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Abstract

Background

Tai Chi is good for improving the physical fitness of older adults. But few studies have
reported the effects of Tai Chi on the postural balance and quality of life of older adults with
gait disorders.

Objective

This review aimed to assess the influence of tai chi on postural stability and quality of life in
older adults with abnormal gait.

Method

According to the literature retrieval principles, the works published from the inception date to
May 2023 were retrieved, including the following databases: PubMed, Scopus, Web of Sci-
ence, China National Knowledge Infrastructure, EBSCOhost, and Google Scholar. Subse-
quently, literature screening and quality assessment were performed.

Results

A total of 16 randomized controlled trials were included in this study, Tai Chi intervention

can affect populations with Parkinson’s disease (PD), no exercise, mild cognitive
impairment (MCI), chronic stroke, sedentary, fear of falling, or history of falling. Postural
instability is associated with balance, gait, the Unified Parkinson’s Disease Rating Scale
Motor Subscale 3 (UPDRS llI), mobility, lower body strength, and falls. Only two articles
looked at quality of life. The Yang style is the most commonly used in the intervention. None-
theless, most studies were performed on female participants, hence, more research on
older male populations is needed.
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Conclusion

Tai Chi intervention benefits postural balance in patients with gait disorders. 12 weeks is the
most common intervention period for patients with gait disorders. The frequency of interven-
tion is seven articles twice a week, and the intervention time is about 60 minutes. The Tai
Chi intervention methods in this study involve Yang Style, Sun Style, Taoist Tai Chi, and
Health Qigong Tai Chi, but the Yang Style Tai Chi intervention is the most widely used.

1 Introduction

In recent years, the aging population has risen tremendously in many countries than in the
past. According to the United Nations (2019), one-sixth of the world’s population will be over
60 years old by 2030 [1]. Consequently, health issues among the elderly have become a global
concern, particularly their general well-being and increased vulnerability to diseases. There-
fore, there is a massive demand for medical and social services, such as preventive rehabilita-
tion [2]. For example, up to 75% of residents aged > 60 in China suffer from chronic diseases
[3]. Furthermore, the physiological and age factors delay functional recovery among the
elderly, hence, prone to injury [4]. Currently, the leading cause of injury or death among
elderlies > 65 is falling, thus, a major concern for those in this age group [5]. Furthermore,
social isolation and depression among older adults also increased their risk of falling [6]. Apart
from that, biological causes such as poor balance and flexibility, sensory impairment, and low
muscle strength can contribute to falling in this age group [6]. Thus, balance improvement is
essential to maintain their walking ability and reduce fall rates [7,8].

Exercise as a complementary therapy could improve neuromuscular function, but monoto-
nous technique or strength training is not suitable for all patients. For example, for some older
adults, many exercise activities are either too intense or too monotonous, which makes them
unable to persist [9]. Therefore, it is crucial to determine the best fitness routine for different
age groups, particularly the elderly. As an aerobic exercise with a long history in China, tai chi
is easy to learn, effective, and safe due to the medium-to-low intensity; hence, suitable for the
elderly [10]. Furthermore, Tai Chi, the most popular Chinese martial art originated in ancient
China, involves physical and mental exercises [11]. Contrary to the general Chinese martial
arts, Tai Chi is an art that undergoes continuous development based on ancient Chinese phi-
losophy. Thus, new styles have been created through the unique insights of Tai Chi practition-
ers for generations [12] while maintaining softness, slowness, and rhythmic features [13]. A
growing body of research shows that tai chi is beneficial for older generations. For instance, a
study found that practicing traditional Chinese sports can improve gait balance and increase
body strength [14,15]. In addition, this intervention is an effective therapy for improving pos-
tural balance in older adults.

Postural disturbances often lead to imbalance and fall, especially among older adults [16].
Furthermore, the incidence of gait disorders increases with age; approximately 10% occur in
people aged 60 to 69 and about 60% for those > 80 years old [17]. Gait disorders among older
adults are generally difficult to detect because the older adults symptoms are subtle. Manifesta-
tions of gait disorders in older adults patients are likely to be masked by regular aging-related
physiological changes, leading to the complexity of the condition [18]. Notably, individuals
with neurological disorders often experience gait and balance disturbances that affect their
quality of life (QoL) [19]. As the second most common neurodegenerative disease, Parkinson’s
disease is a threat to the elderly population worldwide [20,21], which mainly manifests as a
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dysfunction of the body’s motor system. For example, patients often face problems such as
slow movement, unstable posture, and abnormal gait [22,23]. Additionally, stroke impacts gait
flexibility and mobility; thus, most survivors lose their ability to walk independently.

