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Purpose: Pain is one of the main complications after rotator cuff repair. If acute postoperative pain is not effectively controlled, it
may lead to chronic persistent pain after surgery. Electroacupuncture (EA) is an effective tool for pain control. However, EA
specifically for alleviating postoperative pain after rotator cuff repair has not been studied in randomized controlled trials (RCTs).
This pilot study aims to design a RCT to assess the efficacy and safety of EA as an adjunctive therapy during the perioperative period
of rotator cuff repair.

Patients and Methods: This single-center, subject-and-assessor-blinded, randomized, sham-controlled trial will enroll 112 partici-
pants diagnosed with rotator cuff tears and who are scheduled to undergo unilateral arthroscopic rotator cuff repair (ARCR).
Participants will be allocated at a 1:1 ratio to receive either EA or sham electroacupuncture (SEA) (using blunt-tip needles and no
electrical current). Treatments will be will be administered 2 hours before surgery, 2 hours after surgery and once daily for the
following surgery for 2 days (4 treatment sessions in total), and then be followed up for another 1 week. The primary outcome is the
changes in visual analogue scale (VAS) scores for resting pain in the affected shoulder. The secondary outcome measures include VAS
scores for pain during movement of the affected shoulder, limb swelling scores, dosage of postoperative analgesic drugs, frequency of
postoperative nausea and vomiting, heart rate and blood pressure after the operation, sleep quality during the hospital stay.
Conclusion: This pilot study will discuss whether EA is a valuable adjunct in postoperative care at relieving pain and improving
patients’ quality of life. This RCT will inform the design of a further full-scale trial.

Trial Registration: Chinese Clinical Trials Registry, ChiCTR2500103323. Registered on 28 May 2025.

Keywords: clectroacupuncture, postoperative pain, rotator cuff repair surgery, randomized controlled trial

Introduction

Rotator cuff injuries are common rotator cuff tendon disorders and a leading cause of shoulder pain and dysfunction with

prevalence increasing with age.'* These injuries, often caused by trauma, sports-related injuries or degeneration, can progress

to rotator cuff tears.? In China, the incidence has risen with population aging and national fitness initiatives, reaching up to

20%.? Untreated injuries may lead to cartilage damage, glenohumeral osteoarthritis, and a heavy healthcare burden.*
Arthroscopic rotator cuff repair (ARCR) is now the gold standard for symptomatic rotator cuff tears, offering faster

recovery and lower infection risk, with utilization rising more than 600% in recent years.>’ However, postoperative

complications remain frequent, including pain, stiffness, and muscle atrophy, which may progress to adhesive capsulitis
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and impair the tendon-to-bone healing.>® Pain is particularly prominent.” Poorly control of acute postoperative pain not only
disrupts sleep but also contributes to psychological distress, which in turn exacerbates pain and dysfunction, further increasing
the risk of adhesive capsulitis.'®!! Effective pain management is therefore essential for recovery and long-term outcomes.'*'?

Multimodal analgesic is widely advocated for ARCR, mainly involving pharmacological agents such as paracetamol,
cyclooxygenase-2 inhibitors, gabapentin, and intravenous dexamethasone, etc.”'* Yet many patients continue to experi-
ence moderate-to-severe pain, with stiffness rates up to 32.7%.'> Drug therapies may also cause adverse effects and
increase psychological stress. Integrating non-pharmacological therapies into multimodal strategies is therefore impor-
tant. Evidence supports that exercise, manual therapy, and electrotherapy benefit patients with rotator cuff disorders.'®

