
Research Article
Meta-Analysis of Elderly Lower Body Strength: Different Effects of
Tai Chi Exercise on the Knee Joint-Related Muscle Groups

Yuan Yang ,1,2 Jia-hui Li,1 Nan-Jun Xu,1 Wei-Yi Yang ,1 and Jun Liu 1,2

1e Second Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangzhou, China
2Bone and Joint Research Team of Degeneration and Injury, Guangdong Provincial Academy of Chinese Medical Sciences,
Guangzhou, China

Correspondence should be addressed to Wei-Yi Yang; czyangwy@163.com and Jun Liu; gjtb@gzucm.edu.cn

Received 20 August 2021; Accepted 9 November 2021; Published 22 December 2021

Academic Editor: Mozaniel De Oliveira

Copyright © 2021 Yuan Yang et al. /is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Importance. Tai Chi exercise mostly involves muscle fitness with biological, biomechanical, and psychosomatic medicine in elderly
rehabilitation. Increased incidents related to elderly muscle fitness deficiency tend to be an urgent public health issue. However,
there is a controversy on the effects of Tai Chi exercise on muscle fitness, especially the lower body strength of the elderly.
Objective. To determine whether lower body strength such as keen extension and flexion strength may be improved by Tai Chi
exercise in older adults from the perspective of evidence-based medicine.Methods. Databases of PubMed, Embase, and Cochrane
Library were searched up to July 1, 2021. Randomized clinical trials are adopted to compare Tai Chi exercise with sedentary
behavior or other low intensity exercise in terms of influence on lower body strength rehabilitation, especially keen extension and
flexion strength in people aged over 60. A meta-analysis was performed to discuss outcomes of lower body strength, knee muscle
strength, and knee extension/flexion strength. Results. A total of 25 randomized trials involving 1995 participants fulfilled the
inclusion criteria. (1) Tai Chi exercise significantly improved elderly lower body strength (−0.54, [−0.81, −0.28], p< 0.00001,
I2 � 74%), but there was no differential improvement in the strength of the knee joints (0.10, [−0.02, 0.23], p � 0.11, I2 � 34%). (2)
Elderly individual lower body strength declined with age, while this trend was suppressed by Tai Chi exercise (−0.35, [0.14, 0.56],
p � 0.001, I2 � 70%). (3) Although Tai Chi exercise did no significantly improve the large muscle group of knee joint extensor like
quadriceps femoris (3.15, [−0.69, 6.99], p � 0.24, I2 � 26%), it showed marked enhancement to the strength of deep small muscle
group of knee joint flexor (10.25, [6.90, 13.61], p< 0.00001, I2 � 0%). /e heterogeneity might be caused by distinguished
measurements of muscle strength. /erefore, Tai Chi exercise specifically enhanced some certain muscle strength of knee joints
and improved muscle fitness rehabilitation as well as function activity for elderly. Conclusions. In this RCTmeta-analysis, Tai Chi
exercise has positive effects on lower body strength of elderly. Although no obvious improvement on the knee extensor is
observed, it may be used as a rehabilitation treatment for training stable deep muscle groups to improve the knee flexion
strength significantly.

1. Introduction

Tai Chi exercise is considered of high clinical value to re-
habilitation of diseases. Combined with the latest research in
bioinformatics and health informatics, it mostly involves the
biological, biomechanical, and psychosomatic medicine in
the elderly healthy research [1]. Classically, deficiency in
lower muscle fitness in elderly individuals makes them
vulnerable to muscle fatigue, mobility disorder, and physical
injury [2]. However, whether Tai Chi can improve elderly

muscular strength is still controversial. Experts hold dis-
tinguished attitudes towards the effects of Tai Chi exercise on
lower body strength of the elderly. /e argument focuses
mainly on the following aspects: (1) Is it possible that the
external force stimulation of Tai Chi actions causes changes
of “functional adaptability” to bone tissue or muscular
strength? (2) Is physiological mechanism of Tai Chi, com-
pared with other physical activities, characteristically con-
centrated on its energy efficiency of local bone and lower
body muscle tissue? (3) Do prescription factors such as the
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duration or frequency of Tai Chi exercise affect the function
on lower body muscle strength or not?

As a low-moderate intensity traditional exercise, Tai Chi
is likely to prevent falls and enhance walking ability of el-
derly. A meta-analysis [3] shows persuasive evidence of
improved exercise ability such as balance, movement, gait
speed, and muscle fitness of elderly life. Zhou et al. [4, 5]
believe that Tai Chi effectively postpones the decline of
muscle strength caused by aging, and there was a significant
improvement in lower body muscle strength for elder Tai
Chi practitioners. Yang and Liu [6] collected 66 studies and
found that Tai Chi may improve health fitness indicators of
middle-aged and elderly people. Research of multiple
sclerosis patients [7, 8] shows that Tai Chi has a positive
regulatory effect on balance, coordination ability, walking
ability, and muscle fitness. It also emphasizes that the im-
provement on lower body muscle strength by Tai Chi is
related to the adjustment of knee joint strength and range of
motion. Another meta-analysis [9] of 31 studies points out
that Tai Chi improves muscle strength and reduce the risk of
falls by enhancing the elderly’s cardiopulmonary function,
immune capacity, mental control, flexibility, and balance
control.

However, other reports confirm that Tai Chi mainly
improves muscle flexibility, dynamic balance, and joint
stiffness rather than muscle strength or endurance [10, 11].
For example, the New Tai Chi Rehabilitation Program
[12, 13] is shown to have no significant effect on the lower
body strength of female elderly patients with knee osteo-
arthritis. Song et al. [14] also argue that there is no significant
difference in knee joint strength of elderly women with
osteoarthritis after 12 weeks of 12-form Sun style Tai Chi
exercise. Since Tai Chi exercise relies heavily on horse stance
or single leg, knee joints are in a state of weight bearing for a
long time. Practitioners with insufficient lower body muscle
strength are highly likely to suffer from severe strain in their
own knee joints and lower limb muscles, which harms
patients’ rehabilitation [15].

In summary, the effect of Tai Chi exercise on the lower
body strength is inconsistent in different research works.
/ese conclusions cannot be supported or proved as sys-
tematic and medical evidence. Consequently, whether Tai
Chi exercise can improve muscle strength in the elderly
needs further research from the perspective of physical
fitness. Here, we analyzed the related literature in recent
years to explain the influence of Tai Chi on the lower body
strength of the elderly, which may provide scientific guide
and practical reference for health promotion.

2. Methods

Our meta-analysis was performed according to the
Cochrane Handbook.

