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knee osteoarthritis: a 
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Background: Knee osteoarthritis is the most prevalent chronic joint disease 
affecting persons >50 years, which significantly impairs the patients’ lives. Although 
acupuncture can treat knee osteoarthritis; none of the studies have compared the 
effectiveness of four common acupuncture techniques (electroacupuncture, filiform 
acupuncture, warming acupuncture, and fire acupuncture) in knee osteoarthritis.

Methods: The Web of Science, EMBASE, PubMed, Scopus, and CNKI 
databases were searched for the clinical randomized controlled trials of 
electroacupuncture, filiform acupuncture, warming acupuncture, and fire 
acupuncture in the treatment of knee osteoarthritis published before September 
1, 2024. We collected 52 studies and used R software to analyze data.

Results: The results of meta-analysis showed that the efficacy rates for 
electroacupuncture, filiform acupuncture, warming acupuncture, and fire 
acupuncture were 91.5, 83.4, 84.9, and 83.5%, respectively. The respective visual 
analog scale (VAS) scores were 2.1, 3.2, 2.9, and 4.1, respectively. Moreover, the 
patient’s age and body mass index (BMI) can negatively affect the efficacy rate of 
acupuncture therapies, whereas age and BMI positively impacts the VAS scores.

Conclusion: Thus, our study suggests that electroacupuncture has the best 
clinical efficacy for knee osteoarthritis; however, patients’ age and BMI should 
be considered in future acupuncture therapies.
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Introduction

A chronic condition affecting the knee joints and their surrounding tissues, knee 
osteoarthritis primarily damages the articular cartilage and affects the subchondral bone as 
well as surrounding synovial structures (1, 2). Short-term knee osteoarthritis symptoms 
include pain, stiffness, reduced joint movement, and muscular weakness (3, 4). Additionally, 
deteriorated physical activity, worsening physical health, impaired sleep, fatigue, depression, 
and disability are some long-term effects (5). As the aging process quickens, more people are 
developing knee osteoarthritis. This is one of the major reasons for the older adult’s declining 
quality of life (6, 7). Therefore, more effective therapy is needed for knee osteoarthritis patients 
to ensure the health of aging populations.

Although drug therapy in conventional medicine may work quickly in knee osteoarthritis 
patients; the long-term application of these drugs can produce adverse reactions (i.e., gastric 
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ulcer and cardiovascular disease), affecting the body’s health level (8, 
9). According to traditional Chinese medicine, knee osteoarthritis is 
primarily caused by blood stasis and blockage. Therefore, the therapy’s 
major goals are eliminating blood stasis and relieving pain (10). 
Numerous studies have suggested that acupuncture therapy can 
influence the meridians system and dredge the meridians, thus 
promoting blood circulation, removing blood stasis, and having good 
curative effects on knee osteoarthritis (11–13). Moreover, 
electroacupuncture, filiform acupuncture, warming acupuncture, and 
fire acupuncture are common acupuncture therapies (14, 15). However, 
there are no comprehensive comparisons of the clinical efficacy of these 
four acupuncture therapies, which might have decreased the 
effectiveness of the patient’s recovery.

Furthermore, age and body mass index (BMI) can greatly 
influence the occurrence of knee osteoarthritis. A recent study has 
suggested that the prevalence of knee osteoarthritis increases with age; 
approximately, 15% of people >40, 50% of those >60, and up to 80% 
of people >75 years (16) had this condition. Because of aging-related 
degenerative changes in the meniscus and joint ligaments, increased 
bone turnover, and joint tissue calcifications, the articular cartilage 
becomes more susceptible to damage, thereby leading to knee 
osteoarthritis (17). Additionally, one study reported that a 5-unit BMI 
increase was associated with a 35% enhanced risk of knee osteoarthritis 
via a meta-analysis approach (18). Obesity increases the bearing load 
of knee cartilage, weakens the cartilage over time, and accelerates 
cartilage degeneration (19). However, how age and BMI affect 
acupuncture therapies for knee osteoarthritis remains ambiguous.

