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Abstract

Background Osteoarthritis (OA) is prevalent, yet its management remains challenging. This meta-analysis aims
to evaluate the efficacy of acupuncture combined with moxibustion versus other standard treatments in patients
with knee osteoarthritis (KOA) based on randomized controlled trials (RCTs).

Methods Searches were conducted in Ovid MEDLINE, Embase, and the Cochrane Central Register of Controlled Trials
to retrieve relevant RCTs. Data on baseline characteristics, treatment efficacy, and adverse events were extracted. The
analysis utilized pooled weighted mean differences (WMD) and risk ratios (RR) with 95% confidence intervals (Cls)

to assess the superior treatment modality.

Results A total of 18 RCTs were included. Acupuncture combined with moxibustion demonstrated significant
improvement in the visual analog scale (VAS) for pain and the long-term (> 60 weeks) Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scores for pain, stiffness, and physical function compared to other treat-
ments. In contrast, short- (<4 weeks) and mid-term (6-60 weeks) WOMAC outcomes for pain, stiffness, and physical
function indicated varied results. The overall efficacy rate also favored the combined therapy significantly in the short-
and mid-term evaluations. Notably, this therapy was associated with fewer adverse events.

Conclusion The meta-analysis reveals that acupuncture combined with moxibustion is notably more effective
and safer than other treatment modalities for KOA, particularly during mid- and long-term follow-up periods.

Keywords Acupuncture, Moxibustion, Knee osteoarthritis, Meta-analysis, Treatment, Adverse events
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*Comespondence: Osteoarthritis (OA) is a prevalent and progressive disor-
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joint [1]. It impacts approximately 10% of men and 18%
of women over 60 [2]. OA can involve multiple periph-
eral joints, both small (such as those in the hands) and
large (including the knee and hip joints), which may be
affected either simultaneously or asynchronously [1]. The
treatment of OA remains challenging as understanding
its classifications, risk factors, and pathophysiology con-
tinues evolving [3]. Symptoms such as pain, transient
morning stiffness, and crepitus during joint movement—
a grating sound or sensation—indicate a severe condition
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that can deteriorate quality of life (QOL) and lead to joint
instability [4].

OA is treated with pharmacotherapy, physical therapy,
rehabilitation therapy, acupuncture, and massage [5-7].
However, long-term use of pharmacotherapy has a risk
of several negative consequences, such as hypertension,
kidney damage, gastrointestinal problems, congestive
heart failure, and heart attacks [8]. Moreover, surgery is
not necessary for early-stage OA, and physical therapy is
not appropriate for end-stage OA. Therefore, exploring
a well-tolerated treatment modality is essential for OA
patients.

According to traditional Chinese medicine’s (TCM)
holistic theory, an organism can only remain vibrant and
vigorous when there is harmony between its body and
soul. With the integration of ancient Chinese philosophy,
TCM has progressively developed into a unique method
that blends movement and quiet, dredges meridians, con-
trols gi and blood, and focuses on strengthening, feeding,
and managing the body to avoid illnesses [9]. Among all
the TCM modalities, acupuncture and moxibustion have
demonstrated substantial efficacy with minimal adverse
reactions [10]. Often used in conjunction with acupunc-
ture to treat musculoskeletal issues, moxibustion is a
TCM technique that increases blood circulation by burn-
ing wormwood at acupuncture sites [11, 12], and the evi-
dence about acupuncture combined with moxibustion in
treating OA was almost all reported in knee OA (KOA).
Moreover, there are various acupuncture techniques for
treating OA. However, systematic evidence comparing
the efficacy of various acupuncture techniques combined
with moxibustion in terms of recovery or pain reduction
in the treatment of KOA is lacking.

Hence, this meta-analysis aims to compare the efficacy
of acupuncture combined with moxibustion with other
standard treatment modalities in enhancing recovery
and reducing pain among KOA patients with randomized
controlled trial (RCT) studies included.

Methods

Search strategy

This meta-analysis aligned with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Searches were performed on Ovid
MEDLINE, Embase, and the Cochrane Central Register
of Controlled Trials (CENTRAL) from the inception of
each database until June 30, 2024. Reference lists from
relevant articles were scrutinized to assess eligibility. The
detailed search strategy employed for MEDLINE is docu-
mented in Appendix Material 1. Our study protocol was
also registered on the PROSPERO website under the reg-
istration number CRD42024562008.
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Selection criteria and data extraction

Inclusion criteria

RCTs focusing on OA affecting any peripheral or extrem-
ity joints, with no restrictions regarding the duration or
severity of OA, included any acupuncture techniques
combined with moxibustion, as were studies comparing
these techniques to other interventions. Articles in all
languages were considered.