Acupuncture, a traditional non-pharmacological therapy rooted in Traditional Chinese Medicine (TCM), recognized
for safety and minimal side effects, is strongly recommended in the “Guidelines for Integrated Traditional Chinese and
Western Medicine Diagnosis and Treatment of Rotator Cuff Injuries (2023 Edition)”."” Acupuncture has been shown to
inhibit pain transmission at peripheral, spinal, and central levels.'®'? Electroacupuncture (EA), combining traditional
acupuncture with electrical stimulation, has demonstrated superior efficacy compared to manual acupuncture in relieving
shoulder pain and restoring joint function.”® Randomized controlled trial (RCT) evidence supports the role of EA in
musculoskeletal rehabilitation, showing reduced pain, lower opioid use, and improved joint function.?' * In periopera-
tive care, EA has also reduced pain and anesthesia requirements in spinal and neurological surgeries.>* However, during
the perioperative period of ARCR, multimodal analgesia remains predominantly drug-based and do not integrate TCM-
based non-pharmacological modalities. Consequently, there is a pressing need for clinical studies to evaluate the efficacy
and safety of EA for managing acute postoperative pain following rotator cuff repair.

This placebo-controlled trial aims to evaluate the superiority of EA over sham EA (SEA) in managing acute pain and
other postoperative symptoms after rotator cuff repair. The study seeks to provide high-quality evidence supporting EA in
perioperative pain management and promote broader integration of TCM into multimodal analgesia. As a protocol paper,
it also enhances methodological transparency and helps prevent unnecessary duplication.

Methods and Design

Study Design

This study is a single-center, randomized, patient- and assessor-blinded, placebo-controlled trial. Patients diagnosed with
rotator cuff tears who are scheduled to undergo ARCR at the Sports Medicine Department of Shanghai Sixth People’s
Hospital will be recruited. A total of 112 eligible participants will be randomly assigned in a 1:1 allocation ratio to either
the treatment group (receiving EA combined with postoperative basic therapy) or the control group (receiving sham EA
combined with postoperative basic therapy). Participants will receive a total of 4 sessions of EA or SEA, administered at
the following time points: 2 hours before surgery, 2 hours after surgery, 24 hours after surgery, and 48 hours after surgery.
A follow-up period of one week will be conducted postoperatively to assess outcomes. This trial will adhere to the
Consolidated Standards of Reporting Trials (CONSORT) guidelines®® and fulfil the requirements outlined in the Standard
Protocol Items: Recommendations for Interventional Trials (SPIRIT) checklist (see Supplementary Table S1).%°

A detailed flowchart of the trial process is shown in Figure 1.

Recruitment and Ethic

This trial protocol was approved by the Ethics Committee of Shanghai Sixth People’s Hospital on 18 May 2025
(Approval No. 2025-060) and has been registered in the Chinese Clinical Trial Registry (Registration No.
ChiCTR2500103323). All participants will receive a detailed explanation of the study procedures and objectives, and
written informed consent will be obtained prior to enrollment. The trial will be conducted in strict accordance with the
Helsinki Declaration. The study schedule is illustrated in Table 1.

Participants

Eligible patients must meet the diagnostic criteria for rotator cuff injuries as outlined in the “American Academy of

9927

Orthopaedic Surgeons (AAOS): Management of Rotator Cuff Injuries Clinical Practice Guideline””" and have confirmed
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Figure | Flowchart for this study.
Abbreviations: AlS, Athens Insomnia Scale; EA, electroacupuncture; SEA, sham electroacupuncture; MRI, magnetic resonance imaging; PONYV, postoperative nausea and
vomiting; VAS, Visual Analogue Scale.

rotator cuff tears identified via magnetic resonance imaging (MRI) prior to surgery. The rotator cuff tear should be
classified as a full-thickness tear less than 5-cm in size, according to the Ellman classification.® In addition, patients
should be between 40 and 70 years of aged, with no restriction on gender, and must be scheduled to undergo unilateral
ARCR at Shanghai Sixth People’s Hospital. Since ARCR is usually performed in conjunction with other procedures such
as subacromial decompression or distal clavicle resection, these surgeries are permitted to enhance generalizability of the
study. Participants must voluntarily agree to join the study, be willing to undergo all required examinations and
treatments, and be able to cooperate with follow-up. Recruitment is scheduled to begin in June 2025 and is expected
to conclude in December 2026.

