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Abstract 

Introduction Knee osteoarthritis (KOA) is a prevalent chronic joint disease. Due to the risks of opioid use and limited 
pharmacological effectiveness, mind–body exercise (MBE) therapy and other non-pharmacological interventions have 
emerged as first-line treatments for this condition. However, the optimal MBE modes for KOA remain undetermined. 
This systematic review and network meta-analysis (NMA) aims to compare the efficacy of different MBE modes, 
including Pilates, Tai Chi, Yoga, and Qigong, in managing KOA.

Methods We searched PubMed, Embase, Cochrane Library, Web of Science, Scopus, China National Knowledge 
Infrastructure (CNKI), Wanfang Database from inception to 25 April 2024. Randomized clinical trials comparing MBE 
interventions for pain, physical function and quality of life (QoL) in KOA patients were eligible. The Cochrane Risk-of-
Bias Tool 2.0 and Grading of Recommendations, Assessment, Development & Evaluation (GRADE) approach were used 
to assess literature quality and evidence certainty for each outcome.

Result A total of 38 studies (N = 2561) were included, with 38 for pain, 36 for physical function, and 12 for QoL 
in the NMA. With moderate-certainty, both Pilates and TC showed significant improvements in pain reduction [Pilates: 
standardized mean difference (SMD) =  − 1.19, 95% confidence intervals (95% CI): − 1.92 to − 0.46; TC: SMD =  − 0.78, 
95% CI − 0.97 to − 0.59] and physical function (Pilates: SMD =  − 1.37, 95% CI − 2.13 to − 0.50; TC: SMD =  − 0.85, 95% 
CI − 1.08 to − 0.63) compared to the usual care group, while TC [SMD =  − 0.57, 95% CI = (− 1.07 to − 0.06)] showed statis-
tically significant efficacy in improving QoL compared to the usual care group.

Conclusion There is moderate-certainty evidence that Pilates and Tai Chi may be the most effective mind–body 
exercises for improving pain and physical function in knee osteoarthritis, while Tai Chi may be the best for improving 
quality of life. These findings may help clinicians guide their prescription of exercise types with respect to treatment 
outcomes. The limited number of large sample studies and the few studies with low bias risk are limitations.

Trial registration The protocol for NMA has been registered with PROSPERO (CRD42024531878).
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Introduction
Knee osteoarthritis (KOA), a prevalent chronic joint dis-
ease, is a degenerative condition of the knee resulting 
from cartilage wear and loss [1]. KOA is characterized by 
intermittent weight-bearing pain, stiffness, swelling, and 
functional impairment, severely impacting quality of life 
(QoL). Individuals with KOA often suffer from depres-
sion and anxiety [2]. Observable anatomical changes, 
such as osteophyte formation and joint space narrow-
ing, exacerbate these symptoms, evolving into a chronic 
condition [3]. Globally, KOA prevalence is 22.9% [4]. The 
Global Burden of Disease Study (GBD) identifies KOA 
significantly contributes to the age-standardized preva-
lence of osteoarthritis in most regions, except Central 
Asia and Eastern Europe. Projections indicate a 74.9% 
increase in the global KOA-affected population by 2050 
from 2020 estimates, reaching about 642 million [5]. In 
China, KOA imposes substantial socioeconomic bur-
dens, requiring effective management strategies [6, 7].

Current clinical guidelines acknowledge non-pharma-
cological interventions as core treatments appropriate for 
most KOA patients [8]. These interventions encompass 
patient education, self-management strategies, specific 
physical exercises, weight management [9], acupuncture 
[10, 11] and kinesio taping [12, 13]. Some interventions 
show promising results, like self-administered acu-
pressure for pain and mobility improvement [14], and 
combined very low energy diet with exercise for weight 
management and functional improvement [15]. How-
ever, acupuncture is invasive with risks [10], and kinesio 
taping results are inconsistent due to method and dura-
tion variations [13]. In contrast, mind–body exercises 
(MBE) were recommended as core treatments in the 
2019 OARSI guidelines due to their comprehensive and 
sustained efficacy [8]. MBE are low-impact activities 
integrating movement, breath control, and mental focus 
to promote mind–body coordination and health [16], 
such as Tai Chi (TC), Qigong [17], Yoga [18], and Pilates 
[19]. They enhance muscle strength, balance, flexibility, 
addressing KOA mechanical pain and functional issues, 
and provide psychological benefits by reducing anxiety 
and depression [6]. However, MBE requires professional 
instruction to proper technique, and the optimal fre-
quency and duration of practice remain to be determined 
through further research [20].

While evidence supports the efficacy of MBE for man-
aging pain, stiffness, physical function, and mental health 
in KOA patients [20], a significant research gap remains 
in understanding the comparative effectiveness of differ-
ent MBE modalities. Most studies have compared MBE 
to conventional treatments or no intervention, rather 
than evaluating the specific benefits and differences 
between various MBE approaches such as Tai Chi, 

Qigong, Yoga, and Pilates. Only four RCTs directly com-
pared TC with Qigong for KOA patients [21–25]. Few 
reviews and network meta-analysis (NMA) have focused 
on different exercise modalities for KOA [26–28]. Goh 
et al. [26] combined different MBE interventions, such as 
TC and Yoga, into a single treatment model, which may 
obscure individual effects and excluded Pilates studies. 
This approach of grouping various interventions is also 
evident in Mo et al. [27] and Li Jia et al. [28]. This limits 
determining the most effective MBE for KOA symptoms 
and QoL improvement.

Therefore, it is vital to conduct new systematic reviews 
and NMA that evaluate and compare the effects of vari-
ous MBE on pain relief, functional improvement, and 
QoL enhancement in KOA patients, providing a clear, 
evidence-based guidelines for clinical application. Our 
results will help clinicians make evidence-based deci-
sions when selecting MBE interventions. Researchers will 
be able to identify promising directions for future studies 
on optimizing MBE for KOA. Patients will benefit from 
more targeted and personalized MBE recommendations 
that consider their individual needs and preferences. 
Ultimately, this knowledge will enhance the non-pharma-
cological management of KOA, improving patient out-
comes and QoL.

Materials and methods
Protocol and registration
We conducted a systematic review and network meta-
analysis of RCTs to evaluate the comparative effective-
ness of various mind–body exercises for KOA. We 
adhered to the guidelines of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis for Net-
work Meta-Analysis (PRISMA-NMA [29]) and the pro-
tocol for the NMA has been registered with PROSPERO 
(CRD42024531878).