Exclusion criteria

Studies were excluded if they involved animal or labora-
tory research, had unclear outcomes, or involved OA that
did not affect the extremities (e.g., the neck or lumbar
spine). Studies employing the small needle knife tech-
nique as the intervention were also excluded.

Working in pairs, two reviewers independently con-
ducted titles and abstracts screening, full-text screen-
ing, data extraction, and risk of bias (RoB) assessment for
included studies using a piloted electronic data extraction
form (the Excel sheet). Reviewers resolved disagreement
by discussion and, when necessary, consulting a third
reviewer and clinical experts. Data extracted include the
author’s name, year of publication, countries, study reg-
istry ID, patient characteristics (age, sex, location of OA,
severity of condition, and length of disease, etc.), inter-
vention information (type of acupuncture and moxibus-
tion, length of treatment, and co-intervention, etc.), and
efficacy and safety outcomes (measure name, type of
data, timepoint of follow-up, and outcome values, etc.).
The RoB of the included studies will be assessed using
the Cochrane RoB 2.0 tool for RCTs [13]. The combina-
tion of acupuncture and moxibustion group was consid-
ered the experimental group for all the included studies.
When a study had more than three arms, the patients in
the group without any intervention were excluded from
the meta-analysis.

Statistical analysis

Information regarding the characteristics of included
studies, patients, and interventions was comprehen-
sively summarized. For each direct comparison, the risk
ratio (RR) and associated 95% Cls were calculated for
dichotomous outcomes, while weighted mean differences
(WMDs) and corresponding 95% Cls were determined
for continuous outcomes. The random-effects model was
used to conduct statistical analysis due to the high het-
erogeneity in our study.

Prior to pooling, scales for continuous outcomes
were standardized. For instance, most studies
employed the Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) to assess treat-
ment efficacy. The WOMAC subscales include pain
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(score range: 0—20), stiffness (0—8), and physical func-
tion (0-68). Conversely, some studies utilized a 0-100
scoring system for these subscales, which required
mathematical conversion to WOMAC scales. A pair-
wise meta-analysis using a random-effects model
was conducted. The certainty of the evidence was
evaluated using the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
approach. Sensitivity analyses were performed to
evaluate the stability of the results by systematically
excluding studies and observing any significant altera-
tions in the outcomes, as well as a funnel plot to exam-
ine the possibility of publication bias.

Results

Study selection

The PRISMA flowchart of study selection is presented
in Fig. 1 [14]. In total, 4565 studies (Medline=1259,
Embase=3339, and CENTRAL=67) were identified.
After the duplicate and abstract screening, 85 stud-
ies were included in the full-text screening. Eventu-
ally, 18 papers satisfied the inclusion criteria and were
included in the meta-analysis [15-32].
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Study characteristics

All the RCT studies were conducted in China to evaluate
the treatment efficacy for KOA. Among them, 18 studies
were published, 2 in English, and 16 in Chinese. No stud-
ies were registered on National ClinicalTrials.gov.

Among the 18 studies, 15 were identified as having a
high risk of bias, and the other 3 were identified as having
a medium risk of bias (Fig. 2). The summary of blinding
in the included studies is summarized in Appendix Mate-
rial 2.

In total, 736 patients were enrolled in the experimen-
tal group, and 696 patients were enrolled in the control
group. The study characteristics for the included patients
were presented in Table 1, and the intervention details
for the enrolled patients were summarized in Appendix
Material3.

Treatment efficacy

Regarding pain scores evaluated by visual analog scales
(VAS), ten studies reported short-term (<4 w) outcomes;
the pooled WMD was—1.00 (95% CI:—1.35 to—0.65;
1>=84.0%, p 0.00001). Seven studies reported middle-
term (6-60w) outcomes; the pooled SMD was—1.28
(95% CI: 1.91 to—0.65; 1*=90.0%, p=0.0001) (Fig. 3).
These results indicated that the patients undergoing

Abbreviations: RCT = randomized controlled trial.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.
doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/

Fig. 1 PRISMA flowchart of literature selection

—
|
d
© Records identified from: Record_s rfemoved before Records identified from:
[ Medline (n = 1,259) screenlgg. licate records References to SRs (n = 0)
f Embase (n = 3,339) P References to RCTs (n =
i CENTRAL (n = 67) removed 0)
f (n =1,500)
i
c
I
—
Records screened Records excluded
E—
(n =3,165) (n=1,823)
s ! !
c
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
r — - >
e (n=1342) (n=0) (n=0) (n=0)
e
n l l
i
3 Reports assessed for eligibilit; Reports excluded: Report d for eligibilit)
igibili -
<] ® 285) gibility RN Not RCT (n = 16) ef% s assessedlorelgbilly I 4| Reports excluded:
Not target intervention (n (n=0) (n=0)
=46)
Poimlinmtn fm — B\
S
—
! Studies included in review
n (n=18)
f Studies included in quantitative
u synthesis: n =18
—