Exclusion criteria include: shoulder pain or movement limitation due to cervical disc herniation, shoulder tumors,
dislocation, fractures, stroke-induced hemiplegia, etc; concurrent surgeries in other anatomical regions; severe comor-
bidities involving the heart, liver, kidney, hematopoietic system, endocrine system, immune system, nervous system,
malignancies and psychiatric disorders; history of alcohol or anesthetic drug abuse, or preoperative opioid use for pain
management; known allergy to nonsteroidal anti-inflammatory drugs (NSAIDs); acupuncture treatment received within
the past 6 months; allergies to acupuncture needles, with localized skin ulcer infections, needle-phobia, or with blood
disorders (such as coagulation disorders, bleeding disorders, etc).
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Table | Schedule of Enrollment, Intervention and Assessments

Study Period

Enrollment/ Preoperation | Operation Postoperation
Allocation
Treatment Phase Discharge Follow-Up
Timepoints Day —1 Day 0 Operation | Within | 6h | 12h | 24h | 36h | 48h Discharge I-week
(Within 2h) 2h Day postoperation
Enrollment:
Eligibility screening
Signed inform consent
Allocation
Intervention:
Electroacupuncture * x x x
Sham electroacupuncture x x x
Assessments:
VAS scores for pain during rest of the affected x x x x x x x x
shoulder
VAS scores for pain during movement of the affected x x x x
shoulder
Muscle swelling scores x x
The frequency of PONV during hospitalization x
The dosage of postoperative analgesic drugs x x
Perioperative vital signs x x x
Sleep quality (sleep monitoring ring and AlS scores) x x x
Blinding assessment
Safety assessment x x x x x x x x x x

Note: *Example illustrates delivery of intervention or assessments at discrete timepoints.

Abbreviations: AlS, Athens Insomnia Scale; PONY, postoperative nausea and vomiting; VAS, Visual Analogue Scale.
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Participants will be withdrawn from the trial if they are found to have a full-thickness rotator cuff tear that does not
meet the Ellman classification criteria of less than 5-cm. Participants will also be discontinued from the trial if they
receive treatment other than the approved protocol or experience serious postoperative adverse events, such as severe
incision infections, fractures, or dislocations, etc.

Randomization and Allocation Concealment

Block randomization will be employed for group assignment, and an independent statistician will generate the rando-
mization sequence to allocate participants into the treatment and control groups in a 1:1 ratio. The block size will be 4,
with 2 subgroups. A random number table will be generated using the Statistical Package for Social Science (SPSS,
version 26.0, IBM, USA) software. Randomization will be implemented using sealed and opaque envelopes, prepared in
duplicate for both the research initiator and the research center to ensure allocation concealment. According to the group
assignment indicated in the envelopes, eligible participants will be randomly assigned to either the treatment group or
control group. The study does not stratify randomization by specific tendon repaired, as the primary outcome is acute
postoperative pain, which is more closely related to the overall surgical intervention than to isolated tendon pathology.
However, surgical reports will document repaired tendons to enable exploratory subgroup analyses.

This trial employed a single-blind design. Patients will be blinded to group allocation; however, blinding of
acupuncturists is not feasible due to the nature of the intervention. Prior to treatment, participants will be informed
that they have an equal chance of being assigned to either group. To maintain blinding during the intervention,
participants will wear an eye mask. The principal investigator, data analysts, outcome assessors, and the statistician
will remain blinded throughout the trial. All study staff will be trained on trial procedures and are required to strictly
adhere to the principle of role separation.

Qualification of Practitioners

All acupuncturists will receive standardization training from the principal investigator (YM) prior to the start of the trial
to ensure protocol compliance and treatment consistency. EA procedure will be performed following the guidance for the
clinical practice of acupuncture.”® All acupuncturists must be licensed, hold at least a master’s degree and have
a minimum of 3 years of clinical experience in acupuncture practice.

