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!School of Health Preservation and Rehabilitation, Chengdu University of Traditional Chinese
Medicine, Chengdu, Sichuan, China, ?School of Clinical Medicine, Chengdu University of Traditional
Chinese Medicine, Chengdu, Sichuan, China

Objectives: Knee osteoarthritis (KOA) is a highly prevalent degenerative joint
disease worldwide and an important cause of disability. Currently, medication
and surgical interventions are commonly used in clinical practice, but there
are limitations such as significant side effects and high medical costs. Tai Chi,
as a non-pharmacologic intervention, is recommended for its safety and few
adverse effects. However, there is still a lack of consensus on the optimal course
and frequency of Tai Chi intervention, and there is an urgent need to optimize
clinical intervention protocols. In order to scientifically assess the optimal
course and frequency of Tai Chi for the treatment of KOA, this study integrates
the existing evidence through a systematic review and meta-analysis, and aims
to provide standardized protocols for Tai Chi training in clinical practice.
Methods: PubMed, Embase, Cochrane Library, Web of Science, Scopus, EBSCO,
CNKI, Wanfang Database, and VIP database were searched from establishment
to August 30, 2025. Two reviewers independently extracted data and assessed
the quality of the literature and the certainty of the evidence for each outcome
according to the Cochrane Risk of Bias Tooland the Grading of Recommendations,
Assessment, Development & Evaluation (GRADE) approach. Outcome measures
included Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) pain, WOMAC stiffness, WOMAC physical function, Visual Analogue
Scale (VAS) pain, 36-item Short Form Health Survey (SF-36) Physical Component
Summary (PCS), and SF-36 Mental Component Summary (MCS). For combined
outcomes, standardized mean difference (SMD) and 95% confidence interval (Cl)
were calculated. Review Manager 54.1, Stata 15.0 and GRADE profiler software
were used to statistically analyze and plot the included information.

Results: A total of 13 randomized controlled trial (RCT) studies (n = 701) were
included in this review. The results of the meta-analysis showed that Tai Chi
relieved pain (WOMAC pain: SMD = -041, 95%Cl [-0.58, —-0.25], p < 0.01;
VAS pain: SMD = -0.33, 95% CI [-0.57, —0.10], p < 0.01), reduced stiffness
(SMD = -0.27, 95% CI [-0.43, —-0.11], p < 0.01), improved physical function
(SMD = -0.52, 95% CI [-0.68, —0.36], p < 0.01), and improved physical health
(SMD =047, 95% CI [0.27, 0.67], p < 0.01). Subgroup analyses showed that
the long-term (>16 weeks)/three-times-weekly Tai Chi training protocol was
optimal (SMD = -0.74, 95% CI [-1.06, —041], p < 0.01; SMD = -0.96, 95% ClI
[-1.30, —0.63], p < 0.01) in terms of improvement of pain and physical function;
and that in terms of improvement of stiffness, the short-term (<16 weeks)/
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three-times-weekly Tai Chi training protocol was optimal (SMD = —-0.52; 95%
Cl [-0.84, —0.19], p < 0.01); and in terms of improving physical functioning, a
short-term (<16 weeks)/twice-weekly Tai Chi training protocol was optimal
(SMD = 0.44, 95% CI1[0.21, 0.68], p < 0.01).

Conclusion: This meta-analysis suggests that Tai Chi is effective in improving
pain, stiffness, physical function, and physical health in patients with KOA.
Patients with KOA should consider their specific conditions and choose a Tai
Chi training protocol that suits their needs. The preliminary results of this meta-
analysis indicate that for patients with pain and physical functional limitations,
a long-term (>16 weeks)/three times weekly Tai Chi training regimen may
be selected; for patients experiencing knee stiffness, a short-term (<16 weeks)/
three times weekly Tai Chi training regimen may be considered; and for KOA
patients seeking to improve physical health through Tai Chi training, a short-
term (<16 weeks)/twice weekly Tai Chi training regimen may be selected.
However, the number of large-sample studies in this review is limited, and more
studies are urgently needed to confirm these results.

Systematic review registration: Identifier—CRD42024599921, https://www.crd.
york.ac.uk/PROSPERO/myprospero.

KEYWORDS

Tai Chi, knee osteoarthritis, optimal course and frequency, systematic review,

meta-analysis

1 Introduction

Knee osteoarthritis (KOA) is a degenerative knee disease that can
lead to pain, functional limitations, disability, and psychological
disorders, and reduce the overall quality of life of patients. Globally,
KOA impacts over 260 million people, making it one of the leading
causes of disability, as reported in the 2021 Global Burden of Disease
Study (1, 2) prevalence, polypharmacy and number of drug
prescriptions confirm the increased burden of KOA (3). Therefore,
finding effective means to improve pain, limitation of movement, and
quality of life in older adults with KOA has become a critical issue
requiring urgent clinical attention.

Currently, KOA is treated with various means, which are mainly
categorized into surgical treatment, pharmacological treatment and
non-pharmacological treatment. Although surgical treatment is effective
in relieving the symptoms of KOA, it is usually considered only after
conservative treatment fails, given the higher risks and complications of
surgery in the older adults (4). Pharmacologic treatments, such as
non-steroidal anti-inflammatory drugs, can relieve KOA symptoms.
However, their long-term use is associated with adverse side effects,
including gastrointestinal complications and cardiovascular risks (5, 6).
Treatment of patients with KOA should be comprehensive, and
non-pharmacologic therapy is considered the primary treatment (7). The
American College of Rheumatology (ACR) strongly recommends Tai Chi

Abbreviations: KOA, Knee Osteoarthritis; GRADE, Grading of Recommendations,
Assessment, Development & Evaluation; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; VAS, Visual Analogue Scale; SF-36, 36-item Short
Form Health Survey; PCS, Physical Component Summary; MCS, Mental Component
Summary; SMD, Standardized Mean Difference; Cl, confidence interval; RCT,
Randomized Controlled Trial; ACR, American College of Rheumatology
classification criteria; KL, the Kellgren Lawrence classification; SD, standard

deviation; CG, Control Group; IG, Intervention Group.
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as an effective and safe complementary and alternative approach to KOA
management to regulate the mind and body (6, 8).

Tai Chi, a traditional Chinese mind-body exercise, combines
breath regulation, gentle movements, and meditation, focusing on
physical and mental balance. A growing number of RCTs and meta-
analyses have demonstrated its efficacy in relieving pain, improving
physical function and enhancing mental health in patients with KOA
(9, 10). However, improper practice can lead to knee injuries.
Therefore, it is especially important to determine the optimal course
and frequency of sessions in order to maximize the therapeutic
benefits of Tai Chi and avoid potential injuries.

Published literature suggests that the course and frequency settings
for Tai Chi treatment of KOA vary widely. Some studies used short -term
courses, such as 6 or 12 weeks, while others used longer -term courses,
such as 24 or 36 weeks. In terms of frequency, Tai Chi practice in different
studies ranged from twice-weekly to three-times-weekly. Previous
systematic reviews have examined the effects of Tai Chi training on KOA,
but have not yet focused on the role of course and frequency on efficacy.
In order to further optimize the Tai Chi treatment protocol for KOA, this
study deeply investigated the effects of three different course and
frequency combinations [short-term (<16 weeks)/twice-weekly; short-
term (<16 weeks)/three-times-weekly; and long-term (>16 weeks)/three-
times-weekly] on the symptoms of KOA through subgroup analyses with
the aim of providing a scientific and reasonable Tai Chi training protocol
in the clinic.

2 Methods

This systematic review and meta-analysis was reported according
to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (11). The review panel conducted the
systematic review and meta-analysis in accordance with the PRISMA
checklist (Supplementary Table S1). This protocol was registered in
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the Prospective Register of Systematic Reviews (http://www.crd.york.
ac.uk/PROSPERO, ID: CRD42024599921) before the review
was conducted.

2.1 Search strategy

A literature search was conducted by two independent reviewers
(J.D. and Y.T.). Articles were retrieved from nine electronic databases:
PubMed, Embase, Cochrane Library, Web of Science, Scopus, EBSCO,
CNKI, Wanfang Database, and VIP database. We included papers
published from database inception to August 30, 2025 in English and
Chinese. MeSH Terms included synonyms of “Knee Osteoarthritis,”
“Tai Chi,” randomized controlled trial” and their combinations. A
more detailed search strategy is in Supplementary Table S2.

2.2 Inclusion and exclusion criteria

Articles were included for this research based on the following
criteria: (1) the included studies were all RCTs published in English
and Chinese; (2) participants were diagnosed with KOA by validated
criteria, such as the ACR, the Kellgren Lawrence classification (KL),
Diagnosis and Treatment Guidelines for Osteoarthritis 2010 issued by
the Chinese Medical Association, radio-graphic evidence or
physician-confirmed diagnosis, regardless of age, race or gender; (3)
outcome measures WOMAC pain, WOMAC stiffness, WOMAC
physical function, VAS pain, SF-36 PCS, and SF-36 MCS were
assessed; (4) the intervention group was treated with Tai Chi as the
only treatment, with no restriction on the type of Tai Chi, while the
control group received other treatments besides Tai Chi, such as
attention control, health education, physical therapy, balance and
postural control training or no intervention.

