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Background: Knee Osteoarthritis (KOA) has become a serious health issue for elderly patients. Several systematic reviews (SRs) 
have reported Tai Chi has widely been used in the treatment of KOA. However, the methodology and conclusions of these SRs are 
controversial. This overview aims to summarize and evaluate the available evidence for the efficacy and safety of Tai Chi for KOA.
Methods: Two independent researchers searched eight databases from the inception to April 30, 2022. The included SRs were 
assessed respectively by A Measurement Tool to Assess Systematic Reviews (AMSTAR) 2, the Risk of Bias in Systematic Reviews 
(ROBIS) tool, and the Preferred Reporting Item for Systematic Review and Meta-analysis (PRISMA) statement. The Grading of 
Recommendations Assessment, Development, and Evaluation (GRADE) tool was used to assess the quality of the included SRs in 
terms of outcome indicators.
Results: Six SRs were finally included in this overview. The results of methodological quality, reporting quality, and risk of bias of the 
included SRs were generally unsatisfactory. The limitations were a lack of explaining the reasons for selection, a list of excluded 
literature, reporting bias assessment, and reporting the potential sources of conflict of interest. In addition, only 1 item was assessed as 
moderate quality by using the GRADE tool. Limitations were the most common downgraded factors.
Conclusion: Tai Chi is effective as a non-pharmacological intervention in the integrative treatment of KOA. However, the quality of 
evidence and methodological quality of SRs is generally unsatisfactory, suggesting that these results must be interpreted with caution.
Trial Registration/Protocol Registration: PROSPERO registration number: CRD42022315146.
Keywords: Tai Chi, knee osteoarthritis, integrative treatment, systematic review, methodological quality

Introduction
Knee osteoarthritis (KOA) is a degenerative disease occurring mostly in middle-aged and elderly people.1 The main 
clinical manifestations of KOA are knee pain, limitation of movement, stiffness and swelling, and the disease is a major 
reason for mobility impairment and disability in the elderly.2 In terms of the pathogenesis of KOA, it is complex and 
characterized by progressive subchondral bone damage, synovitis, bone redundancy, and narrowing of the joint space. 
The number of people suffering from KOA has reached 250 million worldwide, which has a serious effect on the quality 
of life of patients and is a serious health problem in the current ageing society.3,4 The primary objectives in treating KOA 
involve relieving pain and enhancing joint function through physical, pharmaceutical, or surgical interventions. 
Specialists suggest taking the pathophysiological mechanisms of KOA seriously, adopting regular exercise, self- 
managing weight and avoiding surgery where possible.5 There is evidence in the literature that strength training, aerobic 
exercise and other exercise therapies are effective in reducing pain and swelling, enhancing knee stability, and reducing 
the progression of the disease in KOA patients.6,7 Thus, exercise therapy has been recommended in several clinical 
guidelines as an effective treatment for KOA.8,9

Tai Chi is a traditional Chinese health exercise. It combines meditation with slow, gentle movements, deep breathing, 
and total body relaxation. Tai Chi is effective on patients’ physical and mental health, strength and balance, fall 
prevention, or even on depression and self-efficacy.10–15 In line with specific guidelines, such as the ESCEO and 
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OARSI 2019 guidelines, the OARSI guidelines for the non-surgical management of knee, hip, and polyarticular 
osteoarthritis, and the 2019 American College of Rheumatology/Arthritis Foundation Guideline, Tai Chi is recommended 
as a therapeutic approach for KOA.5,8,9 Furthermore, a substantial body of clinical studies corroborates its beneficial 
effects.16–18 In recent years, several published randomized controlled trials (RCT) and systematic reviews (SRs) have 
demonstrated the advantages of Tai Chi for KOA patients. The methodological inconsistencies and controversial 
conclusions in systematic reviews limit their utility as therapeutic guides, with mixed findings regarding Tai Chi’s 
effectiveness in treating KOA and some studies indicating evidence quality issues. High-quality SRs can provide 
a reliable basis for clinical decision-making, and low-quality SRs can be misleading. Hence, an overview on SRs of 
Tai Chi for KOA is necessary to summarize the current evidence.19,20

The overview is a comprehensive collection and synthesis of SRs associated with the treatment or aetiology, 
diagnosis, and prognosis of the same disease or health problem.21 However, it should be noted that there is no overview 
concerning the benefits of Tai Chi to KOA. This overview applied the Assessment of Multiple Systematic Reviews 2 
(AMSTAR 2) tool, Preferred Reporting Items for Systematic Reviews and Meta Analysis (PRISMA) statement, Risk of 
Bias (ROBIS) tool, and Grading of Recommendations Assessment, Development, and Evaluation (GRADE) tool to 
evaluate methodological quality, reporting quality, risk of bias, and the quality of evidence, for the purpose of analyzing 
the current state of evidence for Tai Chi for KOA and providing users with more targeted and reliable evidence.