Interventions

Operative Treatment

All patients will undergo ARCR and all arthroscopic procedures will be performed by the same surgical team led by
surgeon (JZ). Standard ARCR will be conducted under general anesthesia (via laryngeal mask) combined with regional
nerve block. The torn tendon will be reattached to the greater tuberosity using suture anchors, with either a simple single-
row or a double-row suture bridge techniques, selected at the discretion of the surgeon based on the size, shape, and the
surgeon’s clinical experience. Surgeons may routinely perform biceps tenotomy or tenodesis when pathology of the long
head of the biceps tendon is observed. Additional, distal clavicle resection, subacromial decompression, or acromioplasty
may be performed if deemed necessary. Participants will be transferred to the ward within 2 hours after surgery.

Postoperative Basic Treatment
All patients in the trial will receive standard postoperative analgesia and rehabilitation.

Postoperative analgesia: (1) Intravenous patient-controlled analgesia (PCA) pump: At the end of surgery, a PCA
pump containing tramadol hydrochloride injection will be set up and activated in continuous infusion mode for 48 hours
postoperatively. (2) Additional analgesics: Intravenous infusion of Flurbiprofen Axetil Injection (50-mg/day) for 2 days;
intramuscular injection of Parecoxib Sodium (40-mg) on the night of surgery. Etoricoxib tablets (60-mg/day) as needed
for intolerable pain.

Postoperative rehabilitation during hospitalization: Patients will wear a shoulder abduction brace postoperatively. The
brace may be loosened and relaxed appropriately for 5-10 minutes each day when patient is awake, but must be worn at
other times, including while sleeping. Active shoulder abduction is prohibited, and passive abduction within 30° is
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allowed. Starting on postoperative day 1, patients will perform 20 shoulder shrugs, 2 sets each day; perform 20 passive
forward flexions each day, 2 sets each day; perform 20 forward-backward arm swings in a standing position (30° flexion
followed by 30° extension), 2 sets each day; and perform 20 passive external rotations (prohibited in cases involving
subscapularis muscle repair), 2 sets each day. Upon completing all exercises, patients may apply ice packs to the shoulder
for 30 minutes, wrapped in a thin towel to keep the surgical site dry.

Rehabilitation instructions will be given by a physiotherapist on the first postoperative day. Thereafter, patients will
perform the exercises independently using the printed rehabilitation manuals and instructional videos. Adherence will be
monitored during the daily morning and evening ward rounds.

EA or SEA Intervention
EA or SEA will be administered 2 hours before surgery, 2 hours after surgery and once daily for the following surgery for 2 days
(4 treatment sessions in total). Any participant who drops out before completing all sessions will have the reason documented.
The acupuncture methods are described in Table 2. During each session, patients will lie in a supine position in
a private treatment area while wearing an eye mask to maintain blinding. The researcher will sterilize the patient’s skin
with 75% alcohol wipes before treatment. After skin disinfection, sterile adhesive pads will be placed on the acupoints,
and the needles will be slowly and vertically inserted through the adhesive pads. Each treatment session will last for
30 minutes. When the needles are removed, the researcher will use a clean piece of cotton wool to apply pressure to the
points to prevent bleeding. In each treatment session, 6 acupoints will be used during the postoperative treatments. The
selected acupoints and their rationale are summarized in Figure 2 and Table 3.

Treatment Group

Participants in the treatment group will receive EA treatment in addition to standard postoperative analgesia and rehabilitation.
Sterile, disposable acupuncture needles made of standard stainless steel (0.30 x 40 mm; Wuxi Jiajian Medical Co Ltd, Wuxi,
China) will be used. Treatment will involve 6 standardized acupoints: bilateral Hegu (LI4), bilateral Neiguan (PC6), Shousanli
(LI10) on the affected side, and Quchi (LI11) on the affected side. Acupoint locations will be determined according to the
“National Standard of the People’s Republic of China” (GB/T 12346-2006). First, the researcher will manually manipulate the
needle until the patient reports needling sensations (de-qi sensation), including soreness, distension, heaviness, or numbness. An
electric stimulator (SUKO, XS-998B06, Nanjing, China) will then be connected to two pairs of needles (LI4-PC6 bilaterally) to
deliver a sparse-and-dense wave-type current (2-Hz/100-Hz) at 2-mA.