Long-term lack of exercise among older adults accelerates the decline in gait quality and
physical function [24-26]. In addition, gait disturbance in the elderly may be an underlying
cause of multilayered neurologic deficits or joint and skeletal system abnormalities [27,28].
Normal gait requires the dynamic integration of central and peripheral nervous systems acting
on an intact musculoskeletal framework [29]. Poor gait is also one of the predictors of demen-
tia [30], as cognitive impairment can disrupt gait control and result in gait disorder [31].
Therefore, identifying the most deteriorating gait parameters is vital for targeted and effective
gait rehabilitation [32]. Additionally, osteoarthritis (OA) can lead to pain, stiffness, and gait
dysfunction, but gait retraining could improve the symptoms [33]. To date, most research
focused on gait problems of older adults with specific symptoms. There are fewer systematic
reviews concerning the impact of Tai Chi intervention on people with gait impairment or how
this condition influences their QoL. Therefore, this study systematically reviewed the relation-
ship between Tai Chi exercise with postural stability and QoL in older adults with gait
impairment by critically evaluating and summarizing the literature in Chinese and English
language.

2 Methods

2.1 Eligibility criteria

The inclusion criteria for this review were developed according to the PICOS (Population,
Intervention, Comparison, Outcome, and Study Design) principles (Table 1): 1) Research that
utilizes a randomized controlled trial (RCT), 2) Tai Chi as an intervention method, including
all types of Tai Chi. 3) Research subjects is > 60 years old, and 4) Articles published in Chinese

or English language. Meanwhile, studies that focused on participants < 60 years old were
excluded.

2.2 Search strategy for the identification of studies

A total of six electronic databases were utilized for the literature search: PubMed, Scopus, Web
of Science (WoS), CNKI, EBSCOhost (SPORT-Discus), and Google Scholar. In addition, the
following keywords and Boolean operators were used in retrieving relevant articles: “Tai Ji”
“Tai Chi” AND “Postural Balance™” “Postural Control™” AND “Gait disorders” “Locomotion
Disorder*™” “Ambulation Disorder®” “Gait Dysfunction*” “Unsteady Gait” AND "old people"
OR "elderly" OR "senior™" OR "old adult*" OR "aged" OR "older people" OR "older adults" OR
"geriatric". These keywords were used to search for other published systematic literature, while
Mesh was utilized to complete the search in PubMed. Meanwhile, the search strategy used in
the Scopus search bar was title/abstract/keywords and full-text or topical searches for other
databases. Literature search dates are from inception to May 2023.

Table 1. Inclusion criteria.

Items Detail

Participants Male or female, >60 years old, gait problems

Intervention Tai Chi

Comparison Control group, no exercise group or exercise group

Outcome Balance, mobility, gait ability, strength, fall rate, quality of life (QoL)
Study designs Randomized Controlled Trial

https://doi.org/10.1371/journal.pone.0287035.t001
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2.3 Study selection

A total of 584 articles were found from six different databases, and 43 duplicates were later
deleted using the Endnote (Clarivate, USA) literature management software (Fig 1). The
remaining articles were excluded according to the title and keywords, and articles without key-
words were excluded by reading the full text. Finally, relevant articles were reviewed and final-
ized to be included in the study.

2.4 Protocol and registration

The search strategy, data collection, and planned analysis protocol for this systematic review
are registered with PROSPERO (CRD42022378411): https://www.crd.york.ac.uk/prospero/.

2.5 Quality assessment data extraction

The PEDro scale is a scale for evaluating the quality of clinical trials [34]. The scale consists of
11 items, ten of which focus on external validity, and was scored based on whether the criteria
were met ("Yes" = 1 and "No" = 0), with a maximum possible score of 10 points. Generally, a
PEDro score > 5 indicates a high-quality article, while a score less than 5 indicates poor quality
(Maher et al., 2003). Two researchers completed each assessment independently in this study,
and third-party arbitration was utilized in disagreements Table 2. Subsequently, two reviewers
extracted the data independently according to the PICO principle. The final extracted data
included (a) references, (b) participants, age, and gender, (c) intervention type, frequency, and
duration, (d) sample features, and (e) primary outcomes.

3 Results

3.1 Study selection and characteristics

An initial search of 584 articles from electronic databases: PubMed (21), Scopus (18), Web of
Science (45), EBSCOHOST (SPORT-Discus) (314), CNKI (174), Google Scholar (9), and Ref-
erence (3). After deleting the duplicates (43), 404 irrelevant articles were excluded according to
the inclusion criteria. Another 108 were excluded based on the title and abstract: not related to
postural balance and QoL (29), not related to gait (39), theoretical research (7), non-RCT's
(10), and age < 60 (7). Finally, 16 articles were included in the final analysis [15,35-49] (Fig 1).