A recent meta-analysis synthesized evidence from 15 studies 
demonstrated the overall effectiveness of acupuncture in managing 
knee osteoarthritis (12). However, this study did not perform direct 
comparisons between the four specific acupuncture modalities 
including electroacupuncture, filiform acupuncture, warming 
acupuncture, and fire acupuncture. Furthermore, their analysis did 
not investigate potential moderators such as age and BMI that might 
influence therapeutic outcomes. This critical gap in existing works 
underscores the necessity for a comprehensive comparison of these 
distinct acupuncture techniques while simultaneously examining key 
biological factors of treatment response.

Hence, we  used the meta-analytical approach to analyze 52 
studies. We also asked the following questions: (1) Which acupuncture 
therapy has the best clinical efficacy? (2) Do osteoarthritis acupuncture 
therapies worsen with increasing age and BMI? Thus, we compared 
the efficacy rates and visual analog scale (VAS) scores of four 
acupuncture therapies like electroacupuncture, filiform acupuncture, 
warming acupuncture, and fire acupuncture. Subsequently, 
we explored the correlations between acupuncture therapies as well as 
patient’s age and VAS scores, respectively. Therefore, our study might 
enhance the clinical efficacy of acupuncture therapies for knee 
osteoarthritis and provide improved clinical guidance.

Materials and methods

Data collection

We searched the relevant published studies by using Web of 
Science, EMBASE, PubMed, Scopus, and CNKI databases with the 
following keywords: “acupuncture” OR “electroacupuncture” OR “fire 

acupuncture” OR “warm acupuncture” OR “filiform acupuncture” 
AND “knee osteoarthritis” OR “osteoarthritis.” The inclusion criteria 
were: (1) Studies with randomized controlled trials; (2) Participants 
with relevant diagnostic criteria and definite efficacy requirements; (3) 
Studies on at least one acupuncture therapy (electroacupuncture, 
filiform acupuncture, warming acupuncture, or fire acupuncture); and 
(4) Those with primary outcome measures of efficacy rates and VAS 
scores. Notably, after receiving acupuncture therapy, patients’ pain and 
VAS scores decreased, suggesting good patient recovery. Finally, 
we  selected 52 studies as per the PRISMA guidelines (Figure  1). 
We also collected data about patients’ age and BMI to explore their 
influences on efficacy rates and VAS scores, respectively. Besides, 
we extracted the number of patients, gender, Kellgren-Lawrence grade 
(II and III grades), treatment duration (min), and intervention details 
to demonstrate baseline characteristics of included studies (Table 1).

Moreover, all included patients had primary knee osteoarthritis, 
and no participants had received prior osteoarthritis-specific 
treatments (including medications, injections, or surgery). 
Acupuncture techniques were administered without patient-specific 
selection criteria, enabling direct comparison of their therapeutic 
effects in this homogeneous population.

Our data encompassed four distinct acupuncture techniques, each 
with unique therapeutic characteristics: (1) Electroacupuncture 
combined traditional needle insertion with low-frequency electrical 
stimulation to enhance neuromodulatory effects; (2) Filiform 
acupuncture utilized standard manual manipulation of thin sterile 
needles to elicit Deqi sensations without adjunctive stimulation; (3) 
Warming acupuncture integrated moxibustion-derived thermal 
stimulation by burning purified mugwort on needle handles, creating 
synergistic thermal and mechanical effects; and (4) Fire acupuncture 
involved brief punctures with pre-heated needles to induce localized 
microtrauma and thermal regulation.

