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Comparative effectiveness of different 
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Abstract 
Background: Neck pain is a common musculoskeletal symptom that has negative effects on quality of life and work productivity. 
Acupuncture has been widely used for neck pain, and a number of randomized controlled trials (RCTs) and systematic reviews 
(SRs) have evaluated its effectiveness. However, previous studies have obtained inconsistent results regarding the effects of 
acupuncture for neck pain, and there is no SR for the comparative efficacy and safety of various types of acupuncture. Therefore, 
we herein conducted a SR and network meta-analysis to compare and rank different types of acupuncture with respect to their 
effectiveness in treating neck pain.

Methods: We searched 9 electronic databases for relevant RCTs published from their inception to July 1, 2021. Pairwise meta-
analyses and network meta-analysis were performed with R software using the frequentist framework. Change of pain intensity 
was assessed as the primary outcome, and change of pain-related disability and efficacy rate were assessed as secondary 
outcomes. The Cochrane risk of bias tool and the Grading of Recommendations Assessment, Development, and Evaluation 
(GRADE) instrument were used to evaluate the quality of the included RCTs and the certainty of the evidence.

Results: A total of 65 RCTs involving 5266 participants and 9 interventions were included. Three network meta-analyses were 
constructed for the following: pain intensity (42 RCTs, 3158 participants), pain-related disability (21 RCTs, 1581 participants), and 
efficacy rate (40 RCTs, 3512 participants). The results indicated that fire acupuncture, electroacupuncture, and warm acupuncture 
were more effective than manual acupuncture in terms of pain intensity reduction and efficacy rate, and that electroacupuncture 
decreased pain-related disability more effectively than manual acupuncture. Fire acupuncture ranked first among the 9 interventions. 
The overall q of evidence was very low according to the GRADE assessment. The reported adverse events were not serious.

Conclusion: Fire acupuncture, warm acupuncture, acupoint catgut embedding, and electroacupuncture ranked higher than 
other interventions (usual care, sham acupuncture, no treatment) in reducing the pain and disability index scores and the efficacy 
rate. However, the included trials were evaluated as being of low quality; thus, we recommend additional well-designed RCTs with 
larger sample sizes to confirm these findings.

Systematic review registration: PROSPERO, CRD42021235274.

Abbreviations: 95% CI = 95% confidence interval, ACE = acupoint catgut embedding, EA = electroacupuncture, FA = fire 
acupuncture, GRADE = Grading of Recommendations Assessment, Development and Evaluation, IL = interleukin, MA = manual 
acupuncture, NDI = Neck Disability Index, NPQ = Neck Pain Questionnaire, NRS = Numeric Rating Scale, NT = no treatment, 
PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-analyses, RCT = randomized controlled trial, RR = relative 
risk, SA = sham acupuncture, SMD = standardized mean difference, SR = systematic review, SUCRA = cumulative ranking under 
the surface curve, UC = usual care, VAS = Visual Analog Scale, WA = warm acupuncture, WM = western medicine.
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1. Introduction
Neck pain is defined as pain, muscle tension, or stiffness that 
is anatomically localized below the superior nuchal line and 
above the scapular line from the back, and below the superior 
nuchal line and the external occipital protuberance line and 
above the superior border of the clavicle and the suprasternal 
notch from the side and front.[1] A large proportion of the 
population (22–70%) suffers from neck pain at some point 
in the lifespan, and the prevalence of neck pain increases 
with age.[2] The pain and disability related to neck pain can 
considerably impact an individual’s quality of life and work 
productivity and increase the global burden of health care 
expenditure.[3]

Most patients with neck pain receive conservative treat-
ments, such as oral medication, injection, massage, and/or 
physical therapy unless they have cervical fracture or severe 
cervical neuropathy.[2] However, some of these treatments 
have limited evidence supporting their efficacy against neck 
pain and/or carry potential complications, such as the ele-
vated risk for cardiovascular disease, renal toxicity, nerve 
injury, infection, epidural hemorrhage, and/or subarachnoid 
penetration.[4–6]

Acupuncture is widely used to treat musculoskeletal pain 
in many countries.[7,8] An estimated 3 million American adults 
receive acupuncture treatment each year for musculoskele-
tal pain, which is the most common condition treated by this 
modality in the United States.[9] One study conducted in 15 
European countries found that 13% of patients with pain seek 
acupuncture treatment in addition to conventional medica-
tion.[10] According to clinical practice guidelines for neck pain 
using traditional Korean medicine, various acupuncture thera-
pies, including manual acupuncture (MA), electroacupuncture 
(EA), warm acupuncture (WA), fire acupuncture (FA), and acu-
point catgut embedding (ACE), can relieve symptoms related to 
neck pain.[11]

While a number of randomized controlled trials (RCTs), 
systematic reviews (SRs), and meta-analyses have reported 
pairwise comparisons of different types of acupuncture or 
acupuncture versus an inactive control,[11–13] the existing lit-
erature does not allow us to compare the effectiveness of var-
ious types of acupuncture therapies. Furthermore, in some 
SRs, the results regarding the effects of acupuncture treatment 
were observed inconsistently depending on which compari-
son group was designated.[13–15] Therefore, the literature does 
not currently provide clinicians with clear guidelines on what 
types of acupuncture therapies are most effective in treating 
neck pain.