2.1. Search Trials. We searched the databases of PubMed,
Embase, and Cochrane Library up to July 1, 2021. /e
keywords of “Tai Chi,” “muscular strength,” “keen exten-
sion,” and “keen flexion” were used to identify published

systematic reviews or meta-analyses evaluating the associ-
ation between Tai Chi exercise and the change of lower body
strength, keen extension, and flexion strength. Searching
strategy for this meta-analysis is available in 3.1. /e lan-
guage was restricted to English, and the search was restricted
to systematic reviews or meta-analyses published from
January 1, 2000, to July 1, 2021. We identified original
randomized clinical trials (RCTs) included in the systematic
reviews or meta-analyses.

2.2. Inclusion Criteria. Inclusion criteria were as follows: (1)
All studies were RCTs including keywords such as “ran-
dom,” “randomized,” and “control.” (2) Trials enrolled
adults older than 60 years without limitation to their gender,
race, or health condition. (3) Intervention measure of the
experimental group is Tai Chi exercise without limitation to
style, learning methods, or training sites. For the control
group, the intervention measures were none, low intensity
exercise, routine treatment, health education, routine ex-
ercise, etc. (4) Trials provided data of quadriceps femoris and
other lower body muscles strength. (5) All articles are in
English. Exclusion criteria were as follows: (1) randomized
trials without a control group; (2) repeated publication
literature; (3) ambiguous results or data and failure to
contact the author; (4) unavailable full text; (5) reviews,
animal experiments, conference abstracts, case reports, etc.

2.3. Risk of Bias Assessments. According to the Cochrane
Collaboration Network, the bias in each trial was evaluated
by 7 items as follows: the randomization sequence gener-
ation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias. We de-
fined other bias as trials of muscle strength measured by
unauthorized methods and trials in which baseline char-
acteristics were not similar between different intervention
groups.

2.4. Data Extraction. Two researchers (Yuan Yang, Jia-hui
Li) independently extracted the following information from
each study: lead author; publication year; country of origin;
participant characteristics; type, time, and intensity of Tai
Chi exercise; interventions of control group; baseline of
lower body strength; and trial duration. Disagreements were
resolved by consensus. If the trials had more than 2 groups
or factorial designs and permitted multiple comparisons, we
extracted only the information and data of interest reported
in the original articles. If a meta-analysis provided data that
we did not retrieve, we extracted those fracture data from
forest plots of the meta-analysis and reviewed original ar-
ticles to confirmwhether the trials met our inclusion criteria.
When those data were our outcomes of interest, we pooled
them with the data from primary trials.

/e lower body strength of participants was the primary
outcome because lower body strength might lead to more
serious consequences than other elderly muscle strength.
/e secondary outcomes were the knee muscle strength,
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keen extension, and flexion strength. Knee muscle strength
was defined as total knee joints muscles when they occurred
at all sites or when trials did not describe the types of muscles
in detail. If a trial only reported the strength of participants
with certain type of muscles, such as keen extension and
flexion strength, we did not consider it to be knee muscle
strength.

2.5. Statistical Analysis. In this study, RevMan 5.3 software
(provided by Cochrane Collaboration Network) was used
for data analysis. Mean ± SD were used to process the
included data obtained by the same measurement method.
Standard mean difference (SMD) and 95% confidence
interval (95% CI) were used to process the data obtained
by different methods of measurement or units. Estimates
for HRs were weighted by ANOVA variance and com-
puted by random effects modeling. Statistical heteroge-
neity was assessed using I2 statistics. /e appropriate
effect model for the research indicators was selected, the
combined effect statistics were analyzed, and then the
forest plot was drawn. /e risk of publication bias was
assessed by the funnel plot.

Solutions to heterogeneity in this analysis process are as
follows: firstly, checking the original data and confirming
that the fixed effect model converts into a random effect
model with high heterogeneity; then, removing the original
data items one by one or excluding the lower quality lit-
erature for sensitivity analysis to find the possible source of
heterogeneity; lastly, carrying out subgroup analysis
according to different muscle strength measurement
methods and different parts of muscle strength index.

3. Results

3.1. Retrieved Studies. As shown in Figure 1, 252 unrepeated
articles were reviewed according to the searching strategy
(searching strategy: PubMed [“tai ji” OR “t’ai ji” OR “tai chi”
OR “t’ai chi” OR “tai chi chuan” AND (“muscular strength”
OR “muscular endurance” or “flexibility”)] (142 articles)/
Embase [(“tai ji”/exp OR “tai ji” OR “tai chi”/exp OR “tai chi”
OR “tai chi chuan”/exp OR “tai chi chuan”) AND (“muscular
strength”/exp OR “muscular strength” OR “muscular en-
durance” OR “flexibility”/exp OR “flexibility”) (172 articles)/
manual retrieval with the articles closely related]). Titles and
abstracts of these records were screened for inclusion, and
154 articles which had nothing to do with the outcomes of
this study were excluded. Full texts of 98 records were read,
and 64 articles were deleted. Among these articles, 19 did not
have their data collected by persuasive test (30 s chair stand
test/heel rise test/spring gauge test), 30 mostly mentioned
grip strength or upper body strength, and 15 did not meet
the age of >60. 10 of the remaining 35 readings were not
analyzed with baseline or control data. Four articles have
missing data (Day et al. [16] with incomplete data of quad
strength and no significant difference between left and right
knee, Guo et al. [17] with incomplete baseline data of
quadriceps extensors and hamstring flexor, Wolf et al. [18]
with no data of limited changes of lower body strength, and

Zhang et al. [19] with incomplete data of lower body
strength). 21 RCTs with complete data were included for
further analysis from the final 25 trials.

3.2. Characteristics of Included Studies. /e relevant char-
acteristics of 25 articles were listed according to the pub-
lication time sequence, as shown in Table 1, including 4
articles that did not carry out meta-analyses but included
systematic reviews.Most trials did not group the participants
by sex, and only a few focused on older women [14, 20–22].
All the training programs of Tai Chi exercise were set at
≥20min, ≥2 days/week, and ≥6 weeks, most of which were
set at 60min/day and 2–4 days/week. In addition, the control
group did sedentary or other low intensity exercise such as
stretching and walking. /ree methods (30 s chair stand test,
spring gauge test, and isokinetic dynamometer test) were
mentioned to detect muscle strength, which might be one of
the factors evaluating the outcome indicators.

