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Introduction: Electroacupuncture, validated in preclinical studies, is a promising alternative approach for lumbar disc herniation with 
radiculopathy (LDHR). This trial aims to evaluate the efficacy and safety of electroacupuncture in patients with LDHR.
Methods: This randomized, single-blind, sham-controlled trial will enroll 170 participants diagnosed with LDHR and who present 
Numerical Rating Scale (NRS) scores ≥4 for both lower back and leg pain. Participants will be allocated at a 1:1 ratio to receive either 
electroacupuncture or sham electroacupuncture (superficial needling at nonacupoint sites). The sample size was determined based on 
pilot study data and power calculations. Treatments will be administered three times weekly over 8 weeks (24 sessions total), with 
blinding maintained throughout. An 18-week noninterventional follow-up will be extended to address the knowledge gap regarding the 
durability of neuromodulatory effects of electroacupuncture. The following outcomes will be evaluated: 1) primary outcome: the 
proportion of responders achieving ≥ a 2-point NRS reduction in both lower back and leg pain from baseline at weeks 8 and 24; 2) 
secondary outcomes: changes from baseline at weeks 4, 8, 16, and 24 in the intensity of low back pain and leg pain, level of disability, 
severity of depression and anxiety, sleep quality, as well as the incidence of lumbar spine surgery and the proportion of use of 
analgesics at weeks 8 and 24; and 3) safety outcome: the incidence of adverse events. The efficacy outcomes will be analyzed based on 
the full analysis set with the modified intention-to-treat principle. Treatment effects will be estimated using a generalized linear mixed- 
effects model for repeated measures. Blinding validity will be assessed via James’s and Bang’s indices.
Conclusion: This rigorously designed randomized controlled trial will generate confirmatory evidence to support the efficacy and 
safety of electroacupuncture in the treatment of LDHR.
Trial Registration No.: NCT06611332 (https://clinicaltrials.gov/study/NCT06611332).
Keywords: electroacupuncture, lumbar disc herniation, radiculopathy, sham control, randomized controlled trial

Introduction
Lumbar disc herniation with radiculopathy (LDHR) is a major cause of low back pain, radicular pain in the leg, and 
disability, with a lifetime risk ranging from 1% to 3%.1 Among patients with low back pain, the incidence of LDHR 
varies from 12% to 40%.2 The pathophysiology of LDHR is closely associated with protruded nucleus pulposus tissue: as 
a result of lumbar disc herniation, the annulus fibrosus ruptures, and the intervertebral disc material exceeds the basal 
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edge of the vertebral body; the protruded nucleus pulposus tissue compresses the nerve roots distributed in the 
intervertebral foramen, triggering an immune response that generates inflammatory substances.3 Under the dual influence 
of mechanical compression and inflammatory factors, nerve roots develop edema, increased vascular permeability, 
inflammatory reactions, and abnormal discharges, eventually resulting in lower back pain, radiating pain in the lower 
extremities, and nerve root symptoms (eg, pain, weakness, and numbness in the muscle layer or cortex).4 With the 
acceleration of the social rhythm and the increase in desk work time, the incidence of LDHR is rising annually and has 
emerged as the third leading cause of disability among individuals over 45 years of age.5

Currently, the treatment approaches for LDHR include surgery and conservative therapy. However, both approaches 
have limitations. Surgery is only applicable for a small proportion of patients with severe symptoms. Even after surgery, 
patients may still experience complications such as reprotrusion, numbness, and pain, and surgery-related expenses 
impose a considerable economic burden.6,7 Minimally invasive surgeries, represented by epidural steroid injections, have 
lower medical costs than open surgeries, but their efficacy is limited, and they may lead to neurological sequelae.8,9 Oral 
medications, including analgesics and nonsteroidal anti-inflammatory drugs, can relieve pain to a certain extent, but their 
efficacy is limited, with significant side effects (eg, addiction, constipation, and sedation caused by opioids; gastro-
intestinal adverse reactions; and cardiovascular risks caused by nonsteroidal anti-inflammatory drugs).10,11 Physical 
therapies, including transcutaneous neuromodulation, manual therapy, and mobilization, have demonstrated pain- 
relieving effects. However, transcutaneous neuromodulation and manual therapy primarily alleviate pain by modulating 
superficial nerves, with limited efficacy in stimulating deep acupoints or muscles.12–16 While mobilization techniques are 
widely used, their therapeutic outcomes remain controversial. For example, a clinical trial revealed no statistically 
significant difference in pain relief between real mobilization and sham mobilization in patients with chronic low back 
pain.17 Therefore, it is necessary to discover alternative therapeutic modalities that are cost-efficient and safe.