Network meta-analysis is a quantitative synthesis of evi-
dence for various treatments of the same indication; it com-
bines direct and indirect evidence into a single analysis of 
potential treatment effect and allows the user to rank the 
available treatments according to the effect size.[16] Thus, 
network meta-analysis could be used to evaluate the relative 
effectiveness of different types of acupunctures, even if the 
interventions have never been compared directly in clinical 
trials.

Here, we used frequentist network meta-analysis to compare 
and rank the effectiveness and safety of different types of acu-
puncture therapies and other interventions for treating neck 
pain.

2. Methods
This SR and network meta-analysis is reported according 
to the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) statement and PRISMA extension 
for network meta-analyses.[17,18] This study was registered on 
PROSPERO under number CRD42021235274, and a detailed 
protocol was published elsewhere.[19]

2.1. Search strategy

Ovid-MEDILINE, EMBASE, Cochrane library, China National 
Knowledge Infrastructure (CNKI), Korea Med, Korean medi-
cal database (KMBASE), Korean Studies Information Service 
System (KISS), ScienceON, and Oriental Medicine Advanced 
Searching Integrated System (OASIS) were searched on July 
1, 2021, with the limitation of Chinese, English, and Korean 
language. We used the following combination of MeSH terms 
and free words to search the literature: (1) neck-pain-related 
terms (such as neck pain, cervical pain, cervicodynia, cervical-
gia, cervical intervertebral disc displacement/degeneration, cer-
vical spondylosis), (2) various acupuncture treatments (such as 
manual acupuncture, electroacupuncture, warm acupuncture, 
fire acupuncture, acupoint catgut embedding), and (3) random-
ized controlled trial. The search strategy was initially developed 
for the Ovid-MEDILINE databases; we subsequently adjusted it 
to the requirements of the other databases. In addition, missing 
literature was included from the reference lists of the retrieved 
SRs (see Appendix S1, Supplemental Digital Content, http://
links.lww.com/MD/G898, which shows the detailed retrieval 
strategies for all databases).

2.2. Eligibility criteria

2.2.1. Participants.  Patients who had cervical pain or cervical 
intervertebral disc herniation with or without radicular 
symptoms and aged 18 years above were enrolled, regardless of 
gender, disease course, or disease severity. Only patients lacking 
a specific reason for the condition (e.g., whiplash or traumatic 
injury) were included.

2.2.2. Intervention and comparison.  We included 5 types 
of acupuncture therapies: MA, EA, WA, FA, and ACE. In this 
network meta-analysis, each acupuncture treatment defined 
only a single use of these 5 types, as this allowed us to compare 
the effects of different acupuncture treatments for neck pain. As 
comparators, we included sham acupuncture (SA), usual care 
(UC), western medicine (WM), no treatment (NT; wait list), and 
one of the abovementioned acupuncture therapies.

2.2.3. Outcome measures.  The included studies were required 
to have one of the following outcomes: (i) as a primary outcome, 
pain intensity measured by the Visual Analog Scale (VAS) or 
Numeric Rating Scale (NRS); and (ii) as secondary outcomes, 
pain-related disability evaluated by the Neck Disability Index 
(NDI) or Neck Pain Questionnaire (NPQ), and the efficacy rate.

2.3. Study selection and data extraction

All identified studies were imported into Endnote X20 (ISI 
Research Soft, USA). The titles and abstracts were read and 
studies that were duplicate or did not meet the inclusion criteria 
were excluded. For each identified study, 2 reviewers (E-J Noh 
and S-H Oh) reviewed the full text and extracted the data using 
a standardized extraction table. At either stage, any discrepancy 
in the study inclusion or data extracted was resolved by a third 
reviewer (H-R Jo).

Study characteristics (author and year of publication), sam-
ple size, age, intervention, comparator, treatment frequency, 
duration, outcomes, results, and adverse events were recorded. 
Means and standardized differences at baseline and the end 
point of the treatment period were extracted.

