%) 10 (27.0%) 8 (22.9%) 0.659

Acetaminophen During 9 (24.3%) 11 (29.7%) 6 (17.1%) 0.455
After 5 (13.5%) 4 (10.8%) 4 (11.4%) 1.0

NSAIDs, non-steroidal anti-inflammatory drugs.
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Section/item Item no Description Yes/No

Administrative information

Title 1 Descriptive itle identifying the study design, population, interventions, and if applicable, trial acronym ~ Yes
Trial registration 2a Trialidentifier and registry name. If not yet registered, name of intended registry Yes
2 Allitems from the World Health Organization Trial Registration Data Set Yes
Protocol version 3 Date and version identifier Yes
Funding 4 Sources and types of financial, material, and other support Yes
Roles and responsibilies 5a Names, affifations, and roles of protocol contributors Yes
5b Name and contact information for the trial sponsor Yes
5c Role of study sponsor and funders, if any, in study design; collection, managerment, analysis, and Yes

interpretation of data; writing of the report; and the decision to submit the report for publication,
including whether they will have ultimate authority over any of these activities

5d Composition, roles, and responsibilties of the coordinating center, steering committee, endpoint Yes
adjudication committee, data management team, and other individuals or groups overseeing the trial,if
applicable (see Item 21a for data monitoring committee)

Introduction
Background and rationale 6a Description of research question and justification for undertaking the trial, including summary of relevant ~ Yes
studies (published and unpublished) examining benefits and harms for each intervention
6 Explanation for choice of comparators Yes
Objectives 7 Specific objectives or hypotheses Yes
Trial design 8 Description of trial design including type of trial (e.g., parallel group, crossover, factorial, single group),  Yes

allocation ratio, and framework (e.g., superiority, equivalence, non-inferiority, exploratory)
Methods: participants, interventions, and outcomes

Study setting 9 Description of study settings (e.g., community clinic, academic hospital) and list of countries where data ~ Yes
will be collected. Reference to where list of study sites can be obtained

Eligibilty criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibilty criteria for study centers and Yes
individuals who will perform the interventions (.g., surgeons, psychotherapists)

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they willbe ~ Yes
administered

Interventions: modifications 11b Citeria for discontinuing or modifying allocated interventions for a given trial participant (e.g., drug dose ~ Yes
change in response to harms, participant request, or improving/worsening disease)

Interventions: adherence 11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring acherence  Yes
(e.., drug tablet return; laboratory tests)

Interventions: concomitant care 11d Relevant concomitant care and interventions that are permitted or prohibited during the trial Yes

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (e.g., systolic Yes

blood pressure), analysis metric (e.q., change from baseline, final value, time to event), method of
aggregation (e.g., median, proportion), and time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly recommended

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits ~ Yes
for participants. A schematic diagram is highly recommended (see Figure 1)

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, Yes
including clinical and statistical assumptions supporting any sample size caloulations

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size Yes

Methods: assignment of interventions (for controlled trials)

Allocation: 16a Method of generating the allocation sequence (e.g., computer-generated random numbers), and list of ~ Yes

Sequence generation any factors for stratification. To reduce predictability of a random sequence, details of any planned

restriction (e.g., blocking) should be provided in a separate document that is unavailable to those who
enroll participants or assign interventions

Allocation concealment 16b Mechanism of implementing the allocation sequence (e.g., central telephone; sequentially numbered, — Yes
mechanism opaque, sealed envelopes), describing any steps to conceal the sequence untilinterventions are
assigned
Implementation 160 Who will generate the allocation sequence, who will enroll participants, and who will assign participants ~ Yes.
to interventions
Blinding (masking) 17a Who will be blinded after assignment to interventions (e.g., trial participants, care providers, outcome  Yes.
assessors, data analysts), and how
17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a Yes

participant's allocated intervention during the trial
Methods: data collection, management, and analysis
Data collection methods 182 Plans for assessment and collection of outcome, baseline, and other trial data, including any related Yes
processes to promote data qualty (e.g., duplicate measurements, training of assessors) and a
description of study instruments (e.g., questionnaires, laboratory tests) along with their reliability and
validity,if known. Reference to where data collection forms can be found, if not in the protocol

18b Plans to promote participant retention and complete follow-up, including list of any outcome datatobe  Yes
collected for participants who discontinue or deviate from intervention protocols
Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data Yes
quality (e.g., double data entry; range checks for data values). Reference to where details of data
management procedures can be found, if not in the protocol

Statistical methods 20a Statistical methods for analyzing primary and secondary outcomes. Reference to where other details of ~ Yes
the statistical analysis plan can be found, if not in the protocol

20b Methods for any additional analyses (e.g., subgroup and adjusted analyses) No

20c Definition of analysis population relating to protocol non-adherence (e.g., as randomized analysis), and  Yes

any statistical methods to handle missing data (e.g., multiple imputation)
Methods: monitoring
Data monitoring 21a Composition of data monitoring committee (DMC); summary of s role and reporting structure; Yes
statement of whether it is independent from the sponsor and competing interests; and reference to
where further details about its charter can be found, if not in the protocol. Alternatively, an explanation of
why a DMC is not needed
21b Description of any interim analyses and stopping guidelines, including who will have access to these ~ Yes
interim resuits and make the final decision to terminate the tial
Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse  Yes
«events and other unintended effects of trial interventions or trial conduct
Auditing 23 Frequency and procedures for audiiing trial conduct, if any, and whether the process will be independent  Yes
from investigators and the sponsor
Ethics and dissemination

Research ethics approval 24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval Yes

Protocol amendments 25 Plans for communicating important protocol modifications (e.g., changes to eligibilty criteria, outcomes,  Yes
analyses) to relevant parties (e.g., investigators, REG/IRB, tral participants, tral registries, journals,
regulators)

Consent or assent 26a Who will obtain informed consent or assent from potentialtral participants o authorized surrogates, and ~ Yes
how (see ltem 32)

26D Aditional consent provisions for collection and use of participant data and biological specimens in No

ancillary studies, if applicable

Confidentiaiity 27 How personal information about potential and enrolled participants will be collected, shared, and Yes
maintained in order to protect confidentiality before, curing, and after the tral