Acupuncture, a traditional acupoint therapy, is widely used for its analgesic efficacy. After inserting filiform needles 
into specific acupoints, it stimulates the body to release endogenous opioid substances and increase the expression of 
opioid receptors, thereby producing an analgesic effect.18 Systematic reviews have demonstrated that acupuncture is 
significantly superior to sham acupuncture in alleviating pain in chronic diseases.19 Animal studies have suggested that 
opioid substances are involved in the mediation of acupuncture analgesia and that the opioid receptor antagonist 
naloxone can block or reverse the effect of acupuncture analgesia.20,21 Electroacupuncture is developed based on manual 
acupuncture, which applies electrical stimulation of different frequencies and intensities to augment the intensity of 
stimulation at acupoints and enhance the effect. Animal experiments have indicated that electroacupuncture at the 
Huantiao (GB30) and Yanglingquan (GB34) acupoints reduces the release of 5-hydroxytryptamine and calcitonin gene- 
related peptides in areas of rats with sciatica and increases the content of neuropeptide Y. These substances are involved 
in the peripheral sensitization of pain and are associated with analgesia, improvement of microcirculation, and neuroin-
flammatory mechanisms.22 Electroacupuncture may achieve analgesic effects and neural repair through dual mechanisms 
involving peripheral and central pathways. Peripherally, electroacupuncture has been demonstrated to reduce the 
expression of proinflammatory mediators (eg, tumor necrosis factor α, interleukin-1β) while increasing the production 
of anti-inflammatory factors. It also decreases inflammatory mediator levels in the dorsal root ganglion and triggers the 
release of endogenous opioids and adenosine, thereby alleviating pain.23–25 Centrally, electroacupuncture mitigates 
central inflammatory responses, modulates neuronal excitability in the spinal dorsal horn, and regulates opioid peptides 
and their receptors to suppress pain transmission.26–28 A study on varying intensities of electroacupuncture stimulation at 
the “Zusanli” (ST36) acupoint in rats demonstrated that electroacupuncture reduces the Aδ-fiber component, C-fiber 
component, and after-discharge activity of wide dynamic range neurons in the spinal dorsal horn. These findings confirm 
the ability of electroacupuncture to inhibit short-term sensitization of wide dynamic range neurons, effectively blocking 
the amplification of nociceptive signals at the spinal level.29 Therapeutic efficacy varies with electroacupuncture 
parameters. Current evidence indicates that stimulation parameters of 2 mA current intensity and 4 hz frequency 
demonstrate significantly superior efficacy compared with other parameters.30–32

Owing to its potential analgesic effect, electroacupuncture has been clinically employed as a complementary and 
alternative therapy for treating pain-related disorders. For example, clinical trials have shown that electroacupuncture can 
alleviate chronic musculoskeletal pain in cancer survivors, reduce pain intensity in patients with knee osteoarthritis, and 
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delay the need for analgesic drugs after cesarean section.33–35 However, current evidence from three randomized 
controlled trials (RCTs) on electroacupuncture for chronic low back pain remains inconsistent. One RCT demonstrated 
that electroacupuncture significantly enhanced analgesic effects compared with sham electroacupuncture,36 whereas two 
other RCTs failed to show such therapeutic benefits.37,38 This discrepancy may be attributed to variations in intervention 
types (eg, body acupuncture versus auricular acupuncture) and acupoint selection across trials, as well as methodological 
limitations, including lack of long-term follow-up, small sample sizes, inadequate sham acupuncture designs, and 
unreported handling of missing data. More importantly, these studies focused on chronic low back pain rather than 
specifically targeting LDHR. Therefore, we propose to conduct an RCT to assess the efficacy and safety of electro-
acupuncture in the treatment of pain and dysfunction in patients with lumbar disc herniation. We will focus on patients 
complicated with radiculopathy and establish a sham electroacupuncture control to minimize the placebo effect.