2.4. Quality assessment

Two reviewers (S-J Choi and D-I Kim) independently used the 
risk of bias tool of Cochrane Collaborations to evaluate the 
methodological quality of the included studies. Each study was 

http://links.lww.com/MD/G898
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rated as high, low, or unclear for the following 7 domains: ran-
dom sequence generation, allocation concealment, participant 
and personnel blinding, blinding of outcome assessment, incom-
plete outcome data, selective reporting, and other bias. A third 
reviewer (H-R Jo) resolved any disagreement as necessary.

2.5. Statistical analysis

All analyses were performed in R software (http:// www.r-proj-
ect.org/; version 4.0.3) using the “meta” and “netmeta” pack-
ages. A randomized effects model was used to perform a pairwise 
meta-analysis for each pair of interventions, applying the stan-
dardized mean difference (SMD), relative risk (RR), and 95% 
confidence interval (CI) to synthesize dichotomous or continu-
ous outcomes. Heterogeneity was evaluated by the I2 value, with 
I2 < 50% taken as representing little or no obvious heterogene-
ity. A network meta-analysis was performed using a frequentist 
method. League tables and P-scores were used to present the 
ranking of direct and indirect effect estimates and the 95% CI 
for all comparisons of interventions in the network. According 
to Rücker et al, the P-score can be interpreted as a cumulative 
ranking under the surface curve (SUCRA) for frequentist analy-
sis.[20] We first evaluated the difference between direct and indi-
rect evidences for the same comparison, using global I2 and P 
values, and then assessed the inconsistency for each intervention 
using the node-splitting analysis method.

2.6. GRADE assessment

The Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) method was used to evaluate the 
quality of evidence for each outcome. Based on the assess-
ment of each study limitation, inconsistency, indirectness, 

imprecision, and publication bias, the quality of the evidence 
can be maintained or downgraded to moderate, low, or very 
low quality.[21] Given that the quality of evidence might differ 
across paired comparisons, a GRADE approach previously 
adapted for network meta-analysis was used for each pairwise 
comparison.[22,23]

2.7. Publication bias and sensitivity analysis

We evaluated the small-sample effect or publication bias in each 
network meta-analysis by comparison-adjusted funnel plots. In 
addition, we conducted a sensitivity analysis by excluding stud-
ies with a higher risk of bias or a smaller sample size (<10 per 
group).

2.8. Ethics approval

No ethical approval was not needed because data from previ-
ously published studies in which informed consent was obtained 
by primary investigators were retrieved and analyzed.

3. Results

3.1. Search results

In total, 5217 RCTs were retrieved from the database searches 
and a further 15 studies were added manually. After the arti-
cle title and abstract were read, 4371 duplicate records were 
removed and 694 records that did not meet the inclusion cri-
teria were removed. Based on full-text assessments, a further 
102 articles were discarded for the reasons listed in Figure 1. 
Eventually, 65 studies were included in the network meta-anal-
ysis (Fig. 1).

Records screened (n = 861)

Records after duplicates removed (n = 861)

Records identified through 
database searching (n = 5217)

Ovid-MEDILIE (n = 580), Embase (n = 1033), 
Cochrane library (n = 1127), CNKI (n = 843), 

KMBASE (n = 211), KISS (n = 107), 
Koreamed (n = 501), ScienceON (n = 81), 

OASIS (n = 734)

Studies included in quantitative synthesis 
(network meta-analysis) (n = 65)

Records excluded based on the titles and 
abstracts (n = 694)

Not RCT model
Animal research
Others related

Not met the inclusion of intervention

Id
en
tif
ic
at
io
n

Sc
re
en
in
g

E
lig
ib
ili
ty

In
cl
ud
ed

Additional records 
identified through other 

sources (n = 15)

Full-text articles assessed for eligibility (n = 167)

Studied included in qualitative synthesis (n = 65)

Full-text articles excluded with reasons 
(n = 102)

Not RCT (n = 4)
Duplicated publication (n = 5)

Not acupuncture therapy alone (n = 5)
Not targeted interventions (n = 48)

Not targeted population (n = 9)
No relevant outcome (n = 10)

Others unrelated (n = 17)
Full text not obtainable (n = 4)

Figure 1.  Flow chart of article searching and selection.
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3.2. Characterization of the included RCTs

The 65 selected RCTs included a total of 5266 participants and 
had sample sizes varying from 17 to 220 patients. Most were 
conducted in China; of the others, 6 were conducted in Iran,[24–

29] 3 in Spain,[30–32] 2 in Turkey,[33,34] and 1 each from Taiwan,[35] 
Japan,[36] Germany,[37] Korea,[38] Belgium,[39] and the United 
States.[40] Sixty-two were 2-arm trials and the remaining 3 were 
3-arm trials. Nine interventions were applied, including 6 types 
of acupuncture therapies (MA, EA, WA, FA, ACE, SA), WM, NT 
(waitlist), and UC (exercise, pressure release, Kinesiotaping). 
The treatment period of intervention ranged from 1 day to 9 
weeks. Pain intensity was reported in 42 studies; of them, 39 
used VAS and 3 used NRS. Pain-related disability was reported 
in 21 studies; of them, 11 used NDI and 10 used NPQ. The effi-
cacy rate was reported in 41 studies. The characteristics of the 
included studies are presented in Table 1.

