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Abstract: Stroke survivors suffer from disease-associated symptoms. Tai Chi can be a beneficial
approach to provide an adapted form of intervention to manage their symptoms. The study aimed to
determine the effects of a Tai Chi-based stroke rehabilitation program on symptom clusters, physical
and cognitive functions, and stroke-specific quality of life among stroke survivors in Korea. Thirty-
four stroke survivors were randomly assigned to receive either the Tai Chi-based program or the
stroke-symptom management program. The feasibility of the program and its effects on the outcomes
were assessed at baseline, 3 months, and 6 months. Repeated measures ANOVA showed that most
symptoms improved in both groups during the 6-month period, but swallowing-related symptoms
improved significantly in the Tai Chi group. Based on the interaction effect, Tai Chi was more effective
on flexor muscle strength, ambulation, and activities of daily living and cognitive function over
6 months than their counterparts. Among SS-QOL dimensions, the Tai Chi group showed significant
improvements in the thinking and self-care dimensions. The Tai Chi-based stroke rehabilitation
program was feasible and safely applicable to stroke survivors in the community settings. This
program could improve symptoms, physical and cognitive function, leading to improvements in the
self-care dimension of the SS-QOL among stroke survivors.

Keywords: stroke; Tai Chi; symptom cluster; physical functional performance; quality of life

1. Introduction

Cerebrovascular disease is a major global concern and individuals with stroke suffer
from disease-associated symptoms that influence their physical and cognitive functions
in everyday life [1,2]. Due to hemiplegia, which is the most devasting and long-lasting
symptom, stroke survivors experience physical difficulties with speaking, balancing, coor-
dinating, walking, and vision, and those problems can cause depression and a poor quality
of life (QOL) [1]. The symptoms vary according to the affected site and size in the brain
of the initial stroke lesion, which makes the recovery processes more complicated and
individually different [3]. Therefore, approaches involving multidisciplinary teams are
crucial for the development of effective stroke rehabilitation programs that can address
various needs regarding the physical, social, cognitive, and psychological functions of
stroke survivors [3].

Tai Chi is a low-intensity aerobic exercise method originated from an ancient Chi-
nese martial art and characterized by the fundamental principles of slow, smooth, and
continuous body movements that involve transferring the body weight while maintaining
a relaxed upright posture [4]. It is also well known for its psychological benefits deriving
from the mind-body connection rooted in Taoism [4,5]. These characteristics of Tai Chi
have led to it being widely practised, not only for improving physical problems (e.g.,
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postural balance, movement coordination, muscle strength, and flexibility) but also for
calming the mind and meditating [5-8]. Many studies have found that performing Tai Chi
improves balance and gait, decreases the incidence of falls [9,10], and relieves depression,
anxiety, and stress [11,12].

Considering the functional limitations of stroke survivors, safety should be the main
concern when applying any form of exercise to this population. Adapted forms of Tai Chi
have been applied to populations with poor standing balance, such as stroke patients [13],
older adults using wheelchairs [14], and individuals with spinal cord disorder [15]. Pre-
vious feasibility studies have found that Tai Chi can be safely and effectively applied to
those with restricted functioning in an adapted form while either standing or sitting. A
study that applied Yang-style Tai Chi as a community-based physical activity program to
stroke survivors found that 28 subjects with a mean age of 69 years were able to complete
Tai Chi movements three times a week over a 3-month period with an adherence rate of
92%, and no occurrence of adverse events [16]. Wayne et al. [17] similarly reported the
positive effects of Tai Chi applied to elderly subjects with impaired cognitive function. A
randomized trial examining the effects of seated Tai Chi in 60 long-term-care residents
found significant improvements in their QOL and depression scores after they performed
seated Tai Chi three times a week for 26 weeks [14].

For stroke survivors who usually find it more challenging to access or utilize reha-
bilitation programs after discharge, Tai Chi can be a beneficial approach that is consistent
with their diverse abilities [8,18-20]. However, explorations of the feasibility of implement-
ing Tai Chi as a stroke rehabilitation program based on the outcomes of stroke-related
symptoms and physical and cognitive functions of stroke survivors are still in a very early
stage of investigation. Therefore, this study applied a Tai Chi-based stroke rehabilitation
program to stroke survivors at various rehabilitation stages for 6 months to determine
the program effects on stroke-symptom clusters, physical, psychological and cognitive
functions, and QOL.