Zhu et al. Systematic Reviews (2025) 14:15

Wang XL 2017 +
Xiong 2011 +

Xu 2013 +

Zhang HJ 2016 +
Zhang QR 2010 +
Zheng 2017 +

D1 D2
Cheng 2014 (& D
Deng_Chen 2020 + ]
Deng_Zhu 2020 3 &)
Ding 2009 (% i)

Gao 2012 . @

Li CD 2006 . e
LiQ2008 & ®
LvJJ2018 @& [
LvN2022 (& &)

Mei 2011 ' &)

Wang JG 2007 @ ©
@

@

@

®

-

-

@

Zhu 2010 +

Domains:

D1 = Randomization process

Page 4 of 12

D3 D5 Overall

+*
®o=:

+
+

*
0000

*
0000000000

D2 = Deviations from the intended interventions

D3 = Missing outcome data
D4 = Measurement of the outcome

DS = Selection of the reported result
Fig. 2 Risk of bias based on Cochrane 2.0 tool for each study

acupuncture combined with moxibustion treatment
significantly reduced the VAS pain score compared to
patients undergoing other treatments.

Regarding WOMAC, eight studies reported short-
term treatment (2—-6w) outcomes, seven studies reported
middle-term (7w-5 months) treatment outcomes, and
one study reported long-term (>7 months) treatment
outcomes. For pain score, the WMD was—1.00 (95%
CL:—2.80 to 0.8; 2=97.0%, p=0.28) for short-term out-
comes, the WMD was —2.37 (95% CI: —5.15 to 0.41;
>=99.0%, p=0.09) for middle-term treatment outcomes,
and the WMD was—349 (95% CL:—4.32 to—2.66;
p=0.0001) for long-term treatment outcomes (Fig. 4A).

| Some concerns

Low risk

For stiffness, the WMD was—0.62 (95% CI:—1.26 to
0.02; 12=88.0%, p=0.06) for short-term outcomes, the
WMD was—0.08 (95% CL:—1.26 to—0.34; 12=73.0%,
p=0.0007) for middle-term treatment outcomes, and the
WMD was —1.97 (95% CI: — 2.45 to — 1.49; p=0.0001) for
long-term treatment outcomes (Fig. 4B).

For physical function, the WMD was—3.41 (95%
CL-6.71 to—0.11; >=92.0%, p=0.04) for short-term
outcomes,—4.39 (95% CI:—894 to 0.17; 12=93.0%,
p=0.06) for middle-term treatment outcomes, and — 6.03
(95% CI:—9.71 to—2.35; p=0.001) for long-term treat-
ment outcomes (Fig. 4C). Moreover, four studies reported
short-term (2—-4w) changes in WOMAC total scores;
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Experimental Control

1.1.1 10 days to 4 weeks

Deng_Chen 2020 09 156 35 27 149 37 8.4%
Deng_Zhu 2020 142 181 35 327 206 33 6.8%
Li CD 2006 281 092 56 421 098 54 11.3%
LiQ 2008 1.269 0.642 54 1.522 0605 50 12.0%
LvJJ 2018 27 073 30 392 0.7 28 11.2%
Wang JG 2007 461 1.24 40 572 1.1 40 98%
Zhang HJ 2016 326 087 40 433 145 40 99%
Zhang QR 2010 063 035 32 123 118 30 10.6%
Zheng 2017 227 1.26 30 313 153 30 84%
Zhu 2010 282 092 62 321 096 62 11.5%
Subtotal (95% CI) 414 404 100.0%

Heterogeneity: Tau®= 0.25; Chi*= 57.59, df= 9 (P < 0.00001); F= 84%
Test for overall effect: Z= 5.55 (P < 0.00001)

1.1.2 40 days to 5 months

Cheng 2014 237 081 30 283 092 29 17.3%
Deng_Chen 2020 303 154 3% 477 117 37 159%
Deng_Zhu 2020 297 162 35 483 156 33 148%
LiQ 2008 1.552 0817 54 1.886 0782 50 181%
LvJJ 2018 235 14 30 439 0.7 28 16.4%
Wang JG 2007 287 0893 40 431 0895 40 17.5%
Zhu 2010 271 083 62 498 099 62