3.3. Risk of bias and quality assessment

The quantitative results of our risk of bias assessment are 
presented in Figures  2 and 3. Forty-two RCTs were rated as 
having a low risk of bias in random sequence generation: Of 
them, 26[25,30–33,35–38,40,41,45,47,51, 53,54,60,62–64,67,71,74,79,87,88] used vari-
ous computerized randomization programs, 11[43,44,50,55,58,66,68,

72,78,81,85] used random number tables, 3[27–29]used coin tossing, 
and 2[24,39] used block randomization. In terms of allocation in 
the RCTs, 19 studies[24,26,30–32,38–41,45,58,62,64,67,71,79,84,87,88] described 
proper allocation concealment (the use of sealed envelopes or 
independent researchers). Because of the nature of the interven-
tions, performance bias was high in most studies; only 2 stud-
ies[41,47] were assessed as having a low risk of bias in participant 
blinding due to the use of nonpenetrating SA. The detection bias 
had low risk in 12 RCTs[26,30–33,37–41,47,52] that used independent 
assessors. Six RCTs[33,37,39,43,45,84] were rated as high risk for attri-
tion bias because they had large amounts of missing data, and 
6 RCTs[27,34,51,59,61,86] were rated as having unclear risk of bias 
for attrition because the reasons for the missing data were not 
stated. Ten RCTs[28,42,43,47,50,53,58,63,69,87] did not report complete 
results, and therefore were assessed as a high risk for bias in 
selective reporting. One study[36] that had volunteer bias was 
judged to have high risk of other bias.

3.4. Pairwise meta-analysis

3.4.1. Pain intensity.  Fourteen pairwise meta-analyses were 
performed to compare the effectiveness of different acupuncture 
therapies in reducing pain intensity. MA was more effective in 
reducing pain intensity than SA (5 RCTs, SMD –1.11, 95% CI: 
–1.78 to –0.43; P = .0013) and UC (6 RCTs, SMD –0.59, 95% 
CI: –1.08 to –0.10; P = .0176). EA significantly reduced pain 
intensity compared to UC (1 RCT, SMD –0.75, 95% CI: –1.28 
to –0.23; P = .0050). Compared to MA and other acupuncture 
therapies, WA, FA, and ACE had significantly better effects on 
pain intensity reduction (4 RCTs, SMD –0.96, 95% CI: –1.24 
to –0.68, P < .0001; 1 RCT, SMD –1.76, 95% CI: –2.08 to 
–1.43, P < .0001; and 4 RCTs, SMD –0.67, 95% CI: –1.18 
to –0.17, P = .0091, respectively). WA was more effective in 
reducing pain intensity compared to EA (3 RCTs, SMD –0.61, 
95% CI: –1.22 to –0.00, P = .0486). When compared to NT, 
SA was significantly better at relieving pain intensity (1 RCTs, 
SMD –0.52, 95% CI: –1.02 to –0.01, P = .0439). There were 
obvious heterogeneities (I2 > 50%) in the above pairs, except for 
the comparison between WA and MA. There was no statistically 
significant difference between MA and WM, MA and NT, EA 
and SA, EA and NT, or EA and MA (Table 2).

3.4.2. Pain-related disability.  Eleven pairwise meta-analyses 
were generated to investigate the ability of different acupuncture 

therapies to reduce pain-related disability. MA reduced disability 
significantly more than SA (1 RCT, SMD –0.78, 95% CI: –1.10 
to –0.45; P < .0001). EA showed a significantly greater reduction 
in disability compared with NT (1 RCT, SMD –1.02, 95% CI: 
–1.72 to –0.32; P = .0044) and MA (5 RCTs, SMD –2.18, 95% 
CI: –3.53 to –0.83; P = .0016). Compared to MA and the other 
acupuncture therapies, WA and ACE significantly decreased 
disability (2 RCTs, SMD –0.68, 95% CI: –1.02 to –0.34;  
P < .0001; and 2 RCTs, SMD –0.31, 95% CI: –0.53 to –0.10;  
P = .0046, respectively). FA was more effective in reducing pain-
related disability compared with EA (1 RCT, SMD –0.60, 95% 
CI: –1.12 to –0.08; P = .0228). Comparing EA (I2 = 95.6%) with 
MA showed obvious heterogeneity. The remaining 5 pairs were 
not statistically different in pain-related disability (Table 3).