Methods
Protocols and Registration
The protocol of this overview was pre-registered on the platform of PROSPERO (registration number: 
CRD42022315146). This study adheres to the requirements for SRs outlined in the “Preferred Reporting Items for 
Overviews of Reviews” (PRIOR) guideline.22

Search Strategy
Search methods included the computer search combined with the manual search. Two independent researchers searched 
PubMed, EMBASE, the Cochrane Library, the Web of Science, CNKI, SINOMED, WanFang, and Chongqing VIP 
database from the database inception to April 30, 2022. Languages were limited to Chinese and English. In addition, two 
researchers referred to the reference list of identified original or review articles and manually searched for further articles. 
Unpublished conference proceedings, newspapers, scientific results, and other gray literature were also collected. The 
keywords encompassed variations of “Tai Chi” and “Knee Osteoarthritis”, both individually and in various combinations. 
The search strategy was illustrated in Table 1 and Supplementary Material 1.

Inclusion and Exclusion Criteria
(1) Type of Study: As RCTs are considered to offer high-quality evidence for evaluating interventions, SRs of RCTs 
reporting the impacts of Tai Chi on KOA were involved. SRs were reported using quantitative synthesis (meta-analysis) 
according to PRISMA guidelines, and studies were included if they were published in either Chinese or English. 
Additionally, a comprehensive search strategy is adopted, and 2 or more databases were used. (2) Type of 
Participants: Participants met the American College of Rheumatology diagnostic criteria for KOA, regardless of age, 
race or gender. (3) Type of Intervention: Tai Chi was applied as the main treatment in the test group. While the control 
group accepted standard care without Tai Chi, exercise, attention control, health education, or treatment. (4) Type of 
Outcome Measures: WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index) scores, quality of life, 
health management, balance ability, walking speed, muscle force, the stair climb test, serious adverse events, the 6-min 
walking test, and the timed up and go test were used. (5) Exclusion Criteria: duplicate articles; non-SR; the control group 
was treated with Tai Chi.
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Study Selection and Data Extraction
In the initial round, search-acquired articles were imported into Noteexpress 3.6, a literature management software, to 
eliminate duplicate articles. Two researchers independently read the abstract and title of the articles and eliminated the 
articles that were inconsistent with the study. In the second round, two researchers independently read the full text and 
eliminated the articles that met the exclusion criteria, such as articles for which the full text was not accessible. In the 
third round, the two researchers exchanged and checked the articles screened by each other, extracted key information 
from the finally screened articles and imported it into Microsoft Excel 2010 for sorting. Key information extraction 
involved: the author, country, included study type, number of originally included studies, the total number of included 
samples, intervention measures (experimental group and control group), outcome indicators, risk assessment tools for 
bias, and main conclusions. After the information is extracted and sorted out, the two researchers performed cross-check 
again. In the process of literature selection and data extraction and sorting out, if there is any disagreement between the 
two researchers, the information will be checked and unified by a third party immediately to ensure the information is 
correct.

Table 1 Search Strategy for PubMed Database

Query Search Item

# 1 Osteoarthritis, Knee [Mesh]
# 2 Osteoarthritis, Knee [Title/Abstract]

# 3 Knee osteoarthritis [Title/Abstract]

# 4 Knee osteoarthritides [Title/Abstract]
# 5 Knee pain [Title/Abstract]

# 6 Knee joint osteoarthritis [Title/Abstract]

# 7 Knee arthritis [Title/Abstract]
# 8 Osteoarthritis of knee [Title/Abstract]

# 9 KOA[Title/Abstract]
# 10 Gonarthrosis [Title/Abstract]

# 11 Osteoarthrosis [Title/Abstract]

# 12 # 1 OR # 2–11
# 13 Tai Ji [MeSH]

# 14 Tai Chi [MeSH]

# 15 Tai Chi [Title/Abstract]
# 16 Chi, Tai [Title/Abstract]

# 17 Tai Ji Quan [Title/Abstract]

# 18 Ji Quan, Tai [Title/Abstract]
# 19 Quan, Tai Ji [Title/Abstract]

# 20 T’ai Chi [Title/Abstract]

# 21 Tai Chi Chuan [Title/Abstract]
# 22 Taiji [Title/Abstract]

# 23 Taijiquan [Title/Abstract]

# 24 Tai-ji [Title/Abstract]
# 25 Tai-chi [Title/Abstract]

# 26 Chi Quan, Tai [Title/Abstract]

# 27 # 13 OR # 14–26
# 28 Meta-analysis [Publication Type]

# 29 Meta-analysis [MeSH]

# 30 Systematic evaluation [Title/Abstract]
# 31 Systematic review [Title/Abstract]

# 32 Meta analysis [Title/Abstract]

# 33 Meta analyses [Title/Abstract]
# 34 # 28 OR # 29–33

# 35 # 12 AND # 27 AND # 34
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Quality Assessment
The process of the quality assessment was performed independently by 2 investigators and cross-checked, with any 
disputes decided in consultation with a third investigator.

Evaluation of Methodological Quality
AMSTAR 2 tool23 was adopted for evaluating the methodological quality of included SRs by two researchers. That tool 
contains 16 entries, involving 7 key entries (2, 4, 7, 9, 11, 13, and 15). Each item was described as “yes”, “partially yes” 
and “no” as required. Finally, the methodological quality of the included SRs was evaluated, and the included studies 
were rated in four quality levels in accordance with the following criteria: “no or only 1 non-critical entry not conforming 
was rated as high quality” and “more than 1 non-critical entry non-conformity as medium quality”, “1 critical entry non- 
conformity with or without non-critical entry non-conformity as low quality” and “more than 1 critical entry non- 
conformity as very low quality”.