Literature research
We searched PubMed, Web of Science, Cochrane Central 
Register of Controlled Trials, Embase, Scopus, Wanfang 
Database, and China National Knowledge Infrastruc-
ture (CNKI) for relevant literature from the inception 
of each database to April 2024. The included RCTs were 
conducted in diverse settings, including hospitals, clin-
ics, and community centers. Reference lists from relevant 
systematic reviews published previously were reviewed 
to enrich the search. The search strategy included a com-
bination of MeSH terms and free-text keywords related 
to mind–body exercises and knee osteoarthritis. The 
MeSH terms used were: “Tai Ji”, “Yoga”, “Qigong”, “Pilates”, 
“Mind–Body Therapies”, and “Osteoarthritis, Knee”. 
Additional free-text words, such as “mind–body exercise”, 
“tai chi”, “baduanjin”, and “knee osteoarthritis”, were also 
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included to ensure a comprehensive search (eMethods in 
the Supplementary material 1). The search results from 
electronic database queries were transferred to EndNote 
X9 to remove duplicates. Study selection was performed 
by two reviewers (KXG and JMT). A third author (YLW) 
was involved if agreement could not be reached.

Eligibility criteria
Inclusion criteria
RCTs that compared MBE interventions with other types 
of interventions, including conventional therapeutic exer-
cise (CTE), such as strengthening, aerobic, joint mobili-
zation, neuromuscular, and balance exercises; usual care 
(UC), such as health education; and no treatment con-
trol (NT), were included. Participants (≥ 40  years) with 
clinically and/or radiographically diagnosed KOA were 
considered. Any structured MBE intervention classi-
fied as TC, Qigong (Baduanjin, Yijinjing, Wuqinxi, etc.), 
Yoga, or Pilates was included, provided that no additional 
active treatments (e.g., electrotherapy, manual therapy, or 
analgesics) were administered alongside the MBE inter-
ventions. The duration of the intervention had to exceed 
7  weeks. Pain intensity, physical function, and QoL (all 
self-reported) were assessed, with pain as the primary 
outcome and the others as secondary outcomes.

Exclusion criteria
Studies were excluded if data could not be extracted from 
figures or tables, or if participants had received previous 
invasive treatments, such as knee surgery or corticoster-
oid injections, or had knee pain caused by rheumatic. 
Additionally, conference abstracts, case reports, second-
ary analyses, reviews, and protocols were excluded from 
the analysis.

Data extraction
Two reviewers (KXG and JMT) independently extracted 
five types of data using a standard information form: (1) 
basic publication details (first author, publication year, 
and country); (2) participant characteristics (mean age 
and sex); (3) study characteristics (parallel or crosso-
ver trial, two-arm or multi-arm parallel trial, sample 
size); (4) key components of the MBE and comparison 
interventions; and (5) outcomes (any measure of pain 
intensity, self-reported function and QoL). Inter-rater 
reliability was assessed using Cohen’s kappa coefficient, 
which indicated excellent agreement between review-
ers (kappa = 0.92). If an included RCT had multiple 

treatment arms, data from each arm were analyzed sep-
arately to evaluate the effect of each intervention. This 
approach ensures that each treatment arm is considered 
as an independent comparison in the NMA. Baseline 
characteristics and outcome data were extracted into a 
standardized form (mean ± SD). For studies that did not 
report data in a standard form, missing data were esti-
mated using standard errors (SEs), confidence intervals 
(CIs), interquartile ranges (IQRs), or P-values through 
single or combined conversion. If a study reported mul-
tiple scales for pain intensity, physical function or QoL, 
the most sensitive scale was selected according to a pre-
defined ranking order [30, 31]. In addition, when multiple 
time points were available, only data collected immedi-
ately after the intervention were extracted.

Outcome
The primary outcome was pain intensity, which was 
assessed using a hierarchical list of scales prioritizing 
instruments with higher sensitivity and comprehensive 
reporting [26, 32]. The scales, in order of priority, were: 
(1) Numeric Rating Scale (NRS); (2)Visual Analogue 
Scale (VAS); (3)Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) pain subscore; (4)
Knee Injury and Osteoarthritis Outcome Score (KOOS) 
pain subscore; (5) Lequesne’s index. The secondary out-
comes included physical function and QoL. Physical 
function was evaluated using a hierarchical list of scales, 
prioritizing instruments that comprehensively evaluate 
the impact of knee osteoarthritis on daily activities [26, 
32]. The scales, in order of priority, were: (1) WOMAC 
function subscore; (2) Activities of Daily Living (ADL); 
(3) KOOS ADL subscore; (4) Lower Extremity Func-
tional Scale (LEFS); (5) Lysholm Knee Scoring Scale; (6) 
Lequesne’s index. QoL was measured by (1) Short Form 
(SF)−36; (2) SF-12; (3) KOOS QoL subscore; (4) AQoL-
6D assessment scales [26].

Data synthesis and analysis
For continuous outcomes (pain intensity, physical func-
tion, and QoL), the standardized mean difference (SMD) 
and 95% confidence interval (95% CI) were used to nor-
malize the results to a consistent scale. The SMD of the 
change score (end-point minus baseline score) was calcu-
lated to estimate the effect size (ES). When the SDs of the 
change score were unavailable, we estimated the miss-
ing SDs using the following formula from the Cochrane 
Handbook [33]:

SD_change =

√

(

SD2_baseline + SD2_end_point − (2× 0.5× SD_baseline × SD_end_point)
)

