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Abstract
Objective: To evaluate the effect of Tai Chi on balance and reducing falls incidence in neurological 
disorders.
Data sources: AMED, Embase, Web of Science, SCOPUS, EBSCO and Medline from inception until 
February 2018.
Review method: Randomized controlled trials of Tai Chi compared with active or no treatment control, 
measuring balance with the Berg Balance Scale or the Timed Up and Go Test and number of falls in neurological 
disorders were included. Methodological quality was assessed using PEDro and quality of evidence using the 
Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) system.
Results: A total of 10 studies involving 720 participants were reviewed. Seven studies were in Parkinson’s 
disease and three in stroke. Seven studies were of high methodological quality and three were low. Meta-
analyses of balance measured with the Timed Up and Go Test in Parkinson’s disease revealed a statistically 
significant effect of Tai Chi compared to no treatment (weighted mean difference (WMD), –2.13; 95% 
confidence interval (CI), −3.26 to −1.00; P < 0.001) and was insignificant (WMD, −0.19; 95% CI, −1.74 
to 1.35; P = 0.81) when compared with active treatment. Tai Chi significantly reduced falls incidence in 
Parkinson’s disease (odds ratio (OR), 0.47; 95% CI, 0.29 to 0.77; P = 0.003) and stroke (OR, 0.21; 95% CI, 
0.09 to 0.48; P < 0.001). Balance measured with the Timed Up and Go Test comparing Tai Chi and active 
treatment was insignificant (WMD, 0.45; 95% CI, –3.43 to 2.54; P = 0.77) in stroke.
Conclusion: Tai Chi is effective in reducing falls incidence in Parkinson’s disease and stroke. This 
systematic review did not find high-quality studies among other neurological disorders.
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Introduction

Falls are common in many neurological disorders,1 
and one treatment that may improve balance and 
reduce falls incidence is Tai Chi.2 Tai Chi trans-
lated as ‘supreme ultimate’ is a form of Chinese 
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martial art practised for defence and health bene-
fits.3 Synonymous terminologies for Tai Chi 
include Tai Chi Chuan, Tai Chi Quan, Taijiquan 
and T’ai Chi.2 Tai Chi has been in practice for over 
300 years and has undergone multiple modifica-
tions resulting in the emergence of different schools 
such as Yang, Chen, Ng, Sun and Yin; however, the 
underlying principles of Tai Chi remain the same.2,4 
Tai Chi moves are performed in a smooth, relaxed 
and circular fashion involving multiple joints of the 
extremities and trunk.2 In practice, a set of moves 
are called forms and the forms are named after the 
number of moves involved.

Tai Chi is thought to improve balance and 
reduce falls incidence by strengthening muscles of 
the knee5 and ankle,6 promote even weight distri-
bution and improve awareness of the body and 
movement.7 Tai Chi may benefit balance and 
reduce falls incidence in a variety of neurological 
conditions including Parkinson’s disease,8,9 
stroke,10 multiple sclerosis,11 traumatic brain 
injury,12 cerebellar ataxia13 and spinal cord injury14 
and reduce falls incidence in Parkinson’s disease8,9 
and stroke10 although the evidence base is poor.

Previous systematic reviews and meta-analyses 
of Tai Chi for Parkinson’s disease,15–17 multiple 
sclerosis18 and stroke19 found Tai Chi may benefit 
balance,15,17 motor function15–17 and mobility20 in 
Parkinson’s disease, improve physical function in 
multiple sclerosis18 and balance in stroke.19 
However, the available reviews are condition-spe-
cific and have pooled either all controls or all active 
treatments together in a meta-analysis. The effi-
cacy of Tai Chi compared to specific controls (no 
treatment/active) is therefore not known. To our 
knowledge, there are no systematic reviews evalu-
ating the efficacy of Tai Chi for other neurological 
disorders such as traumatic brain injury, cerebellar 
ataxia or spinal cord injury. The recent review by 
Song et al.16 is not specific to Tai Chi; they have 
included another form of Chinese martial art, 
Qigong. Therefore, this review will include all neu-
rological disorders in addition to Parkinson’s dis-
ease, multiple sclerosis and stroke. The aim of this 
systematic review with meta-analysis was to deter-
mine whether Tai Chi training improves balance 
and reduces falls incidence when compared to 

control conditions of either active treatment or no 
treatment in people with neurological disorders.

