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Abstract

Objective: This study aimed to quantitatively analyze the clinical efficacy of acupuncture for osteoarthritis and its influencing
factors. It compared the effects of different types of acupuncture with sham acupuncture, as well as sham acupuncture with oral
placebos, to elucidate the efficacy characteristics of acupuncture and provide quantitative data to support its use in the treatment
of osteoarthritis.

Methods: Randomized controlled trials on acupuncture for osteoarthritis were retrieved from the PubMed, Cochrane Library,
Wanfang, and CNKI databases, including studies published up to October 31, 2025. Using time-course and covariate models, we
quantitatively assessed the clinical efficacy and influencing factors of warm acupuncture, traditional acupuncture, electroacupuncture,
and sham acupuncture. Subgroup analyses were conducted to explore trends related to potential factors affecting acupuncture
efficacy. Furthermore, the effects of sham acupuncture were compared with previously established oral placebo responses to
evaluate whether sham acupuncture confers therapeutic benefits.

Results: A total of 72 articles involving 4,919 participants were included. The findings indicated that warm acupuncture significantly
outperformed sham acupuncture in Visual Analogue Scale (VAS) pain, Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) pain, WOMAC stiffness, and WOMAC function scores. Electroacupuncture and traditional acupuncture exhibited
similar efficacy, with both treatments showing numerical improvements over sham acupuncture; however, these improvements
were not statistically significant. Comparisons with oral placebo responses suggested that sham acupuncture was effective, with
nonacupoint sham acupuncture slightly outperforming nonpenetrating sham acupuncture. Subgroup analyses indicated that higher
baseline values of outcome measures, a lower proportion of female participants, shorter disease duration, and higher acupuncture
frequency were associated with greater efficacy of acupuncture for osteoarthritis.

Conclusion: This study establishes a time-course model for acupuncture in the treatment of osteoarthritis, clarifying its efficacy
characteristics and clinical advantages while providing essential quantitative data for clinical practice and future trials.
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Introduction use can lead to serious adverse effects, such as gastro-
intestinal complications and cardiovascular risks”1?,
Therefore, the development of safer and more effective
treatment options is essential.

Acupuncture has demonstrated promise in the treatment
of osteoarthritis”!'"l, By stimulating specific acupoints,
it activates the nervous system to release endogenous
analgesic substances", thereby alleviating symptoms.
In addition, acupuncture regulates immune responses!'3,

Osteoarthritis is a prevalent musculoskeletal dis-
easel'?l characterized by articular cartilage degenera-
tion and subchondral bone remodeling?®**, affecting
approximately 10% of the global population®-*. Its
symptoms—including pain and functional impairment—
significantly affect daily lifel”.. Although nonsteroidal
anti-inflammatory drugs (NSAIDs) and opioids are fre-
quently used for pain management’®, their long-term
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reduces inflammatory mediators, and improves joint cir-
culation and flexibility. With minimal adverse effects and
high tolerability, acupuncture is suitable for the long-term
management of osteoarthritis. However, its efficacy is not
strongly supported by high-quality evidence, and some
researchers have attributed its effects to a substantial
placebo response!™. Furthermore, nonacupoint shallow
acupuncture (sham acupuncture) may induce biological
effects through cutaneous stimulation, making it a con-
troversial placebo control!!>-1¢,

Previous meta-analyses of acupuncture for osteoar-
thritis have revealed considerable heterogeneity across
trials in terms of acupuncture type, treatment duration,
disease severity, and control group design. Traditional
meta-analyses have been inadequate in addressing these
sources of variability, thereby compromising the reli-
ability of their conclusions. Model-based meta-analysis
(MBMA) can address intertrial heterogeneity by con-
structing efficacy models that describe the time-course
relationship of interventions and quantitatively analyze
factors influencing efficacy!'”.. Our previous work estab-
lished a model for oral placebo responses in osteoar-
thritis trials"®l, The present study employed MBMA to
evaluate the efficacy of various types of acupuncture,
including sham acupuncture, with a focus on compari-
sons with sham acupuncture and oral placebos. This
study clarifies the efficacy characteristics of acupuncture
and provides quantitative data to support its use in the
treatment of osteoarthritis.

Materials and methods

This study adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [Supplementary Appendix No. 1, https:/
links.lww.com/AHM/A229] and was registered with
International Prospective Register of Systematic Reviews
(PROSPERO) (CRD420251003231). All data were
obtained from published literature.