3.2 Study quality assessment

The first item on the PEDro scale was excluded from the total score without affecting the inter-
nal validity of the article. The scores for all selected articles ranged between 4 and 8; two arti-
cles scored 4, and 14 articles scored > 5. Therefore, the methodological quality of the selected
articles is high, indicating the reliable outcomes of this review. In addition, the 16 articles met
the eligibility criteria with between-group comparisons and random allocation, but only one
study performed the blinding of participants, assessors, and therapists fit Table 2.

3.3 Characteristics of included studies

Based on the 16 included studies, the participants’ characteristics were as follows: (1) Total
sample size: 1408 subjects, (2) Gender: 13 studies included both genders [15,35,36,38-42,44-
48], one article did not describe the participants’ gender [43], two studies described women
[37,49]. (3) Age: All studies included participants aged > 60, where 11 focused on elderlies
between 60-70 years old [15,35,36,39-41,43,45-47,49], and five included those > 70
[37,38,42,44,48], (4) Participants’ health description: 10 articles studies the Parkinson’s
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Not RCT (n =10)
Age <60 (n =7)
\ 4

Studies included in quantitative
synthesis
(n=16)

Fig 1. PRISMA study selection process.
https://doi.org/10.1371/journal.pone.0287035.g001

population [15,35,39-41,43,45-48], two studies include elderlies that do not exercise [37,49],
one study focused on the stroke patients [36], one study of elderlies with afraid or have a his-
tory of falls [42], one study included inactive participants [44], and one item studied those
with mild cognitive impairment (MCI) [38] Table 3.
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Table 2. Summary of methodological quality assessment scores.

References Eligibility Random Concealed Group Blind Blind Blind | Follow- | Intention-to- | Between-group | Point measure | PEDro

criteria allocation allocation similar at | subject | therapist | assessor | up treat analysis comparisons | and variability | score
baseline

Amano, Nocera 1 1 0 1 0 0 0 1 0 1 1 6

[35]

Au-Yeung, 1 1 0 1 0 0 0 0 1 1 1 6

Hui-Chan [36]

Li, Harmer [15] 1 1 1 1 0 0 0 1 1 1 1 8

Wei [49] 1 1 1 1 0 0 0 0 1 1 1 7

Kim, Je [37] 1 1 1 0 1 1 1 0 1 1 1 9

Fogarty, 1 1 0 0 0 0 0 0 1 1 1 5

Murphy [38]

Hackney and 1 1 0 1 0 0 0 0 0 1 1 5

Earhart [39]

Lin, Liling [40] 1 1 0 0 0 0 0 1 1 1 1 6

Li, Jianlan [41] 1 1 0 1 0 0 0 0 1 1 1 6

Chewning, 1 1 0 1 0 0 0 1 1 1 1 7

Hallisy [42]

Choi, Garber 1 1 0 1 0 0 0 1 0 1 1 6

[43]

Li, Harmer [44] 1 1 0 1 0 0 0 0 1 1 1 6

Yi, Jianxing 1 1 1 1 0 0 0 0 1 1 1 7

[45]

Gao, Leung 1 1 1 1 0 0 0 1 1 1 1 8

[46]

Zhang, Hu [47] 1 1 1 1 0 0 0 1 1 1 1 8

Khuzema, 1 1 1 1 0 0 0 0 1 1 1 7

Brammatha

[48]

Total 16 16 7 13 1 1 1 7 13 16 16

https://doi.org/10.1371/journal.pone.0287035.t002

3.4 Intervention characteristics

Intervention characteristics included intervention type, duration, and frequency. All studies in
this review utilized Tai Chi intervention, including two combined intervention studies [38,41].
Furthermore, seven items explicitly reported using the Yang style [35,39,40,42,44,46,47]: three
studies chose the Yang style with 24-form movements [44,46,47], two studies used eight move-
ments [35,40], one study used a 4-form movement [42], and one study did not specify the
number of movements [39]. Meanwhile, two studies opted for Sun-style Tai Chi, particularly
the 12 and 21 forms [36,37]. One study also utilized Taoist Tai Chi with 108 movements [38].
The remaining studies did not describe the Tai Chi routines, but a few of them stated the num-
ber of movements, including eight forms, 24 forms, six forms, and one form (cloud hands)
[15,41,43,45,48,49].

Most studies were randomly divided into two groups for comparison (n = 14): experimental
and control groups. Meanwhile, two studies randomly divided their subjects into two experi-
mental groups and one control group. Only two studies used combined interventions [38,41].
Tai Chi intervention cycles were conducted between four to 24 weeks, two to five sessions
weekly, with a duration of 30 to 90 minutes. The Tai Chi intervention time range in all articles
varied from 4 to 24 weeks, but most articles used 12 weeks (n = 5) and 16 weeks (n = 3). Fur-
thermore, most studies were conducted at 60 minutes per session (n = 12), followed by 90 min-
utes (n = 2) and 30-45 minutes (n = 2).
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Table 3. Sample features, main outcomes, and participants’ characteristics.

