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Purpose: Chronic neck pain (CNP) is a common but challenging symptom in clinical practice. Acupuncture is widely used in 
alleviating the symptoms of CNP. The main objective of this study was to evaluate the efficacy and safety of electroacupuncture (EA) 
in patients with CNP and to quantify the specific effects of EA by controlling for placebo effects.
Patients and Methods: A randomized sham-controlled trial was conducted at the outpatient departments of single hospital in China 
from November 2019 to November 2020 and a total of 105 participants with CNP were enrolled. Participants were randomly assigned 
(1:1:1) to the EA group, sham electroacupuncture (SEA) group and waiting list (WL) group. The primary outcome was change in the 
Northwick Park Neck Pain Questionnaire (NPQ). Secondary outcomes included McGill Pain Questionnaire (MG), visual analogue 
scale (VAS) and pain threshold (PT).
Results: This randomized clinical trial included 98 patients. The EA group demonstrated a greater reduction in NPQ scores compared 
to the SEA group after 10 sessions (−7.2564, 95% CI=−12.2875 to −2.2253, P=0.0054) and at 3-month follow up (−7.0090, 95% CI= 
−10.5039 to −3.5140, P=0.0002). After 10 sessions, the EA and SEA groups exhibited greater reductions in NPQ scores compared to 
the WL group (EA vs WL: P<0.001, [95% CI=6.570 to 15.503]; SEA vs WL: P=0.027, [95% CI=0.578 to 9.580]). However, the EA 
group achieved clinically significant NPQ improvements (>25%), whereas the SEA group failed to meet this criterion.
Conclusion: This randomized clinical trial found that, in patients with CNP, EA significantly improved the symptoms compared with 
SEA and WL groups both immediately and cumulatively (at 5 weeks), and these benefits persisted through week 17. These 
comparisons demonstrated that EA’s clinical benefits exceeded placebo effects.
Keywords: electroacupuncture, chronic neck pain, randomized controlled trial, placebo effect, analgesic effect

Introduction
Neck pain, which may eventually lead to substantial disability, is a common but challenging symptom in clinical 
practice,1 with a lifetime prevalence rate of 48.5%.2 Between 22% and 70% of adults experience neck pain or stiffness 
at some point in their lives.3 Chronic neck pain (CNP) is associated with a substantial economic burden on healthcare 
systems.4 Conventional treatment for CNP, including pharmacotherapy, intra-articular injections, and surgical interven
tions, provide moderate efficacy but are often accompanied by severe adverse effects.5,6 Non-pharmacological interven
tions, such as physical exercise, have gained recognition as a viable pain management strategy.7 Furthermore, 
complementary and alternative medicine therapies, such as manual therapy, osteopathic manipulation, and Qigong, 
have witnessed a surge in popularity.2 Acupuncture, an essential component of complementary and integrative therapies, 
offers a potentially beneficial approach to current pain management. A systematic review identified acupuncture as one of 
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the most widely used tools in complementary medicine for treating CNP.8 Furthermore, a meta-analysis confirmed that 
acupuncture significantly alleviates CNP symptoms,9 with electroacupuncture (EA) demonstrating enhanced analgesic 
effects compared to traditional acupuncture.6

The mechanisms underlying EA’s analgesic effects involve triggering bioactive molecules through the central and 
peripheral nervous systems via distinct pathways.10 In addition to specific effects, the role of placebo effects in these 
outcomes remains controversial. A Cochrane review found moderate-quality evidence that acupuncture relieved pain 
more effectively than sham acupuncture,3 whereas a randomized controlled trial attributed its benefits entirely to placebo 
responses.11 Placebo effects of EA include contextual and non-specific effects.12–14 Notably, sham acupuncture often 
elicits stronger placebo effects than pharmacological placebos due to the tactile component of the intervention.15 

Therefore, it remains a challenge to distinguish the specific effects of acupuncture therapies from the placebo effect in 
randomized controlled trials of acupuncture.16

Moreover, the waiting list (WL) control group, commonly used in acupuncture trials, is designed to control for non- 
specific effects by accounting for observation and assessment (Hawthorne effects), the natural course of the illness, and 
regression to the mean.12 A meta-analysis demonstrated that WL groups often produce positive effects in clinical studies 
compared to intervention groups.17,18 However, delaying acupuncture treatment may have negative consequences for 
CNP patients, such as worsening symptoms or increased psychological stress. To address these concerns, our study 
included a WL group to investigate both the non-specific effects in untreated subjects and the potential adverse effects of 
delayed treatment.

The main objective of this study was to evaluate the efficacy and safety of EA compared with sham electroacu
puncture (SEA) and WL groups in patients with CNP. Furthermore, the study sought to quantify the specific therapeutic 
effects of EA by controlling for placebo effects by utilizing the SEA and WL groups.