Literature search strategy

We searched the PubMed, Cochrane Library, Wanfang,
and CNKI databases for randomized controlled trials on
acupuncture for osteoarthritis from database inception
through October 31, 2025. The search terms included
“osteoarthritis” and “acupuncture,” and the detailed
search strategies are provided in the Supplementary
Appendix No. 2 (https:/links.lww.com/AHM/A229).
In addition, the reference lists of relevant reviews and
meta-analyses were manually screened to ensure com-
prehensive coverage.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) participants
diagnosed with osteoarthritis; (2) interventions involving
warm acupuncture, traditional acupuncture, electroacu-
puncture, or sham acupuncture as monotherapy; and (3)
reporting baseline and post-treatment changes or change
rates in Visual Analogue Scale (VAS) and Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) scores.
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The exclusion criteria were as follows: (1) participants
with comorbidities; and (2) interventions combining
acupuncture with other active therapies (eg, NSAIDs,
physical therapy, or herbal medicine).

Data extraction

Using WPS Excel, we extracted the following data from
eligible studies: (1) study characteristics (title, authors,
publication year, country, trial registration number, etc);
(2) trial design (group allocation, interventions, treat-
ment protocols, sample size, duration, etc); (3) partici-
pant characteristics (age, weight, sex distribution, disease
duration, baseline values of outcome measures, etc); and
(4) outcomes (changes in VAS and WOMAC scores from
baseline at each observation time point, as well as drop-
out rates). For data presented in graphical form, GetData
Graph Digitizer (version 2.25.0.32) was used to extract
the relevant information. Two researchers independently
extracted the data, and the mean of their extracted values
was used for analysis. If the discrepancy between the two
extractions exceeded 2%, the data were re-extracted.

Literature quality assessment

Using the Cochrane Risk of Bias tool, we evaluated study
quality across key domains, including random sequence
generation, allocation concealment, blinding of partic-
ipants and personnel, handling of incomplete outcome
data, selective reporting, and other sources of bias. Each
study was classified as having a low, high, or unclear risk
of bias. Two researchers independently assessed study
quality, and disagreements were resolved by a third
reviewer.

Model construction and evaluation

Exploratory analyses revealed that changes in VAS and
WOMAC scores following acupuncture intervention
increased gradually over time and eventually reached a
plateau. This pattern can be described using the classic
pharmacodynamic E_  model®’. In the E__model, two
key parameters are defined: E__, representing the max-
imum effect, and ET, indicating the time required to
achieve 50% of the maximum effect (ie, the onset time).
Details of the NONMEM model code are provided in
the Supplementary Appendix No. 3 (https:/links.lww.
com/AHM/A229). Model construction included the
development of structural, random-effects, and covari-
ate models. Model diagnostic plots?!, sampling impor-
tance resampling (SIR) methods??, and visual predictive
checks?¥ were used to evaluate goodness-of-fit, param-
eter estimation performance, and model stability. A
detailed description is provided in the Supplementary
Appendix No. 4 (https:/links.lww.com/AHM/A229).

Model simulation and subgroup analysis

Monte Carlo simulation® was used to randomly sam-
ple parameters from the distribution of typical model
parameter estimates. The simulation was repeated 1,000
times to calculate typical efficacy values and corre-
sponding 95% confidence intervals (Cls) under different
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covariate levels of acupuncture treatment. Subgroup
analyses were conducted for factors not included in the
covariate model, including age, disease duration, baseline
VAS and WOMAC scores, and sex distribution. Using
Bayesian methods, efficacy parameters were adjusted to
their median values, and a meta-analysis was performed
to pool parameters within each subgroup. Finally, Monte
Carlo simulation was applied to calculate typical efficacy
values and corresponding 95% ClIs for each subgroup.

Sensitivity analysis

Sensitivity analyses®! were conducted to evaluate the
robustness of the model using the following approaches:
(1) exclusion of trials with sample sizes <30; (2) exclu-
sion of trials with treatment durations <3 weeks; and (3)
exclusion of trials classified as high risk of bias.

Evidence quality assessment

The certainty of the evidence was assessed from two
complementary perspectives. First, considering the meth-
odological characteristics of MBMA, we evaluated the
quality of evidence regarding the effects of acupuncture
and associated influencing factors based on model reli-
ability, robustness, and the precision of parameter esti-
mation. According to this framework, the evidence was
categorized as high, medium, or low.