Statistical analysis

We used ANOVA analysis to compare the clinical efficacies, i.e., 
the efficacy rates and VAS scores of electroacupuncture, filiform 
acupuncture, warming acupuncture, and fire acupuncture techniques. 
Furthermore, linear regression models helped to explore the 
associations between patients’ age and BMI as well as primary 
outcome measures. We  used the Shapiro–Wilk test to assess the 
normality of the models’ residuals (20). Our results confirmed that all 
models exhibited normal distributions. Finally, there is no publication 
bias in our models via Egger’s test using metafor package 
(Supplementary Table S1). All statistical analyses were performed 
using the R platform (21) with the ggplot2 package (22).

Results

Out of 52 studies, 11, 19, 13, and 9 dealt with electroacupuncture, 
filiform acupuncture, warming acupuncture, and fire acupuncture, 
respectively. Furthermore, 95% of the studies on acupuncture therapy’s 
impact on knee osteoarthritis have been conducted from 2020 to 2024. 
These trials studies also included a wide range of patients’ efficacy 
rates (71.4–96.7%, mean ± SD = 85.5% ± 6.1%), VAS scores (1.4–4.6, 
mean ± SD= 3.1 ± 0.9), age (35–77, mean ± SD= 57.0 ± 10.4), and 
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BMI (17.9–31.9, mean ± SD= 22.2 ± 3.5), respectively. Patients’ ages 
ranged from 35 to 64, 37 to 70, 44 to 75, and 50 to 77 for 
electroacupuncture, filiform acupuncture, warming acupuncture, and 
fire acupuncture techniques, respectively. Similarly, the respective 
BMIs ranged from 17.9 to 25.3, 18.2 to 28.9, 18.3 to 31.9, and 20.1 to 
25.4, respectively.

Baseline characteristics were balanced across acupuncture 
techniques, with no significant differences in number of patients, sex 
distribution, Kellgren-Lawrence grade, or treatment duration, and 
these variables had no significant effects on efficacy rates and VAS 
scores (all p > 0.05; Table 1). This homogeneity supports the validity 
of direct efficacy comparisons among acupuncture techniques. Across 

all studies, mean efficacy rate values for electroacupuncture, filiform 
acupuncture, warming acupuncture, and fire acupuncture were 91.5, 
83.4, 84.9, and 83.5%, respectively (Figure 2a). Although the efficacy 
rate of electroacupuncture was higher than that of filiform 
acupuncture, warming acupuncture, and fire acupuncture, the efficacy 
rates did not differ significantly among filiform acupuncture, warming 
acupuncture, and fire acupuncture methods. Additionally, the mean 
VAS scores for electroacupuncture, filiform acupuncture, warming 
acupuncture, and fire acupuncture were 2.1, 3.2, 2.9, and 4.2, 
respectively. However, electroacupuncture had a lower VAS score than 
filiform acupuncture, warming acupuncture, and fire acupuncture 
(Figure 2b).

FIGURE 1

PRISMA flow chart showing the study selection procedure.

TABLE 1 Baseline characteristics of included studies.

Characteristics Electroacupuncture Filiform 
acpuncture

Warming 
acupuncture

Fire 
acupuncture

Significance on 
effective rates 

(p)

Significance 
on VAS score 

(p)

Patients number 84.6 ± 31.5 82.9 ± 43.8 79.8 ± 21.7 81.2 ± 15.4 0.781 0.694

Female (%) 38.1 ± 4.5 40.5 ± 5.2 36.6 ± 5.1 41.2 ± 6.3 0.439 0.328

K-L grade III (%) 71.3 ± 8.5 70.9 ± 9.8 68.8 ± 6.9 69.7 ± 8.4 0.214 0.367

Treatment duration 25.0 ± 8.2 23.5 ± 7.2 26.8 ± 6.4 21.8 ± 9.4 0.473 0.536

Value are expressed as means ± standard deviation. There exist no significant differences for baseline characteristics among four acupuncture techniques, and these characteristics had no 
significant influences on effective rates and VAS scores.
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While the efficacy rates of electroacupuncture, filiform 
acupuncture, and warming acupuncture decreased significantly with 
patients’ age (Figure 3a; Supplementary Table S2), corresponding VAS 
scores increased with their age (Figure 3b; Supplementary Table S2). 
Similarly, patients’ BMI negatively impacted the efficacy rates of 
electroacupuncture, filiform acupuncture, and warming acupuncture 
(Figure 4a; Supplementary Table S3) while having positive impacts on 
their VAS scores (Figure 4b; Supplementary Table S3). Moreover, the 
efficacy rate and VAS score of fire acupuncture did not change 
significantly with patient’s age and BMI.