Materials and Methods
Study Design
This single-center, randomized controlled trial was conducted at Guangdong Provincial Hospital of Chinese Medicine 
from November 2019 to November 2020. This trial was reviewed and approved by the Ethics Committee of Guangdong 
Provincial Hospital of Chinese Medicine (ZF2019-182-01) and was registered with the Chinese Clinical Trial Registry 
(ChiCTR1900027838). The trial complied with the Declaration of Helsinki. All the enrolled subjects were required to 
provide written informed consent. Subjects were informed about their equal chance of allocation to each group. 
Participants in EA and SEA groups received a total of 10 treatment sessions over a period of 5 weeks, with a 12- 
week follow-up. The efficacy and safety outcomes of the EA and SEA group were prospectively evaluated at baseline, 
after 5 sessions of treatment, after 10 sessions of treatment and at the 3-month follow-up visit. Data for participants in the 
WL group were collected at baseline and after 5 weeks (Figure 1).

Setting and Participants
Volunteers were enrolled by posting advertisements in the Second Affiliated Hospital of Guangzhou University of 
Chinese Medicine and on social networks. All recruited subjects underwent a physical examination and radiographic 
assessment to confirm the clinical diagnosis of CNP, and the trial details were explained to them. The diagnosis of 
cervical spondylosis in accordance with the base guideline for Clinical Guidelines for Chiropractic Practice in Canada.2 

Subjects were included only if they met the eligibility criteria and signed an informed consent form. The inclusion 
criteria were aged between 18 and 60 years; diagnosis of cervical spondylosis supported by cervical radiography; neck 
pain symptoms were present, such as pain in the neck, shoulders and occipital area, or limited head and neck movement 
due to the pain or tension or tenderness of neck muscles, with limited head movement, with disease duration >3 
months.19 The exclusion criteria were pregnancy or lactation; diagnosis of other types of cervical spondylosis based on 
clinical manifestations or X-rays; complications of severe systematic diseases such as cardiovascular, cerebrovascular, 
hepatic, or nephrotic diseases or tumors; complications of severe chronic diseases, such as neurosis, dementia, or 
osteoporosis; complications of hemopathy, such as leukemia, thrombocytopenia, or tendency to bleed; considered 
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unsuitable to participate in the trial by the researchers; rejection or incompatibility regarding acupuncture; history of neck 
trauma, cervical fracture, cervical surgery, neurologic impairment, or congenital spinal abnormality.

Randomization and Blinding
Eligible patients were randomized and assigned to one of the EA, SEA, or WL groups at a ratio of 1:1:1 without 
stratification. Random numbers (total number of subjects=105, number of treatment groups=3) were generated using 
PEMS3.1 software and placed in sealed opaque envelopes. Throughout the duration of the trial, blinding was attempted 
for the participants in the EA and SEA groups. The persons responsible for outcome measurement, data collection and 
analyses were blinded to group allocation. The WL group and acupuncturists were not blinded, as it was not feasible to 
implement blinding during the treatment.

Interventions
The subjects were randomly divided into three groups. After baseline assessment, EA and SEA groups received 10 
treatment sessions (twice per week). Each session lasted about 30 minutes with an interval of 3–4 days. Acupuncture 
treatments was performed by licensed practitioners of traditional Chinese medicine with a minimum of five years of 
professional experience.

The EA group received traditional acupuncture therapy involving electrical stimulation. The following four acupoints 
were selected based on our previous study:20 Jingbailao (EX-HN15, bilateral, located in the neck) and Jianzhongshu 
(SI15, bilateral, located on the back) (Figure 2). The name and location of the acupoints followed the World Health 
Organization (WHO) standards.21,22 Disposable stainless steel acupuncture needles (0.3×25 mm; Suzhou Tianxie 
Acupuncture Instruments Co. Ltd., SuZhou City, China) were inserted into the muscular tissue of the acupoints through 
the fixed foam. The angle and depth of the needles were adjusted until subjects achieved a “De qi” sensation (soreness, 
numbness, distention, heaviness, or other acupuncture sensation), and quantitative measurement was conducted during 

Figure 1 CONSORT flow diagram. 
Abbreviations: EA, electroacupuncture; SEA, sham electroacupuncture; WL, waiting list group; VAS, Visual analogue scale.
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the treatment to ensure that the De qi sensation was maintained.23 Next, a Han’s Acupoint Nerve Stimulator (HANS- 
200A, Nanjing, China) was connected to deliver electrical stimulation to the acupoints for 30 minutes using a dense-and- 
disperse wave at a frequency of 2/100 hz, which has been shown to effectively alleviate pain.24

The SEA group received non-invasive sham needles, a method previously demonstrated to provide reliable placebo 
control in acupuncture trials.25 This device involved the use of a blunted needle and a cube of elastic foam for needle 
positioning. The acupuncturist first fixed the foam on the same acupoints as those used for the EA group. In contrast to 
the verum acupuncture device, in which the sharp needle was inserted into the skin through the foam, the placebo device 
held the blunted needle within the foam. These needles did not penetrate the skin but stayed upright over the skin. Next, 
Han’s Acupoint Nerve Stimulator was connected using the same method as in the EA group without electrical output. 
The sham needles were retained for 30 minutes.