Subtotal (95% CI) 224 217 100.0%

Heterogeneity: Tau®= 0.54; Chi*= 51.34, df= 5 (P < 0.00001); F= 90%
Test for overall effect: Z= 4.00 (P < 0.0001)

Testfor subaroun differences: Chi*= 0.58. df=1 (P=0.45). F=0%

Fig. 3 Forest plot showing the difference in visual analog scale pain scores

treatments for osteoarthritis knee

the WMD was —3.58 (95% CI:—6.36 to—0.80; I>=1.0%,
p=0.01). Three studies reported middle-term (2—-4w)
change in WOMAC total scores; the WMD was —5.64
(95% CI:—9.15 to—2.14; 1*=32.0%, p=0.002) (Fig. 4D).
These results indicated the heterogeneity advantages
of acupuncture combined with moxibustion over other
treatments in improving WOMAC.

Finally, the overall efficacy rate was analyzed. Eleven
studies reported short-term treatment (2—6w) outcomes;
the RR was 1.05 (95% CI: 0.99 to 1.12; I*=62.0%, p =0.10).
In 9 studies of middle-term treatment (7w—5 m) out-
comes, the RR was 1.15 (95% CI: 1.05 to 1.25; >=62.0%,
p=0.002). One study reported long-term (>7 months)
treatment outcome; the RR was 1.26 (95% CI: 1.11 to
1.42, p=0.0003) (Fig. 5). These results indicated that the
advantages of acupuncture combined with moxibustion
over other treatments were evident in middle and long-
term periods.

Treatment-related adverse events

Seven studies reported treatment-related AEs. In total,
thirteen adverse events were reported in the acupuncture
combined with the moxibustion group. Among them,
ten cases developed redness and pain in the local skin,
two cases developed faintness, and one developed scald
during treatments. All the AEs were mild and resolved

Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI

-1.80 [-2.51,-1.09]
-1.85[-2.77,-0.93)
-1.40 [-1.76,-1.04]
-0.25 [-0.49,-0.01] —
-1.22[-1.59,-0.85)
-1.11 [-1.65,-0.57)
-1.07 [-1.59, -0.55]
-0.60 [-1.04,-0.16)
-0.86 [-1.57,-0.15)
-0.39 [-0.72, -0.06)
-1.00 [-1.35, -0.65]

-0.46 [-0.90,-0.02)
-1.7412.37,-1.11]
-1.86 [-2.62,-1.10]
-0.33 [-0.64,-0.03]
-2.04 [-2.60,-1.48)
-1.44 [-1.85,-1.03]

-1.28 [-1.91, -0.65]

Page 7 of 12

Mean Difference
IV, Random, 95% ClI

’MW

Not estimable
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T T T T
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Favours [experimental] Favours [control]

between moxibustion combined with acupuncture and other

with proper treatments. No severe AEs were reported in
any studies. Meanwhile, 38 AEs were reported in other
treatment groups. The RR was 0.28 (95% CI: 0.15 to 0.54;
>=0%, p=0.001). The result indicated that acupuncture
combined with moxibustion was safer than other treat-
ments (Fig. 6).

Sensitivity analyses

Sensitivity analyses covered all evaluated outcomes
except the WOMAC total scores and adverse events,
as detailed in Supplementary Tables 1-4. The analysis
revealed no single study that markedly affected the direc-
tion or magnitude of the outcomes. The I? statistic for
these outcomes consistently remained above 50%, indi-
cating a moderate to high level of heterogeneity.

Publication bias

We used a funnel plot to examine the possibility of pub-
lication bias. The short-term and middle-term VAS score
(Supplementary Fig. 1), WOMAC pain score (Supple-
mentary Fig. 2), WOMAC stiffness (Supplementary
Fig. 3), and physical function (Supplementary Fig. 4). The
overall efficacy rate (Supplementary Fig. 5) had no publi-
cation bias.
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Experimental Control Mean Difference Mean Difference
udy or Subgroup  Mean  SD_Total Mean Total Weight IV, Random, 95% C1 1V, Random, 95% CI
131210 6 weeks

Deng_Chen2020 184 347 35 419 277 37 123% -2350381,-089

Deng_zhu 2020 359 23 35 519 284 33 126% -160(283,-037] —

Ding 2009 575 242 30 6 197 30 127% -0250137,087) —

Gao 2012 1246 357 35 984 388 34 118%  262[087,437) —_—
Ly 2018 594 075 30 981 046 28 133% -387(419,-359) -