Declaration of interests 28 Financial and other competing interests for principal investigators for the overall trial and each study st~ Yes

Access to data 29 Statement of who will have access to the final tral dataset, and disclosure of contractual agreements  Yes
that limit such access for investigators

Ancilary and post-trial care 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from ~ Yes
trial participation

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, ~ Yes

the public, and other relevant groups (e.g., via publication, reporting in resuilts databases, or other data
sharing arrangements), including any publication restrictions

31b Authorship eligibility guidelines and any intended use of professional writers Yes
31 Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code  No
Appendices
Informed consent materials 32 Model consent form and other related documentation given to participants and authorized surogates  Yes
Biological specimens 33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular  No

analysis in the current trial and for future use in ancillary studies, if applicable

*Itis strongly recommended that this checkiist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. Amendments to the protocol
should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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Parameters Estimate . . Significance 95% ClI

Lower limit | Upper limit

Intercept 7.61 0.44 617 17.34 0.000 6.75 8.47
Acupressure® -2.05 0.23 617 -8.75 0.000 -2.51 -1.59
MaleP 0.26 0.13 617 1.96 0.051 0.00 0.52
Pain site: Left® -0.20 0.13 617 -1.46 0.144 -0.46 0.07
Stone location: Renal pelvis ~0.25 0.14 617 -1.76 0.079 -0.53 0.03
and upper ureter

Stone location: Middle 0.32 0.18 617 1.80 0.072 -0.03 0.67
ureterd

Stone size: < 6 mm 0.01 0.22 617 0.04 0.968 -0.42 0.44
Stone size: 0.12 0.15 617 0.85 0.398 -0.16 0.41

6 mm < size < 10 mm*®

Age 0.01 0.01 617 1.20 0.230 -0.01 0.02
Time 1f -0.34 0.24 617 -14.55 0.000 -0.39 -0.30
Time 28 0.31 0.02 617 12.34 0.000 0.26 0.36
Acupressure * Time 1 -0.15 0.03 617 -4.38 0.000 -0.21 -0.08

Parecoxib sodium * Time 1 - — - - - _ _

Acupressure * Time 2 0.18 0.03 617 5.29 0.000 0.12 0.25

Parecoxib sodium* Time 2 - = = = = - =

2 Compared with the parecoxib sodium group, the same below the interaction models.

b Compared with female, the same below the interaction models.

€Compared with the pain site: Right.

d Compared with the renal pelvis, upper ureter and lower ureter.

€ Compared with the group of <6 mm and group of >10 mm, the same below the interaction models.
fTime 1 was continuous variable equal to 0, 1, 5, 10, 20, 30, and 120 min.

&Time 2 was continuous variable equal to 0, 0, 0, 0, 10, 20, and 110 min.
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Adverse Acupressure Parecoxib

effects group (n = 46) sodium group
(n = 44)

Nausea and vomiting 0 0

Bloating 0 1
Narcolepsy 0 0
Dizziness 0 1

Rash 0 0
Itching/rash/bleeding 0 0

at press point

Total 0 2






OPS/images/fmed-09-968433/fmed-09-968433-t003.jpg
Before PSM After PSM

Acupressure Parecoxib Proportion 95% ClI Acupressure Parecoxib Proportion 95% ClI
group sodium difference group sodium difference
(n = 46) group (n =41) group
(n = 44) (n = 41)

Lower Upper Lower Upper
limit limit limit limit

VAS 40 39 36 36
decrease > 60%
decrease =i60% _---------

Propornon 0 869 0 886 —0 017 —0 173 0 143 0 878 0 878 0 000 —0 167 0 167

Analysis by chi-square tests: P > 0.05.
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Before PSM After PSM
Acupressure Parecoxib Acupressure Parecoxib
group (n = 46) | sodium group group (n = 41) | sodium group
(n = 44) (n=41)
Mean SD Mean SD Mean 95% Cl Mean SD Mean SD Mean 95% Cl
difference difference
Lower | Upper Lower | Upper
limit limit limit limit
VAS before 7.60 0.86 7.61 0.87 —0.01 —0.37 036 0978 7.68 0.82 7.61 0.89 073 —0.30 045 0.700
treatment
1 min VAS 433 1.23 7.61 0.87 —3.28 —3.74 —2.84 0.000 439 1.28 7.61 0.89 —3.22 —3.70 —273 0.000
5 min VAS 2.65 1.54 7.61 0.87 —4.96 —5.49 —4.44 0.000 271 1.60 7.61 0.89 —4.90 —5.47 —433 0.000
10 min VAS 1.63 1.36 6.59 0.84 —4.96 —5.44 —4.48 0.000 1.66 1.39 6.59 0.87 —4.93 —5.43 —4.42 0.000
20 min VAS 1.26 1.4 3.64 0.89 —2.38 —2.88 —1.87 0.000 1.24 1.48 3.66 0.88 —2.41 —2.95 —1.87 0.000
30 min VAS 1.22 1.43 1.55 1.17 —0.33 —0.88 022 0238 1.20 1.47 1.51 121 —0.32 —0.91 027 0.289
120 min 1.46 1.36 1.14 1.05 0.32 —0.19 0.83 0216 1.41 1.41 115 1.06 027 —0.28 0.82 0.334
VAS
Onset time 1.15 0.36 15.80 1.89 14.64 14.08, 1521 0.000 1.17 0.38 15.68 1.89 1451 1391, 15.11 0.000
(min)
Recurrence Number Number Proportion Number Number Proportion
in24h difference difference
Yes 10 8 10 8
No 36 36 0.673 31 33 0.790
Proportion 0.22 0.18 0.04 —0.15 021 024 0.20 0.04 —0.15 024
of
Recurrence
in24h

2Categorical variables were analysis by chi-square tests; Continuous variables were analysis by t-tests.
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Categorical Before PSM After PSM
variable?