Reporting Quality Assessment
The quality of reports from the SRs of Tai Chi for KOA was evaluated using 27 entries from the PRISMA statement,24 

which covers seven aspects of Title, Abstract, Introduction, Methods, Results, Discussion, and Funding of SRs. Two 
independent researchers described each item as “yes”, “partially yes” or “no”. The completion rate of each entry was 
reflected by the percentage.

Assessment of Evidence Quality
The GRADE system was used for assessing the evidence quality.25 Two researchers assessed the outcomes of each study 
based on Limitations, Inconsistency, Indirectness, Imprecision, and Publication Bias. The RCT study was pre-set as the 
highest grade of evidence in the evaluation, and the evidence quality was finally classified into four categories, namely 
high, medium, low and very low, according to the evaluation of the above five degradation factors.

Risk of Bias Evaluation
The ROBIS tool26 was applied to evaluate the risk of bias in the included SRs, using “yes”, “no” and “unclear” for each 
entry, and in the end, based on the overall evaluation results, each entry was evaluated regarding the risk of bias of the 
SRs. The tool evaluates the level of bias across 2 phases. The second phase includes four areas: inclusion-exclusion 
criteria for SRs, methods used for study retrieval and/or screening, methods used for data extraction and quality 
evaluation, and data synthesis and presentation of results. The third phase is risk of bias in the review.

Results
Literature Search and Literature Screening
The two researchers searched the literature independently according to the retrieval strategy. After comparison and 
discussion, 200 pieces of literature were initially obtained, and 124 pieces were finally obtained by excluding duplicate 
one. After reading titles and abstracts independently, 108 articles that did not satisfy the inclusion criteria, were removed 
by two researchers, followed by 6 SRs27–32 being selected after reading the full text. The literature selection procedure 
was shown in Figure 1.

Basic Information of the Included Literature
The 6 published SRs were included, when there were 3 pieces of English literature and 3 pieces of Chinese literature, 
whose authors were from China and Germany respectively. The number of included RCTs ranged from 5 to 16. The risk 
of bias assessment tool recommended in the Cochrane Handbook of Systematic Reviews was used in 5 SRs, and the 
Jadad quality score was adopted in 1 SR.29 Besides, the experimental group used Tai Chi as the primary intervention, 
while the control group accepted conventional treatment, except Tai Chi and no treatment, as the intervention. Table 2 
presents the basic features of the included SRs.
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Methodological Quality Assessment
The results of the methodological quality assessed using the AMSTAR 2 tool were presented in Table 3. All incorporated 
SRs were evaluated as critically low quality. No SRs provided the protocol and reported inconsistencies with the protocol 
(item 2). In addition, all SRs used an incomprehensive literature search strategy (item 4), while none of them provided 
a list of excluded literature and reasons for exclusion (item 7). Only one SR29 did not use the recommended Cochrane 
assessment tool for risk of bias evaluation (item 9). All SRs have combined and analyzed the results using appropriate 
methods (item 11). One SR29 did not take the risk of bias of the included SRs into account when interpreting the results 
of the SRs (item 13). Only one SR32 adequately evaluated publication bias and discussed its possible impact on study 
results (item 15). In terms of non-critical items, no SR illustrated the reason for the type of study design included (item 3) 
and reported the source of funding for inclusion in the study (item 10). 2 SRs28,32 did not report a potential conflict of 
interest (item 16).

Risk of Bias Evaluation
The findings of the bias risk assessment performed by the ROBIS tool were displayed in Table 4 and Figure 2. In Domain 
1 of Phase 2, all SRs were assessed as uncertain because of the absence of a predetermined protocol (study eligibility 
criteria). Due to lacking a comprehensive database search, all SRs were rated as high risk in the term of Domain 2 of 
Phase 2 (Identification and selection of studies). As for Domain 3 of Phase 2 (Data collection and study appraisal), three 
SRs27,28,30 were rated as low risk. One SR29 was rated as high risk because of using the Jadad scale to assess the risk of 
bias. Two SRs31,32 were rated as unclear because it was also uneasy to judge whether the two reviewers completed the 
RoB assessment process independently. In Domain 4, all SRs were categorized as high risk (synthesis and findings). 

Figure 1 Literature selection procedure.
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Table 2 Basic Characteristics of the Included SRs

Author 
Year Ref

Country Type of 
Included 
Studies

Number 
of RCT/ 
Sample 
Size

Number of 
Search 
Databases 
(English/ 
Chinese)

Intervention Quality 
Assessment 
Tool

Outcome Measures Overall Conclusions

Treatment 
Group

Control Group

Lauche 
201327

Germany RCT 5/252 (6/0) TC AC, NT, SC, AC+HE 
+SA, AC+HE+DA

Cochrane risk 
of bias tool

Short-term and long-term WOMAC 
Pain scale, Short-term and long-term 
WOMAC Physical function scale, Short- 
term and long-term WOMAC stiffness 
scale, Physical QQL, Mental QQL

This systematic review found moderate evidence 
for short-term improvement of pain, physical 
function and stiffness in patients with 
osteoarthritis of the knee practicing Tai Chi. 
Assuming that Tai Chi is at least short-term 
effective and safe it might be preliminarily 
recommended as an adjuvant treatment for 
patients with osteoarthritis of the knee. More high 
quality RCTs are urgently needed to confirm 
these results.