3.3. Outcomes of Literature Quality Assessment. Figure 2
shows the assessment of the risk of bias. All studies were
randomized. In addition, since this study mainly discussed
the intervention effect of Tai Chi, which is a relatively
popular traditional exercise in China, among the documents
included in this searching, there are 12 trials fromChina.We
have sorted out the main information for reference in Ta-
ble 1. According to the risk assessment shown in Section 2.3,
literature quality of these trials was evaluated and divided
into three levels: “low risk,” “unclear,” and “high risk.” As
shown in Figure 2, 20 trials described an adequate random
sequence generation process, while other literature (Kasim
et al. [23], Day et al. [16], Li et al. [5], Huang and Lin [24])
did not specify the random allocation method. As the in-
tervention approach was Tai Chi exercise, it was difficult to
achieve double-blind trials, so the risk bias of the whole
assessment was high. While 17 trials described the methods
used for allocation concealment, 5 trials (Audette et al. [22],
Choi et al. [25], Guo et al. [17], Buto and Li [3], song et al.
[14]) had incomplete outcome indicators with missing data
of baseline testing or postintervention testing. In addition,
there are unspecific descriptions of the withdrawal and
missing visits in the trials (Day et al. [16], Woo et al. [26],
Wolf et al. [18], Guo et al. [17], Li et al. [5], Song et al. [14],
Xu et al. [20], Yip et al. [27]). To sum up, 4 trials (Day et al.
[16],Wolf et al. [18], Xu et al. [20], Yip et al. [27]) were of low
quality, 6 trials (Liu et al. [28], Song et al. [21], Sungkarat
et al. [29], Taylor et al. [30], Woo et al. [26], Zhuang et al.
[31]) were of high quality, and the others were of moderate
quality.

3.4. Tai Chi Exercise and Lower Body Strength Risk

3.4.1. Analysis of the Effects before and after Tai Chi Exercise
on Lower Body Strength. Excluding 5 trials without baseline
data and 5 with incomplete data about the effect after Tai Chi
exercise, we analyzed a total of 14 distinguished studies to
compare the effect before and after Tai Chi exercise on lower
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body strength. /ere was statistically significant improve-
ment in lower body strength after Tai Chi exercise with high
heterogeneity by a fixed effect model. Random effect model
was then adopted for analysis, and there was still highly
heterogeneity in this sequence (−0.54, 95% CI [−0.81, −0.28],
p< 0.00001, I2 � 74%) in Figure 3(a). Sensitivity analysis and
subgroup analysis were then used to evaluate the following:

(1) /e method of sequential exclusion from the analysis
was used to evaluate whether it had an impact on the
heterogeneity and outcome index. As shown in Table 2, after
removing each trial in turn, the heterogeneity was still large
(p< 0.001, I2> 60%), which suggested that the source was
not from one certain trial. (2) /ree papers which may have
publication bias were excluded (Liu et al. [28], Song et al.
[32], Zhang et al. [19]) after being checked by funnel plot
analysis as indicated in Figure 3(b). It was shown in

Appendix S1 that the heterogeneity was decreased signifi-
cantly (p � 0.85, I2 � 0%). However, 2 papers (Liu et al. [28],
Zhang et al. [19]) were evaluated with high quality, which
might arouse doubts about the weight of publication bias. (3)
As distinguished methods might contribute to the factor of
great heterogeneity in Figure 3(a), subgroup analysis was
carried out according to the methods of common 30 s chair
stand test and other tests. After checking the 14 included
trials, 8 studies were using the 30 s chair stand test method.
As shown in Figures 4(a) and 4(b), based on the random
effect model analysis, the trend was consistent with
Figure 3(a), while it was suggested that the use of different
methods (I2 � 81%, p � 0.01; I2 � 77%, p � 0.003) was sup-
posed to be one of the reasons for the great heterogeneity.

To sum up, there was a significant difference in lower
body strength before and after Tai Chi exercise, especially in

Records identified through database searching
MEDLINE (n = 142)
EMBASE (n = 172)
Hand-searching (n = 9)

Records a�er duplicates
removed (n = 252)

Records excluded
a�er screening titles/abstracts (n = 154)

Potentially-relevant studies retrieved for
evaluation of full text (n = 98)

Full-text articles assessed for eligibility
 (n = 35)

Studies included in qualitative
synthesis
 (n = 25)

Records excluded with missing data (n = 4)
Zhang 2021;Day 2012;Guo 2014;Wolf

2003

Full-text articles excluded without
baseline (n = 10)

Records excluded a�er evaluation of full text (n = 64)
lower body strength was not outcome (n = 30)
Not 30s chair stand test/The Heel-Rise test/The spring
gauge test (n = 19)
Sample age<60 years old (n = 15)

Studies included in quantitative
synthesis (meta-analysis)

 (n = 21)

Figure 1: Study flow diagram of Tai Chi intervention on elderly muscular strength.
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Table 1: Study characteristics of the 25 included RCTs.

Study Objects, y

Num.
(pre/post) Training program

Control Assessment
methods Outcomes

Tai
Chi Control Intervention Frequency

Zhang et al. [19] Elderly, ≥60 18 18 Tai Chi 16w — — Knee flexion/
extension

Kasim et al. [23] Elderly, 65∼75 11 10 Tai Chi 60min/time,
3 times/w, 12w

Zumba
Gold

30 s chair stand
test

Lower body
strength

Adcock et al. [39] Elderly, ≥65 18/15 19/16

Home training
including Tai
Chi-inspired
exercises

30–40min/
time, 3 times/w,

16w
— 30 s chair stand

test
Lower body
strength

Sungkarat et al.
[29]

Amnestic mild
cognitive

impairment, ≥60
33 33 Tai Chi 50min/time,

3 times/w, 15w — Spring gauge test
Knee

extension
strength

Takeshima et al.
[40] Elderly, 67–79 35 34 Tai Chi

60min/day, 2
days/week,

12w
— 30 s chair stand

test
Lower body
strength

Noradechanunt
et al. [41] Elderly, ≥60 13 13 Tai Chi 90min/time,

2 times/w, 12w — 30 s chair stand
test

Lower body
strength

Huang and Lin
[24] Elderly 48 47 Tai Chi — —

30 s chair stand
test/manual
muscle tester

Lower body
strength/keen
extension
strength

Xu et al. [20] Obese elderly
women, ≥60 29 9

Tai Chi plus a
behavioral
weight loss
program

45min/day, 2
days/week,

16w
— Manual muscle

dynamometer
Knee extensor

torque

Guo et al. [17] Elderly 16 9 Tai Chi — —
Isokinetic

dynamometer
test

Knee flexion/
extension

Song et al. [32] Elderly women 31 30 Tai Chi
40min/day, 6
days/week,

12m
Walking

Isokinetic
dynamometer

test

Knee
extension
strength

Zhuang et al. [31] Elderly, 60–80 22 28

Combined
exercise

including 8-form
Yang style Tai

Chi

60min/day, 3
days/week,

16w
—

30 s chair stand
test/isokinetic
dynamometer

test

Knee flexor
extensors

Day et al. [16]
Preclinically

disabled elderly,
≥70

171 190 Modified Sun
style Tai Chi

60min/day, 2
days/week,

24w
—

30 s chair stand
test/spring gauge

test

Lower body
strength/quad

strength

Day et al. [16] Parkinson
elderly 65 65 Tai Chi

60min/day, 2
days/week,

24w
Stretching

Isokinetic
dynamometer

test

Knee
extensors and

flexors

Liu et al. [28] Elderly, 60–85 15 17 Tai Chi
45min/day, 2
days/week,

16w
— Biodex System 3

dynamometer

Plantar flexion
and

dorsiflexion

Taylor et al. [30] Community
residing elderly 220 231

Modified 10-
form Sun style

Tai Chi

60min/day, 2
days/week,

20w

Low-level
exercise

30 s chair stand
test

Lower limb
strength

Song et al. [21] OA elderly
women 30 35 Tai Chi

55–65min/w
with

instructors,
20min/day/w
by self, 6m

—
Isokinetic

dynamometer
test

Knee flexor/
extensor

Li et al. [5]
Community-
based elderly,
≥60

22 18 24-form Tai Chi

60min/time,
4 times/w, 6w;
60min/day/w,

10w

—
Isokinetic

dynamometer
test

Knee flexion/
extension
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Table 1: Continued.