Articles were excluded based on the following criteria: (1) not
RCT; (2) duplicate data; (3) full text was not retrieved, and (4) the
patients with mental disorders such as mild cognitive impairment and
dementia, and after knee replacement surgery.

2.3 Study selection

The retrieved articles were imported into the literature
management software EndNote 21 to eliminate duplicate articles. Two
reviewers (J.D. and L.Z.) independently read the abstracts and titles of
these articles according to the inclusion and exclusion criteria
described above and excluded articles that were inconsistent with this
study. Then, the potentially eligible articles were further read in full
text for assessment. Discrepancies were resolved by the third
reviewer (EC.).

2.4 Data extraction

Two reviewers (J.D. and L.Z.) independently extracted key
information from the final screened articles and imported them into
Microsoft Excel 2021. Key information extracted includes: first author,
publication year, country, age of participants, diagnostic criteria,
sample size, intervention measures (intervention group and control
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group), intervention course and frequency, outcome indicators
(WOMAC/VAS/SF-36), adverse effects. If missing information is
encountered, we will email the first author to inquire about it, and the
study will be abandoned if there is no response twice. After the
information had been fully extracted, the two reviewers performed a
cross-check. If there were disagreements between the two reviewers,
discussions were held to resolve those disagreements, and a third
reviewer (EC.) provided recommendations to ensure the accuracy of
the information when the disagreements could still not be resolved.

2.5 Risk of bias assessment and GRADE

Two reviewers (J.D. and L.Z.) independently evaluated the risk of
bias of included studies by using Cochrane Risk of Bias Tool (12). The
assessed items included random sequence generation, allocation
sequence concealment, blinding of subjects and investigators, blinding
of outcome measurers, outcome data incompleteness, selective
reporting, and other potential sources of bias. Each study was
evaluated as “low risk of bias,” “high risk of bias” or “unclear”
according to the risk of bias assessment criteria. The quality of
evidence rating of the results of the subgroup analyses, including the
risk of bias, inconsistency, indirectness, imprecision, and publication
bias, were categorized as very low, low, moderate, or high judgment
using the GRADE profiler software. Any disagreements between the
two reviewers were decided through consultation with the third
reviewer (FC.).

2.6 Assessment of reporting quality

Two reviewers (J.D. and L.Z.) independently used PRISMA 2020
to assess the quality of the reports. The PRISMA 2020 statement,
which contains 27 items, evaluates the quality of the reports of the
included literature in seven aspects: title, abstract, background,
methods, results, discussion, and other information. If there were
disagreements, they were discussed with the third reviewer (E.C.) to
reach a consensus.

2.7 Statistical analysis

The statistical software Review Manager 5.4.1 was used in this
study for study quality evaluation, data merging, heterogeneity testing,
and forest plot generation for the included studies. The outcomes of
this study were WOMAC pain, WOMAC stiffness, WOMAC physical
function, VAS pain, SF-36 PCS, and SF-36 MCS. We extracted
quantitative data from all selected RCTS, including sample sizes as well
as the mean and standard deviation (SD) of values measured for each
group at baseline and post-intervention. Raw data and calculation of
mean and SD for all RCTs are shown in Supplementary Table S3.
Considering that all variables included in the studies were reported as
continuous data, we used SMD with 95%CI to estimate effect sizes.
Clinically, effect sizes were categorized as small (<0.40), moderate
(0.40-0.70), or large (>0.70) based on the SMD (13). We considered
P < 0.05 as statistically significant.

Heterogeneity between studies was assessed by I values: I* < 25%,
low heterogeneity; 25% < I* < 50%, moderate heterogeneity; 50% < I* <
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75%, substantial heterogeneity; I > 75%, high heterogeneity (14).
When P < 50% and p > 0.1, a fixed-effects model was used for meta-
analysis; otherwise, a random-effects model was used for analysis (9).
When the heterogeneity was substantial, subgroup analysis, sensitivity
analysis and Egger’s test were performed with Review Manager 5.4.1
and Stata 15.0 to determine whether the results of meta-analysis are
stable and to examine the potential bias in the RCTs included in this
meta-analysis.

Subgroup analyses were used to explore the optimal course and
frequency of Tai Chi training, including three protocols: short-term
(<16 weeks)/twice-weekly; short-term (<16 weeks)/three-times-
weekly; and long-term (>16 weeks)/three-times-weekly. Although the
American College of Rheumatology guidelines emphasize the need
for regular, sustained exercise interventions to maintain therapeutic

10.3389/fpubh.2025.1661674

outcomes in patients with osteoarthritis (15), they do not clearly
define the limits between short-term and long-term interventions.
Based on the actual allocation of included studies, we selected the
(16 weeks) as the threshold for
distinguishing between short-term and long-term protocols.

mean intervention course

3 Results
3.1 Search results
The research screening process is shown in Figure 1, and details

of the excluded studies and reasons for exclusion are provided in
Supplementary Table S4. A total of 819 articles were identified through

Pubmed(n=112)

(n=48)

Records identified through database searching(n=819)
Embase(n=83)
Cochrane(n=98) Web of Science(n=210)
Scopus(n=164) EBSCO(n=32)
CNKI (n=27) Wanfang Database (n=45) VIP Database

Records after duplicates removed(n=411)

Records screened (n=408)

Records excluded based on
title/abstract, with reasons(n=359)

-Retracted article(n=4)
-Not RCT(n=261)
| -Not eligible participants(n=34)

\

-Not eligible control group(n=5)
-Not elgible intervention(n=29)
-Protocol(n=16)

-Combined therapies(n=6)

Full-text articles assessed
for eligibility (n=49)

-postoperative rehabilitation (n=4)

Full-text articles excluded,with
reasons(n=35)

-Not RCT(n=6)

-Failure to meet outcome indicator
5| (n=8)

Y

-Combination therapy(n=3)
-Full text not retrieved(n=9)
-Non-English and Chinese(n=1)
-Duplicate data(n=7)

-Lack of control group(n=1)

Studies included in quantitative
synthesis (n=14)

Y

Studies included in quantitative

synthesis(meta-analysis) (n=14)
FIGURE 1
PRISMA flow chart for study screening.
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a search of nine different electronic databases. The bibliography was
imported into EndNote 21 and 408 articles remained after excluding
duplicates. 359 studies that did not meet the inclusion criteria for this
systematic review were excluded by title and abstract. Then, the full
text of the remaining 49 articles was evaluated further and 35 studies
were excluded for the following reasons: non-RCT (n = 6); duplicate
data (n =7); full text cannot be retrieved (n =9); failure to meet
outcome indicators (n=28); combination therapy (n=3); and
non-Chinese English (n =1). Finally, a total of 14 studies were
included in this meta-analysis, of which two articles were the same
study with different outcome indicators (Lit’s study used SF-36 as the
outcome measure, while Zhu’s study employed WOMAGC; both SF-36
and WOMAC are required measures for this meta-analysis), so 13
RCTs were finally included (16, 17).

3.2 Study characteristics

Basic characteristics of the included studies are shown in Table 1.
A total of 13 RCTs containing 701 participants were included in this
study, all of which were published before August 30, 2025 in English
and Chinese. The studies were conducted, respectively, in China
(n=7) (10, 16-21), the United States (n =4) (22-25), and South
Korea (n =2) (26, 27). Participants were diagnosed with KOA by
ACR, KL, Diagnosis and Treatment Guidelines for Osteoarthritis 2010
issued by the Chinese Medical Association, radio-graphic evidence,
or physician-confirmed.

In terms of intervention protocols, the intervention group was not
restricted in the type of Tai Chi and the intervention course ranged
from 6 to 36 weeks. Based on training course and frequency,
we categorized the 13 studies into three protocols: short-term
(<16 weeks)/twice-weekly (10, 19, 22, 24, 25, 27, 28); short-term
(<16 weeks)/three-times-weekly (10, 18, 22, 23, 26); and long-term
(>16 weeks)/three-times-weekly (16, 17, 20, 21). The control group in
2 studies received attention control (23, 25), 4 studies received health
education (10, 16, 17, 20-22), 1 study received physical therapy (22),
1 study received herbal medicine (18), 1 study received balance and
postural control training (28), and 4 studies had no intervention (19,
24, 26, 27).

Eleven studies used WOMAC as an outcome indicator (16-18,
20-27), 6 studies used VAS (18, 19, 21, 23, 25, 28), and 7 studies used
SE-36 (10, 16, 17, 20, 22, 22, 25, 27), WOMAC scores were reported
differently across studies, with 9 reporting 0-100 (10, 16-22, 23, 26,
27), and 3 reporting 0-1,700 (10, 22, 24, 25). Higher scores on
WOMAC and VAS reflected poorer conditions, whereas higher scores
on SF-36 reflected better quality of life. Six studies chose the Yang-
style Tai Chi (10, 22-25, 28), 1 study chose the Chen-style Tai Chi
(20), 1 study chose the Sun-style Tai Chi (26), and the remaining 5
studies did not mention the style of Tai Chi. Finally, only one study
reported adverse events and the remaining studies did not report any
adverse events (25).