Participants assigned to the WL group did not receive any treatment but were informed they would receive 10 
sessions of complimentary acupuncture after 5 weeks.

Outcomes
The primary outcome was change in the Northwick Park Neck Pain Questionnaire (NPQ). The NPQ is a 9-parameter tool 
for assessing pain and functional performance in patients with neck pain, with higher scores representing greater neck 
disability. It has been validated in various study populations.26,27

The short-form McGill Pain Questionnaire (MG), visual analogue scale (VAS) and pain threshold (PT) were used as 
the secondary outcome measures. The MG is a valid, reliable, and well-established tool, with 15 descriptors that can be 
used to assess the quality of pain in three dimensions (affective, evaluative, and sensory).28 The VAS (a 10-cm line 
oriented horizontally) was used for assessing pain intensity. Subjects are asked to mark the line according to their current 
pain intensity, with 0 indicating no pain and 10 indicating the worst pain.29 To assess the PT, which is an important 
measure in chronic pain, we placed the anode electrode of a BIO-EVF3 device (Friends Honesty Life Sciences Co. Ltd., 
Hong Kong, China) on the neck pain location, with the cathode on the leg.30 A gradually increasing current (0–2 mA) 
was administered and the subject pressed the stop button as soon as they felt pain. The mean of three current intensities 
(mA) was recorded as the PT.

Data Collection
In EA and SEA group, VAS score was assessed before and immediately after each treatment session and at the 3-month 
follow-up, while NPQ, MG scores and PT were assessed at baseline, after the 5th and after 10th treatment sessions, and at 
the 3-month follow-up. In WL group, NPQ, MG, VAS scores and PT were assessed at baseline and after 5 weeks. The 
following data were also collected: baseline characteristics, EA current intensity in each EA session, medications taken, 
and adverse events (AEs).

Figure 2 The details of electroacupuncture and sham electroacupuncture. (A) Black circles were the location of main acupoints. (B) The manipulation of electroacu
puncture and sham electroacupuncture.
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Sample Size Calculation
The sample size was calculated based on α=0.05 (5% chance of a type 1 error), 1-β=0.80 (power of 80%), and the mean 
and standard deviation (SD) of NPQ scores in our pilot study (the protocol and the statistical analysis plan are available 
in Supplementary Material 1). The means of the NPQ score in the EA, SEA, and WL groups of our pilot study were 
13.99, 19.00 and 21.89 respectively and a pooled SD was 9.65. The minimum required number of subjects per group was 
determined to be 30. Given a predicted 15% follow-up loss rate, the final required sample size was determined to be 105 
(35 subjects per group).

AEs
We planned to record any expected or unexpected AEs during the treatment period. The expected AEs included the 
following: dizziness on needle insertion, severe pain during the treatment, bleeding or ecchymoma at the acupoints, 
convulsion, needle breakage, and localized infection. We planned to report all AEs immediately to the primary 
investigator and ethics committee, who were to decide whether withdrawal of the subject was necessary.

Statistical Analyses
Descriptive statistics summarized demographic and baseline characteristics. The Shapiro–Wilk test was used to assess 
normality. Baseline differences between groups were analyzed using ANOVA for normally distributed continuous 
variables, the Kruskal–Wallis H-test for non-normally distributed variables, and the Chi-square test for categorical 
variables. For the EA and SEA groups, efficacy was assessed at four-time points: pre-treatment, after the 5th and 10th 
sessions, and at the 3-month follow-up, using repeated measures ANOVA, Bonferroni tests will be used to adjust for 
multiple comparisons where appropriate. For the EA, SEA, and WL groups, between-group efficacy was compared at 
pre-treatment and after the 10th session using ANOVA, and within-group comparisons were conducted using paired 
t-tests or Wilcoxon signed-rank tests. Clinical significance for the NPQ score, the primary outcome, was defined as 
a >25% reduction from baseline.31 All data were presented as mean ± SD, with the significance level set at 0.05. Post hoc 
analyses were performed as needed. All statistical analyses were performed using SPSS 20.0.