Discussion

Clinical efficacy of four acupuncture 
therapies

Four acupuncture therapies (electroacupuncture, filiform 
acupuncture, warming acupuncture, and fire acupuncture) were 
significantly beneficial in knee osteoarthritis cases (Figures  2a,b). 
Consistent with the recent meta-analyses (23, 24), our results 
demonstrated that acupuncture significantly improves the symptoms of 
knee osteoarthritis more effectively than other therapies. This could 
be an outcome of acupuncture’s ability to reduce peripheral nerves’ 
excitability, relieve muscle spasms, improve blood circulation, and 
alleviate knee pain (12). Furthermore, the working mechanisms of 
techniques like electroacupuncture, filiform acupuncture, warming 
acupuncture, and fire acupuncture involve activating and reducing CB2 
receptor and interleukin-1β expressions (25), improving blood 
circulation and nourishing joints (26) as well as removing disperse knots 
and enhancing joint movement by applying heat to the knee joint (27), 
respectively. They also delay cartilage deterioration by regulating the 
extracellular matrix degradation and affecting the Wnt signaling pathway 
(28), respectively. Thus, our findings, together with other outcomes (29) 
suggest that acupuncture is highly effective for knee osteoarthritis.

Based on previous meta-analyses (12, 23), our study compared the 
efficacy rates and VAS scores of electroacupuncture, filiform 
acupuncture, warming acupuncture, as well as fire acupuncture, and 

demonstrated that electroacupuncture is the most effective therapy for 
knee osteoarthritis (Figure 2a). Electroacupuncture is combined with 
electrical stimulation, filiform acupuncture is mechanical stimulation, 
warming acupuncture is thermal effect, and fire acupuncture is 
thermal trauma. These different physical stimuli lead to different 
physiological responses, such as nerve activation, inflammation 
inhibition, and improved blood circulation, which in turn produce 
different therapeutic effects (14). Moreover, electroacupuncture 
achieves both neuromodulatory and anti-inflammatory effects 
through precisely controlled electrical impulse parameters, and the 
depth and range of stimulation are more controllable, leading to more 
stable therapeutic outcomes (30, 31).

Moderators of acupuncture therapies for 
knee osteoarthritis

While efficacy rates of acupuncture therapies decreased with age, 
respective VAS scores increased as patients aged. Based on the fitted 
lines, the efficacy rates of electroacupuncture, filiform acupuncture, 
and warming acupuncture decreased from 90.8 to 86.4%, 88.5 to 
77.1%, and 90.7 to 80.3%, respectively, from the 5th percentile 
(50 years) to the 95th percentile (70 years). In contrast, their 
corresponding VAS scores increased from 2.2 to 2.8, 2.7 to 4.1, and 2.1 
to 3.1, respectively (Figures  3a,b). These results suggest that the 
clinical efficacies of acupuncture therapies are mostly age-dependent 
and decline with patient age. This might be due to the fact that knee 
tissue’s ability to adapt to biomechanical damage weakens with age, 
leading to cellular senescence and sarcopenia (17).