3.3 Assessment of risk of bias
The risk of bias assessment results for all included studies are

summarized in Figure 2, 3, and detailed reasons for bias are provided
in Supplementary Table S5. Of the 13 included studies, all described
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the process of generating randomized sequences, which was
considered low risk. Among these studies, 3 studies (10, 22, 22, 25)
reported allocation concealment and 5 (10, 16, 17, 21-23) reported
blinding of participants and researchers. For the completion of
outcome data and assessment of blinding, 13 and 10 (10, 16, 17, 20-23,
25-28) included studies presented low risk, respectively. Thirteen
studies reported the number of lost visits and the reasons for them.
Finally, 11 articles (10, 16-20, 22, 23-28) had small sample sizes and
it was not clear how they were otherwise biased, and the remaining 2
(21, 22) did not show significant other bias.

3.4 Outcome of intervention

The 11 included studies used the WOMAC to measure pain,
stiffness, and physical function, 5 studies used the VAS to measure
pain, and 6 studies used the SF-36 to measure physical and mental
health. Forest plots were drawn based on baseline and post-
intervention outcomes (Figures 4-9). As different measurement tools
were used, we calculated SMD and the 95% CI to standardize outcome
data sizes.

3.4.1 WOMAC pain

The 11 studies were analyzed for WOMAC pain, with a total of
619 participants. Overall results showed (Figure 4) that Tai Chi was
significantly better than controls in improving pain (SMD = —0.41,
95% CI [-0.58, —0.25], p <0.01). Meta-analysis showed low
heterogeneity between studies (I*=24%, p=0.22). Therefore,
we combined the studies using a fixed-effects model.

3.4.2 WOMAC stiffness

There were 11 studies analyzed for WOMAC stiffness with a total
of 619 participants. Results showed (Figure 5) that Tai Chi was
significantly better than the control group in improving stiffness
(SMD = —-0.27, 95% CI [—0.43, —0.11], p < 0.01). The overall results
showed no heterogeneity between studies (I*=0%, p =0.59).
Therefore, we combined the studies using a fixed-effects model.

3.4.3 WOMAC physical function

Eleven studies were analyzed for WOMAC physical function, with
a total of 619 participants. The results showed (Figure 6) that Tai Chi
was significantly better than the control group in improving physical
function (SMD = —0.52, 95% CI [—-0.68, —0.36], p < 0.01). Meta-
analysis showed moderate heterogeneity between studies (I* = 43%,
p=0.06). Therefore, we combined the studies using a fixed-
effects model.

3.4.4 VAS pain

Six studies were analyzed for VAS pain, with a total of 285
participants. The results showed (Figure 7) that Tai Chi was
significantly better than the control group in improving pain
(SMD = —0.33, 95%CI [—0.57, —0.10], p <0.01). Overall results
showed no heterogeneity between studies (I* =43%, p =0.12).
Therefore, we combined the studies using a fixed-effects model.

3.4.5 SF-36 PCS

Physical health analyses were conducted on 6 studies with a
total of 395 participants. Overall results (Figure 8) showed that Tai
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TABLE 1 Basic characteristics of the included studies.

Author,
year

Country

Patients
diagnostic
criteria

Mean age
(year) + SD

Sample
size (IG/
CQ)

Intervention
group

Control group

Outcomes measure

Adverse effects

%2 and J#, 2021 China DTGOA- 2010(CMA) 1G:63.0 + 5.1 20/20 Tai Chi 6 weeks/3 times Oral Chinese medicine 6 weeks/1 WOMAC No adverse event
(18) CG:59.0 + 6.9 weekly dose/day Pain/Stiffness/Physical function VAS Pain
Wang et al. 2009 USA ACR 1G:63 £ 8.1 20/20 Tai Chi (Yang style) Attention control 12 weeks/twice WOMAC One participant in the
(25) CG:68+7.0 12 weeks/twice weekly weekly Pain/Stiffness/Physical function VAS pain Tai Chi group reported

SF-36(PCS/MCS) an increase in knee pain
JE, 2019 (19) China Physician-confirmed 1G:64.08 + 1.05 15/15 Tai Chi 16 weeks/twice None VAS pain No adverse event

diagnosis CG:64.21 £ 0.98 weekly
Wang et al. 2016 USA ACR 1G:60.3 + 10.5 106/98 Tai Chi (Yang style) Physical therapy Twice weekly for =~ WOMAC No adverse event
(22) CG:60.1 +10.5 12 weeks/twice weekly the first 6 weeks and 4 times Pain/Stiffness/Physical function SF-
weekly for the second 6 weeks 36(PCS/MCS)

Kang et al. 2022 China Physician-confirmed 1G:63.4 £ 4.6 12/15 Tai Chi (Chen style) Wellness education 36 weeks/once | WOMAC No adverse event
(20) diagnosis CG:64.7 £ 6.1 36 weeks/3 times weekly a month Pain/Stiffness/Physical function SF-

36(PCS/MCS)
Lietal. 2017 (16) = China ACR 1G:64.61 + 3.40 21/19 Tai Chi 24 weeks/3 times Health education 24 weeks/bi- SF-36(PCS/MCS) No adverse event
Zhu et al. 2016 CG:64.53 +3.43 weeldy weekly WOMAC No adverse event
(17) Pain/Stiffness/Physical function
Brismee et al. USA ACR 1G:70.8 £9.8 18/13 Tai Chi (Yang style) Attention control 6 weeks/3 times | WOMAC No adverse event
2007 (23) CG:68.89 £ 8.9 12 weeks/3 times weekly weekly Pain/Stiffness/Physical function
Song et al. 2003 Korea ACR 1G:64.8 + 6.0 22/21 Tai Chi (Sun style) None WOMAC No adverse event
(26) CG:62.5+5.6 12 weeks/3 times weekly Pain/Stiffness/Physical function
Hu et al. 2019 China Radiographic evidence = 1G:66.32 + 4.16 52/40 Tai Chi 24 weeks/3 times | Health education 24 weeks/not WOMAC No adverse event
(21) CG:65.54 + 3.59 weekly mentioned Pain/Stiffness/Physical function VAS Pain
Song et al. 2022 China Physician-confirmed 1G:64.15 + 8.56 20/20 Tai Chi (Yang style) Health education 12 weeks/oncea = WOMAC No adverse event
(10) diagnosis CG:64.15 £ 8.56 12 weeks/3 times weekly week Pain/Stiffness/Physical function SF-

36(PCS/MCS)
Wortley et al. USA ACR 1G:68.1 +5.3 12/6 Tai Chi (Yang style) None WOMAC No adverse event
2013 (24) CG:70.5+5.0 10 weeks/twice weekly Pain/Stiffness/Physical function
Lee et al. 2009 Korea KL scale 1G:70.2+ 4.8 29/15 Tai Chi 8 weeks/twice None WOMAC No adverse event
(27) CG:66.9 + 6.0 weekly Pain/Stiffness/Physical function SF-

36(PCS/MCS)
Zhang et al. 2025 | China ACR 1G:60.58 + 5.66 24/28 Tai Chi (Yang style) Balance and postural control VAS pain No adverse event
(28) CG:58.21 £5.18 12 weeks/twice weekly training 12 weeks/twice weekly

ACR, American College of Rheumatology; IG, Intervention Group; CG, Control Group; KL scale, Kellgren-Lawrence Scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; DTGOA - 2010 (CMA), Diagnosis and Treatment Guidelines for

Osteoarthritis 2010 issued by the Chinese Medical Association; SF-36, the 36-item Short Form Health Survey; PCS, Physical Component Summary; MCS, Mental Component Summary; VAS, Visual Analogue Scale.
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Chi was significantly better than the control group in improving
physical health (SMD = 0.47, 95%CI [0.27, 0.67], p < 0.01). Meta-
analysis showed low heterogeneity between studies (I =24%,
p=0.29). Therefore, we combined the studies using a fixed-
effects model.

3.4.6 SF-36 MCS

Mental health analyses were conducted on 6 studies with a total
of 395 participants. Overall results showed (Figure 9) that Tai Chi
was significantly better than the control group in improving mental
health (SMD = 0.40, 95%CI [—0.00, 0.80], p = 0.05). Meta-analysis
showed significant heterogeneity between studies (I* =67%,
p=0.01). Therefore, we combined the studies using a random-
effects model.

3.5 Subgroup analyses and GRADE
evidence quality assessment
3.5.1 Subgroup analyses

In order to explore in depth the optimal course and frequency of
Tai Chi training protocols in terms of their effects on pain, stiffness,
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physical function, physical health, and mental health in patients with
KOA, we categorized them into three protocols [short-term
(<16 weeks)/twice-weekly; short-term (<16 weeks)/three-times-
weekly; and long-term (>16 weeks)/three-times-weekly] based on
the 13 included studies and performed subgroup analyses.
Preliminary results indicate (Table 2; Supplementary Figure S1) that
for improving pain and physical function, the long-term (>16 weeks)/
three-times-weekly Tai Chi training protocol may be more suitable
(SMD = —0.74, 95%CI [—1.06, —0.41], p <0.01; SMD = —0.96,
95%CI [—1.30, —0.63], p < 0.01); for stiffness improvement, short-
term (<16 weeks)/three-times-weekly Tai Chi training was superior
(SMD = —0.52; 95%CI [—0.84, —0.19], p < 0.01); for improving
physical health, a short-term (<16 weeks)/twice-weekly Tai Chi
training regimen is recommended (SMD = 0.44, 95%CI [0.21, 0.68],
p<0.01).