Methods and Design
Study Design
This is a single-center, randomized, single-blind, sham-controlled trial. We will recruit patients with LDHR at the 
Affiliated Hospital of Jiangxi University of Chinese Medicine. The trial protocol has been approved by the Ethics 
Committee of the Affiliated Hospital of Jiangxi University of Chinese Medicine (approval number: 
JZFYLL202400822103) and has been prospectively registered at clinicaltrials.gov (registration number: 
NCT06611332). Prior to participating in the trial, all participants will sign the informed consent form. The implementa-
tion of the trial will strictly follow the Declaration of Helsinki.39 The reporting of this trial protocol adhered to the 
Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) statement (Supplementary Table S1).40,41

Participants
Eligible patients should be diagnosed with LDHR in accordance with the criteria of the North American Spine Society’s 
guidelines,3 namely, local displacement of the lumbar intervertebral disc material beyond the normal margin of the 
intervertebral disc space confirmed by computed tomography or magnetic resonance imaging, resulting in pain, weakness 
or numbness distributed in the muscular or cortical layers. In addition, patients should be aged between 18 and 70 years 
and have a Numerical Rating Scale (NRS) score of lower back and leg pain ≥4 points that persists for at least three 
months. Recruitment is scheduled to start in October 2024 and is anticipated to end in October 2025.

The following patients will be excluded: those who have undergone previous spinal surgery; those who have received 
any physical therapy for LDHR in the past three months, such as epidural local block and acupoint stimulation 
treatments; those with concurrent diseases that can cause low back or leg pain, such as spinal fractures, epidural 
abscesses, spondylolisthesis, lumbar spinal stenosis, synovial cysts, and symptomatic foraminal stenosis caused by 
severe degenerative diseases; those with severe nerve injuries such as lower extremity muscle atrophy, paralysis, and 
cauda equina syndrome; those with previous severe mental illness, organ failure or malignant tumors; those who plan to 
undergo spinal surgery or other major surgeries within the next three months; those who are pregnant or lactating; and 
those who are expected to have poor compliance or are unwilling to sign the informed consent form.

During the trial, if a participant underwent lumbar spine surgery or experienced serious adverse reactions that made it 
impossible for them to continue participating in the trial, they will be determined to be unable to continue.

Randomization and Allocation Concealment
Eligible participants will be randomly assigned at a 1:1 ratio to the electroacupuncture group or the sham electroacu-
puncture group. An independent researcher will generate and save the random sequence via the “blockrand” package in 
R version 4.2.2. Block randomization will be applied, with dynamically varied block sizes automatically generated as 
a random combination of 4 or 6 by the “blockrand” algorithm. The random sequence will be sealed within sequentially 
numbered scratch cards. Neither the acupuncturists nor the patients could know the randomized grouping before 
scratching the coating, thereby achieving allocation concealment. During the trial, the acupuncturists will not be blinded, 
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whereas the patients, the researchers collecting the outcome data, and the researchers analyzing the data will be blinded. 
For this purpose, we will implement a sham electroacupuncture intervention for patients in the control group (Figure 1).

Interventions
The intervention will be administered by two qualified acupuncturists who possess at least five years of experience in 
electroacupuncture. The acupuncturists will receive training in standardized interventions before the trial. During the 
trial, disposable acupuncture needles manufactured by Suzhou Medical Supplies Factory Co., Ltd. and an SDZ-II 
electroacupuncture apparatus will be used.

In the electroacupuncture group, we will select the acupoints that frequently show a force-sensitive state in patients 
with LDHR for acupuncture. The latest acupuncture research has demonstrated that acupoints in a force-sensitive state 
are more sensitive to the stimulation of mechanical force and are thus more likely to achieve the “deqi” sensation, which 
is expected to result in better therapeutic effects. For LDHR, the acupoints with a high frequency of force-sensitive states 
include Shenshu (BL23), Dachangshu (BL25), Huantiao (GB30), Yinlian (LR11), Ququan (LR8), Mingmen (GV4), 

Patient recruitment

Baseline assessment and screening

Patients meeting eligibility criteria
(n=170)

Randomization allocation
(Ratio 1:1)

Sham electroacupuncture
(n=85)

Electroacupuncture
(n=85)