References Participants Sample Intervention Types of TC Comparison Outcomes
features
Amano, M/F PD EG: Project 1: Tai Chi, Yang-style, EG: Project 1:16-Wk /2/ Gait (COP) «—, UPDRS III+—
Nocera [35] N =45 Project 2: Tai Chi first eight 60min
Age = 66-68 CG: Project 1: Qigong, movements CG: Project 1:16-Wk/2/
Project 2: Non-contact 60min
control EG: Project 2:16-Wk/3/
60min
CG: Project 2: No exercise
Au-Yeung, M/F chronic EG: Tai Chi Sun style,12 EG: 12-wk/ 1 hour of BalanceT(COG), Mobility«— (TUG)
Hui-Chan [36] N =136 stroke CG: breathing and forms group practice was Dynamic Standing Equilibrium{
Age=63.4+10.7 stretching exercises supplemented by 3 hours
of self-practice.
CG: similar to the Tai Chi
group
Li, Harmer M/F PD EG: Tai Chi eight-form EG:24-wk/ 2/1 hour Balance] (maximum excursion|
[15] N =195 CGl: resistance training CG: like the Tai Chi directional control) Gait{ (stride
Age =68+9 CG1: Stretching group lengthT walking velocityT), Mobility
(TUG) Strength?, UPDRS IIIT, fall
rate|
Wei [49] F no exercise EG: Tai Chi 24-form EG:16-wk/5/1 hour balance abilityT (SLOT SLCT SLST)
N =48 habit EG: Brisk Walking EG:16-wk/5/1 hour
Age =60-70 CG: no exercise CG: no exercise
intervention intervention
Kim, Je [37] F no exercise EG: Tai Chi Sun-style, EG:12-wk/2/1 hour balancel (FRT, OLST) Gait ability
N =46 habit CG: taeckwondo 21-form CG:12-wk/2/1 hour (gait velocity, step length, stride time,
Age = 65-83 modified Sun- and cadence), Lower Strength
style
Fogarty, M/F MCI EG: MIP Alone Taoist Tai Chi, EG:10-wk/2/90 min Balance«— Gait «— Cognition——,
Murphy [38] N =40 CG:MIP + TTC 108 movements CG:10-wk/2/90 min physical mobility«—
Age = 71.55 (9.33)
Hackney and M/F PD EG: Tai Chi Yang Short EG:13-wk/2/1 hour balance (BBST) gaitT (tandem stance
Earhart [39] N =33 CG: no exercise Style of Cheng CG: no exercise test] six-minute walk?) functional
Age = 64.9+ 8.3, intervention Man Ching intervention mobility] (backward walkingT)
62.6 +10.2 UPDRSIIIT, satisfaction and well-
being?
Lin, Liling M/F PD EG: Tai Chi Yang-style, EG:16-wk/3/60min Gait (gait velocity T, stride lengthT,
[40] N =280 CG: not mentioned eight CG: not mentioned gait frequency«—) UPDRS IIIT
Age = 62-83 movements
Li, Jianlan [41] M/F PD EG: Medicine combined cloud hands, EG:8-wk/5/60min balance? (BBS) Gait (gait speedT,
N =280 with tai chi cloud hands | One movement | +Fumigate the affected stride lengthT)
Age=64.1+8. and traditional Chinese limb, 15 min /1d
8,66.9+8.5 medicine fumigation CG: routine care
CG: routine care
Chewning, M/F Fear of EG: Tai Chi Yang-style, EG: EG:6-wk/2/90 min balanceT Gait](TUG), tandem or
Hallisy [42] N =242 falls/ CG: not mentioned Fab Four tai chi CG: no exercise single leg balance) mobility T
Age=75.0 history of movements intervention strength
+7.4,72.8 £7.0 falls
Choi, Garber not mentioned PD EG: Tai Chi not mentioned EG:12-wk/3/60 min balance((one-leg standing test,
[43] N=24 CG: no exercise CG: no exercise tandem gait test), Gait](tandem gait
Age = 60.81 intervention intervention test) UPDRS IIITADL«—
+7.6,65.54+6.8
Li, Harmer M/F Inactive EG: Tai Chi Yang-style, EG:24-wk/3/60 min balance(BBST Dynamic Gait Index?
[44] N =256 CG: regular stretching 24-form CG:24-wk/3/60 min functional-reach? single-leg
Age =70-92 standingT, fall rate|
(Continued)
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Table 3. (Continued)

References

Yi, Jianxing
[45]