3.4.3. Efficacy rate.  Twelve pairwise meta-analyses were 
performed to compare the efficacy rates of different acupuncture 
treatments. Compared to MA and other acupuncture treatments, 
EA, WA, FA, and ACE each yielded a significantly higher efficacy 
rate (15 RCTs, RR 1.12, 95% CI: 1.08 to 1.17; P < .0001, I2 = 0%; 
5 RCTs, RR 1.13, 95% CI: 1.06 to 1.20; P = .0003, I2 = 4.4%; 2 
RCTs, RR 1.28, 95% CI: 1.16 to 1.42; P < .0001, I2 = 0%; and 
7 RCTs, RR 1.12, 95% CI: 1.05 to 1.20; P = .0009, I2 = 42.4%, 
respectively). The remaining 8 pairs were not statistically different 
in their efficacy rates (Table 4).

3.5. Results of network meta-analysis

3.5.1. Network plot for different interventions.  In the 
network plot, the thickness of an edge represents the number 
of studies comparing 2 given interventions. Forty-two studies 
covering 9 interventions and 3158 participants with neck pain 
were included in the network meta-analysis for pain intensity 
(Fig.  4A). Pain-related disability was reported in 21 studies 
covering 9 interventions and 1581 participants (Fig. 4B), and the 
efficacy rate was reported in 40 studies covering 8 interventions 
and 3512 participants (Fig. 4C).

3.5.2. Evaluation of statistical inconsistency.  The results of 
the consistency tests for pain intensity, pain-related disability, 
and the efficacy rate did not show statistically significant 
heterogeneity (P = .6848, .2138, and .7169, respectively, and thus 
> 0.05 for all); therefore the consistency model was selected. All 
local inconsistency tests were performed with net-split analysis. 
The net-split analyses for pain intensity, pain-related disability, 
and the efficacy rate yielded P values > .05, indicating that there 
was no significant difference between direct and indirect effect 
estimates for any of the intervention comparisons.

3.5.3. Pain intensity.  A league table was established to compare 
effectiveness in relieving pain intensity among 9 interventions 
(Table 5). FA, WA, ACE, and EA more effectively lowered pain 
intensity than SA or UC, and MA was only more effective than 
SA (last row and third-to-last rows of Table 5, respectively). FA, 
WA, ACE, and EA significantly reduced pain intensity compared 
with NT (second-to-last row of Table 5). FA, WA, and EA had 
significantly better effects in reducing pain intensity compared 
with MA (fourth-to-last row of Table 5).

The P score denotes the probability that 1 intervention is 
more effective than the others.[20] The network meta-analysis for 
pain intensity demonstrated the following ranking of P scores 
for the interventions: FA (P = .9397), WA (P = .8582), ACE  
(P = .7176), EA (P = .6845), WM (P = .4562), MA (P = .4260), 
UC (P = .1861), NT (P = .1368), and SA (P = .0947).

3.5.4. Pain-related disability.  For pain-related disability, the 
network meta-analysis involved data from 21 RCTs covering 9 
interventions (Table 6). The results showed that FA, EA, and WA 
were more effective in lowering pain-related disability compared 
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to UC (last row of Table  6). EA more effectively reduced 
disability compared to MA (second-to-last row of Table 6).

The network meta-analysis for pain-related disability 
showed the following ranking of P scores for the interven-
tions: FA (P = .8867), EA (P = .7933), WA (P = .7050), WM  
(P = .5295), ACE (P = .4350), SA (P = .4263), NT (P = .3666), MA  
(P = .2535), and UC (P = .1042).

3.5.5. Efficacy rate.  Twelve RCTs covering 8 interventions 
reported on the efficacy rate (Table 7). FA, WA, ACE, and EA 
were significantly more effective compared to UC, WM, and 
MA alone (second-, third-, and fourth-to-last rows of Table 7, 
respectively). FA had a higher efficacy rate than EA or ACE 
(second and third rows of Table 7, respectively).

The network meta-analysis for efficacy rate demonstrated 
the following ranking of P scores for the interventions: FA (P 
= .9864), WA (P = .7951), ACE (P = .6961), EA (P = .6128), 
MA (P = .3725), WM (P = .2205), UC (P = .1678), and SA (P 
= .1489).