Acupressure Parecoxib Acupressure Parecoxib
group (n = 46) | sodium group group (n = 41) | sodium group
(n = 44) (n =41)
No. % | No. % No. % No. %
Age 0.941 1.000
<39 13 283 11 25 10 244 10 244
>40, <59 31 67.4 31 70.5 29 70.7 29 70.7
>60 2 43 2 45 2 49 2 49
Gender 0.361 0.821
Male 26 56.5 29 65.9 24 58.5 26 63.4
Female 20 435 15 34.1 17 415 15 36.6
Pain site 0.544 0.653
Left 28 60.9 24 545 26 63.4 23 56.1
Right 18 39.1 20 455 15 36.6 18 43.9
Stone location 0.774 0.856
Renal pelvis and upper 18 39.1 18 40.9 16 39.0 17 41.5
ureter
Middle ureter 10 217 7 15.9 9 22.0 7 17.1
Lower ureter 18 39.1 19 43.2 16 39.0 17 41.5
Stone size 0.834 1.000
<6 mm 7 15.2 6 13.6 6 14.6 6 14.6
>6 mm <10 mm 27 58.7 24 54.5 24 58.5 24 58.5
> 10 mm 112 26.1 14 31.8 11 26.8 11 26.8
Continuous® variable Mean SD Mean SD 0.925 Mean SD Mean SD 0.834
Age 455 9.0 456 9.2 46.1 8.5 457 9.4

2 Categorical variables were analysis by chi-square tests.
b Continuous variables were analysis by ¢-tests.
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Weight Cluster voxels Brain region Peak intensity MNI coordinates

X Y z
Positive weight 5 TCC/RVM_R 020958 9 -30 -51
Frontal_Sup_Medial_L_R 0.117150 0 63 24
7 Cingulum_Mid_L 0161300 -3 -2 36
7 Frontal_Mid_L 0.189710 -27 2 54
4 Frontal_Sup_R 0003670 21 2 51
8 Temporal_Inf R 0.067577 57 -51 -30
Negative weight 9 Precuneus_R ~0.109190 21 —63 4
6 Temporal_Sup_R —0.222620 51 -12 -6
3 Insula_L —0.039590 -2 -12 0

eft;

Inf, inferior; L Viid, middle; Orb, orbitofrontal; R, right; RVM, rostral ventromedial medulla; Sup, superi
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Study 1

Age (years)

Sex (males/females)

Attack frequency (times/month)
VAS

sas

SDS

MSQ

Study 2 (n = 33)

Age (years)

Sex (males/females)

Attack frequency (times/month)
VAS

SAS

SDS

MsQ

VAS, visual analog scale; SAS

MWoA (n=

30.347.20
16/54
3814239
49.77 £ 1545
43.39 £ 564
44,88 £597
5723+ 9.94

Before

40£23
1998 % 14.67
4330 £6.15
4394 %6.14
57.129.68

70)

29944630
10723

HCs (n=70)

2807+ 671
25/45

After

2554225
3223%2126
4027 £ 698
4104 6.09
70.76 4 10.62

rating depression scale; MSQ, Migraine Specific Quality of Life Questionnaire.

193
2794

tl)(Z

3341
4614
4.627
3900
6.063

pvalue

0.056
0.095

p value

0.002

<0.001
<0.001
<0.001
<0.001
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Weight Cluster voxels Brain region Peak intensity MNI coordinates

X Y zZ
Postive weight 16 TCC/RVMS_Bi 0.006254 3 -30 -8
2 Frontal_Sup_L 0010727 -21 30 57
13 Temporal_pole_sup_L 0.007674 -39 6 ~18
10 Temporal_Sup_L 0007724 —s1 -15 -6
18 Supp_Motor_Area R L 0.005871 6 2 66
5 Oceipital_Sup_] 0005292 -12 —93 36
6 ParaHipppcampal_R 0005616 21 -12 -30
1 Cerebelum_Crusi_L 0.008698 -51 -63 -3
Negative weight 8 Thalamus_R ~0.007086 6 -9 9
2 Cingulum_Mid and Post_Bi ~0.005831 -6 —45 3
9 Frontal_Sup_Medial_L —0.008821 i 42 54
12 Frontal_Sup_Medial_R ~0.009839 6 51 2
12 Frontal_Mid_L ~0.006807 —42 15 5
9 Frontal_Orb_L ~0.010326 -2 4 -18
30 Frontal_Sup_R ~0.006637 2 -12 63
14 Paracentral Lobule_L ~0.008106 -6 -18 66
12 Posteentral L —0.007618 -3 -21 54
18 Precuncus_L ~0.007034 -3 69 63

Bi, bilateral;

inferior; L, left; Mid,

iddle; Orb, orbit; R, right; RVM, ro

ral ventromedial medulla; Sup, superior; TCC, trigeminal cervical comple
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WOMAC total

Total effective rate

“Total effective rate

(long term)

Total effective rate

(short term)

Adverse events

Total treatment effect
Pain (VAS)

LKSS

WOMAC total

Total effective rate

Total treatment effect

Pain

Function

Total treatment rate

Pain (VAS)

WOMAC total

Total effective rate

Pain (VAS)

WOMAC

Total treatment effect

Total effective rate

Daly acti
Pain (VAS)
WOMAC

Total effective rate

Pain (VAS)

WOMAC

LKSS

Total effective rate
Pain (VAS)

LKSS

WOMAC total
Total effective rate
Total effective rate
Pain (VAS)

WOMAC

Study design

WA vs. WM
WA vs. WM
WA vs. WM
WA vs. WM

WA vs. WM

WA vs. WM

WA Vs WM
WA+WM vs. WM

WA+WM vs. WM

WA+WM vs. WM

WA+WM vs. WM

WA+WM vs. WM

WA vs. WM (Drug)

WA vs. WM (Injection)

WA + WM (Drug) vs. WM (Drug)

WA + WM (Injection) vs. WM

(Injection)

‘WA vs. WM (Drug)

WA vs. WM (Injection)

WA + WM (Drug) vs. WM (Drug)

WA + WM (Injection) vs. WM

(Injection)

WA vs. WM (Drug)

WA vs. WM (Injection)

‘WA + WM (Drug) vs. WM (Drug)