Control Group

Participants in the control group will receive SEA intervention in addition to the standard postoperative analgesia and
rehabilitation. Placebo blunt-tip needles (0.30mmx40mm) without needle tips will be used to avoid skin penetration. The
acupoints used in the control group will be the same as those in the treatment group, and the treatment procedures-
including the placement of EA electrodes will also be identical. However, the EA device will be deactivated (zero output)
and no electrical current will be delivered.

Table 2 Treatment Methods of Electroacupuncture and Acupoints

Treatment Group Control Group

Acupoints LI4, PCé, LI10, LII LI4, PCé, LI10, LII 1

Depth of insertion 10mm: LI4 No insertion
30mm: PCé, LIIO, LITI

Needle type Steel needles (Wuxi Jiajian Medical Co Ltd, Wuxi, China) Blunt-tip needles

Needle sensation With de-qi sensation Without de-qi sensation

Electric stimulation Two pairs of needles: LI4-PCé (bilaterally) Two pairs of needles: LI4-PCé (bilaterally)
Connected to an electric stimulator (SUKO, XS-998B06, Connected to an electric stimulator (SUKO, XS-998B06,
Nanjing, China) Nanjing, China)
Deliver a sparse-and-dense wave-type current (2-Hz/100- No electrical current delivered
Hz) at 2-mA.
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Figure 2 Acupoint locations.

Throughout the trial, all participants will be prohibited from receiving any analgesic treatment not specified in the
protocol. However, treatment for other comorbidities will not be restricted. For instance, patients with hypertension may
continue their antihypertensive medication. All concomitant medication use will be recorded in detailed but will not
interfere with the ongoing treatment or follow-up process of the trial.

Outcomes

Primary Outcome

Visual Analogue Scale (VAS) scores™” for resting pain in the affected shoulder at 12 hours postoperatively: Pain intensity
is indicated on a 100 mm line, with one end representing ‘“no pain” and the other end representing “severe pain”. The

17392 1]
X

assessor asks the patient to mark their perceived pain intensity on the line by drawing an “x”. The distance from the “no
pain” end to the “x” mark is then measured in millimeters and used as the pain score. Assessment will be conducted at

baseline, at 2 and 6 hours postoperatively, and every 12 hours thereafter until discharge. An additional assessment will be
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Table 3 Acupoint Selection and Rationale Based on Traditional Chinese Medicine

Acupoint

Location

Traditional Chinese Medicine Indication

Suggested Technique

Li4 (Hegu)

PCé6 (Neiguan)

LI10 (Shousanli)

LI (Quchi)

Dorsum of hand, at the level of the midpoint of the second metacarpal bone, between the first
and second metacarpal bones

On the palmar side of the forearm, 2 cun above the transverse wrist crease, between the
tendon of the palmaris longus and the tendon of the flexor carpi radialis.

On the dorsal side of the forearm, on the radial side, 2 cun below the transverse crease of the
elbow, on the line connecting Yangxi (LI5) and Quchi (LII1).

Bend the elbow at a right angle, at the midpoint of the line connecting the lateral end of the
transverse elbow crease and the lateral epicondyle of the humerus.

Alleviates pain in the upper limbs.

Helps in relieving nausea and vomiting, treating insomnia
and alleviating pain in the upper limbs.

Helps in relieving the meridians and collaterals, and
alleviating swelling and pain in the upper limbs.

Helps in relieving the meridians and collaterals, and
alleviating swelling and pain in the upper limbs.

Needle perpendicular,
0.5-1.0 cun
Needle perpendicular,
0.5-1.0 cun
Needle perpendicular,
0.8-1.2 cun
Needle perpendicular,
1.0-1.5 cun

81:$707 YoIeasay Uled jo [euanof
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conducted at the 1-week postoperative follow-up. The Chinese-language version of the VAS had good reliability and
validity when used with Chinese adults, demonstrating high cultural appropriateness.®'

Secondary Outcomes

1. VAS scores for resting pain in the affected shoulder at other time points.

2. VAS scores for pain during movement of the affected shoulder. This will be assessed at baseline and every 24h
during hospitalization until discharge. An additional assessment will be conducted at the 1-week postoperative
follow-up.