Methods

The following databases were searched from data-
base inception to 28 February 2018: AMED, Embase, 
Web of Science, SCOPUS, EBSCO and Medline. 
Search terms were constructed with four themes 
which included, neurological disorders, intervention, 
outcome measures and study type. Supplementary 
Appendix 1 reports our search strategy for each data-
base. Studies were included for this systematic 
review if they (1) included participants with one of 
the following neurological disorders: Parkinson’s 
disease, stroke, multiple sclerosis, Alzheimer’s dis-
ease, traumatic brain injury, cerebellar ataxia, cere-
bral palsy, spinal cord injury and peripheral 
neuropathy; (2) included participants with neurologi-
cal disorders without limiting to a specific diagnosis; 
(3) delivered Tai Chi as an intervention; (4) assessed 
balance using the Berg Balance Scale or Timed Up 
and Go Test or both and falls incidence using number 
of falls; and (5) were randomized controlled trials. 
Unpublished work (thesis) and non-English publica-
tions were also included for the review. No alterna-
tive outcome measures of balance were used in the 
searches. Studies were excluded if they were confer-
ence abstracts and conducted among elderly with or 
without neurological disorder.

Duplicates were removed and titles were 
screened by one reviewer (S.J.W.). Abstract and 
full-text screening was conducted by two review-
ers (S.J.W. and K.K.). Discrepancies were resolved 
by discussion until consensus was reached. If con-
sensus was not reached, a third reviewer (P.K.) was 
consulted. Manual searches of the reference list of 
included studies were conducted. Authors of the 
included studies were approached to obtain addi-
tional information not reported in the publication.

The methodological quality of all included stud-
ies was assessed using the Physiotherapy Evidence 
Database (PEDro) scale.21 We did not exclude 
studies based on quality; however, quality was con-
sidered when interpreting the findings. The meth-
odological quality scores for the included studies 
were obtained from the PEDro website (https://

https://www.pedro.org.au/
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www.pedro.org.au/), and if the score was not avail-
able, two independent reviewers (K.K. and P.K.) 
scored the methodological quality across the 10 
items of the PEDro scale. Scores above 6 were 
interpreted as high quality and scores less than or 
equal to five were interpreted as low quality.22

The quality of evidence for each outcome measure 
was assessed using the Grading of Recommendations, 
Assessment, Development, and Evaluation (GRADE) 
system.23 The GRADE profiler software 3.6.1 (http://
tech.cochrane.org/revman/other-resources/gradepro/
download) was used for this estimation. The quality 
of evidence was classified into one of four levels: 
‘very low’, ‘low’, ‘moderate’ or ‘high’;23 the overall 
quality of evidence is based on the lowest quality of 
evidence for the outcome.24

Data analysis

Two independent reviewers (S.J.W. and K.K.) 
extracted the following data: (1) author and year of 
publication; (2) population, recruitment setting, 
country, language and sample size; (3) 
intervention(s) and dosage of intervention; (4) 
time-points of assessment; and (5) pre- and post-
treatment means. Studies of similar neurological 
disorder, outcome measures and time-points were 
grouped together for pooling. We considered usual 
care control as active treatment control. Post-
intervention data were used to obtain the pooled 
estimate of the difference between groups using 
Review Manger 5.3 software. For continuous data, 
size of treatment effect and its 95% confidence 
interval (CI) were estimated. For dichotomous 
data, the size of the treatment effect as the odds 
ratio (OR) along with the 95% CI was estimated. 
To obtain pooled estimates of the difference 
between groups, weighted mean difference (WMD) 
was calculated. Chi-square test was used to deter-
mine heterogeneity. A fixed effects model was used 
for minimal heterogeneity (I2 < 50%) or else a ran-
dom effects model was used.25 A P-value of ≤0.05 
(two-tailed) indicated statistical significance.