Our results also demonstrated that the clinical efficacies of 
acupuncture therapies decreased with patients’ BMI (Figure 4a). 
The effective rates of electroacupuncture, filiform acupuncture, 
and warming acupuncture decreased by 14.2, 15.9, and 19.1%, 
respectively, from the 5th percentile (18.9) to the 95th percentile 
(30.1) of BMI. In contrast, corresponding VAS scores increased by 
43.1, 43.6, and 51.5%, respectively. The probable explanation is 
that obesity increases the knee joint’s biomechanical load, 
aggravates cartilage injury, and results in articular cartilage 

FIGURE 2

Comparisons between the clinical efficacies of different acupuncture therapies. (a) Effective rates, and (b) Visual analog scale (VAS) scores. Different 
lowercase letters indicate significance among acupuncture therapies.
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degeneration as well as bone spur formation (32). However, we did 
not find any significant relationship between fire acupuncture, and 
age as well as BMI; this may be attributed to the smaller sample 
size of fire acupuncture, i.e., only nine studies. Therefore, 
we advocate additional research on fire acupuncture technique in 
such patients.

Suggestions for clinical therapy

Knee osteoarthritis is the most common chronic joint disease for 
individuals >50 years, which significantly impairs patients’ quality of 
life (7). Additionally, knee osteoarthritis patients experience significant 
financial strain, which can significantly impact the social economy, 
and attract global attention (33). Our study suggests that the clinical 
efficacies of acupuncture therapies are significantly associated with the 
patient’s age and BMI. These factors should be  considered when 
providing clinical therapy. For example, electroacupuncture should 
be considered preferentially in a 60-year-old patient with a BMI > 25. 

Furthermore, 19.1% of the patients were <50 years old, indicating that 
younger people typically suffer from knee osteoarthritis. Therefore, 
adults are advised to maintain a healthy weight through physical 
exercise and low-calorie diet to prevent knee osteoarthritis.

Conclusion

In summary, this study indicates that acupuncture has a good 
curative effect on knee osteoarthritis. Electroacupuncture is the most 
effective curative therapy for knee osteoarthritis and may be used as an 
optimization strategy for its clinical management. Moreover, age and 
BMI are significant moderators of the effects of acupuncture therapies 
for knee osteoarthritis, which deserves clinical attention.

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found in the article/Supplementary material.

FIGURE 3

Associations between the clinical efficacies of various acupuncture 
therapies and age. (a) Effective rates (electroacupuncture: 
y = −0.22x + 101.80; filiform acupuncture: y = −0.57x + 117.03; 
warming acupuncture: y = −0.52x + 116.70, and fire acupuncture: 
y = −0.02x + 84.60), and (b) Visual analog scale (VAS) scores 
(electroacupuncture: y = 0.03x + 0.71; filiform acupuncture: 
y = 0.07x – 0.79; warming acupuncture: y = 0.05x – 0.36, and fire 
acupuncture: y = −0.02x + 5.68). Colored lines and shaded areas 
represent the fitted lines and 95% confidence intervals, respectively. 
Supplementary Table S2 demonstrates detailed information about 
regression models.

FIGURE 4

Relationships between the clinical efficacies of various acupuncture 
therapies and BMI. (a) Effective rates (electroacupuncture: 
y = −1.17x + 114.33; filiform acupuncture: y = −1.27x + 113.07; 
warming acupuncture: y = −1.50x + 117.37, and fire acupuncture: 
y = −0.19x + 87.85), and (b) Visual analog scale (VAS) scores 
(electroacupuncture: y = 0.14x – 0.59; filiform acupuncture: 
y = 0.13x + 0.17; warming acupuncture: y = 0.21x – 1.76, and fire 
acupuncture: y = 0.03x + 3.45). Colored lines and shaded areas 
represent the fitted lines and 95% confidence intervals, respectively. 
Supplementary Table S3 provides comprehensive details regarding 
regression models.

https://doi.org/10.3389/fmed.2025.1563715
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Chen et al. 10.3389/fmed.2025.1563715

Frontiers in Medicine 06 frontiersin.org

Author contributions

YC: Formal analysis, Writing – original draft, Writing – review & 
editing. CX: Writing – review & editing. QW: Writing – review & 
editing. GG: Writing – review & editing. WL: Funding acquisition, 
Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. The research was supported 
by the Yancheng Key R&D Program (Social Development) Guiding 
Project (YCBE202221).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1563715/
full#supplementary-material