Gao, Leung
[46]

Zhang, Hu
[47])

Khuzema,
Brammatha
[48]

Participants

M/F
N =40
Age = 63.35
+8.72,64.83+9.29

M/F
N=76
Age = 69.54
+7.32,68.28+8.53
M/F
N =40
Age = 66.00
+11.8,64.35+10.53
M/F
N =27
Age = 60-85

Sample
features

PD

PD

PD

PD

Intervention Types of TC Comparison Outcomes
G1: Tai Chi Health Qigong G1:4-week/5d/2/30- balance (BBST), UPDRS IIIT
G2: walking 24 Forms Tai 45min
Chi G2:4-week/5d/2/>40min
EG: Tai Chi Yang-style, EG:12-wk/3/60 min balance{(BBST), UPDRS IIl«—
CG: no exercise 24-form CG: no exercise
intervention intervention
G1: Tai Chi Yang style, EG:12-wk/2/60 min balance«—— (BBS+—,) Gait«—
G2: Multimodal Exercise 24-posture CG:12-wk/2/60 min (stride length, gait velocity), UPDRS
Training short-form I
EG: Tai Chi 6-form EG:8-wk/5/30-40 min balance (BBST) Functional mobility
EG: Yoga EG:8-wk/5/30-40 min (10-m walkT TUGT)
CG: Conventional balance CG:8-wk/5/40-45 min

exercise

Note: sigT; not sig«; PD: Parkinson’s disease; MCI: Mild cognitive impairment; SLS = single-leg stance; SLC = with eyes closed; SLO = with eyes open; OLS = one-leg
standing; TUG = Timed Up and Go; FR = Functional Reach; ADL = activities of daily living; BBS = Berg Balance Scale; UPDRS III = the Unified Parkinson’s Disease
Rating Scale Motor Subscale 3; COG: Center of gravity; TC = Tai Chi; RCT = randomized controlled trial; WK = week; 6-MWD = 6-minute walking distance; TST
= tandem stance test; MIP: Memory intervention program.

https://doi.org/10.1371/journal.pone.0287035.t003

4 Outcomes

This section summarizes the findings from 16 selected articles that utilized Tai Chi as a train-
ing method and reported improvements in postural stability and QoL in older adults.

4.1 Effects of Tai Chi on postural balance

A total of 14 studies assessed the postural balance in older adults with different health condi-
tions [15,36,37-39,41-49]:

o Eight studies evaluated the postural balance in the Parkinson’s population.
« Two studies evaluated the postural balance ability of participants without exercise habits.

+ One study evaluated the postural balance in patients with a fear of falls or a history of falls
and chronic stroke.

The following measurements were used to assess postural balance: Seven studies used the
Berg Balance Scale (BBS) scale, which is the most common scale for postural balance evalua-
tion [39,41,44-48]. Most studies demonstrated improvements in the BBS score post-Tai Chi
intervention, except one which reported no significant improvements [47]. Moreover, the sin-
gle-leg stance test was reported in three studies on postural balance with significant improve-
ments [37,43,44]. This study also found that the FR scale is sometimes used as an indicator of
response postural balance ability [37,44], the final measurement has been significantly
improved. while one article did not detail the test indicators used in their study [38]. Based on
the findings of 14 studies, Tai Chi intervention between six to 24 weeks, two to five times
weekly, with a duration of 30-90 minutes per session, significantly impacted postural balance
among the elderly. In contrast, two studies reported no significant improvements in postural
balance in their study population. Different styles of Tai Chi interventions may improve
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postural balance ability. In this study, five items were Yang-style Tai Chi, and two items were
Sun-style Tai Chi.

4.2 Gait analysis
Ten studies reported on gait performance [15,35,37-43,47]:

« seven studies assessed the gait of Parkinson’s patients,

one study evaluated the gait of a no-exercise population,
« one study observed the gait performance of the mild MCI population, and
« one study monitored the gait of participants with a fear of falls/history of falls.

There was more than one gait measurement method used in the selected studies, including
walking velocity [15,37,40,41,47], stride length [15,40,47], step length [15,35,37,41,47], tandem
stance test [39,43]. Parkinson’s patient measurements include four using walking velocity
[15,40,41,47], three using stride length [15,40,47], and four using step length [15,35,41,47].
Two Parkinson’s population measurements use tandem stance tests [39,43]. The gait measure-
ment of the no-exercise population is mainly to compare gait velocity, step length, stride time,
and cadence before and after. The mild MCI population also focuses on gait indicators but
does not specify the specific measurement indicators. The total intervention time was six to 24
weeks, two to five times weekly, and 30-90 minutes per session. Lin, Liling [40] and Zhang,
Hu [47] exhibited that the gait of older adults improved significantly, but had no effect on
stride frequency and length.