Xie 201528 China RCT 7/367 (4/4) TC HE, NT, HE+SA, HE 
+DA, HM

Cochrane risk 
of bias tool

WOMAC Pain scale, WOMAC Physical 
function scale, WOMAC stiffness scale, 
BA, Physical QQL, Mental QQL, WS, 
BMI, Knee extensor MF, Knee flexor MF

Tai Chi has been shown to improve joint pain, 
joint stiffness, joint function, walking speed and 
physical quality of life in KOA patients, and has 
a good safety profile. However, future 
multicentre, large sample randomized controlled 
studies with extended observation periods are 
needed to provide a more reliable basis for Tai 
Chi in the treatment of KOA.

Chang 
201629

China RCT 11/508 (4/0) TC NT, HE, Interview Jadad score WOMAC pain scale, WOMAC physical 
function scale, WOMAC stiffness scale, 
6MWT, safe, SCT

The review revealed that Tai Chi Chuan had 
beneficial outcomes for patients with knee 
osteoarthritis. The evidence-based results 
represented that it had small-to-moderate effects 
on body functions and structures, activities, and 
participation of physical component. However, 
there was insufficient evidence to support that Tai 
Chi Chuan had beneficial mental effect.

You 202131 China RCT 11/603 (6/0) TC AC Cochrane risk 
of bias tool

6MWT, TUGT, WOMAC Physical 
Function Score

This meta-analysis provided evidence from 11 
RCTs that Tai Chi could be an excellent physical 
training strategy for improving walking function 
and posture control in older adults with knee 
osteoarthritis. Assuming that Tai Chi is at least 
effective and safe in most areas, it can be used as 
an adjuvant and reliable physical training strategy 
for walking function upgrading and balance control 
improvements for older patients with knee 
osteoarthritis.

Hu 202130 China RCT 16/986 (7/2) TC NE, HE, PT, SC, NT Cochrane risk 
of bias tool

WOMAC pain scale, WOMAC physical 
function scale, WOMAC stiffness scale, 
6MWT, TUGT, BA, Physical QQL, 
Mental QQL, Depression, arthritis self- 
efficacy

Tai Chi exercise was beneficial for ameliorating 
physical and mental health of patients with knee 
osteoarthritis and should be available as an 
alternative non-pharmacological therapy in 
rehabilitation programmes.

Wang 202232 China RCT 16/917 (5/1) TC CT, HE, NT, HE+SA,  
CT+ exercise, 
Exercise, Interview

Cochrane risk 
of bias tool

WOMAC pain scale, WOMAC physical 
function scale, WOMAC stiffness scale, 
6MWT, TUGT

Tai chi exercises are effective in improving pain, 
function, stiffness and enhancing exercise capacity 
in KOA patients. Future research should be 
strengthened for further validation of 
methodologies and harmonization of outcome 
indicators, etc.

Abbreviations: AC, attention control; NT, no treatment; SC, standard care; SA, social activities; HE, health education; DA, dietary advices; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; QOL, Quality of 
life; HM, health management; BA, balance ability; WS, walking speed; MF, muscle force; SCT, stair climb test; 6MWT, 6-min walking test; TUGT, time up and go test; NE, no exercise; PT, physical therapy; CT, conventional treatment.
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Table 3 Results of the AMSTAR 2 Tool

Author Year Ref AMSTAR 2 Overall Quality

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16

Lauche 201327 Y N N PY Y Y N Y Y N Y N Y Y N Y Critically low

Xie 201528 Y N N PY Y Y N Y Y N Y Y Y N N N Critically low
Chang 201629 Y N N PY Y Y N Y PY N Y N N N N Y Critically low

You 202131 Y N N PY N Y N Y Y N Y N Y Y N Y Critically low

Hu 202130 Y N N PY Y Y N Y Y N Y N Y N N Y Critically low
Wang 202232 Y N N PY Y Y N Y Y N Y Y Y Y Y N Critically low

Number of Y (%) 6(100) 0(0) 0(0) 0(0) 5(83.7) 6(100) 0(0) 6(100) 5(83.3) 0(0) 6(100) 2(33.3) 5(83.7) 3(50) 1(16.7) 4(66.7)

Notes: Q1: Did the research questions and inclusion criteria for the review include the components of PICO? Q2: Did the report of the review contain an explicit statement that the review methods were established prior to the 
conduct of the review and did the report justify any significant deviations from the protocol? Q3: Did the review authors explain their selection of the study designs for inclusion in the review? Q4: Did the review authors use 
a comprehensive literature search strategy? Q5: Did the review authors perform study selection in duplicate? Q6: Did the review authors perform data extraction in duplicate? Q7: Did the review authors provide a list of excluded 
studies and justify the exclusions? Q8: Did the review authors describe the included studies in adequate detail? Q9: Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were 
included in the review? Q10: Did the review authors report on the sources of funding for the studies included in the review? Q11: If meta-analysis was performed did the review authors use appropriate methods for statistical 
combination of results? Q12: If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or other evidence synthesis? Q13: Did the review authors 
account for RoB in individual studies when interpreting/discussing the results of the review? Q14: Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review? 
Q15: If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the review? Q16: Did the review authors report 
any potential sources of conflict of interest, including any funding they received for conducting the review? 
Abbreviations: Y, Yes; PY, Partially Yes; N, No.
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Whether the data synthesis and analysis methods are determined in advance and followed cannot be judged. There is 
obvious bias in the original research. In addition, all SRs did not mention a predetermined protocol. Finally, all SRs were 
rated as high risk.