Study Objects, y

Num.
(pre/post) Training program

Control Assessment
methods Outcomes

Tai
Chi Control Intervention Frequency

Frye et al. [42] Elderly 31/23 23/21 Tai Chi 60min/time,
3 times/w, 12w — 30 s chair stand

test
Lower body
strength

Buto et al. [3] Community-
dwelling seniors 11 9 24-form Yang

style Tai Chi
60min/time,
1 time/w, 12m — Heel rise test Lower limbs

strength

Woo et al. [26]
Community-
based Elderly,

65–74
30 30/29

Yang style with
24 forms of Tai

Chi (TC)
3 times/w, 12m A quadriceps

device
Strength of
quadriceps

Audette et al.
[22]

Elderly women,
≥65 11 8 Tai Chi 60min/time,

3 times/w, 12w
Brisk

walking
A BTE work
simulator

Knee extensor
strength

Choi et al. [25] Fall-prone
elderly 29 30 12 forms of Sun

style Tai Chi
35min/time,

3 times/w, 12w — Manual muscle
tester

Knees
extension and

flexion

Yip et al. [27] Osteoarthritis
elderly 21 16

Arthritis self-
management
program

including Tai Chi

120min/time,
6 times/w, 16w — A score of “5”

assessment

Hamstring
strength/
quadriceps
strength

Song et al. [14] OA elderly
women 22 21 12 forms of Sun

style Tai Chi

20min/time,
≥3 times/w,

12w
—

Isokinetic
dynamometer

teat

Knee muscle
strength

Wolf et al. [18] Community-
based elderly 72 64 Tai Chi and

balance training 15w —
Nicholas MMT
0116 muscle

tester

Hip, knee, or
ankle strength
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Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
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Other bias

Low risk of bias
Unclear risk of bias
High risk of bias

0% 25% 50% 75% 100%

Figure 2: Risk of bias graph. We reviewed authors’ judgements about each risk of bias item presented as percentages across all included
studies. We defined other bias as trials of muscle strength measured by unauthorized methods and trials in which baseline characteristics
were not similar between different intervention groups.
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Adcock 2019 13.9075 3.6805 15 13.9075 2.0447 6.1 0.00 [–0.72, 0.72]15
Frye 2007 12.4 3.93 31 13.8 4.47 7.5 –0.33 [–0.87, 0.21]23
Kasim 2020 13.5 2.8 11 15.9 4.4 5.1 –0.63 [–1.49, 0.23]11
Li 2007 68 35 11 63 33 5.3 0.1 4 [–0.70, 0.98]11
Li 2012 47.2 29.8007 65 56.7 35.9394 9.2 –0.29 [–0.63, 0.06]65
Lin 2015 18.2 3.9 48 19.7 4.3 8.7 –0.36 [–0.77, 0.04]48
Liu 2012 49.48 6.8626 15 60.34 7.2075 5.4 –1.50 [–2.33, –0.68]15
Noradechanunt 2016 14.6 3.5 13 15.7 2.1 5.7 –0.37 [–1.15, 0.41]13
Song 2010 171.3 72.9501 30 181 75.4589 7.8 –0.13 [–0.64, 0.38]30
Song 2014 179.35 29.01 31 225.79 27.92 7.2 –1.61 [–2.19, –1.03]31
Sungkaral 2017 26.7 5.9 33 30.3 6 7.9 –0.60 [–1.09, –0.10]33
Takeshima 2017 32.4 4.6 25 32.5 4.7 7.4 –0.02 [–0.58, 0.53]25
Taylor 2012 11 3.5 220 12.3 3.7 10.3 –0.36 [–0.55, –0.17]220
Zhuang 2014 17.52 4.71 28 27.16 5.08 6.3 –1.95 [–2.63, –1.26]22

Total (95% CI) 576 562 100.0 –0.54 [–0.81, –0.28]
Heterogeneity: tau2 = 0.17; chi2 = 50.00, df = 13 (P < 0.00001); I2 = 74%
Test for overall effect: Z = 3.99 (P < 0.0001)

Favours Post-Taichi
–2 –1 0 1 2

Favours Pre-Taichi

Study or Subgroup
Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference

IV, Random, 95% CI

Pre–Taichi exercise

Mean SD Total

Post–Taichi exercise

Mean SD Total
Weight (%)

(a)

0
SE(SMD)

SMD

0.1

0.2

0.3

0.4

0.5
–2 –1 0 1 2

(b)

Adcock 2019 0 4.2103 15 –1.181 6.8968 4.2 0.20 [–0.51 , 0.91]16
Audette 2006 8.17 8.0619 11 2.95 9.5825 3.1 0.57 [–0.36, 1.51]8
Choi 2005 5.35 3.24 29 2.09 4.71 5.4 0.79 [0.26, 1.32]30
Frye 2007 1.4 5.6073 23 0.6 4.7975 4.9 0.15 [–0.44, 0.74]21
Kasim 2020 2.4 5.2154 11 3.1 7.2862 3.5 –0.11 [–0.96, 0.75]10
Li 2007 –5 48.104 11 –13 67.683 3.3 0.13 [–0. 75, 1.02]9
Li 2009 10.665 13.7764 22 6.94 14.4898 4.7 0.26 [–0.37, 0.88]18
Li 2012 9.5 46.6877 65 –1.05 44.3061 6.7 0.23 [–0.11, 0.58]65
Lin 2015 1.5 5.8051 48 0.8 7.2862 6.3 0.11 [–0.30, 0.51]47
Liu 2012 10.86 9.952 15 –2.34 5.1452 3.6 1.66 [0.84, 2.47]17
Noradechanunt 2016 1.1 4.0818 13 0.3 5.8727 3.9 0.15 [–0.62, 0.92]13
Song 2003 6.75 8.9 22 4.25 6.6 4.9 0.31 [–0.29, 0.91]21
Song 2010 9.7 104.9562 30 3.15 99.4114 5.7 0.06 [–0.42, 0.55]35
Song 2014 46.44 40.2627 31 26.61 82.3282 5.5 0.30 [–0.20, 0.81]30
Sungkarat 2017 3.6 8.4146 33 1.3 7.7465 5.7 0.28 [–0.20, 0. 77]33
Takeshima 2017 0.1 7.7814 35 0.5 9.2578 5.8 –0.05 [–0.52, 0.43]34
Taylor 2012 1.3 5.0934 220 1.3 5.163 7.7 0.00 [–0.18, 0.18]231
Woo 2007 1.6428 4.1755 58 2.0792 0.8035 6.6 –0.14 [–0.51, 0.22]59
Yip 2004 1.24 1.2587 21 0.125 1.0361 4.4 0.93 [0.25, 1.62]16
Zhuang 2014 9.64 5.0802 22 –0.05 3.54 4.2 2.23 [1.51, 2.95]28