Among the 13 included studies, Yang-style Tai Chi was chosen
for 6 studies. We noted that different courses and frequencies of
Yang-style Tai Chi training protocols had different improvement
effects on various symptoms in patients with KOA. Subgroup
analyses showed (Table 2; Supplementary Figure S1) that a short-
term (<16 weeks)/twice-weekly Tai Chi training protocol was
optimal in terms of pain improvement (SMD = —0.25, 95%CI
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Tai Chi Control Std. Mean Difference Std. Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Brisme’e 2007 -212 1257 18 -1.34 429 13 51% -0.08 [[0.79, 0.64] 1
Hu 2019 -6.57 3.75 52 0.37 9.78 40 13.7% -0.98 [1.42,-0.54]
Kang 2022 -2.09 7.44 12 -0.66 3.39 15  4.5% -0.25[1.01, 0.51] —
Lee 2009 -2.2 41 29 -02 1.8 15  B.5% -0.56 [-1.20,0.07) I
Michael 2013 -28 1381 12 -13 91.41 B 27% -0.11 [-1.08,0.87]
Peng 2021 -34 9.95 20 -3.14% 1.61 20 B.8% -0.03 [-0.65, 0.59] Y
Song 2003 -2.45 39 22 061 5.1 21 6.9% -0.66 [-1.28,-0.05] I —
Song 2022 -6.67 1318 20 -1.53 3.94 20 B.5% -0.52 [1.15,0.11] -
VWang 2009 -157.25 196.26 20 -38.45 196.26 20 B.5% -0.59 [-1.23, 0.04] - 7T
Wang 2016 -167.2 1195 106 -143 123.24 98 34.4% -0.20 [-0.47, 0.08] —&T
Zhu 2016B -3 5.03 21 -0.28 545 19  B6.5% -0.57 [-1.20, 0.07] —
Total (95% Cl) 332 287 100.0% -0.41[-0.58, -0.25] <&

FIGURE 4

Heterogeneity: Chi®=13.09, di= 10 (P = 0.22); F= 24%
Testfor overall effect: Z=5.02 (P < 0.00001)

Forest plot of the effect of Tai Chi on WOMAC pain in patients with KOA.
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Forest plot of the effect of Tai Chi on WOMAC stiffness in patients with KOA.
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Forest plot of the effect of Tai Chi on WOMAC physical function in patients with KOA.

Std. Mean Difference
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Std. Mean Difference
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Favours [Tai Chi] Favours [control]

[-0.50, —0.01], p = 0.04), and a short-term (<16 weeks)/three-
times-weekly Tai Chi training protocol was optimal in terms of

stiffness and physical function improvement (SMD = —0.51; 95%CI
[-0.98, —0.03], p = 0.04; SMD = —0.56; 95%CI [—1.04, —0.08],

p=0.02).
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3.5.2 GRADE evidence quality assessment

The GRADE software was used to assess the quality of evidence
for the subgroup analyses of the three Tai Chi training protocols.
Preliminary results (Table 3) demonstrated that among the 21
subgroup analysis outcomes, 7 were rated as low quality and 14 as
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Tai Chi Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Erisme’e 2007 -226 25 18 -079 1.79 13 10.4% -0.64 [-1.37, 0.09] N
Hu 20149 -1.69 2.99 52 02 191 40 3N.T7% -0.57 [-0.99,-0.119] ——
Peng 2021 -3 44 20 -275 13 20 14.6% -0.08 [0.70, 0.54] .
Wang 2009 -2.98 505 20 -0.83 503 20 14.3% -0.42 [-1.05,0.21] = =
Zhang 2025 -1.67 2.01 24 -218 1.24 28 187% 0.31 [-0.24,0.85] =
Zhou 2019 -1.21 305 15 032 052 15 10.3% -0.68 [-1.42, 0.08] -7
Total (95% CI) 149 136 100.0% -0.33 [-0.57, -0.10] <>
Heterogeneity: Chi*= 8.73, df=5 (P=0.12); F= 43% 2 1 5 1 2
Test for overall effect: 2= 2.75 (P = 0.006) Favours [Tai Chi] Favours [contral]
FIGURE 7
Forest plot of the effect of Tai Chi on VAS pain in patients with KOA.
Tai Chi Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Kang 2022 583 816 12 067 973 15  B.8% 0.55[-0.22,1.33] I
Lee 2009 171 144 29 56 129 15  9.8% 0.79[0.14,1.44] -
L0 2017A 394 1528 21 273 1999 19 106% 0.07 [-0.55, 0.69] —
Song 2022 944 709 20 2453 547 20 9.2% 1.07[0.40,1.74]
YWang 2009 11.57 14594 20 414 14594 20 10.3% 0.49[-0.14,1.12] i
YWang 2016 63 867 106 31 848 98 53.3% 0.37 [0.09, 0.65] -
Total (95% CI) 208 187 100.0% 0.47 [0.27, 0.67] L 4
Heterogeneity, Chi*= 6.22, df = 5 (P = 0.29); = 20% 2 1 0 1 2

Test for overall effect: Z= 4.53 (P < 0.00001)

FIGURE 8
Forest plot of the effect of Tai Chi on SF-36 PCS in patients with KOA.

Favours [Tai Chi] Favours [control]

Test for overall effect: Z=1.94 (P = 0.05)

FIGURE 9
Forest plot of the effect of Tai Chi on SF-36 MCS in patients with KOA.

Tai Chi Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kang 2022 0 1487 12 0.27 1872 15 137% -0.02 [[0.77,0.74]
Lee 2009 19.2 1549 29 91 103 15 158% 0.69 [0.05,1.34] e
Li2017A 401 1831 21 09 22 19 16.2% 015[-0.47,0.77] S
Song 2022 95 615 20 088 487 200 14.5% 1.52[0.81,2.24] e
VWang 2009 214 1924 20 1.93 19.24 20 16.3% 0.01 [-0.61, 0.63] I
Wang 2016 16 867 106 -0.03 859 98 235% 0.19[-0.09, 0.46] T
Total (95% CI) 208 187 100.0% 0.40 [-0.00, 0.80] el
Heterogeneity Tau®= 0.16; Chi*= 1512, df= 5 (P = 0.010); F= 67% 2 1 ) 1 2

Favours [Tai Chi] Favours [control]

moderate quality. Notably, the evidence for the Tai Chi training
protocols we recommend was graded as moderate quality.

3.6 Sensitivity analysis

We performed sensitivity analyses on the WOMAC, VAS, and
SE-36 results of the 13 included studies to assess the robustness of the
overall results. The results showed that the data points of the studies
fell within the effect sizes of the original confidence intervals,
indicating the stability of the analyzed results. Supplementary Figure S2,
provides detailed results of the sensitivity analysis.
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3.7 Evaluation of publication bias

According to the Cochrane Handbook for Systematic Reviews, at
least 10 included studies are needed to test for funnel plot asymmetry.
Therefore, only data on WOMAC pain, WOMAC stiffness, and
WOMAC physical function were available for analysis. As shown
(Figure 10), the funnel plots for WOMAC pain, WOMAC stiftness,
and WOMAC physical function were almost symmetrically
distributed. Subsequently, Egger’s tests were performed for these three
variables, and the Egger’s test results for WOMAC pain, WOMAC
stiffness, and WOMAC physical function were p =0.75, p = 0.07,
p =0.57, respectively (Supplementary Table S6). Overall results
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TABLE 2 Subgroup analysis of the effect of Tai Chi in patients with KOA.