.
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Clinically, effect sizes were categorized as small (< 0.40), 
moderate (0.40–0.70), or large (> 0.70) based on the SMD 
[34]. A 95% CI for the SMD that does not include zero 
signifies a statistically significant difference between the 
two interventions [35]. Given that different instruments 
interpret outcome measures differently, when studies 
used a reverse scale (where higher values represented 
better outcomes instead of worse ones), the group means 
were multiplied by − 1, following the guidance outlined 
in the Cochrane Handbook [36]. The variables used for 
assessing the transitivity assumption are detailed in the 
Supplementary material 2 [37]. NMA was performed 
using the frequentist approach in Stata/MP statisti-
cal software version 17.0 [38–40]. To visualize network 
geometry and connectivity between nodes, network plots 
were generated for each outcome, with node sides repre-
senting the number of participants in each trial and edge 
widths reflecting the number of trials evaluating each 
treatment. The assumption that direct and indirect evi-
dence in NMA is equivalent (i.e., consistency) may lead 
to inaccurate conclusions when statistically significant 
inconsistencies exist [41]. Therefore, to ensure the con-
sistency of the entire NMA, we applied both consistency 
and inconsistency models and employed the Wald test 
to evaluate inconsistency outcomes. Locally, we used the 
node-splitting approaches. Considering the potential for 
heterogeneity across studies, a random-effects model was 
selected for conducting the NMA. League tables were 
subsequently constructed to summarize the outcomes 
across various indicators, integrating both direct and 
indirect comparisons. To assess the most effective MBE 
therapy for pain relief, functional improvement, and QoL 
enhancement, we used the surface under the cumulative 
ranking curve analyisis (SUCRA), and cumulative rank-
ing plots across all outcomes. The SUCRA values were 
expressed as percentages, ranging from 0 (the least effec-
tive) to 100% (the most effective). Rankings and prob-
abilities indicate preferred treatments for the average 
patient, as determined by clinicians and policymakers. 
However, a higher rank does not always mean a clinically 
significant effect, as the actual treatment impact is what 
matters most [42]. We assessed publication bias by visu-
ally inspecting comparison-adjusted funnel plots based 
on symmetry criteria [38]. Additionally, Egger’s test was 
conducted in R statistical software version 4.3.2, and 
RStudio statistical software version 22,023.09.1–494 [43], 
with P > 0.05 indicating no significant publication bias. 
Sensitivity analyses were performed by excluding RCTs 
with high risk of bias. To further explore the sources of 
heterogeneity, we conducted meta-regression analyses 
using duration, session frequency, percentage of female 

participants, Body Mass Index (BMI), age, and disease 
duration as covariates for the primary outcome.

Risk of bias assessment and GRADE
Two researchers assessed the methodological quality of 
the included RCTs using the Cochrane tool for assess-
ing the risk of bias (RoB 2) at the outcome level during 
post-treatment follow-ups [44]. The assessment domains 
included randomization process (D1), deviations from 
intended interventions (D2), missing outcome data (D3), 
measurement of the outcome (D4), and selection of the 
reported result (D5). The risk level for each domain was 
divided into three categories, namely, low, high, and 
some concerns. If all domains were rated as “low”, the 
overall risk of bias was “low”. If any domain was rated as 
“some concerns” and no domains were “high”, the over-
all risk was “some concerns”. If at least one domain was 
rated as “high”, the overall risk was “high”. In cases of dis-
crepancy, consensus was reached through a third author. 
The GRADE (Grading of Recommendations Assessment, 
Development, and Evaluation) framework was used to 
assess the quality of evidence [45], with ratings rang-
ing from high (best) to very low (worst), and to assist in 
drawing conclusions from an NMA using a minimally 
contextualized framework [46].

Results
Search results
We initially searched seven databases, identifying 624 
records. After removing 364 duplicates, 260 records 
remained. In accordance with the eligibility criteria, the 
first screening round excluded 199 articles based on their 
titles and abstracts. In the subsequent screening phase, 
23 of the remaining 61 articles were excluded after a 
full-text review. Ultimately, 38 studies were selected for 
inclusion. The search and selection process is illustrated 
in Fig. 1.

Study characteristics
Table 1 summarizes the key characteristics of all included 
studies. This NMA incorporated 38 eligible RCTs, involv-
ing 2561 participants diagnosed with KOA. The studies 
included were published between 2003 and 2024. The 
majority of the studies were two-arm trials (32), with the 
remainder being three-arm trials (1) and four-arm tri-
als (5). Most studies were conducted in China (25/38), 
with the remaining studies distributed among the United 
States (7/38), South Korea (2/38), Canada (1/38), Aus-
tralia (1/38), Iran (1/38), and Brazil (1/38). Of these, 15 
studies were written in Chinese and 23 studies were writ-
ten in English. Moreover, the included studies involved 
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various MBE: TC (22/38), Qigong (15/38), Yoga (4/38), 
and Pilates (2/38). The studies on Qigong included the 
Baduanjin and Wu Qin Xi forms. Four studies did not 
provide gender distribution information, and 15 studies 
recruited only female subjects. There were three control 
groups: CTE (6/38), UC (19/38), and NT (13/38). The 
MBE interventions varied in duration from 7 to 48 weeks, 
with the number of sessions ranging from 14 to 144. Pain 

intensity was evaluated in all 38 studies, physical function 
was measured in 36 studies, and QoL was assessed in 12 
studies. Participants in these studies were aged between 
50 and 80 years.

Pain intensity
A total of 2533 subjects across 38 studies assessed the 
effectiveness of MBE modes in reducing pain intensity, 

Fig. 1 PRISMA flow diagram of the search process for studies examining the efficacy of mind–body exercise in patients with KOA
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Table 1 Principal characteristics of included studies

References Country Sample size 
(F/M)

Age, mean (SD) Duration 
(weeks)

Follow-up 
weeks

Outcome 
measures

Experimental 
group 
intervention

Control 
group 
intervention

Liu et al. [21] China 81 (60/21) 59.2 (7.5) 12 – KOOS (pain)/KOOS 
(ADL)/KOOS (QoL)

Tai Chi (60 min/60 
sessions)/qigong 
(60 min/60 ses-
sions)

UC

Tu et al. [22] China 75 (58/17) 58.8 (7.1) 12 – KOOS (pain) Tai Chi (60 min/60 
sessions)/qigong 
(60 min/60 ses-
sions)

UC

Wang et al. [23] China 78 (57/21) 58.6 (7.1) 12 – KOOS (pain) Tai Chi (60 min/60 
sessions)/qigong 
(60 min/61 ses-
sions)

UC

Hu et al. [24] China 83 (–/–) 58 (7.6) 12 – WOMAC (pain)/
WOMAC (func-
tion)/SF-36

Tai Chi (60 min/60 
sessions)/qigong 
(60 min/60 ses-
sions)

UC

Hu et al. [47] China 92 (–/–) 66.0 (3.9) 24 – VAS/WOMAC 
(function)

Tai Chi (60 min/72 
sessions)