Results
Participants
Out of 105 potential participants screened, 102 patients with CNP (mean [SD] age, 34.83 [13.79] years) were randomly 
assigned to the EA group (n = 33), the SEA group (n = 32) or the WL group (n = 33). Of the 102 randomized 
participants, 98 completed the study, and 65 provided VAS score data after each of the 10 treatment sessions in the EA 
and SEA groups (Figure 1). No significant difference was found in age, gender, duration of forward head per day, 
frequency of pain per week, lasting hours per week, course of disease, NPQ score, MG score, VAS score and PT score 
between groups (Table 1). No AEs were reported during the study.

Table 1 Demographic and Clinical Characteristics of Patients

Electroacupuncture Sham Electroacupuncture Waiting-List

Sex (female), N(%) 15 (33.3%) 14 (31.1%) 16 (35.6%)

Age (year), mean (SD) 36.24±15.18 34.31±13.53 33.93±12.87

Duration of forward head per day (hours), mean (SD) 5.12±2.34 6.19±2.35 5.76±2.6
Frequency of pain per week, mean (SD) 3.44±3.96 2.94±1.46 2.41±1.24

Lasting hours per week (hours), mean (SD) 3.89±5.57 3.72±5.58 4.32±7.99

Course of disease (months), mean (SD) 54.03±47.29 42.69±34.08 40.12±26.43
NPQ score, mean (SD) 23.55±11.67 24.85±11.22 24.11±10.59

MG score, mean (SD) 15.79±7.12 13.24±5.27 13.92±9.00

VAS score, mean (SD) 4.52±1.47 3.76±1.40 4.17±1.45
PT score, mean (SD) 154.30±77.42 148.33±57.50 148.87±46.43

Abbreviations: NPQ, Northwick Park Neck Pain Questionnaire; MG, McGill Pain Questionnaire; VAS, Visual analogue scale; PT, Pain threshold.
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Primary Outcome
NPQ Scores
The reduction of NPQ scores differed significantly between the EA and SEA groups over the course of the study 
(F=3.6228, P=0.0179). In the EA group, there was a significant reduction of 6.2203 (95% CI, 2.5595 to 9.8811, P<0.001) 
and 11.1864 (95% CI, 7.0896 to 15.2831, P<0.001) in NPQ scores from baseline after both the 5 and 10 sessions, 
respectively, with a further significant decrease of 4.9660 (95% CI, 2.0430 to 7.8892, P<0.001) in NPQ scores between 
these two-time points. At the 3-month follow-up, a significant reduction of 9.3736 (5.0496 to 13.6976) was observed. In 
contrast, compared to baseline, the SEA group showed a significant decrease of 4.1048 (95% CI=0.3873 to 7.8224, 
P=0.0227) in NPQ scores after the 5 sessions, which persisted through the 10 sessions (95% CI=1.0688 to 9.3893, 
P=0.0065). However, no significant difference was observed between the 5th and 10th sessions within the SEA group. 
After 5 sessions, no significant difference was observed between the EA and SEA groups. However, the EA group 
demonstrated a greater reduction in NPQ scores compared to the SEA group after 10 sessions (−7.2564, 95% CI= 
−12.2875 to −2.2253, P=0.0054) and at 3-month follow-up (−7.0090, 95% CI=−10.5039 to −3.5140, P=0.0002) (Table 2 
and Figure 3). Interestingly, the EA group achieved a clinically significant reduction in NPQ, with a decrease of over 
25% after 5 sessions (26.42%) and 10 sessions (47.50%). In contrast, the SEA group only induced a 21.04% reduction in 
NPQ after 10 sessions. We then compared the effects on the NPQ scale across the EA, SEA and WL groups. After 10 
sessions, both the EA and SEA groups exhibited a greater reduction in NPQ scores compared to the WL group (EA vs 
WL: P<0.001, [95% CI=6.570 to 15.503]; SEA vs WL: P=0.027, [95% CI=0.578 to 9.580]) (Table 3 and Figure 3). 
Compared to the WL group, the EA group demonstrated an effect size of 1.16 in Cohen’s d test. When compared to the 
SEA group, the effect size for the EA group was 0.67 in Cohen’s d test.

Secondary outcomes
MG
The reduction of MG scores differed significantly between the EA and SEA groups over time (F=3.6354, P=0.0176). In the 
EA group, a significant reduction in MG scores was observed from baseline following both the 5 sessions (5.2939, P<0.001, 
95% CI=2.8133 to 7.7746), 10 sessions (8.1969, P<0.001, 95% CI=5.2711 to 11.1229) and at 3-month follow up (7.6515, 
P<0.001, 95% CI=3.7722 to 11.5308), with an additional notable decrease in MG scores occurring between the 5th sessions 
and 10th sessions (2.9030, P<0.001, 95% CI=1.0979 to 4.7081) (Table 4 and Figure 3). In the SEA group, similar to the NPQ 
scores, MG scores significantly decreased after 5 sessions (P=0.0278, 95% CI=0.1965 to 5.2347) and remained stable 
through the 10th session (P=0.0208, 95% CI=0.3413 to 6.2837), with no significant difference was observed between the 5th 
and 10th sessions or at 3-month follow up. However, no significant difference observed between the EA and SEA group after 
5 sessions, 10 sessions and at 3-month follow up respectively (Table 4 and Figure 3).