Variable Sample size Homogeneity test Effect size and Test for overall effect
95% CI
P P
WOMAC Pain ST, 2x/wk 306 2.12 =055 0% —0.29 [—0.52, —0.06] 2.51 =001
ST,3x/wk 154 2.83 =042 0% —0.34 [—0.66, —0.02] 2.07 p=0.04
LT, 3x/wk 159 3.02 p=022 34% —0.74 [—1.06, —0.41] 4.45 p <0.00001
Stiffness ST, 2x/wk 306 1.74 p=0.63 0% —0.16 [-0.38, 0.07] 1.35 p=0.18
ST,3x/wk 154 2.33 p=051 0% —0.52 [—0.84, —0.19] 3.14 p=0.002
LT, 3x/wk 159 1.29 =052 0% —0.25 [-0.56, 0.07] 1.54 p=0.12
Function ST, 2x/wk 306 1.22 p=0.75 0% —0.32 [—0.54, —0.09] 2.71 p=0.007
ST,3x/wk 154 2.58 p=046 0% —0.52 [—0.85, —0.20] 3.15 p=0.002
LT, 3x/wk 159 3.90 p=0.14 49% —0.96 [-1.30, —0.63] 5.66 P <0.00001
VAS pain ST, 2x/wk 122 533 =007 62% —0.23 [—0.83,0.37) 0.75 p =045
ST,3x/wk 71 1.33 p=025 25% —0.32 [—0.87,0.23] 1.15 p=025
SF-36 PCS ST, 2x/wk 288 1.41 p=0.49 0% 0.44 [0.21, 0.68] 3.67 p =0.0002
LT, 3x/wk 67 091 p=034 0% 0.26 [0.23, 0.74] 1.04 p=030
MCS ST, 2x/wk 288 258 p=027 23% 0.23 [—0.00, 0.46] 1.93 p=005
LT, 3x/wk 67 0.11 p=074 0% 0.08 [-0.40, 0.57] 0.34 =073
Yang style Pain ST,2x/wk 262 1.33 p=051 0% —0.25 [-0.50, —0.01] 2.02 p=004
ST,3x/wk 71 0.83 =036 0% —0.32[—0.80, 0.15] 1.34 p=0.18
Stiffness ST, 2x/wk 262 0.30 =086 0% —0.10 [—0.35, 0.14] 0.83 p =041
ST,3x/wk 71 1.99 =016 50% —0.51 [—0.98, —0.03] 2.06 =004
Function ST, 2x/wk 262 0.84 p=0.66 0% —0.29 [—0.53, —0.04] 2.30 =002
ST,3x/wk 71 0.08 =078 0% —0.56 [—1.04, —0.08] 2.29 =002

ST,2x/wKk, short-term, twice a week; ST,3x/wKk, short-term, three times a week; LT, 3x/wk, long-term, three times a week.
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TABLE 3 GRADE results of subgroup analysis of the course and frequency of Tai Chi treatment for KOA.

Outcomes Illustrative comparative risks* Relative No of Quality of Comments
(95% Cl) effect participants the evidence
. . . (95% ClI) (studies) (GRADE)
Assumed risk  Corresponding risk
Control Subgroup analysis
WOMAC Pain The mean womac pain in the 619 (11 studies) [CIS1SIC) SMD -0.41 (—0.58 to —0.25)
intervention groups was moderate!

0.41 standard deviations lower

(0.58-0.25 lower)

WOMAC The mean womac pain—short- 306 (4 studies) DODO SMD —0.29 (—0.52 to —0.06)
Pain—short- term, twice a week in the moderate’

term, twice a intervention groups was

week 0.29 standard deviations lower

(0.52-0.06 lower)

WOMAC The mean womac pain—short- 154 (4 studies) [Sle1s1S) SMD —0.34 (—0.66 to —0.02)
Pain—short- term, three times a week in the moderate’

term, three intervention groups was

times a week 0.34 standard deviations lower

(0.66-0.02 lower)

WOMAC The mean womac pain—long- 159 (3 studies) [EClS1SIC) SMD —0.74 (—1.06 to —0.41)
Pain—long- term, three times a week in the moderate'

term, three intervention groups was

times a week 0.74 standard deviations lower

(1.06-0.41 lower)

WOMAC The mean womac stiffness in 619 (11 studies) DDPDO SMD —0.27 (—0.43 to —0.11)
stiffness the intervention groups was moderate’
0.27 standard deviations lower

(0.43-0.11 lower)

WOMAC The mean womac stiffness— 306 (4 studies) [C1ISIC) SMD —0.16 (—0.38 to 0.07)
stiffness— short-term, twice a week in the low'?

short-term, intervention groups was

twice a week 0.16 standard deviations lower

(0.38 lower to 0.07 higher)

WOMAC The mean womac stiffness— 154 (4 studies) DPDO SMD —0.52 (—0.84 to —0.19)
stiffness— short-term, three times a week moderate’

short-term, in the intervention groups was

three times a 0.52 standard deviations lower

week (0.84-0.19 lower)

WOMAC The mean womac stiffness— 159 (3 studies) DPOO SMD —0.25 (—0.56 to 0.07)
stiffness—long- long-term, three times a week low™?

term, three in the intervention groups was

times a week 0.25 standard deviations lower

(0.56 lower to 0.07 higher)

WOMAC The mean womac function in 619 (11 studies) [C11S]C) SMD —0.52 (—0.68 to —0.36)
function the intervention groups was moderate’
0.52 standard deviations lower

(0.68-0.36 lower)

WOMAC The mean womac function— 306 (4 studies) [S11E]S) SMD —0.32 (—0.54 to —0.09)
function— short-term, twice a week in the moderate’

short-term, intervention groups was

twice a week 0.32 standard deviations lower

(0.54-0.09 lower)

(Continued)
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TABLE 3 (Continued)

Outcomes Illustrative comparative risks* Relative No of Quiality of Comments
(95% Cl) effect participants the evidence
(95% ClI) (studies) (GRADE)

Assumed risk  Corresponding risk

Control Subgroup analysis
WOMAC The mean womac function— 154 (4 studies) [S1H1S]S) SMD —0.52 (—0.85 to —0.2)
function— short-term, three times a week moderate'
short-term, in the intervention groups was
three times a 0.52 standard deviations lower
week (0.85-0.2 lower)
WOMAC The mean womac function— 159 (3 studies) DODO SMD —0.96 (—1.3 to —0.63)
function—long- long-term, three times a week moderate’
term, three in the intervention groups was
times a week 0.96 standard deviations lower

(1.3-0.63 lower)

VAS pain The mean vas pain in the 193 (5 studies) [Sle1s1S) SMD -0.26 (—0.63 to 0.12)
intervention groups was moderate’
0.26 standard deviations lower

(0.63-0.12 lower)

VAS pain— The mean vas pain—short- 122 (3 studies) DODO SMD —0.23 (—0.83 to 0.37)
short-term, term, twice a week in the moderate’
twice a week intervention groups was

0.23 standard deviations lower

(0.83-0.37 lower)

VAS pain- The mean vas pain- short- 71 (2 studies) DDPOO SMD —0.32 (—0.87 to 0.23)
short-term, term, three times a week in the low'?

three times a intervention groups was

week 0.32 standard deviations lower

(0.87 lower to 0.23 higher)

SF-36 PCS The mean sf-36 pcs in the 355 (5 studies) [ Y1) SMD 0.41 (0.19-0.62)
intervention groups was moderate’

0.41 standard deviations

higher

(0.19-0.62 higher)
SF-36 PCS— The mean sf-36 pcs—short- 288 (3 studies) DPPO SMD 0.44 (0.21-0.68)
short-term, term, twice a week in the moderate’
twice a week intervention groups was

0.44 standard deviations

higher
(0.21-0.68 higher)
SF-36 PCS— The mean sf-36 pcs—long- 67 (2 studies) DPOO SMD 0.26 (—0.23 to 0.74)
long-term, term, three times a week in the low"?
three times a intervention groups was
week 0.26 standard deviations
higher
(0.23 lower to 0.74 higher)
SF-36 MCS The mean sf-36 mcs in the 355 (5 studies) [CISISIC) SMD 0.2 (—0.01 to 0.41)
intervention groups was low™?

0.2 standard deviations higher
(0.01 lower to 0.41 higher)

(Continued)
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TABLE 3 (Continued)

Outcomes Illustrative comparative risks*

(95% Cl)
Assumed risk  Corresponding risk

Control

Subgroup analysis

REEYE
effect
(95% Cl)

No of
participants
(studies)

Quality of
the evidence
(GRADE)

10.3389/fpubh.2025.1661674

Comments

three times a 0.51 standard deviations lower

week (0.98-0.03 lower)

SF-36 MCS— The mean sf-36 mcs—short- 288 (3 studies) [l Ee) SMD 0.23 (0-0.46)
short-term, term, twice a week in the moderate’
twice a week intervention groups was
0.23 standard deviations
higher
(0-0.46 higher)
SF-36 MCS— The mean sf-36 mcs—long- 67 (2 studies) DPHOO SMD 0.08 (—0.4 to 0.57)
long-term, term, three times a week in the low'?
three times a intervention groups was
week 0.08 standard deviations
higher
(0.4 lower to 0.57 higher)
Yang-style Tai The mean yang-style tai chi— 333 (5 studies) DOP0 SMD —0.27 (—0.48 to —0.05)
Chi— womac pain in the moderate’
WOMAC pain intervention groups was
0.27 standard deviations lower
(0.48-0.05 lower)
Yang-style Tai The mean yang-style tai chi— 262 (3 studies) [ElS1SIC) SMD —0.25 (—0.5 to —0.01)
Chi—WOMAC womac pain—short-term, moderate’
pain—short- twice a week in the
term, twice a intervention groups was
week 0.25 standard deviations lower
(0.5-0.01 lower)
Yang-style Tai The mean yang-style tai chi— 71 (2 studies) DDPOO SMD —0.32 (—0.8 to 0.15)
Chi—WOMAC womac pain—short-term, low"?
pain—short- three times a week in the
term, three intervention groups was
times a week 0.32 standard deviations lower
(0.8 lower to 0.15 higher)
Yang-style Tai The mean yang-style tai chi— 333 (5 studies) DPOO SMD —0.19 (—0.4 to 0.03)
Chi—WOMAC womac stiffness in the low"?
stiffness intervention groups was
0.19 standard deviations lower
(0.4 lower to 0.03 higher)
Yang-style Tai The mean yang-style tai chi— 262 (3 studies) DD SMD —0.1 (=0.35 to 0.14)
Chi—WOMAC womac stiffness—short-term, low'?
stiffness— twice a week in the
short-term, intervention groups was
twice a week 0.1 standard deviations lower
(0.35 lower to 0.14 higher)
Yang-style Tai The mean yang-style tai chi— 71 (2 studies) [ELeTe) SMD —0.51 (—0.98 to —0.03)
Chi—WOMAC womac stiffness—short-term, moderate’
stiffness— three times a week in the
short-term, intervention groups was

Frontiers in Public Health

13

(Continued)

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1661674
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Deng et al.