WA + WM (Injection) vs. WM

(Injection)
WAHWM vs. WM

WA + other therapies vs.all type

therapies

WA + other therapies vs.all type

therapies
WA vs. all type therapies
WA vs. all type therapies
WA vs. AT

WA vs. EA

WA vs. Moxa

WA vs. WM

WA vs. all type therapies
WA vs. AT

WA vs. EA

WA vs. WM

WA vs. all type therapies
WA vs. TCM

WA vs. TCM

WA vs. TCM

WA vs. TCM

WA vs. AT

WA vs. EA

WA vs. AT

WA vs. EA

WA vs. EA

WA vs. AT

WA vs. TCM

WA vs. TCM

WA vs. AT

WM vs. EA

WA vs. AT

WA vs. EA

WA vs. EA

WA vs. EA

Number of
studies
(Total
sample size)

8(582)
11(925)
2(150)
8(811)
20175)

4(339)

2(176)
16 (1445)
11(979)
8(753)
3(312)
9(786)
24(2278)
5 (465)
8(646)
25(2238)

10(874)
8(726)
2(168)

19(1795)

13(1354)
6(547)
4(364)
22(2012)

20(1719)

5(450)

5(418)

17(1109)
10/(663)
4(232)
2(130)
3(233)
1(68)
6(430)
20172)
2(130)
2(128)
10(819)
8(795)
2(129)
6(427)
6(427)
10(872)
8(643)
3(178)
5(374)
4(279)
2(114)
12(1176)
7(563)
4(359)
4(299)
7(530)
1(772)
5(339)

4(279)

Effect (95% CI)

OR4.10(251,6.71]
OR454[3.02,6.82]
SMD -0.68 [-1.02, -0.35)
RR 137 [1.27, 1.48)

RR 116 [1.04,1.29]

RR 231 (157, 341]

RR0.20 (0.05,0.75)
OR4.20(280,6.32]

MD -153 [-196, -1.11]
MD 197 [13.76, 25.18]
MD -10.25 [-15.61, -4.90]
RR 116 [1.10, 1.22]

RR 122 (117, 1.27)

RR 099 (0.91,1.09]

RR 127 (118, 1.35]

RR 115 (111, 1.19]

SMD -2.65 [-3.92,-1.38]
SMD -0.01 [-0.57,0.55]
SMD -5.85 [-7.84, -3.85]

SMD -1.68[ -2.07, -1.29]

SMD -1.79 [-2.31, -1.26]
SMD -0.6 [-1.59, 0.39]

SMD -1.45 [-3.11,0.22]
SMD -1.40 [-1.72, -1.08]

OR4.45[3.12,635]

WMD -2.20 [-3.34,-1.06]

WMD -0.67 (127, -0.07]

OR3.41(227,5.13]
MD -0.93 (1,20, -0.67]
MD -1.23 [-162,-0.84]
MD -0.63 [-1.09, -0.17)
MD -0.80 (-0.90, -0.70]
MD -1.30 (-2.00, 0.60]
MD 891 [-1258, -5.23]
MD -14.11 [-20.89, 7.33]
MD -4.42 [-15.27, 6.44]
MD -8.29 [ -9.50, -7.08]
OR’5.22(3.45,7.89)

RR 118 [1.06, 1.33]

MD -4.31 [10.90, 2.28]
MD -1.06 [-1.61, -0.51]
MD -6.93 [ -12.14,-1.72]
OR3.44(225,5.27)

OR 091058, 1.43]
MD -1.40 [-1.83, 0.96]
MD 0.82[-0.08, 1.72]
MD 0.98 176, 3.71]
MD 1736 (13,40, 21.32]
RR 104 [1.00, 1.08]
SMD -0.48 [-1.26, 0.30]
SMD -1.68 [-2.03, -1.32]
SMD 0.69 [0.46, 0.92]
OR 5,07 [2.85,9.04]

OR 121081, 1.80]
SMD 0.25 [-0.11,0.61]

SMD 0.08 [-0.15, 0.32]

<0.00001
<0.00001
<0.00001
<0.0001

=0.008

<0.00001

=002
<0.00001
<0.00001
<0.00001
0.0002
<0.00001
<0.001
NS
<0.001

<0.001

=001
NS
<0.001

<0.001

<0.001
NS
<0.001

<0.001

<0.00001

<005

<005

<0.00001
<0.00001
<0.00001
=0007
<0.00001
=0.0003
<0.00001
<0.0001
NS
<0.0001
<0.00001
= 0.0001
NS

= 0.0002
=0.009
<0.00001
NS

< 0.00001
NS

NS

< 0.00001
=006
NS
<0.001
NS
<0.00001
NS

NS

NS

Certainty
of
evidence

Low
Low

Very low
Very low

Very low

Low
Moderate
Very low
Very low
Very low
Moderate
Low

Low
Very Low

Low

Very low
Very low
Very low

Very low

Very low
Very low
Very low

Very low

Moderate

Very low

Very low

Moderate
Low
Very low
Low
Low
Low
Low
Very low
Very low
Low
Low
Low
Low
Very low
Low
Moderate
Low
Low
Very low
Very low
Low
Very low
Very low
Low
Very low
Low
Very low
Very low

Very low

AT, acupuncture; GRADE, Grades of Recommendations, Assessment, Development, and Evaluation; LKSS, Lysholm Knee Score Scale; MD, mean difference; Moxa moxibustion; OR, odd
ratio; ROB, risk of bias; RR, risk ratio; SMD, standard mean difference; TCM, traditional Chinese medicine; VAS, visual analog scale; WA, warm needle acupuncture.
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Data Number of  Intervention Comparator Outcomes Direction of Overallriskof  Methodological Conclusion