3. Limb swelling scores: 0 point: No swelling, normal skin elasticity; 1 point: slightly swollen compared to normal
skin, dermatoglyphics still visible; 2 points: increased skin tension, dermatoglyphics disappear, no tension blister; 3
points: obvious swelling, higher skin temperature, and presence of tension blisters.”> The swelling score will be
assessed every 24h postoperatively during hospitalization.

4. Dosage of postoperative analgesic drugs: The total consumption of etoricoxib tablet will be recorded at discharge,
as well as the cumulative consumption at the 1-week postoperative follow-up.

5. Frequency of postoperative nausea and vomiting (PONV) during hospitalization: The number of patient’s PONV
will be recorded throughout the postoperative hospitalization and summarized at discharge.

6. Perioperative vital signs: Heart rate (HR), mean arterial pressure (MAP), and peripheral blood oxygen saturation
(SpO,) will be recorded at three time points: 1 hour before surgery, 30 minutes after tracheal intubation, and 1 hour
after surgery.*

7. Perioperative sleep status:

Sleep parameter: A sleep monitoring ring (Mega Health, ZG-P11H, Hangzhou, China) will be worn on the finger of
the non-affected hand every night (from 9:00 PM to 7:00 AM), and total sleep time (TST), rapid eye movement sleep
(REM) and sleep efficiency (SE) will be recorded. Sleep parameters will be monitored for one night before surgery and
two nights after surgery.

Athens Insomnia Scale (AIS) scores: This scale includes 8 items, with the first 5 items assessing sleep difficulties and
the last 3 items assessing daytime dysfunction. Total score ranges from 0 to 24, with higher scores indicating poorer sleep
quality.** The AIS will be completed on the morning following each sleep monitoring session. The Chinese-language
version of the AIS demonstrates solid reliability and validity and holds potential for application across various
demographic groups in China.*

Safety Outcomes

Safety outcomes include the incidence of all adverse events (AEs), treatment-related AEs, and serious adverse events
(SAEs). AEs include any events reported by patients or determined by clinicians that are not attributable to the natural
progression of rotator cuff tears. “Treatment-related AEs” refers to events deemed by clinicians to be directly associated
with the EA or SEA intervention. Anticipated treatment-related AEs include needle site pain, bleeding or subcutaneous
hematoma, needle fainting, needle breakage, and localized infection. SAEs are defined as those resulting in prolonged
hospitalization, disability, life-threatening conditions, or death during the trial. AEs will be monitored at each visit, and
any AEs associated with intervention or not will be evaluated. Once any AE occurs, the ethics committee will evaluate
the severity and determine whether to suspend the trial. Following investigation, participants will receive necessary
medical treatment and appropriate financial compensation at no cost.

Blinding Evaluation

Before enrollment, participants will be informed that they will have an equal opportunity of receiving EA or SEA
intervention. After the treatment is completed, the success of blinding will be evaluated by asking the participants the
following question: “Which type of treatment do you think you received?” Three choices will be provided for
participants: EA group, SEA group, and uncertain. If a participant selects either EA or SEA (rather than “uncertain”),

they will be asked to explain the reason for their choice.*®
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Data Collection and Management

Before initiating the trial, a multidisciplinary research team consisting of acupuncture specialists, orthopedic specialists,
ethicists, and statisticians will be established to ensure data quality and safety monitoring. All researchers, including
acupuncturists, outcome assessors and data analysts, will undergo training in standardized procedures. Baseline and
follow-up assessment for each participant will be evaluated by the same researcher to ensure data consistency. Paper case
report forms (CRFs) will be securely stored in locked filing cabinets and managed by an independent researcher. The
clinical trial data will be managed using the ResMan platform. All the participant data will undergo double entry and be
independently verified by two personnel. Visit management, and query management by two different personnel. After the
double-entry is completed, the data management department will audit, review, correct, and export the dataset. The final
database will be locked after verification, and submitted for statistical analysis.