Results

The electronic searches identified 344 studies of 
which eight studies met the inclusion criteria. Hand 

searching of reference lists of included studies 
yielded two additional studies. We had 10 studies 
included in the systematic review (Figure 1). 
Supplementary Appendix 2 reports the number of 
studies obtained from each database and the rea-
sons for exclusion during screening.

The studies were published between 2008 and 
2015. Nine studies were published in 
English8–10,26–31 and one in Chinese.32 Nine of the 
10 included studies were journaled publications 
and one was a published thesis.28 The sample sizes 
of included studies ranged from 2027,28 to 195.9 The 
included studies reported eight comparisons 
involving 720 participants, with an average of 72 
participants per study. Seven studies examined Tai 
Chi for improving balance or fall incidence or both 
in people with Parkinson’s disease8,9,27–29,31,32 and 
three studies in stroke.10,26,30 Summary of the 
included studies is reported in Table 1. The mean 
age range of the included participants with 
Parkinson’s disease was between 60 and 72 and 
those with stroke were between 53.4 and 69.9 years. 
Among studies in Parkinson’s disease, Yang style 
24-form Tai Chi was delivered in three,8,31,32 
6-movement with 8-form Tai Chi in one,9 and Yang 
style short-form Tai Chi in two studies.28,29 One 
study did not report the Tai Chi form used.27 Among 
the three stroke studies, one30 used 10-form Tai 
Chi, one10 used Yang style 24-form and one study 
used the short-form of Sun style Tai Chi.26 The 
duration of the intervention ranged between 432 and 
24 weeks.9 Except for two studies,27,31 all the others 
reported employing a trained Tai Chi instructor for 
teaching the Tai Chi moves to participants.

The methodological quality of individual stud-
ies included in this review is reported in 
Supplementary Appendix 3. The mean PEDro 
score of included studies was 6.1. All included 
studies reported random allocation and between-
group statistical comparisons. In all, 9 of 10 studies 
reported point estimate variability and 8 studies 
reported adequate follow-up. The common meth-
odological flaws identified in the included studies 
were a failure to conceal allocation (80%) and fail-
ure to conduct analysis on an intention-to-treat 
basis (60%). No included study reported partici-
pants or therapist blinding; and three studies (30%) 
reported failure to blind the outcome assessor.

https://www.pedro.org.au/
http://tech.cochrane.org/revman/other-resources/gradepro/download
http://tech.cochrane.org/revman/other-resources/gradepro/download
http://tech.cochrane.org/revman/other-resources/gradepro/download
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The GRADE evidence profile presented in 
Supplementary Appendix 4 provides quality of 
evidence for the available comparisons using one 
of the three outcome measures in participants with 
Parkinson’s disease and stroke. The GRADE  
quality of evidence for the outcome number of 
falls in Parkinson’s disease contributed by four 
studies8,9,27,28 was high; this GRADE quality rating 

concurs with the PEDro quality rating obtained for 
all four studies. The outcome number of falls in 
Parkinson’s disease obtained high GRADE quality 
because the quality of evidence for both compari-
sons Tai Chi versus active therapies and no treat-
ment was high. Similarly, number of falls in stroke, 
reported by one high methodological quality 
study,10 obtained high GRADE quality. As 

Figure 1.  Screening of studies for inclusion.
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described in the PEDro quality assessment, 
GRADE evaluation of study limitations found 
lack of allocation concealment in eight studies 
(80%), failure to use intention-to-treat analysis in 
six studies and failure to blind participants and 
therapist in all included studies. No reporting/pub-
lication bias or serious indirectness was identified 
in any of the included studies. All included studies 
allowed acceptable precision based on the ‘opti-
mal information size’ calculated for the review. No 
other limitations such as selective reporting of out-
comes, use of non-validated outcome measures or 
stopping early for benefit were identified in any of 
the included studies.