search trials effect*  bias of primary  quality of SRs (Quote)
included studies (AMSTAR 2)
(total
sample
size)
Feng (2019) | Jun2018 8(582) WA WM Total effective rate + Jadad (High) Critically low .. positive No
©5) effective. .
Guo (2018) 0Oct2017 11(930) WA WM (1) Total effective W+ Cochrane ROB (High)  Critically low _effective... No
(26) rate
(2) WOMAC @+
Lu(2015)(7) | Dec2014 8(811) WA WM (1) Total effective W+ Jadad (High) Critically low ..conclude be an Yes
rate effect...
(2) AEs @)+
Kong(2019)  Mar 2018 21(1810) WA+ WM WM (1) Total effective W+ Cochrane ROB (High)  Low .. improve the No
[e) rate efficiency...
(2) Pain (VAS) @+
(3) WOMAC @+
(4) LKSS @+
Cao (2019) Mar 2018 9(807) WA+ WM WM Total effective rate + Cochrane ROB (High)  Critically low Leffect... No
9)
Jun (2022) (12) | May 2022 66 (6231) WA o WM (1) Total effective W+ Cochrane ROB (High)  Moderate - have some distinct | Yes
WA+ WM rate advantag
(2) Pain @)+~
(3) Function 3)+/-
) QoL @+
Jiang (2019)  Jul 2018 20(18RCT,2 | WA+ WM WM Total effective rate + Cochrane ROB (High)  Critically low _.significant effect...  Yes
0y e (1719)
Chen (2019) | Jul 2018 19.(1943) WA or Nolimited (1) Pain (VAS) W+ n. Critically low ..can increase No
G WA+ WM (TDR,WM) (2) WOMAC total @+ efficacy...
Huang (2021)  Feb 2020 18 (1209) WA Nolimited (1) Total effective W+ Cochrane ROB (High)  Low _effective... No
¢G2) (AT, EA, rate
Moxa, WM) ) Pain (VAS) @+
(3) WOMAC 3+
Luo (2019) 0Oct2017 10(819) WA Nolimited (AT, Total effective rate + Cochrane ROB (High)  Critically low . positive Yes
3) EA, Moxa, WM) effective..
Jin (2022) (34) | Oct 2021 8(399) WM M (1) Total effective W+ Cochrane ROB (High)  Low _betteroverall...  No
rate efficacy
(2) Pain (VAS) @+
(3) WOMAC @+
Li(2021) (35) | Dec2019 17(1515) WA ATorEA (1) Total effective W - Cochrane ROB (High)  Low _superiorto EA...  Yes
rate
(2) Pain (VAS) @-
(3) WOMAC 3)+-
(4) LKSS -
Zhang (2018)  Jun 2018 12(1176) WA ATorEA (1) Total effective W+ Jadad (High) Critically low no._significant | No
6) rate difference.
(2) Pain (VAS) @-
(3) WOMAC -
(4) LKSS @+
0u(2018) (37) | Jul 2017 7(530) WA AT Total effective rate + Jadad (High) Critically low . positive No
effective..
Wu (2016) Nov2014 1(772) WA EA (1) Total effective - Jadad (High) Critically low _..isnotsuperiorto | No
8 rate that of EA...
(2) Pain (VAS) @-
(3) WOMAC ®-

AT, acupuncture; AEs, adverse events; CCT, controlled clinical trials; HM, herbal medicine; 14, intra-articular i
RCT, randomized controlled trials; ROB, risk of bias; VAS, visual analog scale; WA, warm acupuncture; western meds
Osteoarthritis index.

“Total effective rate= (number of markedly effective cases + number of effective cases)/total cases.

*Relied on the original author’ judgment, (+): overall positive; (~): negative; (+/-): unclear.

jection; LKSS, Lysholm score; KOA, knee osteoarthritis; n.x, not reported;
& WOMAC, Western Ontario and MeMaster Universities
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A Pain (EAvs. MA)

EA MA
1dy o 1bg ean 3 ean D 3 ic
Cong 2010 41 0.34 27 -2.49 0.28 28 26.6%
Cong 2012 -3.75 0.36 22 -3.19 0.24 28 26.5%
Lin 2019 -4.5 1.26 40 -3.85 1.49 40 19.6%
Shi 2012 -4.28 0.22 57 -2.78 0.18 56 27.3%
Total (95% Cl) 146 152 100.0%

Heterogeneity: Tau? = 0.24; Chi?> = 107.72, df = 3 (P < 0.00001); I = 97%

Test for overall effect: Z = 4.36 (P < 0.0001)

B Function (EA vs. MA)

Mean Difference

-1.61[-1.77, -1.45]
-0.56 [-0.73, -0.39]
-0.65 [-1.25, -0.05]
-1.50 [-1.57, -1.43]

-1.11 [-1.61, -0.61]

Std. Mean Difference

Mean Difference

iom, 95% CI
=
=
—
=i}
<>
4 2 0 2

Favours EA Favours MA

Std. Mean Difference

idy @ ean D : an D al Weigh Random. 95% CI 1IV. Rand 95% CI
Cong 2010 68.3 6.89 27 5282 877 28 24.9% 1.93 [1.28, 2.58] -
Cong 2012 7059 11.48 22 66.54 1118 28 25.1% 0.35[-0.21, 0.92] ol
Lin 2019 2423 529 40 16.78 7.62 40 25.3% 1.12 [0.65, 1.60] =
Shi 2012 60.37 3.8 57 425 367 56 24.6% 4.75 [4.02, 5.48] -
Total (95% Cl) 146 152 100.0% 2.02 [0.36, 3.69] <>
Heterogeneity: Tau? = 2.79; Chi? = 95.08, df = 3 (P < 0.00001); 1> = 97% - 1’ " 5 : 5 1’0
Test for overall effect: Z = 2.38 (P = 0.02) Eavours MA Favours EA
C Response rate (EA vs. MA)
EA MA Risk Ratio Risk Ratio
r r Events Total Events Total Weight M-H. Random. 95% Cl M-H. Random. 95% Cl
Cong 2010 26 27 23 28 17.2% 1.17 [0.97, 1.41] -
Cong 2012 20 22 23 28 12.9% 1.11[0.89, 1.38] "
Lin 2019 38 40 32 40 20.9% 1.19[1.00, 1.41] -
Shao 2018 28 29 25 29 23.5% 1.12]0.95, 1.32] =T ™
Shi 2012 53 57 44 56 25.6% 1.18 [1.01, 1.38] =
Total (95% ClI) 175 181 100.0% 1.16 [1.07, 1.25] .
Total events 165 147
T2 . Ohi2 = = _ 2= 00 } : : :
Heterogeneity: Tau? = 0.00; Chi?=0.51,df =4 (P = 0.97); I?= 0% 07 085 1 19 15