After 10 sessions, compared to the WL group, both the EA (P<0.001, 95% CI=5.1219 to 11.2539) and SEA group 
(P=0.0364, 95% CI=0.2135 to 6.3933) demonstrated a significant reduction in MG scores (Table 3 and Figure 3).

Table 2 Primary Outcome

Time NPQ Score, Mean (SD) Mean Change in NPQ Score  

from Baseline (95% CI)a

Electroacupuncture vs Sham 

Electroacupuncture

Group 

x Time 

Interaction

Time Group

Electroacupuncture 

(n=33)

Sham 

Electroacupuncture 

(n=32)

Electroacupuncture Sham 

Electroacupuncture

Difference (95% CI) P valueb

Baseline 23.5506 (11.6725) 24.8497 (11.2244) NA NA NA NA F=3.6228, 

P=0.0179

F=19.3768, 

P<0.001***

F=7.3230, 

P=0.00875 sessions 17.3303 (9.1610) 20.7448 (8.6696) 6.2203 

(2.9868 to 9.4538)

4.1048 

(1.9637 to 6.2460)

−3.4145  

(−7.8382 to 1.0091)

0.1279

10 sessions 12.3642 (10.2457) 19.6206 (10.0456) 11.1864 

(7.9869 to 14.3858)

5.2291 

(2.2641 to 8.1941)

−7.2564  

(−12.2875 to −2.2253)

0.0054

3-months 

follow-up

14.1770 (6.0295) 21.1859 (7.9662) 9.3736 

(5.0496 to 13.6976)

3.6638 

(−1.7161 to 9.0436)

−7.0090  

(−10.5039 to −3.5140)

0.0002

Notes: aOn the VAS, higher scores indicate worse pain. bCompared using Bonferroni correction. ***P<0.001. 
Abbreviations: NA, not applicable; NPQ, Northwick Park Neck Pain Questionnaire.
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VAS
The reduction of VAS scores differed significantly between the EA and SEA groups over time (F=6.1167, P=0.0010). In 
the EA group, a significant reduction in VAS scores was observed from baseline following both the 5 (1.2424, P<0.001, 
95% CI=0.7188 to 1.7660) and 10 sessions (2.1727, P<0.001, 95% CI=1.4453 to 2.9001]), with an additional notable 

Figure 3 The effects between EA, SEA and WL groups. (A–D) The change of NPQ, MG, VAS and PT scores between EA, SEA and WL groups during the study. All values 
plotted were group means (EA: n=33; SEA: n=32; WL: n=33), error bars represent 95% CIs. 
Abbreviations: NPQ, Northwick Park Neck Pain Questionnaire; MG, McGill Pain Questionnaire; VAS, Visual analogue scale; PT, Pain threshold; EA, electroacupuncture; 
SEA, sham electroacupuncture; WL, waiting list group.

Table 3 After 10 EA Treatments, Comparisons Between Electroacupuncture and Waiting-List Groups, as Well as Sham Control and 
Waiting-List Groups, Respectively

Difference (95% CI) Electroacupuncture Versus 

Waiting-list

Sham Electroacupuncture 

Versus Waiting-List

Electroacupuncture 

(n=33)

Sham Electroacupuncture 

(n=32)

Waiting-List 

(n=33)

Difference  

(95% CI)

P value Difference  

(95% CI)

P value

NPQ

Change after 10 EA 

treatments

−11.1857 

(−14.3847 to −7.9868)

−5.2291 

(−8.1941 to −2.2641)

−0.1503 

(−3.7140 to 3.4134)

11.0361 

(6.5696 to 15.5025)

<0.001*** 5.0788 

(0.5775 to 9.5800)

0.0274

MG

Change after 10 EA 

treatments

−8.1970 

(−10.4994 to −5.8945)

−3.3125 

(−5.4099 to −1.2151)

−0.0091 

(−2.3040 to 2.2858)

8.1879 

(5.1219 to 11.2539)

<0.001*** 3.3034 

(0.2135 to 6.3933)

0.0364

VAS

Change after 10 EA 

treatments

−2.1727 

(−2.7329 to −1.6126)

−0.5781 

(−1.1136 to −0.0427)

−0.1818 

(−0.4843 to 0.1207)

1.9909 

(1.3342 to 2.6476)

<0.001*** 0.3963 

(−0.2655 to 1.0581)

0.2375

PT

Change after 10 EA 

treatments

25.3133 

(0.8029 to 49.8237)