8-week intervention
Assessment: weeks 0, 2, 4, and 8

• CT or MRI examination
• NRS scores of low back and leg pain
• RMDQ, JOA, HAMD-17, HAMA, ISI, PSEQ

16-week no intervention follow-up
Assessment: weeks 16 and 24

Statistical analysis

Primary outcome
• Responders assessed by the NRS score
Secondary outcomes
• NRS scores of low back and leg pain
• RMDQ, JOA, HAMD-17, HAMA, ISI, PSEQ
• Proportion of use of analgesics, incidence of 

lumbar spine surgery
• Safety assessment
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Figure 1 Flowchart of the trial procedure. This is a randomized, single-blind, sham-controlled trial. Block randomization and patient single-blinding will be implemented. 
Patients in the electroacupuncture group will receive treatment at the bilateral BL23 and BL25 acupoints using a continuous wave at 4.0 hz frequency and 2 mA current 
intensity. The sham electroacupuncture group will undergo shallow insertion (2–3 mm depth) at nonacupoint locations with a weak current stimulation of 0.1–0.2 mA. The 
total follow-up period spans 24 weeks, including an 8-week intervention phase and a 16-week intervention-free follow-up phase. 
Abbreviations: NRS, Numerical Rating Scale; RMDQ, Roland‒Morris Disability Questionnaire; JOA, Japanese Orthopedic Association Scale; HAMD-17, Hamilton 
Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; ISI, Insomnia Severity Index; PSEQ, Pain self-efficacy Questionnaire.
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Yaoyangguan (GV3), Weizhong (BL40), Zhibian (BL54), Chengshan (BL57), and Kunlun (BL60). The former eight will 
be selected as the main acupoints, and the latter three will be the accessory acupoints. Patients will be positioned in 
a prone posture, and following skin disinfection, disposable Hwato filiform needles will be inserted into the designated 
acupoints. The insertion depth ranges from 30 to 50 mm, with the needle gauge and angle adjusted according to the 
anatomical location and individual somatic variations. The detailed acupoint locations and needling parameters for the 
electroacupuncture group are provided in Supplementary Figure S1 and Supplementary Table S2. The acupuncturist will 
perform small and equal lifting-thrusting-rotating manipulations at all acupoints once every 10 minutes for 30 seconds to 
induce “de qi” sensations, such as comfortable pain, numbness, swelling, and heaviness. The needles will be retained for 
30 minutes. On this basis, electroacupuncture therapy will be implemented: the positive and negative electrodes of the 
electroacupuncture apparatus will be connected to the needle handles of the bilateral BL23 and bilateral BL25, 
respectively, with a continuous wave, a frequency of 4.0 hz, and a current intensity of 2 mA. The current stimulation 
will also last for 30 minutes per session.

In the control group, patients will receive sham electroacupuncture at sham acupoints. After the correct acupoints are 
excluded, those positioned 2 cm horizontally lateral to these correct acupoints will be designated sham acupoints for the 
control group. The detailed acupoint locations and needling parameters for the control group are presented in 
Supplementary Figure S2 and Supplementary Table S3. To make stimulation comparable between the two groups, the 
number of filiform needles used in the control group will be identical to that used in the electroacupuncture group. The 
acupuncturist will insert the needles into the skin at a shallow depth of 2 to 3 mm perpendicularly to the skin at the sham 
acupoints and then disturb the needles only slightly without lifting-thrusting-rotating manipulation. Simultaneously, the 
needle handles at the sham acupoints of bilateral BL23 and BL25 will be connected to the electroacupuncture apparatus, 
with a weak current of 0.1 to 0.2 mA. The needle and current stimulation will also be administered for 30 minutes. 
Although this sham protocol may produce minimal physiological stimulation, its therapeutic impact on outcome 
evaluation is considered negligible compared to the placebo effect addressed by the sham design.42,43 During the trial, 
the treatment time and place of each participant will be staggered to prevent any communication between patients in 
different groups.

Participants in both groups will receive the interventions starting from the day of randomization, with a treatment 
frequency of one session every other day for 8 consecutive weeks. All participants will receive two extended visits 
without interventions at weeks 8 and 16 after the end of the interventions. The total length of follow-up will be 24 weeks.