Tai Chi for Parkinson’s disease

The pooled analysis for the outcome Berg Balance 
Scale showed a non-significant effect of Tai Chi 
compared to active therapies (WMD = 4.21; 95% 
CI, –1.98 to 10.39; P = 0.18; Figure 2(a)) and Tai 
Chi compared to no treatment control after 12 weeks 
of intervention (WMD = 1.55; 95% CI, –0.80 to 
3.90; P = 0.20; Figure 2(b); Table 2). While the 
pooled analysis for the outcome Timed Up and Go 
Test showed a non-significant effect of Tai Chi 
compared to active therapies (WMD = –0.19; 95% 
CI, –1.74 to 1.35; P = 0.81; Figure 3(a)) and a sig-
nificant effect of Tai Chi when compared with no 
treatment (WMD = –2.13; 95% CI, −3.26 to −1.00; 
P = 0.0002; Figure 3(b)). Meta-analysis found a sta-
tistically significant effect of Tai Chi compared 
with active therapies (OR = 0.47; 95% CI, 0.29 to 
0.77; P = 0.003; Figure 4(a)) and Tai Chi compared 
with no treatment after 12 weeks of intervention 
(OR, 0.29; 95% CI, 0.11 to 0.79; P = 0.02) for the 

outcome number of falls (Figure 4(b)). Detailed for-
est plots are reported in Supplementary Appendix 5.

Tai Chi for stroke

Tai Chi compared to active therapies on balance 
assessed with the Timed Up and Go Test was non-
significant at 12 weeks (WMD = –0.45; 95% CI, 
–3.43 to 2.54; P = 0.77; Figure 5(a)) and 18 weeks 
(WMD = 1.81; 95% CI, –5.39 to 9.02; P = 0.62; 
Figure 5(b)) of training. However, the pooled OR 
from fixed effects meta-analysis showed a statisti-
cally significant effect of Tai Chi compared with 
active therapies after 12 weeks of intervention for 
number of falls in stroke (OR = 0.21; 95% CI, 0.09 
to 0.48; P = 0.0003; Figure 6; Table 2). No included 
study evaluated the effect of intervention on bal-
ance with Berg Balance Scale in stroke.

Sensitivity analysis

No sensitivity analyses were conducted because meta-
analysis was only performed on two to three studies.

Discussion

This systematic review provides high quality and 
high GRADE evidence for the efficacy of Tai Chi 
for reducing falls incidence in people with 
Parkinson’s disease and stroke. The pooled analysis 
showed a non-significant effect of Tai Chi for bal-
ance measured with Berg Balance Scale in people 
with Parkinson’s disease. Meta-analysis of the no-
treatment controlled studies for balance measured 
with the Timed Up and Go Test was significant in 
Parkinson’s disease; however, non-significant 

Figure 2.  (a) Effect of Tai Chi compared with active therapies on balance measured with Timed Up and Go Test in 
Parkinson’s disease after 12 weeks and (b) effect of Tai Chi compared with no treatment for balance measured with 
Berg Balance Scale in Parkinson’s disease.
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effect of Tai Chi was observed when the control 
group received active therapies. This does not 
exclude the possibility that these effects could be a 
result of placebo. Meta-analysis showed no signifi-
cant effect of Tai Chi for balance in stroke.