Test for overall effect: Z = 3.67 (P = 0.0002)

D Pain (EA+WM vs. WM)

EA + WM WM

AUy O viele AL cdll » d cdll » al S
Huang 2018 244 1.23 21 365 132 21 45
Yang 2012 -47.16 6.25 31 -39.34 5.98 31 54
Total (95% Cl) 58 52 100

Heterogeneity: Tau? = 0.00; Chi? = 0.61, df =1 (P = 0.43); I?= 0%
Test for overall effect: Z = 5.39 (P < 0.00001)

Yl
3%
1%

0%

Std. Mean Difference

Favours MA Favours EA

Std. Mean Difference

Random. 95% Cl IV. Random. 95% Cl
-0.94 [-1.54, -0.33] ——
-1.26 [-1.81, -0.71] ——
1.12 [1.52, -0.71] <
-4 2 0 2 4

E Response rate (EA+controls vs. controls)

EA+control Control

Risk Ratio

_Study or Subgroup  Events Total Events Total Weight M-H. Random. 95% Cl

3.1.1 EA+WM vs. WM

Huang 2018 26 27 19 21 34.4%
Li 2018 30 31 22 31 24.7%
Yang 2012 30 a1 29 31 40.9%
Subtotal (95% CI) 89 83 100.0%
Total events 86 70

Heterogeneity: Tau? = 0.01; Chi*=6.01, df =2 (P = 0.05); I?=67%
Test for overall effect: Z=1.35 (P = 0.18)

3.1.2 EA+FT vs. FT

He 2012 5 52 25 26 56.3%
Huang 2009 31 32 22 30 43.7%
Subtotal (95% CI) 84 56 100.0%
Total events 83 47

Heterogeneity: Tau? = 0.03; Chi? = 5.49, df =1 (P = 0.02); I? = 82%
Test for overall effect: Z=1.03 (P = 0.30)

3.1.3 EA+tuina vs. tuina

Huang 2021 27 30 18 30 38.2%
Li 2020 70 74 62 74 61.8%
Subtotal (95% CI) 104 104 100.0%
Total events 97 80

Heterogeneity: Tau? = 0.03; Chi? = 3.25, df = 1 (P = 0.07); I> = 69%
Test for overall effect: Z=1.53 (P = 0.13)

Favours EA+WM Favours WM

Risk Ratio

% Cl

1.06 [0.91, 1.25]
1.36 [1.08, 1.72]
1.03[0.92, 1.16]
1.12[0.95, 1.31]

1.05[0.95, 1.15]
1.32[1.06, 1.65]
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Items Conditions Verum acupuncture group Sham acupuncture group T P

(n=20) (n=14)
Age (years) 24.70 £ 2.11 24.29 £ 1.90 0.59 0.56
Duration of PDM 7.59 +:2.91 7.84 £2.73 -0.26 0.80
(years)
Height (cm) 161.45 =+ 4.06 160.71 £ 4.29 0.51 0.62
Weight (kg) 50.95 =+ 3.81 49.75 £ 4.10 0.88 0.39
VAS scores Pre-treatment 6.18 +0.99 593+ 1.21 0.65 0.52
Post-treatment 3354 1.50 5:39:4:1.39 - -
Post-pre -2.83£1.57 -0.54 + 1.55 -4.21 <0.001
CMSS-t scores Pre-treatment 17.85 - 8.36 18.50 4 5.24 -0.26 0.80
Post-treatment 1320 +7.05 1521 4+5.28 - -
Post-pre -4.65 £ 6.68 -3.29+429 -0.67 0.51
CMSS-s scores Pre-treatment 18.50 +7.74 14.43 +3.34 1.84 0.07
Post-treatment 12.88 +7.19 14.50 & 6.37 - -
Post-pre -5.63 £7.80 0.07 £ 6.49 -2.24 0.03
SAS scores Pre-treatment 41.88 +4.77 40.68 & 8.08 0.54 0.59
Post-treatment 3544 +4.12 37.38 +5.48 - -
Post-pre -6.44 £ 4.65 -3.30 £ 6.57 -1.63 0.11
SDS scores Pre-treatment 40.36 + 6.61 4420 +9.97 -1.35 0.19
Post-treatment 31.75+5.34 3991 +7.26 - -
Post-pre -14.96 £ 4.27 -12.27 £ 7.30 -1.36 0.18

Values are mean = standard deviation (SD); “post-pre” means changes in clinical outcomes before and after treatment; *p < 0.05 is considered statistically significant. PDM, primary dysmenorrhea;
VAS, visual analog scale; SAS, self-anxiety scale; SDS, self-depression scale; CMSS-t, Cox Menstruation Symptom Scale-time subscale; CMSS-s, Cox Menstruation Symptom Scale-severity subscale.
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Frequency Contrast  Cluster regions L/R Cluster size MNI coordinates Z-score
band

x y z
Full low frequency Post > Pre -
Pre > Post HIP L 20 0 -63 48 3.63
HIP/PHG R 36 27 -30 -18 3.44
Slow-5 Post > Pre ACC R 26 9 42 9 3.36
DLPEC R 20 33 24 45 3.73
alFG R 32 51 39 9 3.63
Pre > Post HIP L 43 =15 -33 -6 3.52
HIP R 30 36 =27 -15 3.22
SMA/MCC R 26 12 -12 48 3.54
Slow-4 Post > Pre S2 L 59 -54 -6 39 3.46
S2 R 58 63 3 18 3.30
Pre > Post =
Slow-3 Post > Pre aINS L 37 -39 12 3 4.07
aINS R 22 39 30 -3 3.05
pINS L 148 =51 -6 3 4.09
pINS R 162 69 =3 9 3.76
Pre > Post PCU L 34 -9 -66 51 3.52