UC

Lin et al. [25] China 72 (54/18) 59.0 (7.3) 12 – WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi (60 min/60 
sessions)/qigong 
(60 min/60 ses-
sions)

UC

Wang et al. [48] USA 204 (143/61) 60.2 (10.5) 12 40 WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi (60 min/24 
sessions)

CTE

Zhu et al. [49] China 46 (46/0) 64.6 (3.4) 24 – WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi (60 min/72 
sessions)

UC

Tsai et al. [50] USA 55 (40/0) 78.9 (7.6) 20 – WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi 
(20/40 min/60 
sessions)

UC

Lee et al. [51] Korea 44 (41/3) 69.1 (5.4) 8 – WOMAC (pain)/
WOMAC (func-
tion)/SF-12

Tai Chi (60 min/16 
sessions)

NT

Brismée et al. [52] USA 41 (34/7) 69.9 (9.3) 12 6 VAS/WOMAC 
(function)

Tai Chi (40 min/36 
sessions)

UC

Zhou et al. [53] China 30 (20/10) 64.1 (1.0) 16 – VAS/KOOS (ADL)/
KOOS (QoL)

Tai Chi (60–
90 min/32 sessions)

NT

Song et al. [54] Korea 43 (43/0) 63.7 (5.9) 12 – WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi (20 min/36 
sessions)

CTE

Huang et al. [55] China 40 (40/0) 64.3 (3.3) 24 – VAS/WOMAC 
(function)

Tai Chi (60 min/75 
sessions)

UC

Wortley et al. [56] USA 18 (13/5) 68.9 (5.2) 10 – WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi (60 min/20 
sessions)

NT

Li et al. [57] China 61 (23/38) 65.9 (5.9) 16 – WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi (60 min/64 
sessions)

NT

Wang et al. [58] USA 40 (33/7) 65 (7.8) 12 36 VAS/WOMAC 
(function)/SF-36

Tai Chi (60 min/24 
sessions)

UC

Song et al. [59] China 40 (40/0) 64.2 (8.6) 12 24 WOMAC (pain)/
WOMAC (func-
tion)/SF-36

Tai Chi (60 min/36 
sessions)

UC

Zhang et al. [60] China 32 (32/0) 62.9 (3.3) 24 – WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi (60 min/72 
sessions)

UC
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M, Male; F, Female; VAS, Visual numerical scale; NRS, Numerical pain scale; WOMAC, Western Ontario & McMaster Universities Osteoarthritic Index; KOOS, Knee injury 
and Osteoarthritis Outcome Score; ADL, Activity of daily living; AQoL, Assessment of Quality of Life; KOOS, Knee injury and Osteoarthritis Outcome Score, LKSS: 
Lysholm Knee Scoring Scale; n, Sample size; QoL, Quality of life, SF-12, 12-item short form survey; SF-36, 36-Item short form survey; UC, Usual care; NT, No treatment; 
CTE, Conventional therapeutic exercises

Table 1 (continued)

References Country Sample size 
(F/M)

Age, mean (SD) Duration 
(weeks)

Follow-up 
weeks

Outcome 
measures

Experimental 
group 
intervention

Control 
group 
intervention

Zhang et al. [61] China 50 (50/0) 60.8 (9.2) 48 – VAS/LEFS (Lower 
Extremity Func-
tional Scale)

Tai Chi (60 min/144 
sessions)

NT

Cao et al. [62] China 41 (34/7) 70.0 (9.3) 12 6 VAS/WOMAC 
(function)

Tai Chi (60 min/16–
26 sessions)

UC

Zhu et al. [63] China 46 (46/0) 64.6 (3.4) 24 – WOMAC (pain)/
WOMAC (func-
tion)

Tai Chi (60 min/72 
sessions)

UC

An et al. [64] China 28 (28/0) 65 (7.4) 8 – WOMAC (pain)/
WOMAC (func-
tion)/SF-36

Qigong (30 min/40 
sessions)

NT

Ye et al. [65] China 50 (30/20) 63.8 (6.1) 12 – WOMAC (pain)/
WOMAC (func-
tion)

Qigong (40 min/36 
sessions)

NT

Jiang et al. [66] China 23 (–) 63.5 (4.6) 12 – VAS/WOMAC 
(function)

Qigong (45 min/60 
sessions)

UC

Yin et al. [67] China 118 (118/0) 69.1 (2.3) 24 – WOMAC total Qigong (–) NT

Tian et al. [68] China 40 (40/0) 62.5 (3.9) 24 – WOMAC (pain)/
WOMAC (func-
tion)

Qigong 
(60 min/144 ses-
sions)

NT

Xiao et al. [69] China 266 (266/0) 70.0 (3.5) 24 – WOMAC (pain)/
WOMAC (func-
tion)/SF-36

Qigong 
(60 min/144 ses-
sions)

NT

Chun et al. [70] China 68 (45/23) 70.5 (9.8) 12 – WOMAC (pain)/
WOMAC (func-
tion)

Qigong (60 min/48 
sessions)

CTE

Xiao et al. [71] China 98 (61) 70.4 (9.7) 24 – WOMAC (pain)/
WOMAC (func-
tion)

Qigong (60 min/ 96 
sessions)

CTE

Yang et al. [72] China 148 (112/36) 50–75 12 – VAS/LKSS Qigong (50 min/72 
sessions)

NT

Wang et al. [73] China 28 (16/12) 65.4 (5.2) 12 – VAS/WOMAC 
(total)

Qigong (60 min/36 
sessions)

NT

Bennell et al. [74] Australia 212 (148/64) 62.3 (7.7) 12 12 Knee pain dur-
ing walking (NRS)/
WOMAC (func-
tion)/AQoL-6D

Yoga (30 min/36 
sessions)

UC

Cheung et al. [75] USA 36 (36/0) 71.9 (5.6) 8 12 WOMAC (pain)/
WOMAC (func-
tion)/SF-12

Yoga 
(30 min/60 min/40 
sessions)

UC

Cheung et al. [76] USA 55 (–) 70.1 (7.9) 8 – VAS/WOMAC 
(function)/SF-12

Yoga (45 min/8 
sessions, 30/24 
sessions)

UC

Kuntz et al. [77] Canada 21 (21/0) 64.6 (7.4) 12 – KOOS-pain/ADL/
KOOS (QoL)

Yoga (60 min/36 
sessions)