Reporting Quality Assessment
The results of the PRISMA statement evaluation were displayed in Table 5. The introductions and discussions of the 6 
SRs were well reported (100%). Nevertheless, some items, including item 2, 6, 7, 10, 11, 13, 14, 15, 16, 20, 24, 25, and 
27, were reported to be insufficient (<50%).

Assessment of Evidence Quality
Table 6 displayed the GRADE evidence quality rating results. There were 42 outcome indicators among the SRs that 
were included. The results showed a total of 38 as critically low quality, 3 as low-quality evidence, only 1 as moderate- 
quality evidence and no high-quality evidence. The most significant evidence downgrading factors were limitations 
(100%), followed by imprecision (92.8%), publication bias (69%), inconsistency (66.7%), and indirectness (0%).

Observation Index and Efficacy Evaluation
The information involved in the SR was summarized, as shown in Table 6.

Table 4 Results of the ROBIS Tool

Author Year Ref Phase 2 Phase 3

1.Study 
Eligibility 
Criteria

2.Identification 
and Selection of 
Studies

3.Data 
Collection and 
Study Appraisal

4.Synthesis 
and Findings

Risk of 
Bias in the 
Review

Lauche 201327 ? ☹ ☺ ☹ ☹
Xie 201528 ? ☹ ☺ ☹ ☹
Chang 201629 ? ☹ ☹ ☹ ☹
You 202131 ? ☹ ? ☹ ☹
Hu 202130 ? ☹ ☺ ☹ ☹
Wang 202232 ? ☹ ? ☹ ☹

Notes: ☺=low risk of bias; ☹=high risk of bias; ?=unclear.

Figure 2 Risk of bias of the included SRs with ROBIS tool.
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Pain Reduction
In fact, 5 SRs27–30,32 reported that Tai Chi could obviously reduce the WOMAC Pain scale. The maximum sample size of 
SR30 included 14 RCTs with 877 samples (SMD −0.69,95% CI −0.95; −0.44). 1 SR27 suggested that Tai Chi had no 
significant effect on the long-term WOMAC Pain scale in relative to the control group (SMD −0.29,95% CI −1.06;0.48).

Physical Function Reduction
In total, 6 SRs27–32 demonstrated that Tai Chi could significantly lower the WOMAC Physical function scale. The 
maximum sample size of SR30 included 13 RCTs with 844 patients (SMD: −0.92; 95% CI: −1.16; −0.69). Meanwhile, 1 
SR27 displayed that Tai Chi had no significant effect on the long-term WOMAC Physical function scale (SMD: −0.33; 
95% CI: −0.95; 0.28).

Table 5 Results of the PRISMA Assessment

Section/Topic Items Lauche 
201327

Xie 
201528

Chang 
201629

You 
202131

Hu 
202130

Wang 
202232

Compliance (%)

Title

1.Title Y Y Y Y Y N 83.3%

Abstract
2.Abstract PY PY PY PY PY PY 0%

Introduction

3.Rationale Y Y Y Y Y Y 100%
4.Objectives Y Y Y Y Y Y 100%

Methods
5.Eligibility criteria Y Y Y Y Y Y 100%

6.Information sources PY PY PY PY PY PY 0%
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Table 6 Results of the GRADE Tool

Author Year 
Ref

Outcomes N/n Pooled Effect Size 95% CI I2% Limitations Inconsistency Indirectness Imprecision Publication 
Bias

Quality of 
Evidence

Lauche 201327 Short-term WOMAC Pain scale 5/215 SMD=−0.72 −1.00, −0.44 0 −1① 0 0 −1③ 0 L