3.6. Safety

Overall, 24 RCTs including 1852 patients reported on the 
safety of interventions, as shown in Table  1. Thirteen RCTs 
showed no adverse events[26,30,38,43,45,53,62,64,68,69,71,72,76]; the 11 
studies in which adverse events were observed included the 
interventions of MA, SA, WM, EA, ACE, and WA. Acupuncture 
most frequently caused minor subcutaneous bleeding or bruises 
at the acupuncture point. Soreness and discomfort at acupunc-
ture points, sweating, low blood pressure, headache, dizziness, 
and chest pain were also reported. For WM, subcutaneous 
bruises were reported after injection.[42] These intervention-re-
lated adverse reactions were not serious and resolved without 
treatment.

3.7. Publication bias and sensitivity analysis

Funnel plots and the P value for the Egger test were used to visu-
ally inspect and assess the symmetry of network meta-analyses 
(Fig. 5). The funnel plot for the pain-related disability network 
was visually asymmetrical and the P value for its Egger test was 
< 0.05 (P = .0384), indicating the presence of potential publi-
cation bias. While the funnel plot and P value of the Egger test  
(P = .2269) demonstrated no strong evidence of publication bias 
across pain intensity, it revealed a scattered distribution that 
may be related to the obvious heterogeneity between studies.

We conducted a sensitivity analysis by excluding 3 stud-
ies[31,42,43] that had 3 high-risk bias in risk of bias tool or had 
a very small-sample size (number per group < 10). This did 
not change the P-score ranking: FA had the highest P-score 

for reducing pain intensity (P = .9305), followed by WA  
(P = .8491), ACE (P = .6983), EA (P = .6697), WM (P = .5091), MA  
(P = .3984), UC (P = .1892), NT (P = .1716), and SA (P = .0841).

3.8. GRADE assessment

The GRADE approach was used to evaluate study limitations, 
inconsistency, indirectness, imprecision, and publication bias. 
Overall, the certainty of the evidence for pain intensity, pain-re-
lated disability, and efficacy rate was “very low,” “very low,” and 
“low,” respectively. This reflected that most of the included stud-
ies had high risk of bias and serious imprecisions (see Appendix 
S2–S4, Supplemental Digital Content, http://links.lww.com/
MD/G898, which show details on the GRADE assessment for 
all pairwise comparisons).

4. Discussion
Numerous studies have assessed the efficacy and safety of acu-
puncture for treating neck pain, but the literature has lacked 
a direct comparison of RCTs between different acupuncture 
methods. This has limited the ability of clinicians to choose the 
best treatment from empirical information. Here, we used the 
network meta-analysis method to compare and rank different 
types of acupuncture for their ability to reduce pain intensity 
and pain-related disability, as well as their efficacy rate for treat-
ment of neck pain.

In this SR and network meta-analysis, we combined direct 
and indirect evidence from 65 studies covering 5266 partici-
pants with neck pain. We compared the effectiveness of differ-
ent acupuncture options by assessing pain intensity, pain-related 
disability, and the efficacy rate. Our network meta-analyses 
showed that FA, WA, ACE, and EA were more effective in reliev-
ing neck pain intensity compared to UC and SA; MA reduced 
pain intensity more than SA alone; and FA, WA, and EA reduced 
pain intensity more than MA. In terms of reducing pain-related 
disability, FA, EA, and WA were more effective than UC, and 
EA was superior to MA. In terms of the efficacy rate, FA, EA, 
ACE, and EA outperformed MA, WM, and UC; and FA was 
more effective than ACE and EA. Consequently, in terms of the 
efficacy rate and the ability to reduce overall symptoms, FA, EA, 
and WA were more effective than UC; and EA was more effec-
tive than MA.

In our 3 network meta-analyses, FA, WA, ACE, and EA gen-
erally had high rankings; there was no significant difference 
between them, probably due to the small number of direct com-
parisons. Among them, FA was considered to be the best per-
forming option in terms of symptom relief and efficacy rate of 
neck pain treatment. Several studies[89,90] have suggested that FA 
can trigger the rapid absorption of inflammatory factors (e.g., 

Figure 2.  Risk of bias graph.

http://links.lww.com/MD/G898
http://links.lww.com/MD/G898
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interleukin [IL]-1, IL-6, IL-1β, and tumor necrosis factor-α) in 
the diseased area through the surrounding lymphoid tissue and 
may control the central nervous system. This could account for 
the ability of FA to reduce neck-pain intensity and neck-pain-
related disability.

Since the number of the included studies performed FA, WA, or 
ACE was <10, and these studies were assessed as being of low qual-
ity due to the presence of several bias risks, the effect size of each 
intervention was overestimated comparing with direct compari-
sons. Nevertheless, the differences in the relative effects between 

Figure 3.  Risk of bias for the included randomized controlled trials.