Total (95% CI) 735 741 100.0 0.35 [0.14, 0.56]
Heterogeneity: tau2 = 0.14; chi2 = 62.92, df = 19 (P < 0.00001); I2 = 70%
Test for overall effect: Z = 3.27 (P = 0.001)
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Figure 3: Continued.
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Figure 3: Forest plot of total data comparison. (a) Outcome of lower body strength before and after Tai Chi exercise. (b) Funnel plot of lower
body strength before and after Tai Chi exercise. (c) Outcome of lower body strength in Tai Chi and control groups. (d) Funnel plot of lower
body strength in Tai Chi and control groups.

Table 2: Sensitivity analysis of lower body strength before and after Tai Chi exercise.

Study excluded SMD 95%
CI I2 (%) p

(heterogeneity)
Adcock et al., 2019 −0.58 −0.86, −0.30 75 <0.00001
Frye et al., 2007 −0.56 −0.85, −0.28 76 <0.00001
Kasim et al., 2020 −0.54 −0.82, −0.26 76 <0.00001
Buto et al., 2007 −0.58 −0.86, −0.31 75 <0.00001
Li et al., 2012 −0.57 −0.87, −0.28 76 <0.00001
Huang and Lin, 2015 −0.56 −0.86, −0.27 76 <0.00001
Liu et al., 2012 −0.49 −0.75, −0.23 72 <0.0001
Noradechanunt et al., 2016 −0.56 −0.84, −0.28 76 <0.00001
Song et al., 2010 −0.58 −0.87, −0.30 75 <0.00001
Song et al., 2014 −0.45 −0.69, −0.21 64 0.0008
Sungkarat et al., 2017 −0.54 −0.83, −0.25 76 <0.00001
Takeshima et al., 2017 −0.59 −0.87, −0.31 75 <0.00001
Taylor et al., 2012 −0.57 −0.90, −0.25 75 <0.00001
Zhuang et al., 2014 −0.67, −0.22 −0.67, −0.22 61 0.002

Adcock 2019 13.9075 3.6805 15 13.9075 2.0447 12.7 0.00 [–2.13, 2.13]15
Frye 2007 12.4 3.93 31 13.8 4.47 12.2 –1.40 [–3.69, 0.89]23
Kasim 2020 13.5 2.8 11 15.9 4.4 10.0 –2.40 [–5.48, 0.68]11
Lin 2015 18.2 3.9 48 19.7 4.3 14.1 –1.50 [–3.14, 0.14]48
Noradechanunt 2016 14.6 3.5 13 15.7 2.1 12.4 –1 .10 [–3.32. 1 12]13
Takeshima 2017 32.4 4.6 25 32.5 4.7 11.4 –0.10 [–2.68, 2.48]25
Taylor 2012 11 3.5 220 12.3 3.7 16.2 –1.30 [–1.97, –0.63]220
Zhuang 2014 17.52 4.71 28 27.16 5.08 10.9 –9.64 [–12.39, –6.89]22

Total (95% CI) 391 377 100.0 –2.04 [–3.58, –0.49]
Heterogeneity: tau2 = 3.73; chi2 = 37.54, df = 7 (P < 0.00001); I2 = 81%
Test for overall effect: Z = 2.58 (P = 0.010)
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Figure 4: Continued.
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the research of Liu et al. [28], Song et al. [32], and Zhang
et al. [19]. Even though there was great heterogeneity among
these 14 trials, mainly caused by publication bias analysis
and subgroup analysis, the same results were obtained.
Namely, Tai Chi exercise clearly increases the lower body
strength of the elderly.

3.4.2. Analysis of the Comparison of Tai Chi Exercise Group
and Control Group in Enhancing Lower Body Strength.
Excluding 4 studies with incomplete data, we included a total
of 20 articles in the meta-analysis. As shown in Figure 3(c),
there was a statistically significant difference in lower body
strength between Tai Chi exercise and control group
(SMD� −0.35, 95% CI [0.14, 0.56], p � 0.001). Random
effect model was adopted for analysis, and there was great
heterogeneity in this sequence (p< 0.00001, I2 � 70%).
Sensitivity analysis and subgroup analysis were also used to
evaluate the potential sources of heterogeneity and the
stability of the results: (1) /e method of sequential ex-
clusion from the analysis was used to evaluate whether it had
an impact on the heterogeneity and outcome index. As
shown in Table 3, after removing each trial, the heterogeneity
was decreased (p � 0.02, I2 � 44%), which suggested that the
trial of Zhuang et al. [31] was probably one factor of high
heterogeneity from the analysis. (2) As is seen in Figure 3(d),
besides the trial of Zhuang et al. [31], we excluded the other
trial that might also have publication bias (Liu et al. [28]).
Heterogeneity decreased significantly (p � 0.34, I2 �10%) in
Appendix S2, which suggested that the source of the greater
heterogeneity in Figure 3(c) might be related to the publi-
cation bias. However, these 2 trials were evaluated with high
quality, which revealed that Tai Chi exercise, compared to
sedentary or low intensity exercise, indeed increased the
lower body strength of the elderly. /erefore, the results of
this study are relatively stable. (3) Subgroup analysis was
carried out according to the methods of common 30 s chair
stand test and other tests. A total of 8 articles with the 30 s
chair stand test method and 12 articles with other test
methods are included in Figures 5(a) and 5(b). /e trend of
the first subgroup (p � 0.22) was inconsistent with the trend
in Figure 3(c). It was suggested that 30 s chair stand test

method (p< 0.00001, I2 � 86%) wasmore likely related to the
great heterogeneity in this analysis.

To sum up, there was a significant difference in lower
body strength with Tai Chi exercise, especially in the re-
search of Zhuang et al. [31] and Liu et al. [28] which
contributed vital weight but high heterogeneity to the
conclusion. It revealed that the significant effects of Tai Chi
exercise compared with control group should be recon-
sidered with high heterogeneity by containing measure-
ments such as 30 s chair stand test.