Long-term WOMAC Pain scale 2/73 SMD=−0.29 −1.06, 0.48 62 −1① −2② 0 −1③ 0 CL

Short-term WOMAC Physical 
function scale

5/215 SMD=−0.72 −1.01, −0.44 0 −1① 0 0 −1③ 0 L

Long-term WOMAC Physical 
function scale

2/71 SMD=−0.33 −0.95, 0.28 40 −1① −1② 0 −1③ 0 CL

Short-term WOMAC stiffness 
scale

5/215 SMD=−0.59 −0.99, −0.19 50 −1① −2② 0 −1③ 0 CL

Long-term WOMAC stiffness 
scale

2/71 SMD=0.06 −0.72, 0.83 62 −1① −2② 0 −1③ 0 CL

Physical QQL 2/84 SMD=0.88 0.42, 1.34 0 −1① 0 0 0 0 M

Mental QQL 2/84 SMD=0.35 −0.31, 1.01 54 −1① −2② 0 −1③ 0 CL

Xie 201528 WOMAC Pain scale 6/251 SMD=−0.73 −0.99, −0.14 39 −1① −1② 0 −1③ −1④ CL

WOMAC Physical function scale 6/249 SMD=−0.76 −1.02, −0.50 0 −1① 0 0 −1③ −1④ CL

WOMAC stiffness scale 6/249 SMD=−0.72 −1.24, −0.20 74 −1① −2② 0 −1③ −1④ CL

BA 3/116 SMD=0.42 −0.15, 1.00 58 −1① −2② 0 −1③ −1④ CL

Physical QQL 2/84 SMD=0.39 0.25, 1.16 64 −1① −2② 0 −1③ −1④ CL

Mental QQL 2/84 SMD=0.71 −0.35, 1.14 18 −1① 0 0 −1③ −1④ CL

WS 2/82 SMD=0.57 0.11, 1.02 0 −1① 0 0 −1③ −1④ CL

BMI 2/83 SMD=−0.13 −0.46, 0.21 0 −1① 0 0 −1③ −1④ CL

Knee extensor muscle force 2/99 SMD=0.23 −0.17, 0.63 35 −1① −1② 0 −1③ −1④ CL

Knee flexor muscle force 2/99 SMD=0.40 −0.46, 1.25 75 −1① −2② 0 −1③ −1④ CL

Chang 201629 WOMAC Pain scale 6/250 SMD=−0.41 −0.67, −0.14 80 −1① −2② 0 −1③ −1④ CL

WOMAC Physical function scale 5/207 SMD=−0.16 −0.44, –0.11 41 −1① −1② 0 −1③ −1④ CL

WOMAC stiffness scale 6/250 SMD=−0.20 −0.45, –0.05 59 −1① −2② 0 −1③ −1④ CL

6MWT 3/97 SMD=−0.16 −1.23, –0.90 82 −1① −2② 0 −1③ −1④ CL

Safe 2/134 SMD=−0.63 −0.98, −0.27 99 −1① −2② 0 0 −1④ CL

SCT 2/53 SMD=−0.74 −1.34, −0.15 74 −1① −2② 0 −1③ −1④ CL

You 202131 WOMAC Physical Function Score 8/443 MD=−11.28 −13.33, −9.24 0 −1① 0 0 −1③ −1④ CL

6MWT 5/273 MD=46.67 36.91, 56.43 1 −1① 0 0 −1③ −1④ CL

TUGT 6/306 MD=−0.89 −1.16, −0.61 16 −1① 0 0 −1③ −1④ CL

Hu 202130 WOMAC Pain scale 14/877 SMD=−0.69 −0.95, −0.44 67 −1① −2② 0 −1③ −1④ CL

WOMAC Physical function scale 13/844 SMD=−0.92 −1.16, −0.69 57 −1① −2② 0 −1③ −1④ CL

WOMAC stiffness scale 12/769 SMD=−0.65 −0.98, −0.33 77 −1① −2② 0 −1③ −1④ CL

6MWT 6/426 SMD=0.55 0,10, 0.99 74 −1① −2② 0 −1③ −1④ CL
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TUGT 5/225 SMD=−0.55 −0.82, −0.29 0 −1① 0 0 −1③ −1④ CL

BA 4/175 SMD=0.69 0.38, 0.99 39 −1① −1② 0 −1③ −1④ CL

Physical QQL 5/409 SMD=0.48 0.28, 0.68 24 −1① 0 0 −1③ −1④ CL

Mental QQL 5/409 SMD=0.26 0.06, 0.46 0 −1① 0 0 −1③ −1④ CL

Depression 3/319 SMD=−0.46 −0.68, −0.24 3 −1① −1② 0 0 −1④ CL

Arthritis self-efficacy 4/352 SMD=0.27 0.06, 0.48 44 −1① −1② 0 −1③ −1④ CL

Wang 202232 WOMAC Pain scale 13/NA SMD=−0.84 −1.10 −0.58 64 −1① −2② 0 −1③ 0 CL

WOMAC Physical function scale 13/NA SMD=−0.88 −1.19, −0.57 74 −1① −2② 0 −1③ 0 CL

WOMAC stiffness scale 13/NA SMD=−0.79 −1.09, −0.48 74 −1① −2② 0 −1③ 0 CL

6MWT 6/NA SMD=0.60 0.11, 1.09 76 −1① −2② 0 −1③ 0 CL

TUGT 5/NA SMD=−0.65 −0.91, −0.38 0 −1① 0 0 −1③ 0 L

Notes: ①: The design of the experiment with a large bias in random, distributive hiding or blind; ②: The confidence interval overlaps less, the heterogeneity test P is Critically small, and the I2 is larger;③: Confidence interval is not 
narrow enough;④: Asymmetric funnel plot or fewer studies are included and there may be greater publication bias. 
Abbreviations: CL, critically low; L, low; M, moderate; H, high.
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Stiffness Improvement
Moreover, 5 SRs27–30,32 reported that Tai Chi could significantly reduce the WOMAC stiffness scale. The maximum 
sample size of SR30 included 12 RCTs with 769 patients (SMD: −0.65; 95% CI: −0.98; −0.33). Whereas, 1 SR27 

mentioned that Tai Chi had no significant effect on the long-term WOMAC stiffness scale in relative to the control group 
(SMD: 0.06; 95% CI: −0.72; 0.833).