This systematic review has several strengths; a 
comprehensive and detailed search strategy was used 
to identify studies of Tai Chi for neurological disor-
ders. This review is the most comprehensive to date 
as it included common neurological disorders as 
search terms in the search strategy. We did not restrict 
studies to the English language, thereby minimizing 
the possibility of language bias. Most importantly, 
Tai Chi is a traditional Chinese martial art from 
ancient China; research in this area is popular and 

common in China and Hong Kong region. By includ-
ing studies published in the Chinese language, we 
have enabled inclusion of most of the studies pub-
lished until February 2018. The other strengths are 
the rigorous and systematic methodology and use of 
GRADE for evaluation of the quality of evidence; 
GRADE is reported to provide the most explicit and 
transparent judgements of the quality of evidence.23

This systematic review did have some limita-
tions: (1) less number of studies were included for 
meta-analysis and therefore sensitivity analysis 
could not be done. (2) Quality of studies was not 
considered as one of the criteria for inclusion. This 
could have possibly influenced the outcomes of our 
systematic review. (3) Finally, we restricted our 

Figure 3.  (a) Effect of Tai Chi compared with active therapies for balance measured with Timed Up and Go test in 
Parkinson’s disease and (b) effect of Tai Chi compared with no treatment for balance measured with Timed Up and 
Go Test in Parkinson’s disease.

Figure 4.  (a) Effect of Tai Chi compared with active therapies on rate of falls in Parkinson’s disease and (b) effect 
of Tai Chi compared with no treatment on rate of falls in Parkinson’s disease.

Figure 5.  (a) Effect of Tai Chi compared with active therapies on balance measured with Timed Up and Go Test 
in stroke after 12 weeks and (b) effect of Tai Chi compared with no treatment on balance measured with Timed Up 
and Go Test in stroke after 18 weeks.
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review to randomized controlled trials. Although 
systematic reviews of randomized controlled trials 
are considered highest level of evidence for investi-
gating the efficacy of interventions, we excluded 
studies of Tai Chi in people with diseases other than 
Parkinson’s disease and stroke due to study design.

This systematic review is the first to include all 
neurological conditions with balance problems; 
previous systematic reviews were condition spe-
cific.15–19 A recent systematic review of Tai Chi for 
Parkinson’s disease by Zhou et al.15 found signifi-
cant effects of Tai Chi for balance measured with 
the Timed Up and Go Test. Their results can how-
ever not be compared with this systematic review 
because they pooled all studies of Tai Chi for bal-
ance in Parkinson’s disease and did not separate 
no-treatment controlled studies from active treat-
ment controlled studies. Our systematic review 
found no significant effect of Tai Chi for balance 
measured with Berg Balance Scale in Parkinson’s 
disease. Our findings are contradictory to the find-
ings of the systematic review by Yang et al.17 on 
Tai Chi for balance measured with the Berg Balance 
Scale in Parkinson’s disease. Their meta-analysis 
found significant effects for Tai Chi when com-
pared with no-treatment control which reported 

that the effects of Tai Chi were superior to no treat-
ment control in improving balance among people 
with Parkinson’s disease. Despite inclusion of the 
same two no treatment controlled Tai Chi studies 
for pooling in their review, the discrepancy in find-
ings is due to the method adopted for estimating 
the group difference in meta-analysis. We calcu-
lated WMD, whereas standardized mean difference 
was calculated in their review.17 In meta-analysis, 
when the same outcome measure is considered, it 
is more appropriate to use the WMD in comparison 
to the standardized mean difference.33 The method 
we adopted for meta-analysis is supported by the 
Cochrane handbook for systematic reviews of 
interventions.33

Our meta-analysis of Tai Chi for balance in 
Parkinson’s disease partly concurs with the results 
of the recent review by Song et al.16 which report 
an overall improvement of balance. Nevertheless, 
it is worth noting the remarkable differences 
between the two reviews: first, our systematic 
review restricted the intervention to Tai Chi, 
whereas they included both Tai Chi and Qigong. 
Second, their systematic review considered Berg 
Balance Scale, posturography or single leg stand-
ing for balance assessment, whereas we restricted 

Table 2.  The effects of Tai Chi compared to active control or no treatment control at 12 weeks’ post-
intervention.