4.3 Mobility

Six studies reported mobility results Au-Yeung, Hui-Chan [36], Chewning, Hallisy [42] Li,
Harmer [15], Fogarty, Murphy [38], Hackney and Earhart [39], Khuzema, Brammatha [48]
that were measured using several methods, such as the TUG indicators (six studies) and other
walking tests. Two functional mobility tests were included in the mobility tests in this study.
The findings showed that two of the three items in the Parkinson’s group were functional
mobility [39,48], which measured backward walking, 10-m walking, and TUG. One in the
chronic stroke group, one in the MCI group using TUG measurements, and one in fear of
falls/history of falls group. The intervention time was six to 24 weeks, two to five times weekly,
and 30-90 minutes per session. The mobility indicators illustrated that most Tai Chi treatment
groups exhibited improvements in mobility scores, except for two studies that reported no sig-
nificant enhancements [36,38].

4.4 Unified Parkinson’s Disease Rating Scale (UPDRS) III

Eight studies utilized the UPDRS III indicator [15,35,39,40,43,45-47] to evaluate the impacts
on elderly Parkinson’s patients. Five studies assessed the reduction in motor ability and discov-
ered improvements indicating that the motor capacity of the Parkinson’s population has been
improved. It is worth noting that four of the eight articles pointed out that Yang-style Tai Chi
intervention was used, but the impact on the results was different. Two studies showed that
Yang-style Tai Chi intervention can improve UPDRSIII [39,40]. In contrast, UPDRSIII was not
significant after the other two Yang-style Tai Chi interventions, which may be related to the
different intervention cycles, frequencies, and time per week [46,47]. Other interventions on
UPDRS III did not specify which style of Tai Chi was used. The total intervention time is from
4 weeks to 24 weeks, 2 or 3 times a week, and the time is 30-60 minutes.
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4.5 Strength

Two studies measure muscle strength in Fear of falls/history of falls and non-exercise popula-
tions [37,42]. Both studies focused on lower body muscle strength. These studies assessed
lower body muscle strength using the 30-second chair stand [37,42] and found that lower limb
strength was significantly enhanced after the Tai Chi intervention for six to 12 weeks, twice
weekly, and 60-90 minutes per session. Two studies used different styles of tai chi interven-
tions, one with Sun tai chi intervention and the other with Yang style tai chi but the final inter-
vention effect of both types of tai chi was significant.

4.6 Fall rate

Two articles reported rates of falls were assessed in Parkinson’s and Inactive populations,
respectively [15,44]. One showed that the tai chi group had 67% fewer falls than the stretching
group (incidence-rate ratio, 0.33; 95% CI, 0.16 to 0.71) [15]. Another study is not only about
the rate of falls but also the risk of falls, the reduction of fear of falls has an improved effect
[44]. One of the Tai Chi intervention styles is Yang style intervention and the other is not men-
tioned. The total intervention period was 24 weeks, two to three times weekly, and 60 minutes
per session. The study findings revealed a significant reduction in fall incidence several weeks
post-intervention.

4.7 Quality of Life (QoL)

Only two out of 16 studies reported how the Tai Chi intervention influenced the QoL of Par-
kinson’s disease patients [39,43]. No mention was made of the quality of life of other groups of
people. One study conducted a survey and revealed that the patients were relatively satisfied
with their well-being(median = 2.0 (25%: 2.0, 75%: 3.0) [39]. Conversely, another study that
assessed participants’ QoL using the ADL scale reported that the Tai Chi intervention had no
significant impact on their daily activities(7.91+1.81, 5.82+3.37, p = 0.119) [43]. The total
intervention period was 12 to 13 weeks, twice to thrice weekly, and 60 minutes per session. In
terms of intervention style, one of them used Yang style intervention and the final result was
effective [39], and the other did not mention Tai Chi style [43].

5 Discussion

Gait and balance impairments are common forms of physical deterioration among older
adults due to chronic inactivity [50,51]. Balance and impairments could reduce their indepen-
dent mobility and increase the risk of falls and injuries [52]. A study showed that 32% of indi-
viduals over 75 experience gait and balance impairments [53]. Gait abnormalities are usually
the result of illness or injury, but can also be caused by nerve damage, weak muscles, or joint
problems [54]. Therefore, this review focused mainly on the impacts of Tai Chi intervention
on postural control, gait ability, and QoL in older adults with gait problems and provides effec-
tive exercise programs for patients with different gait abnormalities and prevent gait
deterioration.