TABLE 3 (Continued)

Outcomes Illustrative comparative risks*

(95% Cl)

Assumed risk

Corresponding risk

Control Subgroup analysis

Relative
effect
(95% Cl)

10.3389/fpubh.2025.1661674

\[eXo]j
participants
(studies)

Quality of Comments
the evidence

(GRADE)

Yang-style Tai The mean yang-style tai chi— 333 (5 studies) [EIS1IC) SMD —0.34 (—0.56 to —0.13)
Chi—WOMAC womac function in the moderate’
function intervention groups was
0.34 standard deviations lower
(0.56-0.13 lower)
Yang-style Tai The mean yang-style tai chi— 262 (3 studies) DPDO SMD —0.29 (—0.53 to —0.04)
Chi—WOMAC womac function—short-term, moderate’
function— twice a week in the
short-term, intervention groups was
twice a week 0.29 standard deviations lower
(0.53-0.04 lower)
Yang-style Tai The mean yang-style tai chi— 71 (2 studies) [Slerle) SMD —0.56 (—1.04 to —0.08)
Chi—WOMAC womac function—short-term, moderate’
function— three times a week in the
short-term, intervention groups was
three times a 0.56 standard deviations lower
week (1.04-0.08 lower)

Subgroup analysis for optimal course and frequency.
Patient or population: patients with optimal course and frequency.
Intervention: Subgroup analysis.

*The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed

risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval.
GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

'All studies were randomized, some did not mention that the allocation was hidden, and some were likely to be blinded during implementation.

2 The sample size is small or the confidence interval is wide.

indicated that there was no publication bias in the intervention effects
of Tai Chi on pain, stiffness and physical function.

4 Discussion

4.1 Overall findings

The potential mechanism of Tai Chi for KOA involves multi-
system synergy. At the physiological level, Tai Chi promotes blood
circulation around the knee joint through slow and fluid movements
in conjunction with breathing and reduces the levels of local
pro-inflammatory factors (e.g., Interleukin-6, and Tumor Necrosis
Factor-a), thereby reducing inflaimmation-mediated pain and
cartilage degeneration (29). In terms of neuro-immuno-modulation,
Tai Chi can simultaneously modulate the resting-state functional
connectivity of the descending opioidergic pathway and reward/
motivation system and blood inflammation markers, which is
important for the prevention of joint damage (30). In terms of
psychological mechanisms, Tai Chi’s integration of meditation and
dynamic relaxation also has positive effects on psychological states
(31, 32). Although the available evidence supports the combined

Frontiers in Public Health

benefits of Tai Chi in improving KOA symptoms, quality of life, and
psychological state, more research is needed to validate the
specific mechanisms.

The present study confirmed by meta-analysis that Tai Chi
significantly improves pain, stiffness, physical function and physical
health in patients with KOA. Tai Chi demonstrated a moderate effect
size of improvement in pain, physical function and physical health in
patients with KOA. Although the effect size of Tai Chi on stiffness
improvement was small, the statistical significance still demonstrated
the positive effect of Tai Chi on improving stiffness. Subgroup analysis
further indicates the optimal “dose” of Tai Chi for treating different
symptoms of KOA. Preliminary findings suggest that for improving
pain and physical function, a long-term (>16 weeks)/three-times-
weekly training protocol is recommended; for alleviating stiffness, a
short-term (<16 weeks)/three-times-weekly protocol is advised; and
for enhancing physical health, a short-term (<16 weeks)/twice-weekly
protocol may be more appropriate.

The results of this review are consistent with those of Gao and Tan
(33, 34), who reported the effectiveness of Tai Chi in relieving pain
and stiffness and improving physical function and physical health. The
findings of this study are also consistent with the ACR guideline
recommendation of “Tai Chi as a safe complementary therapy for
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KOA,” but with a breakthrough in the optimization of treatment
course and frequency. Previous meta-analyses have focused on the
overall efficacy of Tai Chi versus a control group, but have not explored
the impact of intervention parameters. For example, Li’s study only
analyzed subgroups by dividing sessions into 8 weeks versus 12 weeks
and did not incorporate frequency (35). Qiu’s study demonstrated that
both long-term (>12 weeks) and short-term (<12 weeks) therapeutic
exercise interventions yielded significant improvements in WOMAC-
assessed pain, stiffness, physical function, and SF-36 physical health
scores when compared to the control group, also without incorporating
frequency (36).

Sensitivity analysis results indicate the stability of our findings.
However, we observed moderate heterogeneity in MCS and VAS pain
for the short-term/twice-weekly regimen (I = 67%, I* = 62%). After
excluding studies one by one, we found that the heterogeneity for MCS
(10)

(Supplementary Figure S3). We speculate the primary reasons are as

decreased to 0% when Song et al was removed
follows: First, the study samples spanned China, the United States, and
South Korea, regions exhibiting significant differences in mental
health assessment standards. Second, substantial variations existed in
the Tai Chi training course and frequency; only Song’s study employed

a 12-week/three-times-weekly protocol, while other studies utilized
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differing protocols. Finally, the depth of mind-body integration
during Tai Chi practice may vary depending on instructor proficiency
and implementation settings. The heterogeneity for short-term/twice-
weekly VAS pain decreased to 0% after excluding Zhang et al. (28)
(Supplementary Figure S4). This was most probably because the
control group received balance and postural control training, reducing
the effect size difference between the intervention and control groups.
Although the heterogeneity in both results was moderate, sensitivity
analysis indicated the stability of this study, making the findings of this
meta-analysis relatively reliable.

Although this study provides evidence supporting the efficacy of
Tai Chi for KOA, we acknowledge that clinical heterogeneity exists
among the various control groups—including health education,
physical therapy, attention control, herbal intervention, balance and
postural control training, and no intervention—which is an important
limitation. The differences between these control interventions may
influence effect assessments in two key aspects: First, potential
overestimation of effect size: Tai Chi’s efficacy may appear amplified
when compared against controls like “no intervention.” Using physical
therapy—itself a recommended treatment for KOA—as a control
group could diminish the observed effect size. Second, challenges in
generalizability: The diversity of control measures reflects the wide
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variation in KOA management practices in real-world clinical settings,
complicating direct comparisons across studies. Despite these
limitations, our findings align with the review by Gao and Tan, both
reporting Tai Chi’s efficacy in alleviating pain and stiffness while
improving physical function and physiological health. Future RCTs
should standardize control groups to minimize bias.

Among the various Tai Chi styles, Yang-style Tai Chi is the most
commonly used intervention (37). Of the 13 RCTs included in this
study, 6 studies selected Yang-style Tai Chi. A Yang-style Tai Chi
training program is optimal for short-term (<16 weeks)/twice-
weekly Tai Chi training programs in improving pain, and short-term
(<16 weeks)/three-times-weekly Tai Chi training programs in
improving stiffness and physical function. Except for the course and
frequency of the intervention in improving stiffness, which was
consistent with that of general Tai Chi, the rest of the protocols were
inconsistent (general Tai Chi was considered optimal in improving
pain and physical function over a long-term (16 > weeks)/three-
times-weekly), which may be related to factors such as the small
number of included studies and the small sample size (For example,
subgroup analysis of the short-term Yang-style Tai Chi training
protocol with thrice-weekly sessions included only two studies
totaling 71 participants). This may affect the reliability of our
recommendations for optimal treatment protocols. Regarding Tai Chi
styles, detailed analysis was conducted solely on Yang-style Tai Chi
due to insufficient data representativeness for other styles such as
Chen-style and Sun-style. This study was lacking in direct
comparisons between different styles, constituting a significant
research limitation. Future research should validate whether specific
styles of Tai Chi are more effective for KOA by comparing
different styles.