LN 2022 636 146 43 853 206 48 131% -217(285,-1.46] -

Wang L 2017 296 273 25 605 377 21 116% -309}503,-1.15) —_—

Xu2013 578 423 80 289 267 80 127%  289[1.79,399] —_—
Subtotal (95% CI) 318 311 100.0%  -1.00[-2.80,0.80] ——

Heterogeneity. Tau"= 6.3, Chi*= 210,97, df= 7 (P < 0.00001); P= 7%
Testfor overall effect Z=1.09 (P = 0.26)

13.27 weeks to 5 months
Deng_Chen2020 236 248 35 7.06 386 37 141% -470(619,-321] ————

Deng zhu2020 436 258 35 741 299 33 142% -275F408,-142) —
Ding 2009 618 171 30 089 212 30 144% -371(468,-274) —
Ga 2012 1095 314 35 932 314 34 141%  163(015,311) —
Ly 2018 459 049 30 1108 023 28 147% 6490668630 ~
Mei 2011 649 158 68 713 132 60 146% -064F113,-015) —|
391 639 80 367 523 80 138%  024[157,208) —T
Subtotal (95% CI) 313 311 100.0% -2.37[5.15,0.41] ————
Heterogeneity. Tau = 13.70; ChP = 637.15, df= 6 (P < 0.00001); P= 39%
Test for overall effect: Z= 1.67 (P = 0.09)
1:3.3 Over 7 months
103 098 80 452 368 80 100.0% -3.491432,-266) t
Subtotal (95°% CI) 80 80 100.0% -3.49[4.32,-266]

Heterogeneity: Not applicable
Testfor overall effect Z=8.20 (P < 0.00001)

-4 -2 2 4
Testfor subaroun differences: Chi*= 6.26. df= 2 (P = 0.04). P= 68.1% Favours [experimenta Favours {conirol

Experimental ontrol Mean Difference Mean Difference
Study or Subaroup _ Mean __SD_Total Mean _SD _Total Weight IV, Random, 95% C1 IV, Random, 95% C1.
1.9.1210 6 weeks
Deng_Chen 2020

1257 553 35 1956 747 37 130%  -6.99(10.01,-3.97]

Deng_zhu 2020 814 33¢ 35 1056 56 33 137%  -242(463,-021] —
Ding 2009 1368 643 30 1512 696 30 126% 144483195 — 71

Gao 2012 3593 1124 35 3609 1049 3¢ 108%  -0.16(529,497) —

Ly 2018 2875 541 30 4029 141 28 138% -1154[1352-956 ——

LYN 2022 1352 23 48 1845 314 48 143% 493603383 -

Wang XL 2017 11899 25 1586 113 21 98%  -486(1084,1.12] e E

X 2013 1803 1533 80 1136 947 80 120%  667[271,1063 —_—
Subtotal (95% CI) 18 11 100.0%  -3410:671,-0.11] ——

Heterogeneity. Tau"= 19.50; Chi*= 89.89, df= 7 (P < 0.00001); F= 92%

Testfor overall eflect Z= 2.03 (P = 0.04)

1.9.27 weeks to 5 months

Deng_Chen2020 1586 895 35 2395 812 37 138% 8091205413 —————

Deng_zhu2020 1226 7.23 35 1557 812 33 140%  -331(697,035 —

Ding 2009 1783 782 30 2194 664 30 140%  -4.11[7.78,-0.44) —_—

a0 2012 2654 931 35 27.37 1019 3¢ 133%  -0.83[5.44,378 e

Ly 2018 2592 233 30 3747 086 28 153% -1155(1244,-1066

Mei 2011 2024 B4 68 2636 615 69 149%  -212(422,-002 —]

Xu2013 1378 913 80 1399 892 80 146%  -0.21(301,259 —

Subtotal (95% CI) 1 100.0%  -4.39(:8.94,0.17] ———

313 31
Heterogenelty. Tau"= 34.08; ChP= 137.77, df= 6 (P < 0.00001); P= 96%
Testfor overall eflect 2= 1.89 (P = 0.06)

1.9.3 Over 7 months
Xu2013 1003 987 80 1606 1357 80 100.0%
Subtotal (95% CI) 80 80 100.0%
Heterogeneity: Not applicable

Testfor overall effect Z=3.21 (P= 0.001)

-6.0319.71,-2.35]
-6.03-9.71,-2.35]

TR L)
Testfor subaroun difierences: Chi*= 1.08. df=2 (P = 0.58). F= 0% Favours [eperimental] Favours [contol
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Experimental Control Mean Difference Mean Difference
udy or Subgroup  Mean  SD_Total Mean Total Weight IV, Random, 95% C1. IV, Random, 95% C1
161210 6 weeks
Deng_Chen2020 096 206 35 407 309 37 99% -311(432-190) —
Deng_zhu 2020 226 172 35 241 162 33 123% -0.15(094,064) "
Ding 2009 178 095 30 171 077 30 141%  0.070.37,051) -T—