Intervention vs. control WMD 95% CI P

Parkinson’s disease
  BBS
    Tai Chi versus active therapies28,31,32 4.21 −1.98 to 10.39 0.18
    Tai Chi versus no treatment8,29 1.55 −0.80 to 3.90 0.20
  TUG
    Tai Chi versus active therapies9,28,31 −0.19 −1.74 to 1.35 0.81
    Tai Chi versus no treatment8,27 −2.13 −3.26 to −1.00 0.0002*
  Number of falls
    Tai Chi versus active therapies9,28 0.47 (OR) 0.29 to 0.77 0.003*
    Tai Chi versus no treatment8 0.29 (OR) 0.11 to 0.79 0.02*
Stroke
  TUG
    Tai Chi versus active therapies26,30 0.45 −3.43 to 2.54 0.77
  Number of falls
    Tai Chi versus active therapies10 0.21 (OR) 0.09 to 0.48 0.0003*

BBS: Berg Balance Scale; OR: odds ratio; TUG: Timed Up and Go Test; WMD: weighted mean difference.
*Statistical significance (P ≤ 0.05).
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balance assessment to the Berg Balance Scale and 
Timed Up and Go Test. Finally, we restricted our 
review to randomized controlled trials, but their 
review included randomized, non-randomized and 
quasi-experimental designs. Providing evidence 
for Tai Chi based on high-quality studies using the 
most commonly used outcome measure of balance 
(Berg Balance Scale and Timed Up and Go Test)34 
adds focus to our finding making it unique.

Tai Chi is postulated to improve balance by pro-
gressively challenging the base of support9 through 
persistent weight shifts between the lower extremi-
ties.9,26,30 This is also thought to improve efficiency 
of the ankle and hip strategy while maintaining bal-
ance.9 Second, Tai Chi improves proprioceptive 
inputs from the trunk and lower limb resulting in an 
improvement in balance.8,27,30 Among people with 
stroke, Tai Chi practice reduces visual dependence 
by improving the interaction between the vestibular 
and visual inputs.26 Tai Chi has also demonstrated 
an improvement in reaction time resulting in a 
reduction in number of falls in people with stroke.26 
However, there is limited evidence in literature to 
substantiate this theory. Future research may con-
sider testing the reaction time to improve the under-
standing of the underlying mechanism for falls 
prevention in people with Parkinson’s disease.

Heterogeneity existed in the style, forms, fre-
quency and duration of Tai Chi in the included 
studies. Recommendations on Tai Chi parameters 
require standardization. Future research is required 
to provide definitive guidelines regarding Tai Chi 
parameters recommendations for balance and falls 
prevention in this population. We recommend a 
qualitative survey among Tai Chi experts on the 
parameter recommendations for Tai Chi among 
neurological disorders.

This systematic review found high methodologi-
cal quality and high GRADE evidence for the effi-
cacy of Tai Chi for reducing falls incidence in people 
with Parkinson’s disease. The meta-analyses were 
conducted among two to four studies and therefore 
these results need to be considered with caution. Data 
from individual study found that Tai Chi is beneficial 
for reducing falls incidence in people with stroke. The 
effect of Tai Chi on balance in Parkinson’s disease 
and stroke is uncertain owing to the limited number of 
studies included in meta-analysis. At present, the evi-
dence is not strong enough to warrant any strong 
clinical recommendation in the two conditions stud-
ied. One or two large well-designed clinical trials are 
needed in Parkinson’s disease and stroke. Review 
found no randomized trials of Tai Chi for other neuro-
logical disorders apart from Parkinson’s disease and 
stroke. Well-designed controlled studies are required 
to determine whether Tai Chi can improve balance 
and reduce falls risk in other neurological disorders 
such as multiple sclerosis, traumatic brain injury, spi-
nal cord injury and cerebellar ataxia.

Clinical Messages

•• Tai Chi reduces falls incidence in people 
with Parkinson’s disease, but the evi-
dence is limited.

•• Data from an individual study found Tai 
Chi is beneficial for reducing falls incidence 
in people with stroke.

•• There is insufficient evidence at present 
to conclude whether Tai Chi does or does 
not improve balance in people with 
Parkinson’s disease and stroke.
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