CTE

Rego et al. [78] Brazil 17 (17/0) 65.2 (2.4) 7 – WOMAC (pain)/
WOMAC (func-
tion)/SF-36

Pilates (60 min/14 
sessions)

NT

Mazloum et al. 
[79]

Iran 41 (13/28) 52.1 (8.9) 8 – Lequesne’s index Pilates (60 min/24 
sessions)

CTE/NT
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with the network plot depicted in Fig.  2. The Wald test 
for global inconsistency was not significant (χ2 = 4.24, 
P = 0.75), and the node-splitting method showed no 

statistically significant differences (P > 0.05) in local 
inconsistency between indirect and direct compari-
sons for each segmented node (refer to Supplemen-
tary Table  1). Pilates (SMD: − 1.19, 95% CI − 1.92 
to − 0.46), TC (SMD: − 0.78, 95% CI − 0.97 to − 0.59), 
Yoga (SMD: − 0.76, 95% CI − 1.15 to − 0.36), and Qigong 
(SMD: − 0.70, 95% CI − 0.94 to − 0.47) all outperformed 
usual care (no-treatment) in reducing pain intensity, 
indicating a large clinical effect. Additionally, compared 
to CTE, Pilates (SMD: − 0.76, 95% CI − 1.47 to − 0.04) 
showed a large clinical effect, and TC (SMD: − 0.35, 95% 
CI − 0.67 to − 0.03) showed a small clinical effect; fur-
ther details are presented in Supplementary Table 2. The 
SUCRA analysis revealed that Pilates (SUCRA = 92.9%) 
and TC (SUCRA = 74.1%) were among the most effec-
tive MBE interventions for pain relief, followed by 
Yoga (SUCRA = 68.3%) and Qigong (SUCRA = 61.6%). 
Usual care (SUCRA = 12.5%) was ranked lower, with 
no-treatment group projected as the least effective 
(SUCRA = 4.4%). For further details, refer to Fig.  3. 
Table 2 summarizes the effect estimates of pain intensity 
compared to usual care and their quality. With moderate 
certainty, Pilates and TC were the most effective inter-
ventions, while Yoga and Qigong demonstrated moderate 

Fig. 2 Network of evidence of pain intensity and the size 
of the nodes relates to the number of participants in that intervention 
type and the thickness of lines between interventions relates 
to the number of studies for that comparison

Fig. 3 The rank probability of pain intensity various interventions based on the SUCRA. The SUCRA metric was used to rank the effectiveness 
of each treatment and identify the best treatment
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efficacy, outperforming the least effective options (usual 
care and no-treatment).

Physical function
A total of 36 studies, encompassing 2408 subjects and 
seven interventions, examined the impact of MBE 
interventions on physical function in KOA patients, 
with the network plot shown in Fig.  4. The Wald test 
for global inconsistency was not significant (χ2 = 8.14, 

P = 0.32); no local inconsistencies were found through 
the node-splitting method (P > 0.05, refer to Supple-
mentary Table  3). Pilates (SMD: − 1.31, 95% CI − 2.13 
to − 0.50), TC (SMD: − 0.85, 95% CI − 1.08 to − 0.63), 
Yoga (SMD: − 0.80, 95% CI − 1.24 to − 0.36), and Qigong 
(SMD: − 0.75, 95% CI − 1.08 to − 0.42) outperformed 
usual care (no-treatment) in enhancing physical func-
tion, indicating a large clinical effect. Further details 
can be found in Supplementary Table  4. The SUCRA 
analysis revealed that Pilates (SUCRA = 93.2%) and TC 
(SUCRA = 74.0%) were the most effective MBE inter-
ventions for improving physical function, with Yoga 
(SUCRA = 66.2%) and Qigong (SUCRA = 60.0%) fol-
lowing closely behind. Usual care (SUCRA = 10.7%) and 
the no-treatment group were ranked as the least effec-
tive (SUCRA = 6.1%). Refer to Fig.  5 for more details. 
Table  3 summarizes the effect estimates of physical 
function compared to usual care and their quality. With 
moderate certainty, Pilates and TC were the most effec-
tive interventions, while the remaining interventions 
showed low certainty.

QoL
In the examination of MBE interventions’ impact on 
enhancing QoL, 12 studies involving 922 participants 
were analyzed, with the network plot shown in Fig.  6. 
The Wald test for global inconsistency was not sig-
nificant (χ2 = 0.56, P = 0.75), and no local inconsisten-
cies were detected within the network (P > 0.05, refer 
to Supplementary Table  5). The League table result 
revealed that only TC intervention (SMD =  − 0.57, 
95% CI =  − 1.07 to − 0.06) showed superiority over 
usual care in improving QoL, indicating a moderate 

Table 2 Summary of results for pain intensity

Certainty on the evidence Classification Intervention Intervention versus 
usual care SMD (95% 
CI)

SUCRA (%)

Moderate certainty (moderate-certainty 
evidence)

Category 1: Among the most effective Pilates  − 1.19 (− 1.92, − 0.46) 92.9

Tai Chi  − 0.78 (− 0.97, − 0.59) 74.1

Category 2: Inferior to the best/better 
than the worst interventions

Yoga  − 0.76 (− 1.15, − 0.36) 68.3

Qigong  − 0.70 (− 0.94, − 0.47) 61.6

Conventional 
therapeutic 
exercise

 − 0.43 (− 0.78, − 0.09) 36.3

Category 0: Among the least effective – – –

Low certainty (low- to very low-certainty 
evidence)

Category 1:May be among the most effective – – –

Category 2: Inferior to the best/Better 
than the worst interventions

– – –

Category 0: May be among the least effective Usual care – 12.5

No treatment  − 0.10 (− 0.39,0.20) 4.4

Fig. 4 Network of evidence of physical function and the size 
of the nodes relates to the number of participants in that intervention 
type and the thickness of lines between interventions relates 
to the number of studies for that comparison
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clinical effect. Compared to the no-treatment group, 
TC (SMD: − 1.14, 95% CI − 1.77 to − 0.51) and Yoga 
(SMD: − 0.95, 95% CI − 1.87 to − 0.03) demonstrated 
a large clinical effect, while Qigong intervention 

(SMD: − 0.68, 95% CI − 1.21 to − 0.09) showed a mod-
erate clinical effect. Detailed findings are provided in 
Supplementary Table  6. The SUCRA analysis revealed 
that TC (81.7%) was the most effective intervention for 