Table 2

Pairwise meta-analysis of pain intensity.

Comparison Number SMD (95% CI) P I2 

MA vs SA 5 –1.11 [–1.78, –0.43] .0013 86.6%
MA vs WM 5 0.01 [–0.39, 0.40] .9753 63.7%
MA vs UC 6 –0.59 [–1.08, –0.10] .0176 67.0%
MA vs NT 2 –0.71 [–1.83, 0.40] .2102 68.6%
EA vs SA 1 –0.09 [–0.53, 0.36] .7086 –
EA vs UC 1 –0.75 [–1.28, –0.23] .0050 –
EA vs NT 2 –1.00 [–2.02, 0.01] .0525 80.8%
EA vs MA 12 –0.75 [–1.57, 0.07] .0739 95.5%
WA vs MA 4 –0.96 [–1.24, –0.68] <.0001 49.8%
WA vs EA 3 –0.61 [–1.22, –0.00] .0486 74.4%
FA vs MA 1 –1.76 [–2.08, –1.43] <.0001 –
ACE vs MA 4 –0.67 [–1.18, –0.17] .0091 85.5%
WM vs UC 1 –1.16 [–1.83, –0.48] .0008 –
SA vs NT 1 –0.52 [–1.02, –0.01] .0439 –

ACE = acupoint catgut embedding, CI = confidence interval, EA = electroacupuncture, FA = fire 
acupuncture, MA = manual acupuncture, NT = no treatment, SA = sham acupuncture, SMD 
= standardized mean difference, UC = usual care, WA = warm acupuncture, WM = Western 
medicine.

Table 3

Pairwise meta-analysis of pain-related disability.

Comparison Number SMD (95% CI) P I2 

MA vs SA 1 –0.78 [–1.10, –0.45] <.0001 –
MA vs WM 2 0.55 [–0.22, 1.31] .1607 59.7%
MA vs UC 4 –0.40 [–1.13, 0.33] .2792 83.0%
EA vs SA 3 –0.31 [–0.77, 0.15] .1815 63.3%
EA vs NT 1 –1.02 [–1.72, –0.32] .0044 –
EA vs MA 5 –2.18 [–3.53, –0.83] .0016 95.6%
WA vs MA 2 –0.68 [–1.02, –0.34] <.0001 0%
WA vs EA 1 –0.34 [–0.85, 0.17] .1968 –
FA vs EA 1 –0.60 [–1.12, –0.08] .0228 –
ACE vs MA 2 –0.31 [–0.53, –0.10] .0046 0%
SA vs NT 1 –0.12 [–0.76, 0.53] .7199 –

ACE = acupoint catgut embedding, CI = confidence interval, EA = electroacupuncture, FA = fire 
acupuncture, MA = manual acupuncture, NT = no treatment, SA = sham acupuncture, SMD 
= standardized mean difference, UC = usual care, WA = warm acupuncture, WM = Western 
medicine.

Table 4

Pairwise meta-analysis of efficacy rate.

Comparison Number RR (95% CI) P I2 

MA vs WM 2 1.10 [0.89, 1.37] .3825 85.0%
MA vs UC 1 1.12 [0.93, 1.35] .2335 –
EA vs SA 1 1.46 [0.80, 2.67] .2204 –
EA vs WM 2 1.19 [0.99, 1.44] .0621 69.6%
EA vs UC 1 1.17 [0.93, 1.48] .1730 –
EA vs MA 15 1.12 [1.08, 1.17] <.0001 0%
WA vs MA 5 1.13 [1.06, 1.20] .0003 4.4%
WA vs EA 2 1.14 [1.00, 1.31] .0580 0%
FA vs MA 2 1.28 [1.16, 1.42] <.0001 0%
FA vs EA 1 1.22 [0.98, 1.52] .0788 –
ACE vs MA 7 1.12 [1.05, 1.20] .0009 42.4%
ACE vs EA 1 1.12 [0.93, 1.35] .2335 –

ACE = acupoint catgut embedding, CI = confidence interval, EA = electroacupuncture, FA = fire 
acupuncture, MA = manual acupuncture, RR = relative risk, SA = sham acupuncture, UC = usual 
care, WA = warm acupuncture, WM = Western medicine.
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Figure 4.  Network plots for pain intensity (A), pain-related disability (B), and 
efficacy rate (C). ACE = acupoint catgut embedding, EA = electroacupunc-
ture, FA = fire acupuncture, MA = manual acupuncture, NT = no treatment, 
SA = sham acupuncture, UC = usual care, WA = warm acupuncture, WM = 
Western medicine.
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interventions were acceptable, and the estimated effect size should 
not be taken, as it was in interpreting the results of this study.