3.5. Tai Chi Exercise and Knee Muscle Strength Risk

3.5.1. Analysis of Tai Chi Exercise/Control Group in Knee
Muscle Strength. As the effect of Tai Chi is different on
different joint muscles, the results of high heterogeneity
should be discussed in terms of subgroup analysis of
mainly functioning muscle groups. A total of 13 studies
were included in the subgroup analysis between Tai Chi
exercise and control group in knee muscle strength in
Figure 6(a). It was suggested that the knee muscle strength
of elderly individuals with Tai Chi exercise is significantly
higher than that of the control group (p � 0.0008).
Meanwhile, there was great heterogeneity (p< 0.00001,
I2 � 76%) in this analysis, which was probably caused by
the difference in sample size, measurement, and publi-
cation bias. We excluded 1 trial which had obvious
publication bias (Zhuang et al. [31]) according to funnel
plot analysis in Appendix S3 and showed no significant
improvement to knee strength in Tai Chi exercise group
compared with control group (0.10, [−0.02, 0.23],
p � 0.11). /e decreased heterogeneity (p � 0.11,
I2 � 34%) indicated that the source of greater heteroge-
neity might be related to different outcomes of muscle
groups. While Choi et al. [25], Yip et al. [27], and Zhuang
et al. [31] pointed out that Tai Chi exercise evidently
improved knee muscle strength compared with the
control group, other included studies proved that there
was no statistical difference. To sum up, Tai Chi exercise
showed no significant improvement on knee muscle
strength after decreasing the high heterogeneity.

Li 2007 68 35 11 63 33 11.1 0.14 [–0.70, 0.98]11
Li 2012 47.2 29.8007 65 56.7 35.9394 17.3 –0.29 [–0.63, 0.06]65
Liu 2012 49.48 6.8626 15 60.34 7.2075 11.2 –1.50 [–2.33, –0.68]15
Song 2010 171.3 72.9501 30 181 75.4589 15.3 –0.13 [–0.64, 0.38]30
Song 2014 179.35 29.01 31 225.79 27.92 14.3 –1.61 [–2.19, –1.03]31
Sungkaral 2017 26.7 5.9 33 30.3 6 15.4 –0.60 [–1.09, –0.10]33
Sungkaral 2017 26.7 5.9 33 30.3 6 15.4 –0.60 [–1.09, –0.10]33

Total (95% Cl) 218 218 100.0 –0.64 [–1.06, –0.21]
Heterogeneity: tau2 = 0.24; chi2 = 25.66, df = 6 (P = 0.0003); I2 = 77%
Test for overall effect: Z = 2.95 (P = 0.003)
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(b)

Figure 4: Forest plot of comparison. Subgroup outcome of forest plot in Figure 3(a). (a) 30 s chair stand test method. (b) Other test methods.
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Adcock 2019 0 4.2103 15 –1.181 6.8968 11.6 1.18 [–2.81, 5.18]16
Frye 2007 1.4 5.6073 23 0.6 4.7975 13.0 0.80 [–2.28, 3.88]21
Kasim 2020 2.4 5.2154 11 3.1 7.2862 9.4 –0.70 [–6.17, 4.77]10
Lin 2015 1.5 5.8051 48 0.8 7.2862 13.6 0.70 [–1.95, 3.35]47
Noradechanunt 2016 1.1 4.0818 13 0.3 5.8727 11.7 0.80 [–3.09, 4.69]13
Takeshima 2017 0.1 7.7814 35 0.5 9.2578 11.5 –0.40 [–4.44, 3.64]34
Taylor 2012 1.3 5.0934 220 1.3 5.163 15.4 0.00 [–0.95, 0.95]231
Zhuang 2014 9.64 5.0802 22 –0.05 3.54 13.8 9.69 [7.19. 12.19]28

Total (95% CI) 387 400 100.0 1.65 [–1.00, 4.31]
Heterogeneity: tau2 = 11.72; chi2 = 51.79, df = 7 (P < 0.00001); I2 = 86%
Test for overall effect: Z = 1.22 (P = 22)
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Favours [Tai Chi]

Study or Subgroup
Mean Difference

IV, Random, 95% CI

Mean Difference

IV, Random, 95% CI

Tai Chi

Mean SD Total

Control

Mean SD Total
Weight (%)

(a)

Audette 2006 8.17 8.0619 11 2.95 9.5825 4.7 0.57 [–0.36, 1.51]8
Choi 2005 5.35 3.24 29 2.09 4.71 9.0 0.79 [0.26, 1.32]30
Li 2007 –5 48.104 11 –13 67.683 5.1 0.13 [–0. 75, 1.02]9
Li 2009 10.665 13.7764 22 6.94 14.4898 7.7 0.26 [–0.37, 0.88]18
Li 2012 9.5 46.6877 65 –1.05 44.3061 12.2 0.23 [–0.11, 0.58]65

Song 2003 6.75 8.9 22 4.25 6.6 8.0 0.31 [–0.29, 0.91]21
Song 2010 9.7 104.9562 30 3.15 99.4114 9.7 0.06 [–0.42, 0.55]35
Song 2014 46.44 40.2627 31 26.61 82.3282 9.4 0.30 [–0.20, 0.81]30
Sungkarat 2017 3.6 8.4146 33 1.3 7.7465 9.8 0.28 [–0.20, 0. 77]33
Woo 2007 1.6428 4.1755 58 2.0792 0.8035 11.9 –0.14 [–0.51, 0.22]59
Yip 2004 1.24 1.2587 21 0.125 1.0361 6.9 0.93 [0.25, 1.62]16

Total (95% CI) 348 341 100.0 0.38 [0.14, 0.62]
Heterogeneity: tau2 = 0.09; chi2 = 24.43, df = 11 (P = 0.01); I2 = 55%
Test for overall effect: Z = 3.12 (P = 0.002)

Favours [Control]
–2 –1 0 1 2

Favours [Tai Chi]

Study or Subgroup
Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference

IV, Random, 95% CI
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Liu 2012 10.86 9.952 15 –2.34 5.1452 5.6 1.66 [0.84, 2.47]17

(b)

Figure 5: Forest plot of comparison. Subgroup outcome of forest plot in Figure 3(c). (a) 30 s chair stand test method. (b) Other test methods.

Table 3: Sensitivity analysis of lower body strength between Tai Chi exercise and control group.