During the trial, participants will be required not to take oral analgesics. However, if the pain is severe and 
intolerable, patients are allowed to take emergency oral analgesics to alleviate the pain. All the subjects will be prohibited 
from receiving other acupoint stimulation therapies. The treatment for other comorbidities is not restricted; for example, 
those with hypertension can take antihypertensive drugs. Any violations of these requirements will be recorded truthfully 
but will not affect the subsequent treatment and follow-up processes of the trial.

Outcomes
Primary Outcome
The primary outcome is the proportion of responders at weeks 8 and 24. A responder is defined as having at least 
a 2-point reduction in the NRS score for both low back pain and leg pain compared with baseline, which is the minimal 
clinically important difference (MCID) of this scale.44,45 The response assessment at week 8 will be conducted 
immediately after the completion of treatment.

Secondary Outcomes
We will evaluate changes from baseline in the following secondary efficacy outcomes at weeks 2, 4, 8, 16, and 24:

1) Intensity of low back pain as measured by the NRS score.
2) Intensity of leg pain as measured by the NRS score.
3) Level of disability as measured by the Roland‒Morris Disability Questionnaire;46 this scale consists of 24 items, 

with a score ranging from 0 to 24 points; a higher score indicates more severe functional disability, and the MCID is 5 
points.47
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4) Performance status as measured by the Japanese Orthopedic Association (JOA) Scale;48 this scale assesses three 
domains of performance status: symptoms, walking ability, and activities of daily living, with scores ranging from 0 to 29 
points; a higher score indicates better lumbar spine functional status, and the MCID has not been established.

5) The severity of depression as measured by the Hamilton Depression Rating Scale (HAMD-17);49 this scale consists 
of 17 items, with a total score of 0 to 54 points; a higher score indicates more severe depression, and the MICD score is 2 
points.50

6) Severity of anxiety as measured by the Hamilton Anxiety Rating Scale (HAMA);51 this scale consists of 14 items, 
with a total score of 0 to 56 points; a higher score indicates more severe anxiety, and the MCID is 3.91 points.52

7) Sleep quality as measured by the Insomnia Severity Index (ISI);53 this scale has 7 items, with a total score of 0 to 
28 points; a higher score indicates more severe insomnia, and the MCID is 2.4 points.54

8) Pain self-efficacy as measured by the Pain Self-Efficacy Questionnaire (PSEQ);55 this scale has 10 items, with 
a score range of 0 to 60; a higher score indicates stronger self-efficacy, and the MCID is 6.48 points.56

9) The proportion of emergency use of analgesics (at weeks 8 and 24).
10) The incidence of any lumbar spine surgery (at weeks 8 and 24).

Safety Outcomes
The safety outcomes include the incidences of any adverse events (AEs), treatment-related AEs, and serious adverse 
events (SAEs). AEs include those reported by patients and determined by clinicians, without association with the natural 
progression of LDHR. “Treatment-related” refers to any AE determined by clinicians to be caused by electroacupuncture 
or sham electroacupuncture treatment. The anticipated treatment-related AEs include pain, bleeding or subcutaneous 
hematoma at the acupuncture site, broken needles, infections, and syncope. SAEs are defined as those that lead to 
hospitalization or prolongation of hospital stay, disability, a threat to life, or death. In the event of an SAE, the 
intervention to the patient will be terminated, rescue measures will be taken, and an immediate report will be made to 
the ethics committee.

Blinding Evaluation
At the end of the 8-week intervention, we will assess the success rate of blinding using the James Blinding Index (JBI) 
and Bang Blinding Index (BBI).57,58 The JBI evaluates overall blinding, with an index range of 0 (indicating completely 
successful guesses) to 1 (indicating completely failed guesses). A higher value represents more successful blinding. 
A JBI of 0.5 indicates that half of the guesses are correct and that half are incorrect, signifying ideal blinding.59 The BBI 
evaluates the blinding of each group, with a range of −1 to 1, where a positive value represents failed blinding (ie, more 
subjects guessed the grouping correctly), a negative value represents successful blinding (ie, more subjects guessed the 
grouping incorrectly), and 0 implies an ideal blinding outcome.60 Blinding is considered successful when the upper limit 
of the 95% CI for JBI is >0.5 and the BBI index is <0.3.58,61