Fig. 5 The rank probability of physical function various interventions based on the SUCRA. The SUCRA metric was used to rank the effectiveness 
of each treatment and identify the best treatment

Table 3 Summary of results for physical function

Certainty on the evidence Classification Intervention Intervention versus 
usual care SMD (95% 
CI)

SUCRA (%)

Moderate certainty (moderate-certainty 
evidence)

Category 1: Among the most effective Pilates  − 1.31 (− 2.13, − 0.50) 93.2

Tai Chi  − 0.85 (− 1.08, − 0.63) 74.0

Category 0: Among the least effective – – –

Low certainty (low- to very low-certainty 
evidence)

Category 1: May be among the most effec-
tive

Yoga  − 0.80 (− 1.24, − 0.36) 66.2

Qigong  − 0.75 (− 1.08, − 0.42) 60.0

Conventional 
therapeutic 
exercise

 − 0.55 (− 0.92, − 0.17) 39.5

Category 0: May be among the least effective Usual care – 10.7

No treatment  − 0.07 (− 0.44, 0.30) 6.1
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improving QoL. The no-treatment group was likely the 
least effective, with a SUCRA value of 3.0%. For fur-
ther information, refer to Fig.  7. Table  4 summarizes 
the effect estimates of QoL compared to usual care and 
their quality. With moderate certainty, TC was the most 
effective intervention, while the remaining interven-
tions showed low certainty.

Risk of bias assessment and GRADE
For the primary outcome (pain intensity), bias due to 
the randomization process: a detailed analysis showed 
that 10 studies (26.3%) used computer-generated rand-
omization methods (including computer software and 
web-based tools), 21 studies (55.3%) used random num-
ber tables or random sequence generation, one study 
(2.6%) used inappropriate randomization methods 
(allocation based on patient preference), and six stud-
ies (15.8%) did not clearly describe their randomization 
procedures. Overall, 21 studies raised some concerns, 
with 18 studies lacking adequate information on ran-
domization methods and allocation concealment, and 
three studies showing baseline characteristic difference 

Fig. 6 Network of evidence of QoL and the size of the nodes 
relates to the number of participants in that intervention 
type and the thickness of lines between interventions relates 
to the number of studies for that comparison

Fig. 7 The rank probability of QoL various interventions based on the SUCRA. The SUCRA metric was used to rank the effectiveness of each 
treatment and identify the best treatment
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between intervention groups. Bias in measurement of 
the deviations from intended interventions: three studies 
were at high risk due to a high dropout rate and the lack 
of intention-to-treat analyses. Given the nature of the 

exercise interventions in these trials, 18 studies had some 
concerns due to challenges in blinding. Bias arising from 
outcome measurement: eight studies had some concerns 
due to inadequate blinding of outcome assessors. Conse-
quently, nine studies were at low risk of bias, 25 studies 
had some concerns, and four studies were at high risk of 
bias (refer to Fig. 8). Supplementary material 3 presents 
the RoB 2 assessment for physical function and QoL. 
Supplementary material 4 shows the GRADE results for 
pairwise comparisons of studies examining the efficacy of 
MBE interventions in patients with KOA.

Sensitivity analysis
To assess the impact of risk of bias on our findings, we 
conducted sensitivity analyses by excluding RCTs with 
a high risk of bias. The results were consistent with 
those obtained from the main analyses (see Supple-
mentary material 5), supporting the robustness of our 
finding.

Meta-regression analysis
Meta-regression was conducted separately for differ-
ent MBE types (TC, Qigong, Yoga, and Pilates) with age, 
BMI, duration, session frequency, percentage of female 
participants, and disease duration as covariates. The 
results suggested that BMI might be a potential modera-
tor affecting the intervention effects, particularly in TC 
interventions (see Supplementary material 6). Although 
several potential moderators were identified for yoga 
interventions, the limited number of included yoga stud-
ies precluded drawing definitive conclusions about these 
associations.

Public bias
We plotted comparison-adjusted funnel plots for pain, 
physical function and QoL as outcome indicators 

Table 4 Summary of results for QoL

Certainty on the evidence Classification Intervention Intervention versus 
usual care SMD (95% 
CI)

SUCRA (%)

Moderate certainty (moderate-certainty 
evidence)

Category 1: Among the most effective Tai Chi  − 0.57 (− 1.07, − 0.06) 82.1

Category 2: Inferior to the best/Better 
than the worst interventions

– – –

Category 0: Among the least effective – – –

Low certainty (low- to very low-certainty 
evidence)

Category 1: May be among the most effective – – –

Category 2: Inferior to the best/Better 
than the worst interventions

Pilates  − 0.61 (− 2.23, 1.01) 71.6

Yoga  − 0.38 (− 0.94, 0.19) 66.5

Qigong  − 0.11 (− 0.72, 0.51) 44.0

Category 0: May be among the least effective Usual care – –

No treatment  − 0.57 (− 1.31, 0.16) 4.4

Fig. 8 Risk of bias for included studies (pain intensity)
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separately to identify potential publication bias. The 
funnel plots displayed a symmetrical distribution of 
scattered points, suggesting that our results are robust 
without significant publication bias. More details are 
shown in Figs.  9, 10 and 11. Additionally, the results of 
Egger’s test indicated no significant publication bias: 
pain (P = 0.07), physical function (P = 0.36), and QoL 
(P = 0.40); refer to Supplementary material 7.

Discussion
In this first NMA of MBE for KOA, we explored a com-
prehensive ranking of four widely practiced MBE tech-
niques (Pilates, TC, Yoga, and Qigong) to identify the 
most effective intervention for alleviating pain, enhanc-
ing physical function and improving QoL. Given that 
TC and Qigong have their origins in China, we included 
studies in all languages to ensure a comprehensive review. 
There is moderate-certainty evidence that Pilates and TC 
may be the most effective MBEs for improving pain and 
physical function in KOA, while TC may be the best for 
improving QoL. The remaining interventions showed low 
certainty. These findings provide valuable insight for cli-
nicians considering MBE therapies as complementary or 
alternative treatments for KOA patients.