6a0 2012 538 195 35 593 219 34 112% -0.55(153,043) —
Lvdy 2018 323 049 30 378 101 28 142% -055[096,-0.14] -
LYN2022 323 101 48 438 121 48 140% -1.15[160,-070) -

Wang XL 2017 144 087 25 276 187 21 118% -132(219,-0.45]
321 287 80 201 169 80 126%  1.20(047,1.93] —_—
Subtotal (95% CI) 311 100.0%  -0.62[-1.26,0.02] -
Heterogeneity Tau"= 0.72; Chi*= 57.70, df= 7 (P < 0.00001); = 88%

Testfor overall effect Z= 1.89 (P = 0.06)

1627 weeks to 5 months.
Deng_Chen2020 171 115 35 43 284 37 107% -250(358,-160]

Deng_zhu 2020 257 119 35 308 128 33 158% -051(1.10,008] —

Ding 2009 200 13 30 261 102 30 158% -060(1.19,-001] —

Gao 2012 387 151 35 468 176 34 133% 0811158004 —

Lvas 2018 294 196 30 416 128 28 124% -1.22[207,-037] —_—

Mei 2011 214 077 68 247 081 69 199% -0.33}059,-0.07] -~
212 289 80 232 276 80 120% -020(108,068] —

Subtotal (95% CI) 311 100.0% -0.80(-1.26,-0.34] >

Heterogeneity: Tau= 0.26; ChP = 22.42, df= 6 (P = 0.001); = 73%
Testfor overall effect Z= 3.41 (P = 0.0007)

1,6.3 Over 7 months
101 096 80 298 197 80 100.0% -1.07[245,-1.49) t

Subtotal (95°% C1) 80 80 100.0% -1.97245,-1.49]

Heterogeneity Not applicable

Testor overal effect Z= 8,04 (P < 0.00001)

-4 -2 2
Testfor subaroun differences: Chi*= 15.84. df= 2 (P = 0.0004). "= 87.4% Favours [experimental] Favours [control

D

Experimental Control
u ubgrou t i % dom, 95% C1
1121210 4 weeks

Deng_zhu2020 1399 631 35 1816 98 33 465% -417(8.22,-012] —=

Ding 2009 2169 1204 30 2272 1003 30 243% -1.03[6565 459 —T
Ga0 2012 5791 1397 35 5082 1368 34 181%  -1.91[8.43,451) e
Wang XL 2017 1544 1177 25 2486 1619 21 111% -942[17.74,-1.10)

Subtotal (95% CI) 125 118 100.0% -3.581.6.36,-0.80] -
Heterogeneity Tau"= 0.05; Chi*= 302, f= 3 (P= 0.39), F= 1%

Testfor overall eflect Z= 2,53 (P = 0.01)

11228 weeks to 5 months

Deng_7hu2020 1919 788 35 2576 1056 33 388% -6.57(11.02,-212 —

Ding 2009 2631 832 30 3421 1096 30 340% -790[1282,-298) e

G0 2012 4928 1171 35 5079 1268 34 272%  -151(7.27,425) —
Subtotal (95% CI) 100 97 100.0% -5.64(.9.15,-2.14] -
Heterogeneiy. Tau"= 3.08; Chi*= 294, df= 2 (P = 0.2 F= 32%

Testfor overall eflect: Z= 3.16 (P = 0.002)

-10 -5 5 10
Testfor subaroun differences: Chi*= 0.82. df=1 (P=0.37.F=0% Favours (experimental) Favours [control

Fig. 4 Forest plot showing the difference in Western Ontario McMasters University Osteoarthritis Index between moxibustion combined
with acupuncture and other treatments for osteoarthritis knee. A pain; B stiffness; C physical function; D total score

Discussion

Two of the most widely utilized TCM modalities in China
are moxibustion and acupuncture [32, 33]. They are com-
monly applied in clinical settings, with an expanding evi-
dence base, including case reports, longitudinal studies,
and randomized controlled trials, supporting their use in
OA treatment. However, evidence was previously insuf-
ficient for the efficacy of combining moxibustion with
acupuncture in managing KOA. Our meta-analysis is the
first to demonstrate that the combination of moxibustion
and acupuncture is superior to other treatments (acu-
puncture alone, moxibustion alone, or pharmaceuticals),
particularly showing more pronounced benefits during
middle-term and long-term follow-ups.