Second, to align with conventional systematic review
standards and enhance transparency, we additionally
assessed the certainty of the evidence using the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) approach for each outcome (VAS
pain, WOMAC pain, WOMAC stiffness, and WOMAC
function) across different acupuncture types. The
GRADE assessment considered five domains: risk of
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bias, inconsistency, indirectness, imprecision, and publi-
cation bias. Each outcome-intervention pair was rated
as high, moderate, low, or very low certainty.

Software

Model construction was performed using NONMEM
(version 7.4) with the FOCE-I algorithm™*?"1, Model
simulation, data analysis, and graphical visualization
were conducted using R (version 4.0.3), while Review
Manager (version 5.4) was used for literature quality
assessment/?8],

Results

Data characteristics

A total of 72 articles involving 4,919 participants were
analyzed, as detailed in the Supplementary Appendix
No. 5 (https:/links.lww.com/AHM/A229). The study
screening process is presented in Figure 1. VAS pain
was reported in 49 studies (68.1%), WOMAC pain in
31 studies (43.1%), WOMAC stiffness in 26 studies
(36.1%), and WOMAC function in 30 studies (41.7%).
The included studies were published between 1999 and
2024. Sample sizes ranged from 9 to 191 participants
(median, 38), treatment durations ranged from 1.43 to
26 weeks (median, 4 weeks), participant ages ranged
from 46.96 to 68.67 years (median, 59.49 years), and the
proportion of female participants ranged from 35% to
95% (median, 60%). Baseline scores ranged as follows:
WOMAC pain, 14.5 to 46.1 (median, 29.53); WOMAC
stiffness, 5.3 to 16.6 (median, 12.0); WOMAC function,
48.4 to 142.3 (median, 78.6); and VAS pain, 3.3 to 8.3
(median, 6.4). Detailed information is provided in the
Supplementary Appendix No. 2 (https:/links.lww.com/

] Identification of studies via other methods

Citation searchong (n =83 )
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Figure 1. Flow chart of the literature selection.
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AHM/A229). The included studies were generally of high
methodological quality, with no evidence of significant
overall bias. Quality classification was as follows: 27
studies were rated as high quality (43.5%), 22 as mod-
erate quality (35.5%), and 13 as low quality (21.0%).
The detailed quality assessment results are presented in
the Supplementary Appendix Nos. 6 and 7 (https:/links.
lww.com/AHM/A229).

Model construction and evaluation

The E_ _ model was used to describe changes from
baseline in WOMAC and VAS scores across different
acupuncture groups. The plots of the model param-
eters and covariate correlations are presented in the
Supplementary Appendix No. 8 (https://links.lww.com/
AHM/A229). Covariate analysis indicated that baseline
WOMAC pain, VAS pain, and WOMAC stiffness scores
significantly influenced the E__ values of their respec-
tive models. However, no significant covariates were
identified for the WOMAC function model. The detailed
parameter estimates of the final model are presented in
Table 1.

Emax,WOMACfpain = Emax,WOMACgpain, typical

+ (Baselinewomac pain — 27) % 0.242 (1)

Emax,VASfpain = Emax,VASpam, typical
+ (BaSelil’lCVAsipain - 6) x 0.503 2)

max, stif fness — Lmax, stif fness>  typical
Enmax,WoMAC_sif f Emax,woMac I
+ (Baselineyawomac—sifmess — 12) x 0.339 (3)

Formulas (1)—(3) indicate that a one-point increase
in the baseline WOMAC pain score corresponds to a
0.242-point increase in the E__value for WOMAC pain.
Similarly, a one-point increase in the baseline VAS pain
score corresponds to a 0.503-point increase in the E_
value for VAS pain. In contrast, a one-point increase in the
baseline WOMAC stiffness score corresponds to a 0.339-
point decrease in the E___value for WOMAC stiffness.

The model parameter estimates are listed in Table 1.
The goodness-of-fit plots of the final model demon-
strated adequate agreement between the model predic-
tions and the observed data [Supplementary Appendix,
No. 9, https:/links.lww.com/AHM/A229]. The visual
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predictive check results showed that the 95% ClIs of the
simulated responses for each group covered most of the
observed data [Supplementary Appendix, No. 10, https://
links.lww.com/AHM/A229], suggesting good predictive
performance. The medians of the model parameters
obtained using the SIR method were close to the original
estimates, indicating model stability (Table 1).