Study excluded SMD 95% CI I2 (%) p (heterogeneity)
Adcock et al., 2019 0.36 0.14, 0.58 71 <0.00001
Audette et al., 2006 0.34 0.13, 0.56 71 <0.00001
Choi et al., 2005 0.32 0.11, 0.54 69 <0.00001
Frye et al., 2007 0.36 0.14, 0.58 71 <0.00001
Kasim et al., 2020 0.37 0.15, 0.58 71 <0.00001
Buto et al., 2007 0.36 0.14, 0.58 71 <0.00001
Li et al., 2009 0.36 0.14, 0.58 71 <0.00001
Li et al., 2012 0.36 0.14, 0.59 71 <0.00001
Huang and Lin, 2015 0.37 0.15, 0.60 71 <0.00001
Liu et al., 2012 0.29 0.10, 0.49 64 <0.0001
Noradechanunt et al., 2016 0.36 0.14, 0.58 71 <0.00001
Song et al., 2003 0.35 0.13, 0.57 71 <0.00001
Song et al., 2010 0.37 0.15, 0.59 71 <0.00001
Song et al., 2014 0.36 0.13, 0.58 71 <0.00001
Sungkarat et al., 2017 0.36 0.14, 0.58 71 <0.00001
Takeshima et al., 2017 0.38 0.16, 0.60 71 <0.00001
Taylor et al., 2012 0.38 0.15, 0.62 68 <0.00001
Woo et al., 2007 0.39 0.17, 0.61 70 <0.00001
Yip et al., 2004 0.32 0.11, 0.53 69 <0.00001
Zhuang et al., 2014 0.24 0.08, 0.39 44 0.02

10 Evidence-Based Complementary and Alternative Medicine



Adcock 2019 0 4.2103 15 –1.181 6.8968 2.9 0.20 [–0.51 , 0.91]16
Choi 2005 5.35 3.24 29 2.09 4.71 5.1 0.79 [0.26, 1.32]30
Frye 2007 1.4 5.6073 23 0.6 4.7975 4.1 0.15 [–0.44, 0.74]21
Kasim 2020 2.4 5.2154 11 3.1 7.2862 1.9 –0.11 [–0.96, 0.75]10
Lin 2015 1.5 5.8051 48 0.8 7.2862 8.8 0.11 [–0.30, 0.51]47
Noradechanunt 2016 1.1 4.0818 13 0.3 5.8727 2.4 0.15 [–0.62, 0.92]13
Song 2003 6.75 8.9 22 4.25 6.6 3.9 0.31 [–0.29, 0.91]21
Sungkarat 2017 3.6 8.4146 33 1.3 7.7465 6.1 0.28 [–0.20, 0. 77]33
Takeshima 2017 0.1 7.7814 35 0.5 9.2578 6.4 –0.05 [–0.52, 0.43]34
Taylor 2012 1.3 5.0934 220 1.3 5.163 41.9 0.00 [–0.18, 0.18]231
Woo 2007 1.6428 4.1755 58 2.0792 0.8035 10.8 –0.14 [–0.51, 0.22]59
Yip 2004 1.24 1.2587 21 0.125 1.0361 3.0 0.93 [0.25, 1.62]16
Zhuang 2014 9.64 5.0802 22 –0.05 3.54 2.8 2.23 [1.51, 2.95]28

Total (95% CI) 550 559 100.0 0.16 [0.04, 0.28]
Heterogeneity: chi2 = 49.22, df = 12 (P < 0.00001); I2 = 76%
Test for overall effect: Z = 2.67 (P = 0.008)

Favours [Control]
–2 –1 0 1 2

Favours [Tai Chi]

Study or Subgroup
Std. Mean Difference

IV, Fixed, 95% CI

Std. Mean Difference

IV, Fixed, 95% CI

Tai Chi

Mean SD Total

Control

Mean SD Total
Weight (%)

(a)

Choi 2005 5.35 3.24 29 2.09 4.71 24.5 3.26 [1.20, 5.32]30
Lin 2015 1.25 7.8164 48 –1.8 8.233 18.3 3.05 [–0.18, 6.28]47
Song 2003 6.75 8.9 22 4.25 6.6 12.4 2.50 [–2.17, 7.17]21
Sungkarat 2017 3.6 8.4146 33 1.3 7.7465 15.2 2.30 [–1.60, 6.20]33
Woo 2007 1.6428 4.1755 58 2.0792 0.8035 29.5 –0.44 [–1.53, 0.66]59

Total (95% CI) 190 190 100.0 1.89 [–0.21, 3.99]
Heterogeneity: tau2 = 3.58; chi2 = 13.33, df = 4 (P = 0.010); I2 = 70%
Test for overall effect: Z = 1.76 (P = 0.08)
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–10 –5 0 5 10

Favours [Tai Chi]

Study or Subgroup
Mean Difference

IV, Random, 95% CI

Mean Difference

IV, Random, 95% CI

Tai Chi

Mean SD Total

Control

Mean SD Total
Weight (%)

(b)

Audette 2006 16.1 5.22 [–2.95, 13.39]8
Li 2009 12.3 –0.58 [–10.32, 9.16]18
Li 2012 4.8 13.40 [–3.51' 30.31]65
Song 2010 0.8 10.70 [–31.55, 52.95]35
Yip 2004 58.0 1.05 [0.30, 1.80]16
Zhuang 2014 8.1 13.01 [0.42, 25.60]28

Total (95% CI) 171 170 100.0 3.15 [–0.69, 6.99]
Heterogeneity: tau2 = 6.49; chi2 = 6.76, df = 5 (P = 0.24); I2 = 26%
Test for overall effect: Z = 1.61 (P = 0.11)

Favours [Control]
–50 –25 0 25 50

Favours [Tai Chi]

Study or Subgroup
Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference

IV, Random, 95% CI

Tai Chi

Mean SD Total

Control

Mean SD Total
Weight (%)

Li 2009 15.12 12.38 22 7.09 12.08 17.1 8.03 [0.42, 15.64[]18
Li 2012 5.1 27.1529 65 –2.6 25.6702 15.2 7.70 [–1.38, 16.78]65
Liu 2012 10.86 9.952 15 –2.34 5.1452 19.7 13.20 [7.60, 18.80]17
Song 2010 9.4 53.7557 30 7 39.1644 5.0 2.40 [–20.80, 25.60]35
Yip 2004 1.24 1.22961 21 0.06 1.0322 24.1 1.19 [0.45, 1.91]16
Zhuang 2014 8.74 10.5609 22 –1.12 11.8794 18.9 9.86 [3.63, 16.09]28

Total (95% CI) 175 179 100.0 7.42 [1.62, 13.21]
Heterogeneity: tau2 = 36.16; chi2 = 28.99, df = 5 (P < 0.0001); I2 = 83%
Test for overall effect: Z = 2.51 (P = 0.01)
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Figure 6: Forest plot of comparison. Outcome of Tai Chi and control knee strength. (a) Outcome of Tai Chi and control knee strength.
(b) Knee strength with spring gauge test. (c) Knee extension/flexion strength with isokinetic dynamometer test.
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3.5.2. Subgroup Analysis of the Effects of Tai Chi Exercise on
Lower Body Muscle Strength by Various Test Methods

(1) Spring Gauge Test. /e spring gauge test is used to assess
the maximum strength to complete resistance to evaluate the
effect of exercise on overall knee muscle strength. 5 articles
with this method were included in the subgroup analysis
with greater heterogeneity (p � 0.08, I2 � 70%) in
Figure 6(b). /is indicates that data obtained by this method
may be one of the reasons for the great heterogeneity of
Figure 6(a). However, after removing the data obtained by
this method, the results still showed high heterogeneity
(p � 0.02, I2 � 78%), and regression analysis was needed. It
also revealed that the main reason for the large heterogeneity
in Figure 6(a) is the publication bias mentioned rather than
different detection methods. To sum up, measuring knee
strength by spring gauge test may generate heterogeneity in
outcomes, which indicates that Tai Chi has no significant
improvement on knee joint muscle strength.