References
 1. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. (2019) 393:1745–59. doi: 

10.1016/S0140-6736(19)30417-9

 2. Bijlsma JWJ, Berenbaum F, Lafeber FPJG. Osteoarthritis: an update with 
relevance for clinical practice. Lancet. (2011) 377:2115–26. doi: 
10.1016/S0140-6736(11)60243-2

 3. Miyake Y, Namba Y, Mitani S, Umehara N, Kawamoto T, Furuichi S. Survey of 
osteoarthritis of the shoulder in patients who underwent knee arthroplasty for knee 
osteoarthritis. Acta Med Okayama. (2023) 77:613–8. doi: 10.18926/amo/66153

 4. Nüesch E, Dieppe P, Reichenbach S, Williams S, Iff S, Jüni P. All cause and disease 
specific mortality in patients with knee or hip osteoarthritis: population based cohort 
study. BMJ. (2011) 342:d1165. doi: 10.1136/bmj.d1165

 5. Sharma L. Osteoarthritis of the knee. N Engl J Med. (2021) 384:51–9. doi: 
10.1056/NEJMcp1903768

 6. Wallace IJ, Worthington S, Felson DT, Jurmain RD, Wren KT, Maijanen H, et al. 
Knee osteoarthritis has doubled in prevalence since the mid-20th century. Proc Natl 
Acad Sci USA. (2017) 114:9332–6. doi: 10.1073/pnas.1703856114

 7. Kast S, Kemmler W, Roemer FW, Kohl M, Culvenor AG, Mobasheri A, et al. 
Effectiveness of whole-body electromyostimulation on knee pain and physical function 
in knee osteoarthritis: a randomized controlled trial. Sci Rep. (2024) 14:20804. doi: 
10.1038/s41598-024-71552-7

 8. McGrory BJ, Weber KL, Lynott JA, Richmond JC, Davis CM, Yates AJ, et al. The 
American academy of orthopaedic surgeons evidence-based clinical practice guideline 
on surgical management of osteoarthritis of the knee. J Bone Joint Surg. (2016) 
98:688–92. doi: 10.2106/JBJS.15.01311

 9. Silverstein FE, Faich G, Goldstein JL, Simon LS, Pincus T, Whelton A, et al. 
Gastrointestinal toxicity with celecoxib vs nonsteroidal anti-inflammatory drugs for 
osteoarthritis and rheumatoid arthritis: the CLASS study: a randomized controlled trial. 
Celecoxib long-term arthritis safety study. JAMA. (2000) 284:1247–55. doi: 
10.1001/jama.284.10.1247

 10. Chen B, Zhan H, Marszalek J, Chung M, Lin X, Zhang M, et al. Traditional Chinese 
medications for knee osteoarthritis pain: a meta-analysis of randomized controlled 
trials. Am J Chin Med. (2016) 44:677–703. doi: 10.1142/s0192415x16500373

 11. Zhang Q, Fang J, Chen L, Wu J, Ni J, Liu F, et al. Different kinds of acupuncture 
treatments for knee osteoarthritis: a multicentre, randomized controlled trial. Trials. 
(2020) 21:264. doi: 10.1186/s13063-019-4034-8

 12. Araya-Quintanilla F, Cuyúl-Vásquez I, Gutiérrez-Espinoza H. Does acupuncture 
provide pain relief in patients with osteoarthritis knee? An overview of systematic 
reviews. J Bodyw Mov Ther. (2022) 29:117–26. doi: 10.1016/j.jbmt.2021.10.012

 13. Ezzo J, Hadhazy V, Birch S, Lao L, Kaplan G, Hochberg M, et al. Acupuncture for 
osteoarthritis of the knee: a systematic review. Arthritis Rheum. (2001) 44:819–25. doi: 
10.1002/1529-0131(200104)44:4<819::AID-ANR138>3.0.CO;2-P