Comparison of typical efficacy across different acupuncture
types

Using the final model, the time-course changes in
WOMAC subscales and VAS pain scores following acu-
puncture were simulated. At 26 weeks, warm acupunc-
ture, electroacupuncture, traditional acupuncture, and
sham acupuncture resulted in reductions in WOMAC
pain of 15.99 (95% CI, 13.77-18.23), 11.46 (95% CI,
8.99-13.96), 10.48 (95% CI, 8.23-12.78), and 8.49
points (95% CI, 6.51-10.48), respectively (Figure 2).
Warm acupuncture demonstrated significantly greater
efficacy than sham acupuncture. Similar trends were
observed for WOMAC stiffness, WOMAC function, and
VAS pain scores.

Time-course characteristics of acupuncture efficacy

Due to limited data at individual time points, a common
ET,, value was applied across all acupuncture types.
The results indicated that VAS pain, WOMAC pain,
WOMAC stiffness, and WOMAC function reached 80%
of E_ at3,2,8,and 13.7 weeks, respectively. For exam-
ple, with warm acupuncture, VAS pain decreased by 3.8,
4.1, and 4.2 points at 4, 8, and 12 weeks, respectively.
Corresponding reductions in WOMAC pain were 14.7,
15.5, and 15.8 points; in WOMAC stiffness, 5.9, 7.1,
and 7.6 points; and in WOMAC function, 38.9, 50.5,
and 56.1 points (Figure 2).

Acupuncture efficacy under different covariate levels

For warm acupuncture (Figure 3), at baseline WOMAC
pain scores of 15,25, and 385, the reductions in WOMAC
pain at 26 weeks were 12.5, 15.4, and 18.3 points,
respectively. Similarly, at baseline VAS pain scores of 4,

Parameter estimates and sampling importance resampling results of the final model

VAS pain WOMAC pain WOMAG stiffness WOMAG function
Estimate SIR median Estimate SIR median Estimate SIR median  Estimate SIR median
Parameter (RSE %) (95% CI) (RSE %) (95% CI) (RSE %) (95% ClI) (RSE %) (95% CI)
E osn 1.8 (28.9) 1.6 (30.0) 8.7 (11.7) 8.0 (12.9) 4.9(18.1) 4.5(19.0) 31.8(11.2) 29.9(12.2)
E o 3.0(10.8) 29(15.7) 10.7 (11.7) 10.1 (12.4) 5.5(13.7) 5.0(18.6) 40.8 (13.0) 39.8(12.9)
E i 3.3(7.7) 3.2(7.0) 1.7 (11.7) 11.1 (15.4) 5.8(10.2) 5.0 (10.5) 43.0 (18.1) 47.9 (20.5)
E i 4.6 (6.4) 4.6(7.7) 16.3 (7.0) 16.1 (8.9) 8.8 (8.4) 8.8 (10.1) 68.8 (10.3) 70.9(10.0)
T, 0.752 (fixed) 0.752 () 0.5 (fixed) 050H) 2 (fixed) 25 3.4(16.1) 3.5(15.7)
Neray (%0) 0.5(23.5) 0.5(27.7) 0.2 (38.6) 0.3 (42.4) 0.3 (25.5) 0.3(29.9) 03(11.1)  03(14.0)
€ 0.3(17.9) 0.3(29.3) 0.2 (19.9) 0.3 (62.0) 0.3 (15.6) 03(1.00 23.0(23.1) 24.7(23.1)
Nenge INtertrial variability of the £ parameter; €: Residual error; Cl: Confidence interval; £ . Maximum efficacy parameter of electroacupuncture; £ .: Maximum efficacy parameter of sham

acupuncture; E,

max-TA"

RSE: Relative standard error; SIR: Sampling importance resampling.

max-WA"

- Maximum efficacy parameter of traditional acupuncture; £ .- Maximum efficacy parameter of warm acupuncture; ET, : Time required to achieve 50% of the maximum effect;
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Figure 2. Change from baseline scores at 26 weeks for different types of acupuncture on WOMAC subscales and the VAS scale. Each point
and bar represent the typical values along with their 95% CI. Cl: Confidence interval; VAS: Visual Analogue Scale; WOMAC: Western Ontario and

McMaster Universities Osteoarthritis Index.

6, and 8, the corresponding reductions in VAS pain at 26
weeks were 3.5, 4.5, and 5.4 points, respectively.