Monitoring and Quality Control

The Clinical Evaluation and Analysis Centre of Shanghai Sixth People’s Hospital which is not taking part in and with no
conflict of interests in the trial will be responsible for monitoring the data, controlling the bias and suspending or
terminating the study. With the management of the Clinical Evaluation and Analysis Centre, quality control will be
conducted throughout the trial. Before participating in the trial, all researchers should receive professional trial method
training and regular monitoring technique to ensure the consistency of methods. Any corrections or modifications to the
study protocol should be submitted to the ethics committee and informed Clinical Evaluation and Analysis Centre.

Sample Size Calculation

The sample size is calculated based on the primary outcome (VAS score), using GPower program (v3.1.9.7; Heinrich-
Heine-Universitat, Diisseldorf, Germany). According to our small pilot study, the mean and standard deviation of VAS in
treatment group (n=11) after intervention was 53.95 and 12.58. While in control group (n=11), the mean and standard
deviation of VAS after intervention was 61.27 and 11.70. Therefore, assuming an effect size of 0.60, an alpha error of
0.05, and a power of 80%, a total of 90 participants are needed to detect significant differences between groups.
Considering a 20% dropout rate, the final sample size required is 112 participants (56 per group).

Statistical Analysis

All statistical analyses will be performed using SPSS 26.0 software by an independent statistician blinded to the group
assignments. Analyses will follow the intention-to-treat (ITT) principle, including data from all participants, even those
who withdraw. Missing data will be addressed using the last observation carried forward (LOCF) method.

Continuous variables with normal distribution will be presented as means + standard deviations (SD), and those with
non-normal distribution as median and interquartile range. Categorical variables will be reported as counts and
percentages. Normality will be assessed using the Kolmogorov—Smirnov test with Lilliefors correction. Appropriate
parametric or non-parametric tests will be applied based on the results of homogeneity and normality analysis.
A generalized linear mixed model will be used to analyze the effects of treatment, time, and their interaction. Within-
group comparisons will be performed using two-sided paired t tests. Categorical variables and adverse effects will be
analyzed using the chi-square test of Fisher’s exact test.

Exploratory post-hoc subgroup analyses will investigate potential interactions between tendon type (categorized as
supraspinatus-dominant, multi-tendon, etc, based on surgical findings) and treatment effects, if the subgroup sizes are
sufficient (n>20 per group). All p-values will be two-sided, P<0.05 considered statistically significant. Confidence
intervals will be established at the 95%.

Discussion

This single-center, subject-and-assessor-blinded, randomized, sham-controlled trial aims to evaluate the efficacy and
safety of EA in perioperative rehabilitation after rotator cuff repair, focusing on pain management and recovery. Acute
pain is common after ARCR, and if not well controlled, may progress to chronic pain, impair tendon-to-bone healing and
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delay recovery.”'® Current multimodal analgesia mainly relies on drugs, which may cause adverse reactions and
psychological burden, underscoring the need for safe, non-pharmacological adjuncts. Evidence shows microcurrent
stimulation and extracorporeal shock wave therapy can effectively reduce postoperative pain.®>’ These findings highlight
the potential of non-pharmacological interventions, particularly electrotherapy, in optimizing multimodal analgesic
strategies to accelerate pain relief and enhance tendon-to-bone healing.*®

Electroacupuncture, an advanced form of traditional acupuncture, delivers a controlled electrical current through
acupuncture needles. By applying specific stimulation parameters, EA can provide more consistent and objective
therapeutic input. It has demonstrated superior effects in analgesia and sedation, promoting blood circulation, and
modulating muscle tension.*® Studies have shown that EA reduces inflammation responses, restores bioelectrical home-
ostasis in tissues, and promotes the release of specific neuropeptides in the central nervous system, resulting in the
analgesic effect.***? Systematic reviews support its role in shoulder pain management and frozen shoulder,?’ and studies
report its safety and effectiveness in long-term rehabilitation after rotator cuff repair.**** However, most have small
samples or lack placebo controls, limiting generalizability.