The results from the league table showed no significant 
inter-group differences in these outcome measures, indi-
cating that, statistically, these MBE modes have similar 
effects in improving KOA symptoms. This may be attrib-
uted to the shared mechanisms of body awareness, relax-
ation, and physical regulation common to all four MBE 
modes. Additionally, the limited sample size may have 
reduced the statistical power to detect inter-group differ-
ences. While one intervention may consistently achieve 
a higher rank, excessive focus on the rankings (derived 
from SUCRA) may lead to misleading interpretations 
[46]. However, the GRADE approach to drawing con-
clusions from a NMA using a minimally contextualized 
framework can assist in deriving valid conclusions [46].

Pilates exercise therapy is well-known for its effective-
ness in improving flexibility and overall physical condi-
tion, utilizing a method that emphasizes core stability, 
proper posture, controlled breathing, flexibility, strength, 
and muscle coordination [19]. Muscle loss contributes 
to the pain, disability, and morbidity associated with 
KOA [80]. In KOA patients, thigh muscle weakness is a 
major issue and a contributing factor in the progression 
of degenerative changes [81, 82]. Previous studies com-
paring conventional therapeutic exercise with Pilates for 
managing pain and function in KOA patients found that 

Fig. 9 Pain intensity: comparison-adjusted funnel plot showing the publication bias of the included randomized controlled trials. The red line 
represents the null hypothesis that independent effect size estimates do not differ from the comparison-specific pooled estimates. A Pilates, B Tai 
Chi, C Yoga, D Qigong, E control group (conventional therapeutic exercises), F control group (usual care), G control group (no treatment)
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those who adhered to the Pilates regimen experienced 
notable symptomatic improvements. These improve-
ments may be associated with increased strength in the 
quadriceps and hamstring muscles [79]. A meta-analysis 
also provides strong evidence of enhanced lower limb 
strength following Pilates training in older adults [83]. 
Strengthening muscles provides better support and sta-
bility for the knee, reducing stress and wear on the knee 
joint, and thereby alleviating pain [84]. Consequently, 
Pilates may reduce pain intensity by enhancing the 
strength of the muscles in the lower limbs. Additionally, 
Pilates emphasizes correct posture and movement pat-
terns, which can evenly distribute the burden on the knee 
joints and reduce pain caused by improper posture. Rego 
et  al. found that after 7  weeks of Pilates training, par-
ticipants showed significant improvements in WOMAC 
(function) scores [78]. Pilates exercises that incorporate 
eccentric and stretching movements can activate muscle 
spindles [79, 85], which are instrumental in sensing the 
motion and position of the limb [86]. The coordinated 
activation of the muscles of the lower limbs is essential 
for the knee joint stabilization. Pilates includes static 
isometric and dynamic isotonic contractions of the 
muscles. Changes in the center of gravity contribute to 
improvements in postural control, enhanced coordinated 

contraction of agonist and antagonist muscles, improved 
activation of knee muscles, and the stabilization of the 
knee joint. The flexibility training in Pilates reduces 
stiffness and improves joint motion by increasing knee 
flexibility and subsequent progression in pain and func-
tion conditions [87, 88]. Furthermore, Pilates’ focus on 
breathing contributes to improving body homeosta-
sis and enhances physiological conditions [89], which 
is closely linked to greater functional improvement in 
KOA. The use of pain neuroscience education (PNE) 
in chronic pain management has grown in recent years 
[90], and it is now being used in conjunction with Pilates 
for KOA patients. Rabiei et al. [91] concluded that com-
bining PNE with Pilates could have superior effects on 
psychological characteristics, though not on pain and 
function, compared to Pilates alone. The combined use 
of Pilates with other therapies is a worthy direction for 
future research. Current studies have primarily examined 
the short-term effects of Pilates on KOA treatment [78, 
79], and the therapeutic effects of long-term training are 
still lacking. While current studies support the analgesic 
effect of Pilates for KOA patients, there is still a lack of 
objective neurophysiological studies to clarify the under-
lying mechanisms. Further extensive experimentation 

Fig. 10 Physical function: comparison-adjusted funnel plot showing the publication bias of the included randomized controlled trials. The red line 
represents the null hypothesis that independent effect size estimates do not differ from the comparison-specific pooled estimates. A Pilates, B Tai 
Chi, C Yoga, D Qigong, E control group (conventional therapeutic exercises), F control group (usual care), G control group (no treatment)
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and research are necessary to comprehensively under-
stand the potential mechanisms of Pilates for KOA.

TC is an ancient multicomponent MBE therapy derived 
from traditional Chinese medicine, integrating physical, 
psychosocial, spiritual, and behavioral components to 
enhance health and fitness [92]. Wang et  al. conducted 
a 12-week TC study that showed a significant increase 
in SF-36 scores and a substantial improvement in QoL 
in KOA patients [48]. Song et al. also demonstrated that 
TC training is effective in improving the QoL of elderly 
women [59]. The effects of TC on QoL appear to be 
associated with improved mental well-being, including 
reduced stress, anxiety, depression, mood disorders, and 
enhanced self-confidence [93]. Previous studies have sug-
gested that the efficacy of TC in enhancing QoL may be 
linked to its ability to diminish sympathetic nervous sys-
tem activity. TC has been shown to mitigate psychologi-
cal stress, as measured by salivary cortisol, and enhance 
QoL by stimulating the production of regulatory T-cell 
mediators such as transforming growth factor-beta and 
Interleukin-10 (IL-10) through targeted antigenic stimuli 
[94]. The primary pathological mechanism causing pain 
in KOA is increased inflammation in the knee joint, with 
elevated levels of Interleukin-1β (IL-1β), Interleukin-6 
(IL-6), and Tumor Necrosis Factor-α (TNF-α) [95, 96]. 