Subgroup analysis of acupuncture efficacy across different
factors

To explore potential factors influencing acupuncture
efficacy, subgroup analyses were conducted across all

‘ ‘ HM9_V6N2.indb 251

acupuncture groups. The results (Figure 4) indicated
that disease duration, acupuncture frequency, and the
proportion of female participants significantly affected
acupuncture efficacy. Specifically, shorter disease dura-
tion, higher acupuncture frequency, and a lower pro-
portion of female participants were associated with

better outcomes.
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Figure 3. Typical efficacy simulation of different types of acupuncture at varying baseline levels. The solid line in the plot represents the median of
the typical values, while the shaded area indicates the 95% CI. Cl: Confidence interval; VAS: Visual Analogue Scale; WOMAC: Western Ontario and

McMaster Universities Osteoarthritis Index.

Comparison of sham acupuncture and oral placebo
responses

Our previously established model of oral placebo
responses in osteoarthritis trials was used for this anal-
ysis. After adjustment of baseline values to the median
levels observed in the sham acupuncture trials, sham
acupuncture demonstrated greater efficacy than oral
placebos (Figure §). At 26 weeks, oral placebos reduced
WOMAC pain, WOMAC stiffness, and WOMAC func-
tion by 4.70 (95% CI, 3.72-5.21), 1.70 (95% CI, 1.15-
1.89),and 13.2 (95% CI, 9.14-15.0) points, respectively.
In contrast, sham acupuncture resulted in reductions of
8.5 (95% CI, 5.91-9.38), 4.5 (95% CI, 2.30-4.84), and
28.2 (95% CI, 18.2-30.6) points, respectively. Overall,
sham acupuncture demonstrated significantly greater
efficacy than oral placebos.

Efficacy comparison of different sham acupuncture types

Subgroup analysis (Figure 6) indicated that the efficacy
of nonpenetrating sham acupuncture on WOMAC sub-
scales and VAS pain scores was nearly equivalent to that
of nonacupoint sham acupuncture. However, the CIs for
the efficacy of nonacupoint sham acupuncture across
different outcomes were narrower, and the variability in
efficacy was lower.
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Sensitivity analysis

Sensitivity analyses excluding trials with sample sizes
<30, treatment durations <3 weeks, and those classified
as high risk of bias yielded results consistent with the pri-
mary findings, thereby confirming the robustness of the
conclusions. Detailed assessment results are presented in
the Supplementary Appendix No. 11 (https:/links.lww.
com/AHM/A229).

Evidence quality assessment

The certainty of the evidence was assessed from two
complementary perspectives. From the MBMA per-
spective, the reliability and precision of the model
parameter estimates supported warm acupuncture as
high-certainty evidence for VAS pain, WOMAC pain,
and WOMAC stiffness outcomes, and electroacu-
puncture as high-certainty evidence for VAS pain and
WOMAC stiffness. In addition, the certainty of the
evidence was evaluated using the GRADE approach
for each outcome across different acupuncture types.
According to the GRADE assessment, warm acupunc-
ture demonstrated moderate-certainty evidence for
improvements in VAS pain, WOMAC pain, WOMAC
stiffness, and WOMAC function, with downgrading
primarily due to indirectness (approximately 90%
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Figure 4. Subgroup analyses of changes in WOMAC scale and VAS pain scale scores from baseline across different factors. The solid line rep-
resents typical efficacy, while the shaded area indicates the 95% ClI. Cl: Confidence interval; VAS: Visual Analogue Scale; WOMAC: Western Ontario

and McMaster Universities Osteoarthritis Index.

of participants were from Chinese populations).
Electroacupuncture and traditional acupuncture gen-
erally provided low- to very low-certainty evidence
across most outcomes, with downgrading due to
indirectness, imprecision (CIs overlapping with sham
acupuncture), and inconsistency (for WOMAC func-
tion and WOMAC stiffness). For factors influencing
acupuncture efficacy (eg, disease duration, treatment
frequency, and sex distribution), the certainty of
the evidence ranged from moderate to low, with no
high-certainty evidence identified from either assess-
ment framework. Detailed GRADE assessment results,
including the summary of findings table and reasons
for downgrading each outcome-intervention pair, are
provided in the Supplementary Appendix Nos. 12 and
13 (https://links.lww.com/AHM/A229).
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Discussion