Quality of Life Improvement
In this aspect, 3 SRs27,28,30 showed that Tai Chi can improve the physical quality of life to a great extent. The maximum 
sample size of SR30 included 5 RCTs with 409 patients (SMD: 0.48; 95% CI: 0.28; 0.68). Besides, 2 SRs27,30 displayed 
that Tai Chi could noticeably enhance mental quality of life. Moreover, 1 SR28 reported that Tai Chi made no significant 
impact on improving mental quality of life (SMD: 0.35; 95% CI: −0.31; 1.01).

Test Outcome
In terms of test outcome, 4 SRs28–32 pointed out a significant improvement on 6-min Walk Test results with Tai Chi. The 
maximum sample size of SR30 included 6 RCTs with 426 patients (SMD 0.55,95% CI 0.10;0.99). Besides, 3 SRs30–32 

reported a significant improvement in the timed up and go test results with Tai Chi. The maximum sample size of SR31 

included 6 RCTs with 306 patients (SMD: −0.89; 95% CI: −1.16; −0.61). Additionally, 2 SRs28,30 showed a significant 
improvement in balance score with Tai Chi. The maximum sample size of SR included 4 RCTs with 175 patients (SMD: 
0.69; 95% CI: 0.38; 0.99). Furthermore, 1 SR29 reported a significant improvement on the stair climb test with Tai Chi 
(SMD: −0.69; 95% CI: −1.34; −0.15), while 1 SR30 suggested that after the intervention of Tai Chi exercise, the 
depression (SMD: −0.46; 95% CI: −0.68; −0.24) and arthritis self-efficacy (SMD: 0.27; 95% CI: 0.06; 0.48) in KOA 
patients are significantly enhanced. In addition, in 1 SR,28 an obvious improvement in walking speed was observed by 
practicing Tai Chi (SMD: 0.57; 95% CI: 0.11; 1.02).

Other Outcomes
Considering other outcomes, 1 SR28 reported that Tai Chi had no significant impact on improving knee flexor muscle 
force (SMD: 0.40; 95% CI: −0.46; 1.25), knee extensor muscle force (SMD: 0.23; 95% CI: −0.17; 0.63), and BMI (SMD: 
−0.13; 95% CI: −0.46; 0.21).

Safety
In 4 SRs,27–30 it was concluded that Tai Chi is a safe therapy for KOA. Besides, 1 SR29 reported that Tai Chi was 
featured with better safety in relative to the control group (SMD: −0.63; 95% CI: −0.98; −0.27), while 3 SRs27,28,30 

mentioned that there were no adverse events related to Tai Chi exercise.

Discussion
Summary of the Main Results
The present study is the first overview of SRs of Tai Chi for KOA. AMSTAR2, PRISMA statement, ROBIS tool, and 
GRADE were adopted to assess methodological quality, reporting quality, risk of bias and quality of evidence to offer 
a foundation for clinical decision-making. The result of the Amstar 2 tool indicated that all SRs are rated as critically low 
quality due to the presence of one and more key items which were not compliant. The result of the PRISMA statement 
was unsatisfactory, while that of the ROBIS tool showed hat all SRs are classified as high risk of bias. Besides, 38 
outcome indicators (90.5%) were critically low quality assessed by the GRADE tool. Although most outcome indicators 
showed benefits of Tai Chi for KOA, the main findings decreased the credibility of Tai Chi for KOA.

Implications for Further Study
AMSTAR2 and PRISMA statement results pose some challenges to SR producers. SR should be registered in advance in 
the PROSPERO platform. Producers should explain any deviations from the protocol at the time of implementation, 
which can increase the rigour of SR, whose producers should set up a comprehensive literature search strategy that does 
not miss the search for gray literature, which can lower publication bias. It is also necessary to provide a list of excluded 
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literature and reasons for exclusion. Producers should illustrate their selection of the study designs for inclusion in the 
review, and researchers should describe the potential sources of funding and conflicts of interest of the original study, 
declare the role of the funder in the research process and increase the transparency of the study. Furthermore, researchers 
should assess the risk of bias in the included literature, and for studies with high heterogeneity, subgroup analysis and 
sensitivity analysis, where necessary, were conducted to explore the sources of heterogeneity and explain the reasons for 
it, to make the combined results more reliable. From this overview, it was found that the original studies in the included 
SR generally had a large heterogeneity of intervention protocols, which could be due to the type of Tai Chi, frequency of 
exercise, the treatment period, etc. Differences in interventions can have a major impact on outcomes. Thus, future 
clinical investigators should adhere to reporting specifications to adequately describe the intervention protocol. Evidence 
users need to consider whether the above factors make an impact on study outcomes and reporting, and do not exclude 
the possibility that the actual trial design and operation met the evaluation criteria, but were not reported, resulting in 
a lower score. The ROBIS tool is more focused on the flaws or limitations in the design, production, and analysis of SRs 
than AMSTAR 2 and PRISMA. AMSTAR 2 evaluation of high-quality literature may also have a high risk of bias 
assessment using ROBIS.33 Therefore, using AMSTAR 2 and PRISMA in combination with ROBIS for the evaluation of 
SRs, both can complement each other and be more comprehensive.