Voxel level, p < 0.005, cluster level, p < 0.05, cluster size > 20 voxels; the small volume correction was applied in case the pain-related brain regions (cluster size less than or equal to 20) were not
significant by FWE test. HIP, Hippocampus; PHG, Parahippocampal Gyrus; ACC, Anterior Cingulate Cortex; DLPEC, Dorsolateral Prefrontal Cortex; alFG, Anterior Inferior Frontal Gyrus; SMA,
Supplementary Motor Area; MCC, Middle Cingulate Cortex; S2, Second Somatosensory Cortex; aINS, Anterior Insula; pINS, Posterior insula; PCU, Precuneus.
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Frequency Contrast  Cluster regions L/R Cluster size MNI coordinates Z-score
band

x y z

Full low frequency Post > Pre IFG R 26 54 27 24 3.66

Pre > Post AG L 26 =51 -69 24 3.33
Slow-5 Post > Pre -

Pre > Post HIP L 34 -24 -30 -18 3.27
Slow-4 Post > Pre -

Pre > Post -
Slow-3 Post > Pre -

Pre > Post mPFC L/R 95 -3 51 39 3.66

Voxel level, p < 0.005, cluster level, p < 0.05, cluster size > 20 voxels; the small volume correction was applied in case the pain-related brain regions (cluster size less than or equal to 20) were not
significant by FWE test. Abbreviations: IFG, Inferior Frontal Gyrus; AG, Angular Gyrus; HIP, Hippocampus; mPFC, Medial Prefrontal Cortex.
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Characteristics

Gender, n (%)
Male
Female
Age, mean (SD), yr
Height, mean (SD), cm
Weight, mean (SD), Kg
Types of CS
CS of the neck type
CS of the nerve-root type
Coexisting illness, 1 (%)
Hypertension
Insomnia
Others
Other treatments
No
Yes

Participants using other medicine, 1 (%)

No

Yes
NSAAs
others

VAS score, mean (SD)

CX-DZ-1I (n = 83)

18 (21.69)
65 (78.31)
4775+ 1219
159.71 + 6.19
58.83 +8.75

52 (62.65)
31 (37.35)

10 (38.46)
4(1538)
12 (46.15)

83 (100.0)
0 (0.00)

63 (75.90)
20 (24.10)
0 (0.00)
20 (100.00)
555 (1.47)

SDZ-11I (n=81)

11 (13.75)
69 (86.25)
4823 +13.57
160.00 =+ 6.37
56.84 + 8.40

59 (73.75)
21 (26.25)

1 (5.56)
0 (0.00)
17 (94.44)

80 (100.00)
0 (0.00)

65 (81.25)
15 (18.75)
0 (0.00)
15 (100.00)
5.42 (1.75)

p-value

0.185

0.813
0.538
0.141

0.129

0.205

1.0000

0.406

0.613
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CX-DZ-II (n = 83) SDZ-II (n = 80) Difference (95% CI) P value

FAS 3.36 (2.92 to 3.79) 3.23(2.75t0 3.71) 0.17 (-0.36 to 0.69) 0.022
PPS? 3.53 (3.08 to 3.97) 3.25(2.76 to 3.74) 0.28 (-0.38 to 0.93) 0.008

FAS, full analysis set; PPS, per-protocol set; CI, confidence intervals. “The number of participants providing data on the VAS score was 76 in the CX-DZ-II group and 78 in the SDZ-II group.
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Cluster#  x y z ALE P z Label (nearest gray matter within 5 mm)

1 6 =30 -6 0018043537  GSIE-06  4.3498716  Right Cerebrum. Sub-lobar. Thalamus. Gray Matter.".

1 —38 —12 16 001651409  2.30E-05 4074941 Left Cerebrum. Sub-lobar. Insula. Gray Matter. Brodmann area 13

1 —6 =16 —10 0016219338  291E-05 40203114 Left Brainstem. Midbrain.. Gray Matter. Substania Nigra

1 —16 =22 22 0016133353  3.08E-05 4006909 Left Cerebrum. Sub-lobar. Caudate. Gray Matter. Caudate Tail

1 —10  -24 22 0014161315  122B-04  3.6681178  Left Cerebrum. Sub-lobar. Thalamus. Gray Matter.".

1 -2 0 24 001126301 6.64E-04 3209974 Left Cerebrum. Sub-lobar. Insula. Gray Matter. Brodmann area 13

1 —32 —10 20 001083931 8.38E-04 3.42502  Left Cerebrum. Sub-lobar. Insula. Gray Matter. Brodmann area 13

1 —40 0 20 0010651297  9.42E-04  3.1080759  Left Cerebrum. Sub-lobar. Insula. Gray Matter. Brodmann area 13

1 —12 =24 —6 0010418649 0.001067337  3.0708263  Left Brainstem. Midbrain.*. Gray Matter. Substania Nigra

1 —22 =10 14 0010235265 0001180531  3.0406013  Left Cerebrum. Sub-lobar. Thalamus. Gray Matter. Ventral Lateral Nucleus
1 —2 =30 -4 0010192102 0.001216393 3.0315785  Left Cerebrum. Sub-lobar. Thalamus. Gray Matter. Pulvinar

1 —10 =22 0 0010163731 0001239598  3.0258691 Left Cerebrum. Sub-lobar. Thalamus. Gray Matter. Mammillary Body

1 —20 =22 0 0009802071  0.001657662 ~ 2.9368799 Left Cerebrum. Sub-lobar. Thalamus. Gray Matter. Ventral Posterior Lateral Nucleus
1 —36 =12 2 0009715884 0001762938 29177318  Left Cerebrum. Sub-lobar. Claustrum. Gray Matter."