This study employed MBMA to comprehensively eval-
uate the clinical efficacy of acupuncture for osteoar-
thritis by distinguishing among different acupuncture
types, constructing time-course models, and exploring
potential influencing factors. The results indicated that
warm acupuncture significantly outperformed sham
acupuncture across all four outcomes. At 26 weeks,
warm acupuncture achieved reductions of 4.46 (95%
CI, 3.88-5.01) in VAS pain, 15.99 (95% CI, 13.77-
18.23) in WOMAC pain, 8.14 (95% CI, 6.77-9.54) in
WOMAC stiffness, and 61.46 (95% CI, 47.31-75.15)
in WOMAC function, compared with reductions of 1.70
(95% CI, 0.79-2.61), 8.49 (95% CI, 6.51-10.48), 4.53
(95% CI,2.93-6.19),and 28.26 (95% CI, 19.87-37.17),
respectively, in the sham acupuncture group. In contrast,
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electroacupuncture and traditional acupuncture exhib-
ited comparable efficacy, with both demonstrating
numerically greater improvements than sham acupunc-
ture, although these differences were not statistically
significant?®’l. At 26 weeks, electroacupuncture reduced
VAS pain by 3.15 (95% CI, 2.78-3.50) and WOMAC
pain by 11.46 (95% CI, 8.99-13.96), compared with
reductions of 2.93 (95% CI,2.36-3.51) and 10.48 (95%
CI, 8.23-12.78) for traditional acupuncture, and 1.70
(95% CI, 0.79-2.61) and 8.49 (95% CI, 6.51-10.48)
for sham acupuncture. This finding contrasts with that
of a recent meta-analysis reporting no significant differ-
ence between acupuncture and sham acupuncture, which
may be attributable to our more detailed differentiation
of acupuncture types and our explicit consideration of
treatment duration and baseline heterogeneity.

Warm acupunctureP” demonstrated significantly
greater efficacy than electroacupuncture and traditional
acupuncture. By combining needling with moxibustion,
warm acupuncture provides thermal stimulation at acu-
points, which promotes blood circulation, enhances
metabolism, and modulates immune function®'. To
ensure that the model accurately assessed the specific effi-
cacy of acupuncture, we excluded trials that combined
acupuncture with other active treatments (eg, NSAIDs
or physical therapy). This decision was methodologically

essential. Our review identified substantial heteroge-
neity in the definition of “usual care” or “other treat-
ments” across trials, ranging from basic health education
to potent analgesics, which were often insufficiently
specified. Current MBMA methodologies have limited
capacity to adequately address the complex confounding
introduced by such concomitant interventions. Based on
the available published aggregate data, we were unable to
reliably isolate the independent contribution of acupunc-
ture. Therefore, although acupuncture is frequently used
alongside other therapies in real-world clinical practice,
this exclusion was implemented to ensure methodologi-
cal rigor. We consider this issue an important direction
for future research and anticipate that analyses based on
individual patient data will allow a more comprehensive
evaluation of the role of acupuncture within multimodal
treatment strategies.

Although electroacupuncture®?! and traditional acu-
puncture also demonstrated advantages over sham acu-
puncture in pain management, these differences were
not statistically significant. This finding suggests that
both methods may provide some benefit in pain con-
trol. Our observation of comparable efficacy between
electroacupuncture and traditional acupuncture con-
trasts with previous studies favoring electroacupunc-
ture. Electroacupuncture, which combines traditional
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acupuncture with electrical stimulation, represents
a convenient, scalable, and relatively safe treatment
modality. However, it does not involve the same degree
of manual manipulation as traditional acupuncture,
which may influence therapeutic outcomes. Traditional
acupuncture emphasizes individualized treatment and
manual techniques®=4, requiring skilled and experi-
enced practitioners. Thus, although electroacupuncture
and traditional acupuncture each have distinct advan-
tages and limitations, they demonstrated similar efficacy
in this analysis.

We calculated the time required to reach the efficacy
plateau for VAS pain, WOMAC pain, WOMAC stiffness,
and WOMAC function, which were 3, 2, 8, and 13.7
weeks, respectively. These findings indicate that acu-
puncture alleviates WOMAC pain most rapidly, within
2 weeks, whereas improvement in WOMAC function
occurs more gradually, requiring at least 13.7 weeks.
Most of the included trials had treatment durations rang-
ing from 1.43 to 26 weeks, with a median of 4 weeks,
which may be insufficient to observe the maximum
effects for WOMAC stiffness and WOMAC function. At
4 weeks, the efficacy reached only 50.0% and 28.7% of
the maximum effect for these two outcomes, respectively.
Therefore, we recommend that future acupuncture trials
extend the treatment duration to at least 14 weeks.