TC exercises have shown potential in modulating inflam-
matory markers, providing significant analgesic bene-
fits. In a meta-analysis involving nine TC studies, it was 
found that TC significantly reduced serum TNF-α and 
decreased IL-6 [97]. Additionally, a RCT involving breast 
cancer survivors demonstrated a sustained decrease in 
IL-6 and IL-1β after 12 months, highlighting the endur-
ing anti-inflammatory effects of TC exercise [98]. Moreo-
ver, the gut microbiota has been increasingly recognized 
as closely linked to KOA development due to its intricate 
interplay with joint health [99, 100]. Studies have shown 
that gut microbiota damage may damage joints through 
the involvement of their metabolites in the inflamma-
tory response, potentially contributing to the pathogen-
esis of KOA [101]. On the one hand, TC exercises reduce 
the generation of Lipopolysaccharide (LPS) through the 
gut microbiota, exerting a regulatory effect on inflamma-
tion [102]; on the other hand, TC can increase the pro-
duction of Short-Chain Fatty Acid (SCFA) via the gut 
mucrobiota, reducing inflammatory factors [103], thus 
alleviating the inflammatory response in KOA from two 
perspectives. Additionally, KOA is often associated with 
irregularities in both structural and functional connec-
tivity across different brain regions [104, 105], particu-
larly those related to pain perception. Consistent TC 

Fig. 11 QoL: comparison-adjusted funnel plot showing the publication bias of the included randomized controlled trials. The red line represents 
the null hypothesis that independent effect size estimates do not differ from the comparison-specific pooled estimates. A Pilates, B Tai Chi, C Yoga, 
D Qigong, E control group (usual care), F control group (no treatment)
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practice has the potential to prompt localized alterations 
in the precentral gyrus, insular sulcus, and middle fron-
tal sulcus [106]. Previous RCTs have revealed significant 
associations between pre- and post-TC variations in the 
functional connectivity of regions such as the Basolat-
eral Amygdala (BA)-temporal pole, BA-medial prefrontal 
cortex [21, 107], periaqueductal grey-ventral tegmental 
area [108], and dorsolateral prefrontal cortex pathways 
[109]. Therefore, regular TC practice may modulate pain 
and physical function by directly impacting cerebral cor-
tex activity.

Yoga and Qigong (Baduanjin, Wuqinxi) have demon-
strated benefits for KOA. However, based on our GRADE 
results, their therapeutic effects on pain, physical func-
tion, and QoL are not superior to those of other MBE 
therapies. Yoga, originating in ancient India, is a low-
impact MBE. With styles like Iyengar and Hatha Yoga, 
it requires minimal equipment and has gained wide-
spread popularity. In a meta-analysis of eight studies on 
Yoga interventions, it was found that Yoga is effective in 
improving pain, stiffness and physical function in KOA 
patients [110]. Moreover, a sensitivity analysis exclud-
ing studies with low-frequency or short-duration treat-
ments indicated that Yoga significantly improved the 
QoL in KOA patients. Hatha yoga offers a comprehensive 
approach that engages both the body and mind, utilizing 
postures, breath control, and meditation to help manage 
KOA symptoms [111]. In comparison, chair yoga is bet-
ter suited for individuals with KOA, as it provides low-
impact, gentle, and highly adaptable exercises designed 
to minimize stress on the knee joint, improve range of 
motion and flexibility, relieve pain, and enhance joint 
function and overall comfort [112]. Regarding Qigong, 
which, similar to TC, also originates in China and is 
part of a broader system of “health cultivation” prac-
tices. Numerous studies have demonstrated the benefits 
of Baduanjin [113] and Wuqinxi [114] in improving pain 
and function in KOA. These practices enhance blood 
circulation in the joints, increase flexibility and mobility 
in the lower limbs, support the smooth flow of qi (vital 
energy) and blood through the meridians, and promote 
the execution of precise, controlled movements.

The primary clinical manifestations of KOA include 
joint pain, stiffness, and dysfunction. KOA also leads 
to alterations in muscle coordination and contraction, 
reduced quadriceps muscle strength, impaired balance, 
gait abnormalities, psychological distress, collectively 
contributing to a significant decline in patients’ QoL. A 
substantial body of evidence from clinical trials indicates 
that MBE therapy is an effective and safe intervention for 
treating KOA. The therapeutic mechanism may include 
enhancing lower extremity muscle strength, modulating 
inflammatory mediators and  gut microbiota, improving 

ligament flexibility, coordinating and activating lower 
limb muscles, promoting mental health, and influencing 
the cerebral cortex. Compared to non-pharmacological 
therapies, such as kinesio taping, acupuncture, massage, 
and traditional exercises that primarily target muscle 
strength and the cardiovascular and respiratory systems, 
MBE therapy offers distinct advantages. These include 
additional physiological, psychological, and clinical 
effects [115]. Furthermore, MBE generally exhibits a high 
safety profile, with minimal to no adverse effects [116, 
117]. Once patients receive initial guidance, they can 
continue exercising independently over the long term, 
reducing the economic burden associated with ongoing 
treatments.

There are limitations to this NMA. First, the limited 
research on Pilates and the generally modest sample 
sizes in most of the included studies may have restricted 
data availability, possibly leading to an underestimation 
of MBE interventions. Further studies on the effects of 
Pilates for KOA are needed, particularly RCTs with high 
quality and large sample sizes. Second, the inherent chal-
lenge of exercise interventions makes it difficult to blind 
both subjects and physiotherapists, potentially leading to 
deviations from intended interventions and affecting the 
precision of effect size estimates. However, this limitation 
is generally accepted and often addressed in meta-analy-
ses assessing the efficacy of exercise interventions. Third, 
there was an imbalance in gender representation, with a 
significantly higher number of female participants com-
pared to male participants. This gender imbalance may 
limit the generalizability of the findings to the broader 
KOA population, while female is an important risk fac-
tors for knee osteoarthritis in middle-older aged [118]. 
Thus, caution is needed when interpreting the findings 
for male KOA patients. Fourth, due to the limited num-
ber of studies on indicator such as Six-Minute Walk Test, 
Time Up and Go Test, and depression, as well as insuf-
ficient long-term outcome data, we were unable to assess 
the effects of different MBEs on these indicators or their 
sustained effects. Future studies should prioritize these 
indicators and focus on long-term follow-up to compre-
hensively evaluate the effects of MBEs on KOA patients. 
Finally, due to the limited number of studies and the scar-
city of direct comparative evidence between interven-
tions, these findings should be interpreted with caution, 
highlighting the need for more high-quality, large-scale, 
multicenter research.

Conclusion
There is moderate-quality evidence that Pilates and Tai 
Chi may be the most effective mind–body exercises for 
improving pain and physical function in knee osteoarthri-
tis, while Tai Chi may be the best for improving quality of 



Page 17 of 20Gao et al. Journal of Orthopaedic Surgery and Research          (2025) 20:384  

life. These findings provide important insights for clinical 
practice and may help clinicians guide their prescription 
of exercise types based on treatment outcomes. Further 
high-quality, large-scale, multicenter, long-term follow-
up RCTs are needed to confirm whether our findings are 
consistent across all patients with knee osteoarthritis.
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