1 =22 =18 10 0009700557  0.001803456 2.9106383 Left Cerebrum. Sub-lobar. Thalamus. Gray Matter.*.
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185 patients screened

21 excluded
14 did not meet including criteria

4 participated in other trials
4 meet excluding criteria

2 declined to participate
1 other reason

164 randomized

8 were not cervical spondylos of the neck type or nerve-root type
2 pain intensity was no more than 3 points of VAS

4 received acupuncturetreatment for neck pain in previous week

83 randomized to receive 2-week
electroacupuncture treatment with CX-DZ-II
intelligent electroacupuncture therapeutic
instrument

83 received at lest 1 treatment

81 randomized to receive 2-week electro
acupuncture treatment with SDZ-II
electronic acupuncture therapeutic
instrument

1 withdrew before the first treatment

80 received at lest 1 treatment

78 completed 2-week treatment with CX-DZ-II
intelligent electroacupuncture therapeutic
iInstrument

5 discontinued study

1 lack of effect

1 traveled to another city

1 with poor compliance

1 withdrew due to condition improved

1 personal reason

80 completed 2-week treatment with SDZ-
electronic acupuncture therapeutic instrument

83 included in intention-to-treat set

:

v

80 included in intention-to-treat set

7 excluded from per-protocol set
2 with the compliance less than 80%

v

5 lost to follow-up

2 excluded from per-protocol set
2 with the compliance less than 80%

76 included in the per-protocol set

v

78 included in the per-protocol set
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1.1 PubMed searching strategy

#1 musculoskeletal pain (MeSH Terms)
#2 musculoskeletal pain (All Fields)

#3 musculoskeletal disease (Al Fields)
#4musculoskeletal disorders (All Fields)
#Smuscular diseases (All Fields)
#6chronic musculoskeletal pain (All Fields)
#7musculoskeletal Conditions (Al Fields)
#8muscle pain (All Fields)

#9Myalgia (Al Fields)

#10myofascial Pain (All Fields)
#11Fibromyalgia (MeSH Terms)

#12neck pain (MeSH Terms)
#130steoarthritis (MeSH Terms)
#14Arthritis (MeSH Terms)

#15Arthrosis (MeSH Terms)
#16Arthralgia (MeSH Terms)

#17Joint Diseases (MeSH Terms)

#18Low Back Pain (MeSH Terms)

#19Lumbago (MeSH Terms)

#20Back Pain (MeSH Terms)

#21Backache (MeSH Terms)

#22Shoulder Pain (MeSH Terms)

#23Cervicalgia (MeSH Terms)

#24¥10R#2 OR #3 OR #4 OR #5 OR #60R#7OR #8 OR #9 OR #10 OR #11 OR#12
OR#130R #14 OR#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR
#23

#25 acupuncture (MeSH Terms)

#26 acupuncture Therapy (MeSH Terms)

#27 acupoint (MeSH Terms)

#28 acupuncture Point (MeSH Terms)

#29 electroacupuncture (MeSH Terms)

#30 electro-acupuncture (MeSH Terms)

#31¥250R#26 OR#27 OR#28 OR#29 OR#30
#32Functional magnetic resonance imaging (MeSH Terms)
#33 Functional MRI (MeSH Terms)

#34 AMRI (MeSH Terms)

#3532 OR#33 OR#34

#36 Final search terms: #24AND #32 AND #35

LI (o

#afILAEE
#STHN (L)
#6XTTHR (FMA])
i ()
#RATH (M)
SOLFYERILIN (i)

#1OALTRE (
#LURA (F5)

#1280 (M)

#13HA (G )

#1430 (F:4835)

#1SHMERT (F:403)

#16¢10R#2 OR#3 OR#4 OR#5 OR#6 OR#7 OR#8 OR#9 OR#10

OR#11 OR#12 OR#13 OR#140R#15
#TYREMRIIR (i)

#ISYRERIIHR (32
#19 MRI:E
#20¢170R#18 OR#19
#2080 (G
#22RR0 (CER
#23UEt (F:5)
#2305 (CRA)

#24#210R#22 OR#23
#25 Final search terms: #16AND #20 AND #24
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Number

10
11
12
13
14

15

MP. musculoskeletal pain; HC,

Study

Guoetal. (2015)
Chen etal. (2014a)
Zou etal. (2019)

Queetal. (2021)
Livetal. (2013)
Hou etal. (2014)

Chen etal. (2014b)
Shietal. (2015)

Zhang etal. (2018)
Jian etal. (2018)
Gollub et al. (2018)
Xiang etal. (2019)
Chen etal. (2015)
Tu etal. (2019)

adow et al. (2012)

Sample size (n)

MP30
MP15
MP32
HC25
MPSO
HC80
MP15
HCI5
MP49
HC19
MP30
MP28
HC28
MP20
MP46
MP43
MP12
MP30
MPSO
HC74
MP17

Gender (M/F)

14/16
718
1517
1213
28/52
30/50
96
96
19/30
8/11
1713
1711
17/11
10710
2719
17126
715
1713
35/45
3935
o7

healthy control; NA, not available; M, male; F, female.

Age (years & SD)

NA
NA
46,371 £ 10.025
40.014 £ 9765
5235+ 4.62
53.01£4.58
257423
257423
24734146
2558 +3.32
5848
NA
NA
53334526
613£69
5747
4442£6.99
5848
395130
369482
29840

Reference space

Talairach
MNI
MNI

MNI
MNI
MNI

MNI
MNI

MNI
MNI
MNI
MNI
MNI
MNI

MNI

Foci (n)

10
10
7

10

69

10

<

2

Threshold

P <0.05 cor
P <005 cor
<005 cor

P <005 cor

P <0.05 cor

P < 0.05 cor

P <005 cor
p <005 cor

P <005 cor
P <0.05 cor
P <005 cor
P <0.05 cor
P <0.05 cor
P <0.05 cor

P <0.05 cor
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AEs Participant, n (%) p value

CX-DZ-II (n = 83) SDZ-II (n = 80)
Overall 9(10.84) 4 (5.00) 0.169
Fainted during acupuncture 3(3.61) 1(1.25) /
Transient sharp pain 4(4.82) 3(3.75) /
Inserting needles again 2(2.41) 0 (0.00) /

AEs, adverse events. “ Adverse events were analyzed based on the full analysis set. AEs with different categories occurring in one participant were defined as different independent AEs. An AE with
multiple occurrences in one participant was defined as a different independent AE.
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Outcome measures” CX-DZ-II (n=83)

Opverall responders, #n (%) 41 (49.40)
Drug-usage rate of NSAAs, 1 (%) 0(100)
Defect rate of the instrument, 1 (%) 6(7.23)
Excellent rate of instrument, n (%)

Score < 16 82 (98.80)
Score > 16 1(1.20)

“Statistical analysis set was based on the intention-to-treat population.

SDZ-II (n = 80)

41 (51.25)
0 (100)
3(3.75)

79 (98.75)
1(1.25)

pvalue

0.869
1.000
0.496

1.000