In postoperative pain management, a meta-analysis of 13 RCTs found acupuncture significantly reduced day-1 pain
and opioid use.* Other studies report EA benefits in abdominal, nasal, and gynecological surgeries, improving pain
control, reducing anesthetic needs, lowering PONV incidence, and accelerating recovery.*>**” In arthroscopic rehabi-
litation, EA also improved short-term pain and mobility after triangular fibrocartilage complex repair.*> Collectively,
these findings support EA as a safe adjunct in multimodal analgesia.

Musculoskeletal rehabilitation studies further suggest EA reduces pain and improves function by modulating pain
sensitization pathways. A meta-meta-analysis indicates manual therapies, including acupuncture, may desensitize central
and peripheral pain.*® Emerging evidence highlights molecular mechanisms, such as modulation of tryptophan-derived
metabolites and gut microbiota in osteoarthritis-related pain.**>' These results suggest EA exerts not only localized but
also systemic modulatory effects. Nonetheless, evidence on EA after rotator cuff repair remains scarce. If effective and
safe, EA could become a standard perioperative intervention in both TCM and Western contexts.

This study proposed an integrated perioperative intervention model combining Chinese and Western medicine, using
EA as an adjunctive therapy to alleviate postoperative pain and discomfort. To our knowledge, no prior RCTs have
directly compared EA with sham EA after rotator cuff repair. Beyond pain, this trial also evaluates sleep quality,
hemodynamics, and anesthesia-related adverse effects. Its rigorous design and comprehensive outcomes will provide
robust evidence for EA’s role in enhancing postoperative recovery.

The further strength of this trial is the reasonable control design and the implementation of participant blinding. Previous
study showed verbal suggestion can influence post-treatment pain perception, emphasizing the need to control placebo
effects.” Placebo responses in acupuncture vary by stimulation level, from acupoint insertion to non-penetrating sham.>
To minimize the placebo effect and enhance the integrity of blinding, we selected participants who have not received
acupuncture treatments in the past 6 months, reducing their familiarity with EA treatment. Blinding efficacy will be
assessed by evaluating both overall and within-group perceptions after treatment. Considering some evidence that EA’s
effects may be short-lived,”*>” this study also includes a 1-week follow-up to assess persistence after treatment cessation.

Nonetheless this study faces several limitations. Firstly, to reduce heterogeneity within the study population, patients with
different types of rotator cuff disease will be screened, and only those classified as having full-thickness tears of less than 5-cm
according to the Ellman classification will be included. Secondly, although the sustained effects of EA at the end of treatment
are significant clinical relevance for recovery after rotator cuff repair, due to funding constraints, the extended follow-up
period is limited to only 1 week, which may be insufficient to capture medium- and long-term outcomes, thereby warranting
further investigation. Finally, as this is a single-center study conducted in China, the generalizability of the findings may be
limited. Further validation through multicenter studies will likely be necessary after obtaining results.

Conclusion

This randomized controlled trial will provide robust evidence on the efficacy and safety of EA in perioperative
rehabilitation after rotator cuff repair. If proven effective, EA may serve as a valuable adjunct to postoperative care,
enhancing analgesia, reducing side effects, and accelerating recovery. The findings could lay the groundwork for large-
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scale, multicenter trials and inform the development of multimodal pain management strategies that integrate traditional
Chinese medicine. Ultimately, this study may contribute to refining clinical practice guidelines and optimizing post-
operative care for rotator cuff repair.

Trial Status
Protocol: version 1.0, 10 April 2025.

The study was launched on 1 June 2025 and participant recruitment is currently ongoing. Recruitment is expected to be
completed by the end of December 2026.
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