 14. Zhang J, Chen Y, Lan K, Hu L, Yu H. Network meta-analysis on effectiveness of 
fire needle, warm acupuncture, and electroacupuncture in the treatment of knee 
osteoarthritis. Zhongguo Zuzhi Gongcheng Yanjiu. (2020) 24:2945–52. doi: 
10.3969/j.issn.2095-4344.2634

 15. Wang R, Wu Q, Huang C, Rao W. Network meta-analysis of 4 acupuncture 
therapies for shoulder hand syndrome after stroke. Zhongguo Zhen Jiu. (2021) 41:563–9. 
doi: 10.13703/j.0255-2930.20200325-k0011

 16. Zhang B, Zhang J. A review of the pathogenesis and treatment of knee 
osteoarthritis. Adv Clin Med. (2024) 14:1199–204. doi: 10.12677/acm.2024.1441143

 17. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res Clin 
Rheumatol. (2014) 28:5–15. doi: 10.1016/j.berh.2014.01.004

 18. Jiang L, Tian W, Wang Y, Rong J, Bao C, Liu Y, et al. Body mass index and 
susceptibility to knee osteoarthritis: a systematic review and meta-analysis. Joint Bone 
Spine. (2012) 79:291–7. doi: 10.1016/j.jbspin.2011.05.015

 19. Lohmander LS, Gerhardsson de Verdier M, Rollof J, Nilsson PM, Engström G. 
Incidence of severe knee and hip osteoarthritis in relation to different measures of body 
mass: a population-based prospective cohort study. Ann Rheum Dis. (2009) 68:490–6. 
doi: 10.1136/ard.2008.089748

 20. Kabacoff R. R in action: data analysis and graphics with R. Westampton, USA: 
Manning Publications (2015).

 21. R Development Core Team. R: a language and environment for statistical 
computing. Vienna, Austria: R Foundation for Statistical Computing (2024).

 22. Wickham H. ggplot2: Elegant graphics for data analysis. New York: Springer-
Verlag (2016).

 23. Lv ZT, Shen LL, Zhu B, Zhang ZQ, Ma CY, Huang GF, et al. Effects of intensity of 
electroacupuncture on chronic pain in patients with knee osteoarthritis: a randomized 
controlled trial. Arthritis Res Ther. (2019) 21:120. doi: 10.1186/s13075-019-1899-6

 24. Wang Y, Xie X, Zhu X, Chu M, Lu Y, Tian T, et al. Fire-needle moxibustion for the 
treatment of knee osteoarthritis: a meta-analysis. Evid Based Complement Alternat Med. 
(2016) 2016:1392627. doi: 10.1155/2016/1392627

 25. Yuan X, Wang Q, Su W, Li H, Wu C, Gao F, et al. Electroacupuncture potentiates 
peripheral CB2 receptor-inhibited chronic pain in a mouse model of knee osteoarthritis. 
J Pain Res. (2018) 11:2797–808. doi: 10.2147/jpr.S171664

 26. Zhang X, Li Q, Xue P, Jia Y, Xing H, Xu J. Effects of different acupuncture and 
moxibustion methods on articular cartilage morphology and NF-κB p65/NLRP3 
pathway in rats with knee osteoarthritis. Acupunct Res. (2023) 48:185–91. doi: 
10.13702/j.1000-0607.20220246

 27. Wei Y, Yuan N, Ding J, Wang L, Dong Y, Deng L, et al. Efficacy and safety of warm 
needle acupuncture in knee osteoarthritis: a protocol for systematic review and meta-
analysis. Medicine. (2020) 99:e23596. doi: 10.1097/md.0000000000023596