The 16 selected articles utilized different types of Tai Chi as a study intervention, such as
Yang-style, Sun-style, Taoist Tai Chi, and a few other unspecified forms. Seven studies in this
review chose the Yang style, the most common form of Tai Chi intervention [55]. This Tai Chi
form consists of simplified movements and postures, thus, an easy exercise for the elderly to
learn and practice. Consequently, Tai Chi improved balance, gait, mobility, lower body
strength, UPDRS III, and QoL among older adults. Despite that, several indicators were not
significantly improved, two gait indicators are Yang-style Tai Chi intervention for 16 weeks, of
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which 3 times a week for 1 hour can improve the gait of Parkinson’s patients, while the other
intervention is 2 times a week, every day Times 1 hour have no noticeable effect in people with
Parkinson’s disease. Therefore, this is attributed to differences in training frequency and dura-
tion [35,36,38,46,47].

Generally, the studies suggested that Tai Chi intervention improved postural stability (BBS,
OLS, FR), gait ability (walking velocity, stride length, step length, tandem stance test), mobility
(TUG, walking), motor function (UPDRS III), lower body strength (30-s chair stand), fall rate,
and QoL (ADL) compared with no intervention or control group. Furthermore, Tai Chi
benefited older adults with Parkinson’s disease, stroke, MCI, fear or history of falls, physical
inactivity, and no exercise habits to maintain their balance and gait stability. Moreover, gait
and balance impairments were most common among Parkinson’s disease patients (n = 10) in
nine mixed-sex studies and one research with unspecified gender. Meanwhile, the subjects of
the two non-exercise population studies were only women, and the remaining subjects were
mixed genders. Therefore, no study focused solely on the male population.

Tai Chi can also improve balance among older adults, as demonstrated by the BBS, OLS,
and FR indicators, the first two of which are ubiquitous balance outcome measurement tools
[56]. Nevertheless, one study did not observe improvements in the participants’ BBS index
[47], while another reported no improvements without detailing the assessment tools. This is a
combined intervention for people with mild cognitive impairment. The results of the study
showed that Taoist Tai Chi combined with MIP intervention did not have a significant effect.
The BBS index is widely used to evaluate the balance function, consisting of 14 items. The
higher the final score, the better the balance ability [57]. Furthermore, 14 studies reported on
balance, 12 of which demonstrated that the balance function of the Tai Chi intervention group
was significantly higher than that of the control [15,36,39,41-44,46,48,49]. In contrast, two
studies suggest that other interventions are necessary to improve balance functions among
older adults [38,47]. Additionally, numerous studies suggested 12 weeks of training with a
weekly program and 60-90 minutes per session is adequate for visible improvements. Finally,
one study reported that a 10-week intervention had no significant effect on the balance among
older adults [38].

Gait assessment is performed mainly on patients with neurological diseases. Furthermore,
gait disturbances can be triggered by fatigue and proprioceptive deficits, and neuropathy limits
proprioception and impede coordinated gait and constant speed maintenance [58]. In this
review, the impacts of Tai Chi intervention on the stride index varied between the selected
studies. For instance, the stride length improved significantly in three studies [15,37,40], but
one study did not observe significant improvements in the participants’ stride length [47],
which may be due to multimodal exercise training in the control group the intervention effect
is better than Tai Chi. Moreover, the studies utilized different walk tests to assess the partici-
pants’ forms: five studies performed a step-length test [15,35,37,41,47], and all but one study
showed significant improvements in step length. Another study assessed gait via walking
velocity, the best indicator of gait function [59]. Meanwhile, one study assessed gait frequency,
but did not report significant outcomes. The tandem stance test, consisting of two items, was
also used as an effective gait test index and demonstrated significant and positive findings. Sev-
eral articles also used TUG to measure gait and mobility in older adults [42]. In summary, Tai
Chi intervention was carried out for 12-16 weeks, twice or thrice weekly, and 60 minutes per
session could positively impact older adults, as supported by earlier [37,40,47,49].

Functional mobility is assessed using the TUG, a series of complex tasks with various ele-
ments that measure gait performance, balance, and mobility [60]. Twice-weekly training
improved functional mobility in people with MCI, Parkinson’s disease, chronic stroke, and
fear of falls/history of falls populations, and the results were consistent across studies
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[37,39,42,48,61]. Contrary to the > 12-week intervention, the 10-week intervention plan did
not significantly affect mobility [38].

The UPDRS II is a popular test index to assess motor function in Tai Chi trials [62], which
was used by eight studies to evaluate the performance among Parkinson’s patients. Interven-
tion duration for motor rating scales varied between studies, ranging from four to 24 weeks,
with extended periods illustrating higher efficacy than shorter training. Notably, one trial
showed significant improvement within four weeks of intervention [45], possibly due to the
training frequency (five weekly sessions, twice a day). In a different study [46], the UPDRS III
index decreased slightly after 12 weeks of intervention, but there was no significant difference.