The included trials reported baseline WOMAC pain
scores ranging from 14.5 to 46.1, VAS pain scores from
3.3t0 8.3, and WOMAC stiffness scores from 5.3 to 16.6.
Higher baseline WOMAC pain, VAS pain, and WOMAC
stiffness scores were associated with greater treatment
effects. Therefore, baseline heterogeneity should be con-
sidered in meta-analyses and cross-study comparisons.
Subgroup analyses revealed that patients receiving acu-
puncture more than three times per week achieved signifi-
cantly better outcomes than those treated less frequently.
High-frequency acupuncture may provide more sus-
tained stimulation, thereby more effectively alleviating
symptoms. Moreover, subgroup analyses indicated that
a higher proportion of female participants was associ-
ated with smaller treatment effects, which may be related
to physiological and psychological differences between
sexes!®l. Postmenopausal women experience declines in
estrogen levels, which can weaken soft tissues and joint
function and potentially reduce treatment responsive-
ness. In addition, women tend to exhibit greater sensi-
tivity to disease symptoms and emotional responses®),
which may influence their subjective perception of treat-
ment effects. Consequently, sex distribution should be
considered during randomization in osteoarthritis tri-
als. Furthermore, shorter disease duration was associ-
ated with greater acupuncture efficacy. A shorter disease
duration may reflect milder joint damage and inflamma-
tion, thereby resulting in more pronounced treatment
effects’®”). Thus, disease duration represents a critical fac-
tor in the management of osteoarthritis. Subgroup anal-
ysis by age showed no significant differences in efficacy,
suggesting that age has a minimal impact on the effec-
tiveness of acupuncture for osteoarthritis.

This study found no significant effect of baseline val-
ues on the WOMAC function model. The WOMAC
function assessment included 30 trials, with baseline
WOMAC function scores ranging from 48.4 to 142.3
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(median, 78.6). Given the number of trials and the wide
distribution of baseline values, we were unable to iden-
tify a significant covariate relationship between baseline
values and WOMAC function. These findings suggest
that the influence of baseline severity on WOMAC func-
tion outcomes is limited. Our previous methodological
research®® demonstrated that when the number of trials
exceeds 10 and the distribution range of covariates is
greater than 66.6% of the median, the accuracy of cor-
rectly identifying relevant covariates is relatively high.
Therefore, this negative result also has clinical relevance,
suggesting that improvement in WOMAC function fol-
lowing acupuncture is weakly correlated with baseline
severity.

Sham acupuncture is commonly employed as a control
intervention in acupuncture trials®’l. However, its imple-
mentation varies and may involve shallow needling at
nontherapeutic acupoints or the use of nonpenetrating
blunt needles. Some researchers have argued that sham
acupuncture does not constitute a true inert control, as
even needling at nontherapeutic acupoints or the appli-
cation of nonpenetrating needles may elicit physiolog-
ical responses. Functional magnetic resonance imaging
studies™ have demonstrated that sham acupuncture
can activate brain regions such as the anterior cingulate
cortex and thalamus, potentially inducing the release of
bioactive substances. In our comparison of sham acu-
puncture with oral placebo responses, sham acupunc-
ture demonstrated greater efficacy. At 26 weeks, sham
acupuncture reduced WOMAC pain, WOMAC stiffness,
and WOMAC function by 8.0, 4.1, and 25.9 points,
respectively, whereas oral placebos resulted in reductions
of 4.7, 1.7, and 13.2 points. Subgroup analysis showed
that the therapeutic effect of nonpenetrating sham acu-
puncture on WOMAC subscales and VAS pain scores
was nearly equivalent to that of nonacupoint sham acu-
puncture. In addition, nonpenetrating sham acupuncture
exhibited greater between-trial variability, possibly due
to limited standardization and an increased risk of com-
promised blinding!*!l.

Liu et al.*¥ recently published a meta-analysis on
acupuncture for the treatment of knee osteoarthritis,
concluding that acupuncture is effective; however, the
certainty of the evidence was rated as low. In contrast to
traditional meta-analyses, our study developed a time-
course model of acupuncture treatment, which enabled
estimation of both the maximum effect size of acupunc-
ture on various symptoms and the corresponding onset
times. Additionally, we quantitatively evaluated poten-
tial influencing factors, thereby providing information
that cannot be derived from conventional meta-analytic
approaches. This expanded quantitative framework
contributes to a more robust evidence base for clinical
decision-making.