1.9691 

(−11.7298 to 15.6679)

10.5388 

(−6.8066 to 27.8842)

−14.7727 

(−44.2853 to 14.7398)

0.3205 −10.5424 

(48.9175 to 8.5154)

0.4323

Note: ***P<0.001.
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Table 4 Secondary Outcomes

Time Mean (SD) Mean Change in Score from Baseline (95% CI)a Electroacupuncture vs Sham 

Electroacupuncture

Group x Time Interaction Time Group

Electroacupuncture (n=33) Sham Electroacupuncture (n=32) Electroacupuncture Sham Electroacupuncture Difference (95% CI) P value

MG

Baseline 15.7879 (7.1177) 13.2438 (5.2655) NA NA NA NA F=3.6354, P=0.0176 F=18.3370, P<0.001*** F=0.2529, P=0.6167

5 sessions 10.4939 (4.8239) 10.5281 (4.0092) 5.2939 

(2.8132 to 7.7746)

2.7156 

(0.1965 to 5.2347)

−0.0342 

(−2.2363 to 2.1680)

P=0.9753

10 sessions 7.5909 (5.5134) 9.9313 (4.5892) 8.1970 

(5.2711 to 11.1229)

3.3125 

(0.3413 to 6.2837)

−2.3403 

(−4.8588 to 0.1781)

P=0.0680

3-months follow-up 8.1364 (3.7318) 10.0781 (5.1229) 7.6515 

(3.7722 to 11.5308)

3.1656 

(−0.7738 to 7.1051)

−1.9418 

(−4.1583 to 0.2747)

P=0.0849

VAS

Baseline 4.5242 (1.4669) 3.7594 (1.3979) NA NA NA NA F=6.1167, P=0.0010 F=20.2254, P<0.001*** F=0.6426, P=0.4257

5 sessions 3.2818 (1.3848) 3.3406 (1.1681) 1.2424 

(0.7188 to 1.7660)

0.4188 

(−0.1130 to 0.9505)

−0.0588 

(−0.6948 to 0.5771)

P=0.8539

10 sessions 2.3515 (1.6422) 3.1813 (0.2280) 2.1727 

(1.4453 to 2.9001)

0.5781 

(−0.1605 to 1.3168)

−0.8297 

(−1.5632 to −0.0962)

P=0.0273

3-months follow-up 3.2364 (0.1759) 3.8906 (0.2042) 1.2879 

(0.4520 to 2.1237)

−0.1312 

(−0.9800 to 0.7175)

−0.6542 

(−1.1917 to −0.1168)

P=0.0178

PT

Baseline 154.2970 (77.4206) 148.3309 (57.5028) NA NA NA NA F=0.4496, P=0.5933 F=1.4392, P=0.2417 F=2.1175, P=0.1506

5 sessions 165.4576 (73.3117) 142.4050 (46.7925) −11.1606 

(−29.6491 to 7.3279)

5.9259  

(−12.8492 to 24.7011)

23.0526  

(−7.5393 to 53.6444)

0.1371

10 sessions 179.6121 (92.9467) 150.3000 (54.6112) −25.3152  

(−51.8773 to 1.2470)

−1.9691 

(−28.9430 to 25.0049)

29.3121  

(−8.6265 to 67.2507)

0.1276

3-months follow-up 179.2485 (96.3855) 160.4665 (77.0195) −24.9515 

(−76.6035 to 26.7005)

−12.1356 

(−64.5875 to 40.3182)

18.7829 

(−24.5453 to 62.1110)

0.3896

Note: ***P<0.001. 
Abbreviations: NPQ, Northwick Park Neck Pain Questionnaire; MG, McGill Pain Questionnaire; VAS, Visual analogue scale; PT, Pain threshold.
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decrease in NPQ scores occurring between these two intervals (0.9303, P<0.001, 95% CI=0.3395 to 1.5211). The EA 
group had a higher significant reduction than the SEA group after 10 sessions (P=0.0273) and at 3-month follow-up 
(P=0.0178) (Table 4 and Figure 3). After 10 sessions, the EA group demonstrated a significant reduction in VAS scores 
compared to the WL groups (P<0.001, 95% CI=1.3342 to 2.6476) (Table 3 and Figure 3).

The Immediate Effect of the VAS Score After Each of the 10-Session
A subset of participants from the EA (21/33) and SEA (21/33) groups participated in our subsequent trial, which involved 
testing a 10-session VAS protocol. No significant difference was found in age, gender, duration of forward head per day, 
frequency of pain per week, lasting hours per week, course of disease and VAS score between groups. We found 
a reduction of VAS scores differed significantly between the EA and SEA groups over time (F=2.778, P=0.016). An 
immediate effect was observed in the EA group of each session except the 5th one. While immediate effect in the SEA 
group was only observed in the 1st and the 8th sessions (Figure 4).