The clinical efficacy of Tai Chi for KOA and the SRs included in this paper demonstrate a positive impact. However, 
the quality of the evidence was unsatisfactory in terms of evaluating the reliability of individual outcome indicators. The 
GRADE quality grading results indicated that the quality of evidence for only one outcome indicator was shown to be 
intermediate, with the rest being low or very low evidence and no high evidence. As a result, the conclusions of the SRs 
may be biased from the true picture and have limited relevance as a guide to clinical practice. As for limitations, they are 
the most downgraded factor, indicating that the original studies included in the SRs were flawed in terms of randomiza
tion, blinding, and concealment. Secondary causes are Imprecision (92.9%), Publication bias (69.0%) and Inconsistency 
(66.7%). The inclusion of relatively few patients and observed events in the original studies resulted in wide confidence 
intervals, reducing the quality of the SR evidence for Tai Chi for KOA. Besides, some of the SRs searched the literature 
incompletely and ignored some unpublished literature with negative outcomes, leading to a large publication bias for 
outcome indicators. In addition, researchers should conduct tests for heterogeneity, but when heterogeneity is high, its 
source should be identified where possible, and subgroup analysis should be carried out for appropriate interpretation and 
discussion based on specific clinical conditions. As secondary studies, the quality of evidence from SRs is directly 
influenced by factors such as the design and implementation of the original study. Methodological training for clinical 
researchers should be strengthened at the source to synchronize and improve the quality of clinical trials. In addition, 
quality analysis and evaluation of primary studies in this field can be performed in the future, focusing on improving the 
quality of clinical primary studies, and also standardizing SR research methods to offer a more scientific and reliable 
basis for evidence-based medicine.

Mechanism of Tai Chi in the Treatment of KOA
Tai Chi can lower pain, relieve joint stiffness, and increase joint mobility in KOA.34–37 Tai Chi activates neuroendocrine 
and autonomic functions, elicits behavioural responses through neurochemical secretion and analgesic pathways, 
modulates the inflammatory response of the immune system and reduces sensitivity to chronic pain.38,39 It has been 
proposed that Tai Chi is a training modality accompanied by neuromuscular control, with a specific gait pattern of 
varying degrees of knee flexibility during the process, prompting a normalization of their abnormal gait and improving 
the symptoms of pain and stiffness in KOA patients.40 The highest knee joint reaction force during Tai Chi training is 
equivalent to 1.2 times the body mass, which is obviously less than the joint reaction force during walking (3–4 times the 
body mass), which shows that Tai Chi exercises are characterized by low impact forces and low loading rates.41,42 This 
feature allows the patient to exercise without causing knee pain due to overload, but also to strengthen the muscles 
around the knee and promote the remodelling of the normal biomechanical mechanisms of the muscles around the knee. 
The primary reason KOA patients seek medical treatment is for painful symptoms. Arthritis discomfort and functional 
restrictions make a negative effect on patients’ quality of life. As a result, in many studies, the improvement of Tai Chi on 
KOA pain has been used as the primary indicator, which affects the generalization of results to some degree. The 
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included literature outcome indicators did not consider recurrence rates, and only 1 SR reported follow-up period effects, 
mainly reporting short-term results and being unable to judge follow-up period efficacy. In addition, only 4 SRs reported 
adverse effects. Therefore, detailed and standardized safety indicators need to be mentioned in SRs of Tai Chi for KOA. 
Based on the available evidence, Tai Chi has great potential to lower KOA pain, relieve joint stiffness and improve joint 
function, while its effectiveness and safety still need to be verified by more high-quality RCTs.

Limitations
The overview was conducted based on a pre-registered protocol, but there are still some limitations. The final number of 
SRs included in this study was small, which may result in bias. In addition, the language of the search was restricted to 
Chinese and English, which may have caused the omission of some documents. The types of studies included here were 
all RCT, which may also result in bias in the results. Some key outcomes, such as the effective rate, cure rate, and visual 
analog scale (VAS), were not reported in the primary studies being analyzed. Our reliance on published studies 
introduces the possibility of selection bias, as we were unable to control for variations in methodologies or data reporting 
among individual studies. This factor could influence the robustness of our synthesized findings. In general, the results of 
this study were highly subjective, and only qualitative analysis was made. Although they passed repeated cross- 
referencing, the subjectivity of the results could not be avoided.

Conclusion
To conclude, Tai Chi may be an effective therapy for the treatment of KOA patients with a good safety profile. However, 
the results of methodological quality, reporting quality, ROB quality and evidentiary quality of the involved research are 
unsatisfactory. It is challenging to provide effective evidence for the formulation of guidelines for KOA treatment. 
Clinicians should be cautious when using this evidence to make clinical decisions. In the future, in terms of original 
research, it is still essential to conduct multi-centre and large-sample randomized controlled trials, improve the trial 
design, control the bias, and establish a unified clinical efficacy index. Besides, for SR producers, they should follow 
strict quality assessment criteria and guidelines to enhance the quality of SRs and to provide a higher level of evidence- 
based medical evidence.
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