This study has several limitations that should be
considered when interpreting the findings. First, the
generally small sample sizes of the included trials may
introduce potential bias and limit the generalizability
of the results. Although sensitivity analyses confirmed
the robustness of the primary conclusions, the limited
data available for certain patient subgroups result in
less precise model estimates for these populations.
Consequently, caution is warranted when applying
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these findings to specific subpopulations. Second, sub-
stantial heterogeneity was observed in acupoint selec-
tion protocols across the trials, reflecting the diversity
of practices in real-world clinical settings. To facili-
tate a clearer understanding of this heterogeneity and
enhance study reproducibility, we added a section enti-
tled “Summary of Acupuncture Treatment Protocols
and Deqi Response” to the Supplementary Appendix
No. 14 (https://links.lww.com/AHM/A229). This sec-
tion details the acupoint selections, needle retention
time, treatment frequency, and deqi sensation reported
in each included study. Therefore, the present results
represent the average effect across different manipu-
lation protocols, and the efficacy of specific acupoint
combinations may vary. Furthermore, a key advantage
of the MBMA approach is its ability to incorporate het-
erogeneity in study characteristics—such as follow-up
duration—as informative data for modeling the time-
course of treatment response, rather than treating it
as a source of error to be eliminated. For example, the
model’s ET, parameter is directly informed by stud-
ies with varying treatment durations. In addition, we
directly examined the impact of heterogeneity in acu-
puncture frequency on efficacy through subgroup anal-
ysis (Figure 4). However, this model-based approach
has limitations when applied to traditional sensitiv-
ity analyses (eg, excluding studies solely on the basis
of the I? statistic), as such exclusions could compro-
mise accurate estimation of time-effect parameters. To
enhance transparency, we explicitly reported the range
of follow-up durations and acupuncture frequencies of
the included studies in the Supplementary Appendix
Nos. 15 and 14 (https:/links.lww.com/AHM/A229)
and indirectly demonstrated the robustness of the
results through sensitivity analyses that excluded
studies with small sample sizes or a high risk of bias.
Third, because the analysis relied on aggregated litera-
ture data, we were unable to examine many additional
potential influencing factors. Future research using
individual participant data is recommended to validate
the present findings and explore these additional vari-
ables. Fourth, assessment of publication bias using con-
ventional quantitative methods, such as funnel plots or
the Egger test, is methodologically challenging in the
context of MBMA. These approaches are designed for
pairwise meta-analyses and rely on assumptions that
may not hold when multiple treatment arms and time-
course data are modeled simultaneously. To mitigate
potential publication bias, we conducted comprehen-
sive literature searches across multiple databases and
manually screened reference lists; however, publication
bias cannot be fully excluded, particularly for out-
comes with fewer than 10 included studies. Finally,
the generalizability of the findings may be constrained
by the geographical and ethnic composition of the
evidence base, as approximately 90% of the included
trials were conducted in Chinese populations. Factors
such as cultural differences, health care systems, and
patient beliefs regarding acupuncture—all of which
vary across regions—may influence treatment response.
Therefore, direct extrapolation of these quantitative
results to Western or other non-Chinese patient popu-
lations should be undertaken with caution.
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Conclusion

This study represents the largest MBMA to date eval-
uating acupuncture for osteoarthritis and distinguishes
the efficacy of various acupuncture types. Warm acu-
puncture significantly outperformed sham acupuncture,
whereas traditional acupuncture and electroacupunc-
ture exhibited comparable efficacy. Both demonstrated
a numerical trend toward superiority over sham acu-
puncture; however, these differences were not statis-
tically significant. Additionally, sham acupuncture
demonstrated significant effects compared with oral
placebos, with nonacupoint sham acupuncture per-
forming nearly equivalently to nonpenetrating sham
acupuncture. We also identified several factors influenc-
ing acupuncture efficacy, including baseline values of
outcome measures, sex distribution, disease duration,
acupuncture frequency, and age. These findings pro-
vide quantitative evidence to inform clinical practice
and future research. To enhance generalizability, future
studies should involve multicenter, multiethnic trials
to validate the efficacy of acupuncture across diverse
populations.
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