PT
No significant change was found between the EA and SEA groups over time (Tables 3, 4 and Figure 3).

Discussion
This randomized clinical study demonstrates that EA exhibits significantly greater efficacy than both SEA and WL 
groups in reducing neck pain. The EA group demonstrated a consistent decrease in NPQ scores throughout the 10 
sessions, surpassing the clinically significant threshold of 25% after five treatments and achieving a 48% improvement 
upon completion of the intervention. Although the SEA group showed NPQ score reductions after 5 sessions, it did not 
reach the clinically significant threshold. Both EA and SEA groups demonstrated greater NPQ score reductions compared 
to the WL group after 10 sessions. Furthermore, the VAS scores consistently indicated that EA provided more frequent 
and immediate pain relief compared to SEA across all 10 sessions. The findings suggested that EA delivered both 
immediate analgesia and a cumulative effect, in which the effect extended pain-relieving benefits beyond 3 months. No 
serious AEs occurred in any of the three groups.

Pain is a complex phenomenon encompassing sensory-discriminative, affective-motivational, and cognitive- 
evaluative components. Pain assessment presents unique challenges due to its inherently subjective nature, as outcomes 
typically rely on patient self-reporting. Patient expectations and suggestions may influence these outcomes more 
significantly than objective measurements such as weight or muscle strength, which external observers can quantify.32 

To address these concerns, our study employed multiple validated rating scales to provide a more comprehensive and 

Figure 4 The immediate effect of VAS scale from the baseline time to the 10 sessions. (A) The immediate effect was observed in the EA group of the 1st, 2nd, 3rd, 4th, 6th, 
7th, 8th, 9th and the 10th session. (B) The immediate effect were observed in the SEA group of the 1st and the 8th session. All values plotted were group means (EA: n=21; 
SEA: n=21), error bars represent 95% CIs. * indicate significant differences from baseline (pre). *P < 0.05; **P < 0.01; ***P < 0.001. 
Abbreviations: VAS, Visual analogue scale; EA, electroacupuncture; SEA, sham electroacupuncture.
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nuanced assessment of the clinical effects of acupuncture, aiming to mitigate the potential biases related to subjective 
evaluations. Four distinct assessments, NPQ, MG, VAS, and PT, were used to evaluate the severity of neck pain. Our 
results demonstrate that score trends of NPQ, MG and VAS exhibited similar patterns across the EA, SEA, and WL 
groups, providing multidimensional evidence for measuring neck pain.

Analgesic treatments consist of two components: the treatment specific effect from the physical or pharmacological 
interventions and the placebo component,33 which are mediated by distinct mechanisms. Previous research has demon
strated that real acupuncture is more effective than sham acupuncture in reducing neck pain.3,34–36 Our findings align 
with these studies. EA demonstrated significantly greater effective than both SEA and WL groups in alleviating neck pain 
after 5 weeks, maintaining statistically significant at week 17. The immediate analgesic effect occurred more frequent and 
consistently in the EA group than in the SEA group. The SEA group exhibited a short-term reduction in NPQ scores, 
though this effect proved unsustainable and failed to achieve clinical significance. Current clinical evidence and animal 
studies confirm distinct underlying mechanisms between EA and SEA. Research on carpal tunnel syndrome revealed 
differential effects of real and sham acupuncture on the somatosensory cortex, a key region targeted by acupuncture.37 

An fMRI study further revealed significant differences in brain network activity between real and sham acupuncture. 
Real acupuncture engages distinct regulatory mechanisms in chronic pain patients, whereas the placebo effect involves 
emotional modulation pathways.33 This placebo effect of SEA might be attributed to the subtle tactile sensation on the 
skin’s surface.38 An fMRI study found that tactile sensations may stimulate the insular region and produce an underlying 
emotional, hormonal, and affiliative response to caress-like skin-to-skin contact between individuals.39 Unmyelinated 
tactile afferents may mediate this response by contributing to pain relief and homeostasis via specific biochemical 
pathways.40 Recent high-quality animal studies have deepened our understanding of placebo-like anticipatory pain relief. 
For instance, one study demonstrated that neurons in the rostral anterior cingulate cortex projecting to the pontine 
nucleus mediate this phenomenon, offering insights into the central mechanisms underlying placebo analgesia.41 The 
placebo effect illustrates the intricate interplay between mind and body, underscoring the role of psychological and 
physiological factors in therapeutic outcomes.