Visit Schedule
During the intervention period, patients will receive four visits at baseline and at the end of weeks 2, 4, and 8. During the 
extended follow-up period, they will receive two visits at the end of weeks 16 and 24. The time window for the first three 
visits is ±3 days, whereas for the last two visits, it is ±5 days. If a patient fails to receive a visit within the stipulated time 
window, data for this visit will no longer be collected and will be regarded as missing. At the baseline follow-up, we will 
collect data on demographic characteristics (age, sex, ethnicity, marital status, education level, occupation, and body 
mass index) and baseline disease status (location of lumbar disc herniation, duration of LDHR, and baseline scores of 
each outcome). At each follow-up visit, we will assess the primary and secondary outcomes and collect data on the use of 
analgesics, new lumbar surgeries, and AEs. The detailed visit schedule is shown in Figure 2.

Data Collection and Management
Before the initiation of the trial, researchers, including acupuncturists, outcome assessors, and data analysts, will undergo 
training adhering to the standard operating procedure. Data collection will be predicated on a pretested case report form 
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(CRF). A data and safety monitoring board composed of acupuncture experts, orthopedic experts, ethics experts, and 
statisticians will be established to monitor data quality and safety. The baseline and follow-up data of each participant 
will be evaluated by the same researcher to guarantee data consistency. Paper-based CRF files will be stored in a locked 
filing cabinet and managed by an independent researcher. Once the data collection is accomplished, two independent 
researchers will independently and repeatedly input the data into the electronic data collection form created in Microsoft 
Access (Microsoft Corporation, USA). A third researcher will subsequently verify the results of the two data entries and 
corrected inconsistencies by referring to the original CRF. The electronic dataset will be anonymized and doubly backed 
up in a dedicated computer.

Recruitment and Compliance Assurance
We will recruit participants via official websites, posters, and recommendations from clinicians. The participants will be 
informed of the entire trial protocol, especially the intervention and follow-up they will undergo during the trial. Only 
after providing their informed consent can participants engage in this trial. To facilitate recruitment and patient 
compliance, patients in the electroacupuncture group will receive free 8-week electroacupuncture treatment, whereas 
those in the control group will receive the same free treatment as the trial group upon the completion of the trial. In 
addition, patients will undergo a comprehensive assessment of their disease condition at each visit, which also contributes 
to enhancing the enthusiasm of patients to participate in the study.

Sample Size Calculation
The sample size calculation was informed by preliminary data from our nonrandomized pilot trial, which reported 
response rates of 76.7% (electroacupuncture) and 50.0% (control) (the results have not yet been published). To ensure 
robustness, we conservatively hypothesize that the proportion of responders is 75% in the electroacupuncture group and 
55% in the control group. With the allowed type I error probability set at 5% and the type II error probability at 20%, the 

Figure 2 Schedule of study visits. 
Abbreviations: NRS, Numerical Rating Scale; RMDQ, Roland‒Morris Disability Questionnaire; JOA, Japanese Orthopedic Association Scale; HAMD-17, Hamilton 
Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; ISI, Insomnia Severity Index; PSEQ, Pain self-efficacy Questionnaire.
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sample size calculation formula of superiority design yielded a sample size of at least 68 patients in each group. 
Considering a 20% attrition rate, we increased the sample size in each group to 85 cases, with a total sample size of 170 
cases.

Statistical Analysis
The statistical analysis of the efficacy outcomes will be based on the full analysis set established by the modified 
intention-to-treat principle, which includes all patients who received one randomization intervention and had at least one 
outcome measurement of low back and leg pain. Regarding the primary outcome, only when a statistically significant 
between-group difference is obtained at week 8 will the results at week 24 be evaluated as the primary outcome. 
Sensitivity analysis for efficacy outcomes will be conducted based on the per-protocol set, which is the population 
without major protocol violations, including completing at least 80% of the intervention sessions, being visited within the 
study visit window, having the last visit, and not receiving emergency analgesics, other acupoint stimulation therapies, or 
lumbar surgeries during the trial. Missing values will be imputed via multiple imputation based on the regression model. 
Safety outcomes will be based on the safety set, where patients who receive one dose of intervention will be included in 
the corresponding group.