Although this study provides evidence-based recommendations
for Tai Chi interventions in KOA management, three key factors
warrant discussion. First, regarding implementation details, 11 of the
13 included RCTs featured 60 min per session, with 10 studies
employing professional Tai Chi instructors. Practice formats varied
between group and individual settings, as well as indoor and outdoor
locations. Notably, among the 13 studies, 6 explicitly used the
standardized 24-form Yang-style Tai Chi, 1 used Chen-style, 1 used
Sun-style, while the remaining studies lacked descriptions of the Tai
Chi style. This heterogeneity emphasizes the need for future trials to
report the following: (1) the precise Tai Chi form/sequence, (2)
session duration/intensity metrics, and (3) instructor expertise level.
These details are crucial for clinical replication. Second, reporting
inconsistencies existed regarding confounding factors like combined
therapies and lifestyle modifications. Only one study explicitly stated
no changes to routine physical activity or medication during the
intervention period, while the remaining studies made no mention
of any confounding factors. These gaps underscore the need to
minimize potential confounding factors in future study designs to
reduce their impact on results. Third, only four studies in this meta-
analysis included follow-up assessments, all of which involved
12-week Tai Chi course. Wang et al. (22) reported sustained benefits
up to 52 weeks, whereas Wang et al. (25) and Song et al. (10) indicated
near-statistical significance at 24 weeks. We recommend that future
RCTs include >6 months of follow-up to assess durability of effects
and conduct cost-effectiveness analyses comparing sustained versus
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intermittent Tai Chi interventions. These enhancements will
strengthen clinical translation, enabling precise specification of Tai
Chi parameters (style, dose, supervision). This should account for
real-world comorbidities and lifestyle factors, particularly among
older adults with multiple conditions requiring polypharmacy. An
optimized Tai Chi protocol may become a sustainable cornerstone in
non-pharmacological KOA management.

It is noteworthy that when designing a Tai Chi training protocol,
clinicians should be flexible in choosing the frequency and course of
training based on the patient’s specific situation and preferences. For
patients who have limited time or are physically weak, twice-weekly
training may be more appropriate. Although the efficacy is not as
good as three-times-weekly training program, it can still bring some
relief. For those patients who are able to spend more time and
energy, three-times-weekly training may bring more comprehensive
efficacy. In conclusion, Tai Chi training should be implemented in
conjunction with individualized guidance and supervision to ensure
the quality and safety of the training. In this way, Tai Chi can not
only serve as a complementary therapy for KOA patients, but also
become part of their daily lives, helping them to improve their
quality of life. However, only one study in this meta-analysis
reported adverse events. Due to the limited number of adverse event
reports, it is not possible to draw definitive conclusions about the
safety of Tai Chi, highlighting the need for improved safety reporting
in future trials.

4.2 Limitations and future research
directions

There are several limitations to this study. First, 13 RCTs were
included in this review and meta-analysis, but the sample sizes of
these studies were small, which could easily lead to unstable results.
Second, most of the RCTs utilized a single-blind design, which may
have had an impact on the objectivity of the results. Third, the longest
intervention period of the included studies was 36 weeks, and there
was a lack of follow-up data to assess the long-term effects and
recurrence rates of Tai Chi. Fourth, as different schools and styles of
Tai Chi practice may have different effects on the results, and this
study only analyzed Yang-style Tai Chi in detail without comparing
different schools. Finally, although the optimal course and frequency
of Tai Chi practice were reported in this study, the patients” individual
circumstances, including the strengths and weaknesses of their
physical fitness, the severity of their illnesses, and the duration of
their illnesses, were not adequately taken into account. To
comprehensively evaluate the efficacy of Tai Chi therapy for KOA,
determine optimal treatment course and frequency, future studies
should expand their scale, incorporate long-term follow-up
assessments, standardize reporting of adverse events, adopt double-
blind designs to reduce bias, and unify control group interventions
to minimize heterogeneity. Additionally, research should focus on
refining intervention details and standardizing Tai Chi practice types
to facilitate comparison of results across studies. Finally, it is
recommended that future studies combine biomarker and imaging
assessments to more accurately measure the specific effects of Tai Chi
training on patients with KOA.
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5 Conclusion

This that Tai Chi
non-pharmacological treatment for improving KOA symptoms, and

study suggests is an effective
adopts a “symptom-oriented” Tai Chi intervention strategy.
Preliminary results from this meta-analysis suggest that long-term
high-frequency protocols may be more suitable for patients
experiencing pain and functional limitations, while short-term high-
frequency protocols may be preferable for those with stiffness. For
individuals  requiring physical conditioning, short-term
low-frequency protocols may be more appropriate. Although the
current level of evidence for the recommended approach is moderate,
this study has limitations including small sample size, limited
blinding, lack of long-term follow-up, and insufficient reporting of
adverse events. Future high-quality research is needed to strengthen
the evidence base and promote the widespread application of Tai Chi

in the management of KOA.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

JD: Conceptualization, Data curation, Methodology, Software,
Supervision, Validation, Visualization, Writing — original draft,
Writing - review & editing. LZ: Conceptualization, Data curation,
Validation, Visualization, Writing — original draft, Writing - review
& editing. FC: Conceptualization, Data curation, Methodology,
Validation, draft. YT:
Conceptualization, Data curation, Visualization, Writing - original

Visualization,

Writing - original
draft. HY: Conceptualization, Data curation, Visualization, Writing -
original draft. LY: Conceptualization, Visualization, Writing - original

draft. CZ: Data curation, Supervision, Writing — review & editing.

References

1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global burden
of disease study 2019. Lancet. (2020) 396:1204-22. doi: 10.1016/S0140-6736(20)30925-9

2. Murray CJL. Findings from the global burden of disease study 2021. Lancet. (2024)
403:2259-62. doi: 10.1016/S0140-6736(24)00769-4

3. Spitaels D, Mamouris P, Vaes B, Smeets M, Luyten F, Hermens R, et al. Epidemiology
of knee osteoarthritis in general practice: a registry-based study. BMJ Open. (2020)
10:¢031734. doi: 10.1136/bmjopen-2019-031734

4. Ringdahl E, Pandit S. Treatment of knee osteoarthritis. Am Fam Physician. (2011)
83:1287-92.

5. Duong V, Oo WM, Ding C, Culvenor AG, Hunter DJ. Evaluation and treatment of
knee pain: a review. JAMA. (2023) 330:1568-80. doi: 10.1001/jama.2023.19675

6. Sharma L. Osteoarthritis of the knee. N Engl ] Med. (2021) 384:51-9. doi:
10.1056/NEJMcp1903768

7. Arden NK, Perry TA, Bannuru RR, Bruyere O, Cooper C, Haugen IK, et al. Non-
surgical management of knee osteoarthritis: comparison of ESCEO and OARSI 2019
guidelines. Nat Rev Rheumatol. (2021) 17:59-66. doi: 10.1038/s41584-020-00523-9

8. Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block J, et al. 2019
American College of Rheumatology/Arthritis Foundation guideline for the management

Frontiers in Public Health

17

10.3389/fpubh.2025.1661674

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

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

Generative Al statement

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

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

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

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1661674/
full#supplementary-material

of osteoarthritis of the hand, hip, and knee. Arthritis Rheumatol. (2020) 72:220-33. doi:
10.1002/art.41142

9. Wen YR, Shi J, Wang YE, Lin YY, Hu ZY, Lin YT, et al. Are mind-body exercise
beneficial for treating pain, function, and quality of life in middle-aged and old people
with chronic pain? A systematic review and meta-analysis. Front Aging Neurosci. (2022)
14:921069. doi: 10.3389/fnagi.2022.921069

10.Song J, Wei L, Cheng K, Lin Q, Xia P, Wang X, et al. The effect of modified tai
chi exercises on the physical function and quality of life in elderly women with
knee osteoarthritis. Front Aging Neurosci. (2022) 14:860762. doi:
10.3389/fnagi.2022.860762

11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The Prisma 2020 statement: an updated guideline for reporting systematic reviews. BMJ.
(2021) 372:n71. doi: 10.1371/journal.pmed.1003583

12. Savovi¢ ], Weeks L, Sterne JA, Turner L, Altman DG, Moher D, et al. Evaluation of
the Cochrane collaboration's tool for assessing the risk of bias in randomized trials:
focus groups, online survey, proposed recommendations and their implementation. Syst
Rev. (2014) 3:37. doi: 10.1186/2046-4053-3-37

13. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. (eds). Cochrane
handbook for systematic reviews of interventions version 6.2 (updated February 2021)
Cochrane (2021). Available online at: http://www.cochrane.org/handbook

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1661674
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1661674/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1661674/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(24)00769-4
https://doi.org/10.1136/bmjopen-2019-031734
https://doi.org/10.1001/jama.2023.19675
https://doi.org/10.1056/NEJMcp1903768
https://doi.org/10.1038/s41584-020-00523-9
https://doi.org/10.1002/art.41142
https://doi.org/10.3389/fnagi.2022.921069
https://doi.org/10.3389/fnagi.2022.860762
https://doi.org/10.1371/journal.pmed.1003583
https://doi.org/10.1186/2046-4053-3-37
http://www.cochrane.org/handbook

Deng et al.

14. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. (eds). Cochrane
handbook for systematic reviews of interventions version 6.5 (updated August 2024)
Cochrane (2024). Available online at: http://www.cochrane.org/handbook

15. Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block J, et al. 2019
American College of Rheumatology/Arthritis Foundation guideline for the management
of osteoarthritis of the hand, hip, and knee. Arthritis Care Res (Hoboken). (2020)
72:149-62. doi: 10.1002/acr.24131

16. Lit JJ, Huang LY, Wu X, Fu WJ, Liu Y. Effect of Tai Ji Quan training on self-reported
sleep quality in elderly Chinese women with knee osteoarthritis: a randomized
controlled trail. Sleep Med. (2017) 33:70-5. doi: 10.1016/j.sleep.2016.12.024

17. Zhu QG, Huang LY, Wu X, Wang L, Zhang YY, Fang M, et al. Effects of Tai Ji Quan
training on gait kinematics in older Chinese women with knee osteoarthritis: a
randomized controlled trial. ] Sport Health Sci. (2016) 5:297-303. doi:
10.1016/j.jshs.2016.02.003

18. SR, JHOIIN. *NB SR T NIR B BRIA X 'S PRI T &5 K1 e
INFFRONEs. KR BEZAKFFIR. (2021)  40:336-41.  doi:  10.11656/j.
issn.1673-9043.2021.03.14

19. JRLIL. RARZR XS I 1 RT3 S M A 92, h B E A4 IR EE . (2019) 17:15-8.
doi: 10.3969/j.issn.1672-2671.2019.06.005

20. Kang N, Wang Y, Chen G, Guo C, Zhang Z, Mei D, et al. Functional outcomes of
tai chi exercise prescription in women with knee osteoarthritis. Sports Med Health Sci.
(2022) 4:239-44. doi: 10.1016/j.smhs.2022.10.001

21. Hu X, Lai Z, Wang L. Effects of Taichi exercise on knee and ankle proprioception
among individuals with knee osteoarthritis. Res Sports Med. (2020) 28:268-78. doi:
10.1080/15438627.2019.1663520

22.Wang C, Schmid CH, Iversen MD, Harvey WE, Fielding RA, Driban JB, et al.
Comparative effectiveness of Tai Chi versus physical therapy for knee
osteoarthritis: a randomized trial. Ann Intern Med. (2016) 165:77-86. doi:
10.7326/M15-2143

23.Brismée JM, Paige RL, Chyu MC, Boatright JD, Hagar JM, McCaleb JA, et al.
Group and home-based tai chi in elderly subjects with knee osteoarthritis: a
randomized controlled trial. Clin Rehabil. (2007) 21:99-111. doi:
10.1177/0269215506070505

24.Wortley M, Zhang S, Paquette M, Byrd E, Baumgartner L, Klipple G, et al.
Effects of resistance and Tai Ji training on mobility and symptoms in knee
osteoarthritis  patients. ] Sport Health Sci. (2013) 2:209-14. doi:
10.1016/j.jshs.2013.01.001

25. Wang CC, Schmid CH, Hibberd PL, Kalish R, Roubenoff R, Rones R, et al. Tai chi
is effective in treating knee osteoarthritis: a randomized controlled trial. Arthritis Care
Res. (2009) 61:1545-53. doi: 10.1002/art.24832

26.Song R, Lee EO, Lam P, Bae SC. Effects of tai chi exercise on pain,
balance, muscle strength, and perceived difficulties in physical functioning in older

Frontiers in Public Health

18

10.3389/fpubh.2025.1661674

women with osteoarthritis: a randomized clinical trial. ] Rheumatol. (2003)
30:2039-44.

27. Lee HJ, Park HJ, Chae Y, Kim SY, Kim SN, Kim ST, et al. Tai Chi Qigong for the
quality of life of patients with knee osteoarthritis: a pilot, randomized, waiting list
controlled trial. Clin Rehabil. (2009) 23:504-11. doi: 10.1177/0269215508101746

28. Zhang H, Zheng J, Chai Y, Huang X, Wang X, Hou M. Comparison between Tai
Chi and balance training on spatiotemporal parameters and dual-task costs during stair
negotiation in participants with knee osteoarthritis: a randomized controlled trial.
Physiother Res Int. (2025) 30:¢70075. doi: 10.1002/pri.70075

29. Shu C, Feng S, Cui Q, Cheng S, Wang Y. Impact of Tai Chi on CRP, TNF-alpha and
IL-6 in inflammation: a systematic review and meta-analysis. Ann Palliat Med. (2021)
10:7468-78. doi: 10.21037/apm-21-640

30.LiuJ, Chen L, Chen X, Hu K, Tu Y, Lin M, et al. Modulatory effects of different
exercise modalities on the functional connectivity of the periaqueductal grey and
ventral tegmental area in patients with knee osteoarthritis: a randomised
multimodal magnetic resonance imaging study. Br ] Anaesth. (2019) 123:506-18.
doi: 10.1016/j.bja.2019.06.017

31.Bo A, Mao W, Lindsey MA. Effects of mind-body interventions on depressive
symptoms among older Chinese adults: a systematic review and meta-analysis. Int J
Geriatr Psychiatry. (2017) 32:509-21. doi: 10.1002/gps.4688

32. Chang PS, Knobf T, Oh B, Funk M. Physical and psychological health outcomes
of qigong exercise in older adults: a systematic review and meta-analysis. Am ] Chin
Med. (2019) 47:301-22. doi: 10.1142/50192415X19500149

33.Gao K, Tao J, Liang G, Gong C, Wang L, Wang Y. Comparative efficacy of mind-
body exercise for pain, function, quality of life in knee osteoarthritis: a systematic review
and network meta-analysis. J Orthop Surg Res. (2025) 20:384. doi:
10.1186/s13018-025-05682-7

34.Tan B, Yan Y, Zhou Q, Ran Q, Chen H, Sun §, et al. Kinesitherapy for knee
osteoarthritis patients physical and psychological health based on "traditional Chinese
exercise” management modalities: a systematic review and meta-analysis of randomized
controlled trials. Orthop Surg. (2024) 16:3-16. doi: 10.1111/0s.13920

35.LiR, Chen H, Feng J, Xiao Y, Zhang H, Lam CW), et al. Effectiveness of traditional
Chinese exercise for symptoms of knee osteoarthritis: a systematic review and meta-
analysis of randomized controlled trials. Int ] Environ Res Public Health. (2020) 17:7873.
doi: 10.3390/ijerph17217873

36. Qiu B, Wang W, Tang G, Chai S, Zhang X, Zhou P, et al. Long- and short-term
effectiveness of traditional Chinese exercises in improving the overall physical capacity
of patients with knee osteoarthritis: a systematic review and meta-analysis. Medicine
(Baltimore). (2024) 103:¢39520. doi: 10.1097/MD.0000000000039520

37. Fan X, Soh KG, Mun CY, Soh KL. Effects of different types of Tai Chi intervention
on motor function in older adults: a systematic review. Aging Clin Exp Res. (2025) 37:32.
doi: 10.1007/s40520-024-02894-5

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1661674
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://www.cochrane.org/handbook
https://doi.org/10.1002/acr.24131
https://doi.org/10.1016/j.sleep.2016.12.024
https://doi.org/10.1016/j.jshs.2016.02.003
https://doi.org/10.11656/j.issn.1673-9043.2021.03.14
https://doi.org/10.11656/j.issn.1673-9043.2021.03.14
https://doi.org/10.3969/j.issn.1672-2671.2019.06.005
https://doi.org/10.1016/j.smhs.2022.10.001
https://doi.org/10.1080/15438627.2019.1663520
https://doi.org/10.7326/M15-2143
https://doi.org/10.1177/0269215506070505
https://doi.org/10.1016/j.jshs.2013.01.001
https://doi.org/10.1002/art.24832
https://doi.org/10.1177/0269215508101746
https://doi.org/10.1002/pri.70075
https://doi.org/10.21037/apm-21-640
https://doi.org/10.1016/j.bja.2019.06.017
https://doi.org/10.1002/gps.4688
https://doi.org/10.1142/S0192415X19500149
https://doi.org/10.1186/s13018-025-05682-7
https://doi.org/10.1111/os.13920
https://doi.org/10.3390/ijerph17217873
https://doi.org/10.1097/MD.0000000000039520
https://doi.org/10.1007/s40520-024-02894-5

	The optimal course and frequency of Tai Chi for knee osteoarthritis: a systematic review and meta-analysis of randomized controlled trials
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Study selection
	2.4 Data extraction
	2.5 Risk of bias assessment and GRADE
	2.6 Assessment of reporting quality
	2.7 Statistical analysis

	3 Results
	3.1 Search results
	3.2 Study characteristics
	3.3 Assessment of risk of bias
	3.4 Outcome of intervention
	3.4.1 WOMAC pain
	3.4.2 WOMAC stiffness
	3.4.3 WOMAC physical function
	3.4.4 VAS pain
	3.4.5 SF-36 PCS
	3.4.6 SF-36 MCS
	3.5 Subgroup analyses and GRADE evidence quality assessment
	3.5.1 Subgroup analyses
	3.5.2 GRADE evidence quality assessment
	3.6 Sensitivity analysis
	3.7 Evaluation of publication bias

	4 Discussion
	4.1 Overall findings
	4.2 Limitations and future research directions

	5 Conclusion

	References