While MA was effective in reducing pain intensity com-
pared to SA, it was ranked lower than SA for decreasing 

pain-related disability and was not significantly different in 
terms of the efficacy rate. These results contradict several pre-
vious reviews.[13,14,91] Unlike the previous reviews; however, we 
included only SA designed with nonpenetrating acupuncture, 
resulting in insufficient direct comparison of SA and other acu-
puncture. Several types of SA were excluded in this study, such 
as the use of penetrating needles at locations away from true 
acupuncture points and the superficial insertion of needles. One 
review on the impact of SA in patients with pain found that 
the shallow insertion of needles at nonacupuncture points could 
have therapeutic activity for pain, albeit less effective than that 
obtained by deep insertion at a correct location.[92] MacPherson 
et al suggested that there was no significant difference between 
shallow and deep needling when considering changes in 
fMRI.[93] In addition, since shallow penetrating acupuncture 
(e.g., that with an intradermal needle) is already used as a treat-
ment method, noninvasive SA was recently recommended as a 
sham control in RCT.[92,94]

While 24 of the 65 included studies reported on the safety 
of interventions, there was no report of safety related to FA 
and only 1 study related to ACE, which ranked high in our net-
work meta-analyses. FA is used to treat lateral epicondylitis,[95] 
knee osteoarthritis,[96] and ankle sprain,[97] and may cause pain, 
burns, and skin rash due to a red-hot needle. There were few 
reports of adverse events to the FA in the previous studies,[95–97] 
and Yeon et al[98] reported that after FA, local third-degree burns 
were observed in the muscle and skin layers without any scar-
ring, and the residual products present after FA did not exert 
toxicity, but rather increased cell growth. ACE has been used for 
the treatment of musculoskeletal pain, obesity, and facial palsy 
in Korea, China, and Taiwan.[99] One review[100] on the safety 
of ACE reported that the most common adverse events were 
induration, bleeding, fever, redness, and swelling, all of which 
disappeared without special treatment. Furthermore, the inci-
dence of serious adverse events was 0.1%, which had no clear 
causal relationship with ACE. The evidence suggests that FA and 
ACE are safe treatment methods, but it is difficult to draw a 
clear conclusion on safety due to the small number of studies 
included. Thus, the safety of FA and ACE should be carefully 
assessed in further trials.

The present study has the following limitations. First, because 
of poor reporting, most of the included RCTs were considered 
to have an unclear risk of bias in their allocation concealment, 
blinding of participants and personnel, and blinding of outcome 
assessment. In addition, the sequences of 9 studies were ran-
domly ordered based on the date of admission or visit, resulting 
in high risks of selection bias. Overall, the certainty of evidence 
obtained in our network meta-analyses was very low, largely 
because most of the included studies had considerable risks for 
bias and imprecision. Thus, further high-quality and larger-scale 
studies are needed. Second, it was difficult to assess the long-
term effects of the interventions, as the studies varied in their 
follow-up periods. Third, we observed publication bias in our 
network meta-analysis of pain-related disability. Fourth, fac-
tors such as the selection of acupuncture points and variances 
in treatment methods (e.g., the numbers, frequencies, durations, 
and/or intervals of treatments) contributed to the high heteroge-
neity of our analyses. Despite these limitations, this study is the 
first network meta-analysis of RCTs to evaluate and rank the 
comparative effectiveness of various interventions for treating 
neck pain. More precisely designed, generated, and published 
RCTs are highly recommended.

5. Conclusion
The findings of our network meta-analyses indicate that FA, 
WA, ACE, and EA were more effective in relieving pain intensity 
and had higher efficacy rates than the other interventions (UC, 
SA, NT). We also show that FA, EA, and WA were more effective 

Figure 5.  Funnel plots for the network meta-analysis of pain intensity (A), 
pain-related disability (B), and efficacy rate (C). ACE = acupoint catgut 
embedding, EA = electroacupuncture, FA = fire acupuncture, MA = manual 
acupuncture, NT = no treatment, SA = sham acupuncture, UC = usual care, 
WA = warm acupuncture, WM = Western medicine.
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than MA in pain intensity mitigation and the efficacy rate, and 
that EA reduced pain-related disability more effectively than 
MA. Overall, FA was found to be the best acupuncture method 
to reduce pain and disability index scores, while showing a high 
efficacy rate. However, higher-quality head-to-head trials com-
paring acupuncture therapies for treating neck pain are needed 
to confirm this conclusion. The findings of this review should be 
interpreted with caution given the low certainty of the evidence 
included in the 3 network meta-analyses.
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