The baseline characteristics and outcome data of the patients will be described using means and standard deviations 
(for continuous variables with a normal distribution), medians and interquartile ranges (for continuous variables with 
a skewed distribution), or frequencies and percentages (for categorical or ordinal variables). The generalized linear 
mixed-effects model for repeated measures will be used to estimate the treatment effects, where the link function for 
binary outcomes is logit and that for continuous outcomes is identity. The main effect will be the treatment group; the 
fixed-effect covariates will include age, disease duration, baseline NRS score of low back pain, history of analgesics, 
time, and treatment × time interaction; and the random-effect covariates will be patient ID and acupuncturist. The effect 
sizes of binary and continuous outcomes will be measured by odds ratios and mean differences along with their 95% 
confidence intervals, respectively. All the statistical analyses will be performed in SAS 9.4 (SAS Institute Inc). As 
a hierarchical test is conducted for the primary outcome, no multiplicity correction is implemented, with the significance 
threshold for all the statistical analyses being α = 0.05. For efficacy outcomes, we will conduct subgroup analyses to 
explore heterogeneity in electroacupuncture (EA) effects across populations: sex (male vs female), age (<60 years vs ≥60 
years), and pain duration (<6 months vs ≥6 months). Statistical differences between subgroups will be tested by including 
subgroup × treatment interactions in the mixed-effects models.

Discussion
This research is designed as a single-blind, randomized, sham-controlled trial. Electroacupuncture has well-established 
basic research evidence supporting its mechanisms. It achieves analgesic effects through multiple pathways, including 
stimulating the endogenous opioid system to release β-endorphin, enkephalin, and dynorphin; modulating pro- 
inflammatory and anti-inflammatory cytokine levels via neuroimmune interactions; and increasing brain-derived neuro-
trophic factor levels to promote synaptic regeneration and cortical functional reorganization.62–64 The completion of this 
trial will provide detailed and precise evidence regarding the efficacy and safety of electroacupuncture in the treatment of 
LDHR in humans. The advantages of this trial are manifested in the following aspects.

One advantage of this trial lies in the selection of important outcomes for patients. Specifically, the proportion of 
responders defined by a reduction of at least 2 points in the NRS score is used as the primary outcome. The NRS scale 
has good validity and repeatability and is widely used in studies of chronic low back pain because of its robust 
psychometric information.65 The NRS has been demonstrated to have fewer missing or incomplete data than the 
Visual Analogue Scale, potentially because the NRS is more straightforward in understanding and expressing the 
intensity of chronic pain, thereby reducing the response time.44 The receiver operating characteristic curve indicates 
that a cutoff of 2 points has the best ability to differentiate responders from nonresponders.66 Clinical trials have also 
confirmed that for patients with low back pain, a reduction of at least 2 points in the total NRS score can be used as the 
threshold for predicting low back pain relief.67 Therefore, the selection of this threshold to calculate the proportion of 
responders in our primary outcomes is conducive to accurately reflecting the treatment effect. In addition, LDHR may 
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affect functional status, sleep, psychological condition, and quality of life. Therefore, we employed multiple scales (ie, 
the RMDQ, JOA, HAMD-17, HAMA, ISI, and PSEQ) to comprehensively evaluate the efficacy of electroacupuncture 
for various symptom dimensions of LDHR. Furthermore, some studies suggest that electroacupuncture may only have 
short-term efficacy that is not sustainable.37,38 Therefore, in addition to the 8-week intervention period, we will conduct 
a 16-week nonintervention follow-up (weeks 9 to 24) to observe the sustained effects after the end of the electro-
acupuncture intervention.

Another advantage is the reasonable control design and the implementation of blinding for participants. Selecting an 
appropriate sham control in acupuncture trials is crucial for ensuring the success of blinding.68 A placebo is, in principle, 
required to be ineffective; however, there is currently no flawless placebo control for acupuncture. Some previous studies 
have shown that all sham acupuncture methods are noninert and elicit a certain placebo effect (nonspecific effect),69 

which may be related to the activation of the spinal pain inhibitory system and diffuse noxious inhibitory control.26,70 

Although the analgesic effect of sham acupuncture may be weak, it diminishes the difference from that of real 
acupuncture.71 In acupuncture studies, insertion at acupoints has the greatest placebo effect, followed by insertion at 
nonacupoints, no insertion at nonacupoints, and no insertion at acupoints.71 Considering that Chinese people are 
generally acquainted with electroacupuncture, we chose the placebo design of superficial insertion at nonacupoints and 
nonmeridians with a weak current to give patients the sensation of insertion into the skin and electrocution, striving to 
achieve the minimum placebo effect while ensuring the success of blinding. To evaluate the blinding effect, we will 
assess the overall blinding and within-group blinding through the JBI and BBI at the end of week 8, and the results of the 
two indices can also be regarded as sensitivity analyses for each other.