Moxibustion enhances blood circulation at the knee
joint, reduces cartilage degradation, and decreases mac-
rophage infiltration. It also inhibits the production of
inflammatory mediators such as interleukin-6, mast cell
cyclooxygenase, and tumor necrosis factor, contribut-
ing to the restoration of articular chondrocytes [34, 35].
Additionally, moxibustion has been shown to regulate
insulin-like and transforming growth factors, strengthen-
ing the knee joint’s limb pedal strength [36]. The efficacy

of various moxibustion techniques has been explored,
with fire needle moxibustion potentially showing the
most remarkable efficacy [37]. Future research is needed
to ascertain the most effective moxibustion technique.

Acupuncture, another fundamental component of
TCM, operates on the principle of enhancing qi flow
through specific acupoints and meridians. Selecting acu-
points is critical for effective treatment [38, 39]. In KOA
model rabbits, acupuncture has been shown to decrease
the anaerobic glycolytic metabolism rate and levels of
metabolites, potentially protecting the cartilage [40]. It
may also alleviate cartilage hypoxia and improve oxy-
gen levels through enhanced synovial microcirculation
and fluid PO2. Furthermore, He et al. [41] revealed sig-
nificant upregulation of miR-214 and its targets, TRPV4
and BAX, in damaged articular cartilage following acu-
puncture, suggesting a therapeutic mechanism for KOA
recovery. Research into various acupuncture modalities
is encouraged to further understand their specific effects
on KOA [42].

Although the individual benefits of moxibustion and
acupuncture are well-documented, comprehensive
reviews comparing these combined therapies to other
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% ClI M-H. Random, 95% CI
1.17.1 2to 6 weeks
Ding 2009 26 30 27 30 6.5% 0.96 [0.80, 1.18] —
Li CD 2006 54 56 50 54 121% 1.04[0.95,1.14] T
Li G 2008 53 54 49 50 146% 1.00 [0.95, 1.06] -1
Lv N 2022 46 48 39 48 8.3% 1.18[1.02,1.37] =
Wang JG 2007 38 40 37 40 105% 1.03[0.92,1.19] -1
Xiong 2011 28 30 24 30 5.8% 1.17[0.95,1.43] = =
Xu 2013 70 80 79 80 12.4% 0.89[0.81,0.97] -
Zhang HJ 2016 38 40 33 40 7.7% 1.15[0.98, 1.35] T
Zhang QR 2010 30 32 26 30 7.4% 1.08[0.92,1.28] i
Zheng 2017 29 30 24 30 6.3% 1.21 [1.00, 1.46] S
Zhu 2010 56 62 50 62 8.4% 1.121[0.97,1.30] S
Subtotal (95% CI) 502 494 100.0% 1.05[0.99, 1.12] >
Total events 468 438

Heterogeneity: Tau®= 0.01; Chi*= 26.56, df=10 (P = 0.003); F=62%
Test for overall effect: Z=1.66 (P=0.10)

1.17.2 7 weeks to 5 months

Cheng 2014 29 30 27 29 148% 1.04[0.92,1.17) A
Deng_Chen 2020 34 35 30 37 11.7% 1.20[1.02,1.41) .
Deng_Zhu 2020 34 35 26 33 105% 1.23[1.02,1.48) e
Ding 2009 25 30 18 30 5.0% 1.39[1.00,1.94)
Gao 2012 31 35 31 34 121% 0.97[0.83,1.14] ——
LvJJ 2018 28 30 19 28 6.7% 1.38[1.05,1.81] .
Mei 2011 59 68 50 69 11.2% 1.20[1.01,1.42) =
Hu 2013 78 80 74 80 181% 1.05[0.98,1.13) b
Zhu 2010 54 62 42 62 9.9% 1.29[1.06,1.57) —_—
Subtotal (95% CI) 405 402 100.0% 1.15[1.05, 1.25] -
Total events 372 N7
Heterogeneity: Tau*= 0.01; Chi*= 20.09, df=8 (P = 0.010); F=60%
Test for overall effect: Z=3.15 (P =0.002)
1.17.3 Over 7 months
Xu2013 78 80 62 80 100.0% 1.26[1.11,1.42) t
Subtotal (95% CI) 80 80 100.0% 1.26 [1.11, 1.42]
Total events 78 62
Heterogeneity: Not applicahle
Test for overall effect: Z= 3.65 (P = 0.0003)
05 0.7 1 15 2

Test for subaroun differences: Chi*=7.48. df=2(P=0.02). F=73.3% RSN EoHiTol] RERGUT g armant]