(2) e Isokinetic Dynamometer. /e isokinetic dyna-
mometer test is mainly used to measure the effects of ex-
ercise on knee flexion and extension strength./e analysis of
knee extension strength and knee flexion strength in
Figure 6(c) is shown as follows: according to the subgroup
analysis of knee muscle strength, it was found specifically
that Tai Chi had no obvious effect on knee extension
strength (3.15, [−0.69, 6.99], p � 0.24, I2 � 26%) but had a
significant effect on knee flexion strength (p � 0.01,
I2 � 83%). Further sensitivity analysis and regression analysis
were conducted. After excluding the low quality studies, we
found that there was no statistical difference in knee ex-
tension strength between the Tai Chi and control groups,
and the heterogeneity (p � 0.08, I2 �19%) was reduced more
than before. However, there is a significant difference in knee
flexion strength between the Tai Chi and control groups, and
the heterogeneity (10.25, [6.90, 13.61], p< 0.00001, I2 � 0%)
was dramatically reduced. It is indicated that the reasons for
heterogeneity in Figure 6(a) may be related to RB.

To sum up, different measurements may be one of the
reasons for the great heterogeneity in the analysis of dif-
ference knee muscle strength between Tai Chi exercise and
control group. Compared with knee extension strength,
knee flexion strength by isokinetic dynamometer may
generate heterogeneity in outcomes and proved that there
exists statistical difference between Tai Chi and control
group. Namely, while there is no significant improvement on
knee extension strength, Tai Chi has a significant im-
provement on knee flexion strength.

4. Discussion

/e decrease of muscle fitness, especially lower body
strength, is the major inducement to affect the daily life of
the elderly. We have also reached the conclusion that there is
a significant improvement on the lower body strength of the
elderly after Tai Chi exercise. However, the results of this
meta-analysis showed that Tai Chi exercise has no significant
improvement on overall knee muscle strength. /e high

heterogeneity in our analysis may originate from the pub-
lication bias and diversity of detective methods. Further
subgroup analysis showed that although there was no sig-
nificant improvement in knee extension strength, knee
flexion strength was indeed improved. Sensitivity analysis
showed that subgroup analysis had high homogeneity after
excluding low quality literature data. /erefore, the effect of
Tai Chi on lower body muscle strength of the elderly should
be positive. Although Tai Chi has no obvious effect on the
knee joint, it is helpful to improve the muscle fitness of knee
flexion. Combined with the characteristics of Tai Chi ex-
ercise, the reason why it works might be the practice of knee/
hip bending and single-leg standing which effectively in-
crease lower body strength and optimize the normal bio-
mechanical mechanism around knee joints [1, 33].
/erefore, Tai Chi exercise can be used as a rehabilitation
treatment for training the stable deep muscle group, which
effectively stimulates the deep muscle group of lower body,
improves the muscle strength of knee joint, enhances the
flexibility of joint, and then reduces the risk of related
diseases caused by insufficient lower body strength of
elderly.

Previous studies of Tai Chi exercise and muscle fitness
are mainly focused on the elderly, including healthy indi-
viduals as well as chronic patients. Results of this meta-
analysis showed that there are 31 studies on Tai Chi and
muscle strength, mainly involving fibromyalgia, disability,
KOA, Parkinson, menopause, cancer, arthritis, osteoporosis,
and COPD. However, few researchers studied the overall
regulation of Tai Chi on muscle strength, muscle endurance,
flexibility, and other muscle fitness. Various nonrandomized
controlled trials also emphasize muscle fitness and muscle
strength and even deeply search for the distinguished effects
of lower body muscle strength. Zhou et al. [4] found in a
cross-sectional study that the muscle strength improvement
degree is different in iliopsoas, quadriceps femoris, ham-
string muscle, and tibial anterior muscle for elderly with 3 to
30 years of Tai Chi experience. Another evaluated method-
surface electromyography of the anterior tibialis and lateral
gastrocnemius muscles was recorded and showed that lower
extremity muscle cocontraction plays a role in the observed
benefit of longer-term Tai Chi training on gait and postural
control [34]. Lu et al. [35] pointed out that at least three years
of Tai Chi exercise caused different changes in knee joint
strength for the elderly, particularly in extension and flexion.
Tsang and Hui-Chan [36] found that the strength of knee
extension (p � 0.004), knee flexion (p � 0.021), eccentric
knee extension (p � 0.049), and knee flexion (p � 0.007) was
significantly improved in the elderly with 3-year Tai Chi
exercise. Wu et al. [37] found that only the knee extension
strength of the elderly who had been practicing in Tai Chi for
3 years was significantly improved (p< 0.013). /e result
showed that the strength of quadriceps femoris in Tai Chi
was significantly increased after 6 months of Tai Chi ex-
ercise, with lower body muscle strength being mainly re-
flected in the hip, knee, and ankle joint activities related
muscle strength. Generally, muscle strength is supposed to
be evaluated by isokinetic or isometric movement of related
muscle groups [38]. Due to lack of relevant literature, the
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muscle fitness of knee joint extension and flexion is mainly
selected in this study, which needs to be discussed for further
research.

/is study has several limitations as follows: (1) /e
control group does not include other types of exercise and
different intensities (e.g., resistance exercise, water sports) to
comprehensively evaluate the advantages and disadvantages
of Tai Chi in improving lower body muscle fitness. (2) Lower
quality papers should be excluded when heterogeneity oc-
curs in the risk assessment. Even though we did not analyze
all outcomes in the analysis process, relevant characteristics
of these original literature were still shown in the literature
feature, Table 3) We have not consider different physiology
characteristics in different genders; exercise load and Tai Chi
style may influence the effects on muscle fitness. In addition,
the test of lower body muscle strength also tends to be
replaced by other detection methods such as 3/5 chair
combat strength test and heel rise test which are not included
in the study. /e above factors may have publication bias in
the analysis of the results.

5. Conclusions

As a complementary and alternative rehabilitation method,
Tai Chi exercise has been widely accepted by clinical re-
searchers as well as elderly people with chronic diseases. Our
study reveals that Tai Chi can improve lower body strength
but has no significant effect on the knee joint-related muscle
groups. Furthermore, the lower body muscle strength of the
elderly decreased with age, and Tai Chi did not aggravate the
declining trend. /erefore, Tai Chi exercise is likely to be
used as a rehabilitation treatment for the training of stable
deep muscle group, which effectively stimulates the deep
muscle group of lower body, thus indirectly enhancing joint
activity, improving muscle fitness, and improving functional
activities of elderly individuals.
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in Appendix S1 was decreased significantly (I2 � 0%,
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