If our trial validates that electroacupuncture is an effective and safe approach for treating LDHR, it could change 
clinical practice. First, electroacupuncture may emerge as an important option for patients with LDHR, thereby reducing 
reliance on invasive surgeries and pharmacological interventions while improving quality of life. Compared with exercise 
therapy, transcutaneous electrical nerve stimulation, and manual therapy, electroacupuncture can also be anticipated to 
demonstrate superior immediate analgesic effects and long-term adherence.12–15,17 Second, the results of this trial will 
also provide clinicians with evidence for decision-making through subgroup analyses. We predefined three subgroup 
analyses stratified by sex, age, and pain duration, with hypotheses about effect directions. With respect to sex, we 
anticipate that female patients will achieve better outcomes than male patients, since estrogen enhances μ-opioid receptor 
signaling, which may improve the analgesic response.18 With respect to age, we hypothesize that younger patients 
respond better than older patients, as younger individuals typically exhibit milder intervertebral disc degeneration, where 
nerve root edema is the primary pathology. The anti-inflammatory effects of electroacupuncture may alleviate nerve root 
compression in these patients, leading to better outcomes. In contrast, older patients have a reduced capacity for neural 
adaptive remodeling, leading to poorer recovery.72 For pain duration, we hypothesize that patients with symptoms lasting 
<6 months will benefit more from electroacupuncture, as early-stage inflammation is more responsive to the immuno-
modulatory effects of electroacupuncture.73 Thus, subgroup findings could guide personalized clinical interventions— 
such as more intensive electroacupuncture for short-duration cases, adjunctive neurorestorative therapies for elderly 
patients, and menstrual cycle-based (ie, estrogen fluctuation-guided) frequency adjustments—to optimize efficacy.

This RCT may also suffer from several limitations. First, although we have standardized the electroacupuncture 
protocol and will provide unified training for practitioners, variations in practitioners’ expertise are unavoidable. These 
differences may affect the accuracy of acupoint localization, the proficiency of needling techniques, the consistency of 
needle insertion depth, and patients’ perception of deqi sensation, potentially introducing bias. Second, the sustained 
therapeutic effects after electroacupuncture cessation hold significant clinical value for LDHR; however, our 16-week 
untreated extended follow-up period may be insufficient to capture all long-term outcomes. Financial constraints 
currently prevent longer-term monitoring. Third, although we designed sham procedures with superficial needling at 
nonacupoint sites for the control group, minimal therapeutic effects from shallow penetration may still occur, leading 
to bias. However, this bias is negative (conservative). Should electroacupuncture still demonstrate efficacy compared 
with the sham electroacupuncture group under these conditions, the results would be more robust. Fourth, this RCT did 
not explore dose‒response relationships in electroacupuncture for LDHR. Should this trial confirm the efficacy of 
electroacupuncture for LDHR, the next step could involve dose-response studies, such as testing different 
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combinations of current intensity and frequency, to determine the optimal electroacupuncture protocol for LDHR. 
Finally, as this is a single-center study conducted in China, the generalizability of the findings may be limited. After 
obtaining our results, further validation through multicenter studies—particularly international multicenter trials—may 
be necessary.

Conclusion
This RCT will provide confirmatory evidence for the efficacy and safety of electroacupuncture in treating LDHR. Should 
the study results demonstrate significant therapeutic effects with favorable safety profiles, electroacupuncture could serve 
as a minimally invasive alternative to certain medications and surgical interventions, thereby emerging as a novel clinical 
option for LDHR management. The evidence generated from this RCT may facilitate the integration of electroacupunc-
ture into multimodal pain management strategies and inform updates to clinical practice guidelines for LDHR. Building 
upon the findings of this RCT, future research directions could prioritize extended follow-up studies to assess the 
sustainability of electroacupuncture effects and dose‒response relationship studies to identify optimal electroacupuncture 
regimens.
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