Strength is one of the essential components of physical fitness, and it can be used as one of
the indicators to measure health status [63]. Decreased postural stability can lead to lower
extremity impairment, and there is a strong link between lower extremity function and balance
[64]. Aging leads to muscle mass and strength loss, which could be prevented by building mus-
cles to reduce bone density loss [65]. Only two out of the 16 selected studies evaluated leg
strength among older adults. Overall, lower extremity strength improved significantly post-Tai
Chi intervention, indicated by the 5 x Sit-Stand STS and 30-s STS tests [37], and 30-s chair
stand [42]. The intervention period was between six to 12 weeks, twice weekly, and 60 or 90
minutes per session. Furthermore, no studies have reported upper extremity muscle strength
in older adults.

Falls are a complex problem faced by older adults. Studies have found that Parkinson’s disease
patients are prone to potentially fatal falls [15,66]. Two studies recorded participants’ fall rates
over six months [15,44], and one study showed that the tai chi group had a 55% rate of falls after
the intervention compared to 67% in the stretching group, so the tai chi group was more effective.
Additionally, Tai Chi intervention may be superior to stretching exercises because the former
emphasizes the transfer gravity center, thus, allowing the body to maintain stability and effectively
enhance neuromuscular rehabilitation. In summary, 24 weeks of Tai Chi training, twice to thrice
weekly and > 60 minutes per session, could reduce falls in older adults.

The QoL improvement is a significant concept and the main target for research and prac-
tice in health and medicine [67]. Life satisfaction among older adults is linked to health and
mortality as they age [68]. Stride length and pace are closely related to physical performance
and QoL [69]. Keeping older adults healthy and in control of their daily activities may lead to a
better QoL [70]. For instance, the well-being of Parkinson’s disease patients was improved
after the Tai Chi intervention [39]. Nonetheless, there were no significant improvements in
the participants’ daily activities in another study [43]. As only one indicator was assessed in
previous studies, there is an urgent need to investigate other factors that could influence QoL
among older adults. The results of this systematic review revealed the effects of different styles
of Tai Chi intervention on improving postural balance, gait, mobility, UPDRS III, lower
extremity muscle strength, and quality of life. Compared with the control group, most studies
confirmed the positive effect of Tai Chi intervention on patients with gait disorders.

6 Study limitation

Overall, the efficacy and benefits of Tai Chi training for patients with abnormal gait were
highlighted in this review. Nevertheless, several limitations have been identified as follows:

1. Most studies included participants of mixed genders. Only two focused solely on women,
while none chose older men as their study subjects.

2. The intervention frequency and period were inconsistent. This study contains articles with
low-frequency intervention but significant improvement and high-frequency intervention
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without significant improvement. Therefore, it is difficult to determine which intervention
frequency would be most impactful for the participants.

3. There are limited reports on QoL in the literature, so all reliability and convincing power
could be low.

4. Two studies combined Tai Chi interventions with other treatments, thus, making it impos-
sible to determine how much Tai Chi intervention influenced the outcome.

5. Studies on gait disorder people among Parkinson’s disease patients are relatively common
compared to other health conditions, such as chronic stroke, MCI, fear of falls/history of
falls, inactivity, and no exercise habits.

6. Different types of gait impairments could increase the risk of falls. Numerous studies have
found that training in balance, gait, and muscle strength is effective in reducing falls. Never-
theless, there are few analyzes of falls in people with gait disorders in this article, and only
two mentions are related to falls.

7 Conclusion

Tai Chi is a promising intervention to improve postural balance, gait, mobility, and UPDRS III
in people with Parkinson’s disease, chronic stroke, fear or history of falls, no exercise habit,
MCI, and inactive populations. However, few studies analyzed the effects of Tai Chi on strength,
fall rates, and QoL in individuals with OA, thus, warranting further investigation. Additionally,
most studies demonstrated that Yang-style Tai Chi could improve postural stability in older
adults with different gait disorders. Various test indicators were utilized in assessing postural
balance and gait variables, such as BBS, where high scores suggest significant improvements in
participants’ balance. Nonetheless, literature on the effects of Tai Chi on stride frequency and
endurance remains scant. Meanwhile, UPDRS III scores indicated that short-cycle, high-fre-
quency Tai Chi training (12 weeks, three times per week), and long-cycle low-frequency train-
ing (24 weeks, twice per week) could improve motor function in Parkinson’s patients.
Moreover, lower extremity weakness leads to impaired walking and postural instability, which
increases the risk of falls and reduces the QoL. In addition, Tai Chi combined with specific
intervention methods potentially enhances postural stability in the elderly; hence, worth explor-
ing in future research. Finally, more randomized controlled trials should be conducted in older
males to understand the difference in Tai Chi intervention among older males and females.
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