Fig. 5 Forest plot showing the difference in the overall efficacy rate between moxibustion combined with acupuncture and other treatments
for osteoarthritis knee

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events _ Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Deng_Chen 2020 0 38 0 38 Not estimable
Deng_Zhu 2020 0 36 3 36 49% 0.14[0.01, 2.67)
Ding 2009 0 30 3 30 50% 0.14[0.01, 2.65)
Wang XL 2017 1 25 0 25  43% 3.00(0.13,70.30]
Xu2013 6 80 17 80 55.0% 0.35[0.15,0.85) —i—
Zhang HJ 2016 0 40 0 40 Not estimable
Zhu 2010 3 62 18 62 30.9% 0.17[0.05, 0.54) —
Total (95% CI) 31 311 100.0% 0.28 [0.15, 0.54] -
Total events 10 41
Heterogeneity: Tau?= 0.00; Chi*= 3.61, df= 4 (P = 0.46); = 0% 0 51 0:1 1%0 160

Test for overall effect. Z= 3.83 (P = 0.0001) Favours [experimental] Favours [control]

Fig. 6 Forest plot showing the difference in adverse events between moxibustion combined with acupuncture and other treatments
for osteoarthritis knee
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treatments are scarce. Qu et al’s meta-analysis, which
included 10 RCTs, found that combining acupotomy,
acupuncture, and moxibustion offers superior thera-
peutic benefits for KOA, reducing postoperative pain
and enhancing clinical efficacy [43]. Similarly, Park et al.
reported significant pain reduction in KOA patients
treated with single or integrated oriental medicine
modalities (acupuncture, herbal medicine, pharmaco-
acupuncture, and moxibustion) [44]. These findings align
with our results, suggesting that combined TCM modali-
ties may offer enhanced treatment efficacy.

However, significant heterogeneities were identified in
most results. The reason was complicated. First, the dis-
ease condition of KOA was challenging to balance among
all the studies. Different doctors judged the severity of
KOA, and the standard may be inconsistent among dif-
ferent studies. Second, the improvements in KOA after
treatments were measured using subjective evaluation
tools. Potential biases may exist among different studies.
Third, the follow-up period was varied. The short-term,
middle-term, and long-term results were analyzed from
different studies. Therefore, the interpretations of the
results in our study should be cautious due to the high
heterogeneity.

In our study, using different evaluation tools resulted
in different outcomes. It suggested that the assessment
tool selected may impact how well moxibustion and
acupuncture are considered to work together. While
WOMAC did not reveal a significant difference in short-
term or middle-term outcomes, other evaluation tools
identified better treatment outcomes with the combina-
tion approach. A plausible rationale for these dispari-
ties might be the variation of pain measures. It is also
essential to consider the pain score as a proportion of the
overall score. For instance, the VAS offers a more com-
prehensive evaluation of pain, whereas the WOMAC
scale emphasizes on physical functions more. The dif-
ference in measurement tools could explain some of the
heterogeneity in our study.

Moreover, the results of the GRADE analysis, which
revealed highly low-quality evidence, underscore the
necessity for more rigorous and standardized research
in this field. The significant risk of bias and inconsist-
ency among studies cannot be overlooked despite includ-
ing RCTs, which are considered the gold standard for
evaluating therapy efficacy. The variability in treatment
modalities in the control groups, the differing durations
of therapy, and the diverse techniques of moxibustion
combined with acupuncture contribute to an elevated
risk of publication bias. Future research should focus on
designing RCTs with robust methodologies to minimize
bias and ensure consistency across studies. Addition-
ally, establishing standardized treatment guidelines in
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this field and using advanced techniques, such as artifi-
cial intelligence systems [45], to help select the preferred
treatment modality for KOA are essential.

The strength of this meta-analysis lies in its aggregation
of a significant number of RCTs, each with considerable
sample sizes (18 studies involving over 1400 participants).
However, our review has notable limitations. Firstly, the
quality of most included studies was low. Significant
publication bias and heterogeneity among the studies
were observed, which could influence the interpretation
of results. Secondly, implementing blinding methods
was challenging, and subjective assessments might have
increased the risk of bias, potentially leading to overes-
timating the efficacy of combined therapy. Thirdly, the
follow-up periods were generally short, making it diffi-
cult to assess long-term treatment efficacy. Future studies
should aim to conduct well-designed, blinded trials with
extended follow-up periods to more accurately deter-
mine the outcomes of our findings.

Conclusion

A meta-analysis of RCT studies found that combining
acupuncture and moxibustion treatment was signifi-
cantly more effective and safer than other treatments.
The benefits were particularly pronounced during the
middle-term and long-term follow-up periods.
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