https://doi.org/10.3389/fmed.2025.1563715
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1563715/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1563715/full#supplementary-material
https://doi.org/10.1016/S0140-6736(19)30417-9
https://doi.org/10.1016/S0140-6736(11)60243-2
https://doi.org/10.18926/amo/66153
https://doi.org/10.1136/bmj.d1165
https://doi.org/10.1056/NEJMcp1903768
https://doi.org/10.1073/pnas.1703856114
https://doi.org/10.1038/s41598-024-71552-7
https://doi.org/10.2106/JBJS.15.01311
https://doi.org/10.1001/jama.284.10.1247
https://doi.org/10.1142/s0192415x16500373
https://doi.org/10.1186/s13063-019-4034-8
https://doi.org/10.1016/j.jbmt.2021.10.012
https://doi.org/10.1002/1529-0131(200104)44:4<819::AID-ANR138>3.0.CO;2-P
https://doi.org/10.3969/j.issn.2095-4344.2634
https://doi.org/10.13703/j.0255-2930.20200325-k0011
https://doi.org/10.12677/acm.2024.1441143
https://doi.org/10.1016/j.berh.2014.01.004
https://doi.org/10.1016/j.jbspin.2011.05.015
https://doi.org/10.1136/ard.2008.089748
https://doi.org/10.1186/s13075-019-1899-6
https://doi.org/10.1155/2016/1392627
https://doi.org/10.2147/jpr.S171664
https://doi.org/10.13702/j.1000-0607.20220246
https://doi.org/10.1097/md.0000000000023596


Chen et al. 10.3389/fmed.2025.1563715

Frontiers in Medicine 07 frontiersin.org

 28. Ao X, Miao M, Tan Y, Hao H. Changes of cartilage extracellular matrix and Wnt 
singling pathway in rabbit models of osteoarthritis after treatment by fire-needle 
moxibustion at Dubi and Neixiyan. Chin J Tissue Eng Res. (2019) 23:1662–8. doi: 
10.3969/j.issn.2095-4344.1139

 29. Yetişir A, Öztürk GY. Effects of low-level laser therapy on acupuncture points on 
knee pain and function in knee osteoarthritis. Rev Assoc Med Bras. (2023) 70:e20230264. 
doi: 10.1590/1806-9282.20230264

 30. Liu Y, Wu H. Effect of electroacupuncture on knee osteoarthritis and relevant 
inflammatory factors: a randomized clinical trial. World J Acupunct Moxibust. (2022) 
32:329–35. doi: 10.1016/j.wjam.2022.07.009

 31. Wu R, Ma H, Hu J, Wang D, Wang F, Yu X, et al. Electroacupuncture stimulation 
to modulate neural oscillations in promoting neurological rehabilitation. Brain Res. 
(2024) 1822:148642. doi: 10.1016/j.brainres.2023.148642

 32. Jiang L, Xie X, Wang Y, Wang Y, Lu Y, Tian T, et al. Body mass index and hand 
osteoarthritis susceptibility: an updated meta-analysis. Int J Rheum Dis. (2016) 
19:1244–54. doi: 10.1111/1756-185X.12895

 33. Safiri S, Kolahi AA, Smith E, Hill C, Bettampadi D, Mansournia MA, et al. Global, 
regional and national burden of osteoarthritis 1990-2017: a systematic analysis of the 
global burden of disease study 2017. Ann Rheum Dis. (2020) 79:819–28. doi: 
10.1136/annrheumdis-2019-216515

https://doi.org/10.3389/fmed.2025.1563715
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3969/j.issn.2095-4344.1139
https://doi.org/10.1590/1806-9282.20230264
https://doi.org/10.1016/j.wjam.2022.07.009
https://doi.org/10.1016/j.brainres.2023.148642
https://doi.org/10.1111/1756-185X.12895
https://doi.org/10.1136/annrheumdis-2019-216515

	Electroacupuncture superiority in knee osteoarthritis: a meta-analysis of four acupuncture techniques
	Introduction
	Materials and methods
	Data collection
	Statistical analysis

	Results
	Discussion
	Clinical efficacy of four acupuncture therapies
	Moderators of acupuncture therapies for knee osteoarthritis
	Suggestions for clinical therapy

	Conclusion

	References