Among the placebo effect, contextual factors such as patients’ expectations, therapists’ expectations and the patient- 
practitioner relationship could impact the effectiveness of acupuncture.42 Expectation effects are particularly pronounced 
in pain and depression studies.43 In pain perception, the expectation of relief alone can reduce pain sensations (placebo 
analgesia). This effect may exert limited influence on sensory-dominated pain, such as osteoarthritis, but it is more 
effective in alleviating the affective component of pain, as seen in migraines.41,44–46 Furthermore, the patients’ positive 
expectations can amplify the analgesic efficacy of opioids and acute antimigraine drugs.47 Therapists’ expectations also 
influence outcomes, as their attitudes, practices, and beliefs about acupuncture can create variability in clinical scenarios, 
further shaping patient responses.48 Patient-practitioner interaction can also be critical to the impact of an 
intervention.49,50 In China, traditional acupuncture emphasizes the integration of body and mind, where the patients’ 
attitude, the practitioners’ attitude and the patient-practitioner relationship significantly affect therapeutic efficacy. These 
findings underscore the need for better methodological designs in acupuncture research and clinical practice. 
Systematically assessing and incorporating patient expectations into standard treatment regimens could optimize ther
apeutic outcomes, reduce misuse of analgesics like opioids, and mitigate side effects.

A major limitation in evaluating the impact of interventions for CNP is the absence of a no-intervention control in 
many existing studies. In cases where the effectiveness of a comparison treatment is merely assumed rather than 
confirmed, it becomes unclear whether either intervention is helpful, neutral, or possibly even detrimental. 
Incorporating a placebo or no-treatment control would yield a more definitive understanding of an intervention’s 
effectiveness.35 To address this, we included a wait-list control group in our experiment. Patients with neck pain were 
monitored for adverse effects before and after the waiting period. By comparing the results of the WL group with those 
of the EA and SEA groups, the study aimed to further validate the efficacy of electrotherapy for the treatment of neck 
pain. Recent acupuncture studies reported that WL groups exhibited a certain degree of improvement in some outcome 
measures. Bower et al found that a WL group experienced a moderate effect on pain intensity.51 Zernicke et al revealed 
that a WL group exhibited significant changes in mood and stress.52 Lisón et al reported that a WL group of hypertension 
patients experienced a moderate effect on aerobic exercise capacity.53 Lastly, an acupuncture trial of patients with mild 
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hypertension reported that the WL group experienced the same effect as the acupuncture group regarding certain 
outcomes.54 These results were worthy of further clinical verification. However, our results showed that the WL group 
did not cause significant changes in the main CNP outcome measures.

Acupuncture has served as a treatment for CNP in China for thousands of years. However, the mechanisms under
lying EA’s analgesic effects remain debated. Our randomized clinical trial demonstrated that EA effectively reduced neck 
pain after 5 weeks, with effects persisting through week 17. Furthermore, this research distinguished EA’s specific effect 
by isolating it from the placebo response. The findings indicate that CNP treatment requires consideration of both clinical 
and psychosocial factors through a comprehensive acupuncture therapy approach. Beyond EA’s primary therapeutic 
effect, practitioners should consider patient-related factors including communication, expectations, and adherence to the 
multi-session treatment protocol.

Limitations
This trial adopted a single-center, randomized controlled trial. To enhance the generalizability of the findings and 
minimize potential biases associated with a single-center study, future studies should include patients from multiple 
centers to explore the analgesic effects of EA in a larger population.

The validity of SEA as a control has been challenged from the aspect of physiological inertness, primarily because 
physical contact is inevitable during the application of placebo needles. This tactile stimulation is capable of not only 
evoking latent emotional and hormonal reactions but also modulating these responses, which may contribute to pain 
alleviation and homeostasis through specific biochemical pathways. Currently, achieving true placebo acupuncture in 
actual practice remains an arduous task. It is imperative to conduct additional trials on sham acupuncture and develop 
more sophisticated devices for sham acupuncture applications.

In this study, identical acupoints in patients’ restricted visual areas were selected for both the EA and SEA groups to 
maintain consistency, which likely enhanced blinding success. Notably, the drop-out rate of the SEA group did not differ 
significantly from other groups, indirectly validating the blinding. However, whether participants could distinguish 
between the real and sham treatments remains unclear. Future research should incorporate blinding tests to evaluate 
blinding effectiveness.

Conclusion
This randomized clinical trial found that in patients with CNP, EA significantly improved the symptoms compared with 
sham SEA and WL groups both immediately and cumulatively (at 5 weeks), and these benefits persisted through 3-month 
follow-up. These comparisons demonstrated that EA has specific clinical benefits that exceed placebo effects. Future 
studies should explore the analgesic effects of EA in a larger population.

Abbreviations
CNP, Chronic neck pain; EA, Electroacupuncture; SEA, Sham electroacupuncture; WL, waiting list; NPQ, Northwick 
Park Neck Pain Questionnaire; MG, McGill Pain Questionnaire; VAS, Visual analogue scale; PT, Pain threshold; AEs, 
Adverse events.
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