2. Materials and Methods
2.1. Study Design

A single-blind randomized controlled trial was conducted to compare the effects of the
6-month Tai Chi-based stroke rehabilitation program with a stroke-specific symptom man-
agement program (ClinicalTrials.gov identifier: NCT028688 40). The data collection process
needed about 8 months to recruit 34 stroke survivors who agreed to participate in the study;,
and consequently the study period was around 15 months (from February 2016 to May
2017), which included 6 months to complete the Tai Chi or symptom management program.

2.2. Participants

Stroke survivors registered at the outpatient rehabilitation center were screened by
their primary physician applying the inclusion criteria of being: (1) diagnosed with stroke,
(2) referred by a physician to the rehabilitation therapeutic program and (3) who have a
mobile phone and can use the text functions, and the exclusion criteria of (1) not being able
to understand questionnaires or (2) not being able to stand unaided during functional tests.
The research team explained the purpose of the study to the potential candidates, who
then signed a consent form. After the subjects completed the baseline measures, they were
randomly assigned either to the Tai Chi or control group. This study was approved by
the institutional review board (IRB approval number: 2-1046881-A-N-01-201505-HR-020)
where the primary investigator was affiliated.

2.3. Sample Size

The required sample size was determined for the present study based on a previ-
ous study [14] for a reported effect size of 0.89 (mood), a power of 0.8, and two-tailed
independent group differences. It was found that 40 stroke survivors were required, and
34 participants (18 in the Tai Chi group and 16 in the control group) were recruited by
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applying the inclusion criteria during the 8-month recruitment process, with dropout rates
of 16.6% and 12.5%, respectively. Using the expectation-maximization method for imputing
missing data, all 34 subjects were included in the analysis (Figure 1).

Enroliment Assessed for eligibility (1=80)

Excluded (n=46)

+ Not meeting inclusion criteria
* (n=35)

+ Declined to participate (n=11)

Randomized (n=34)

l

Allocated to Tai Chi group (n=18)

+ Received Tai Chi program (n=18)

+ Did not receive allocated
intervention (n=0)

l

Allocated to control group (n=16)

+ Received symptom management
program (n=16)

+ Did not receive allocated
intervention (n=0)

Allocation

h 4

Lost to follow-up (n=3) FOHOW'UP

+ missed measurement (n=2)
+ discontinued intervention (n=1)
-lost support for transportation

Lost to follow-up (n=2)
+ missed measurement (n=2)
+ discontinued intervention (n=0)

v Analysis v
Analysed (n=18) Analysed (n=16)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 1. Flow diagram of the study.

2.4. Randomization and Masking

Random numbers obtained from www.randomizer.org were used to assign subjects to
the Tai Chi and control groups. One researcher who was not involved in patient recruitment
performed the random assignment when a new stroke patient agreed to participate in the
study, and also completed the pretest measures. The participants were notified about their
group assignment 1 week prior to their first class of the program.

2.5. Treatments

An adapted form of Tai Chi for health programs—which shares the common Tai Chi
principles but was modified for those with restricted mobility—was used as the exercise
component of the stroke rehabilitation program for stroke survivors. The Tai Chi class as a
group was led by a trained Tai Chi instructor twice a week for 6 months in the physical
therapy room of the university hospital rehabilitation center. Each session consisted of
a 5-min warm up, a 5-min of gigong, a 35-min of Tai Chi movements in a seated or
standing position, and a 5-min cool-down. Chairs were available for safety and comfort
while patients were performing seated Tai Chi. Any signs of discomfort were closely
monitored by a research assistant and a rehabilitation center staff during each session.
Various motivation strategies were applied in an effort to reduce the dropout rate, such as
promoting the goal of performing self-exercises regularly at home, providing Tai Chi shirts
when attending at least 80% of the sessions over 3 months, and making weekly follow-up
calls to remind the subjects about performing home exercises and the next schedule of
the program.
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During the study period, 16 participants in the control group received the symptom
management program. A research assistant assigned to the control group provided weekly
text messages with information about stroke symptoms at different rehabilitation stages
and how to manage those symptoms, as well as the contact number to call or send a
text message to when they had any questions about symptom management. Due to the
difference in modality provided, there was no episode that the participants have come in
contact with each other between the experimental and the control groups.

2.6. Feasibility Monitoring

The intensity of the intervention was low at first, allowing the participants to be
familiarized with the movements, and progressively increased within their comfort zone.
The rate and steps to increase the dose of the program were recorded to make the stan-
dardized protocol in Tai Chi for stroke rehabilitation. At the end of the intervention, exit
interview was conducted with five participants who agreed to explore their experience in
the program.

2.7. Measures

The outcomes were measured in both groups at the baseline, at 3 months, and at
6 months. A standardized questionnaire for obtaining information about demographic
characteristics, cognitive function, stroke-specific QOL, and symptom clusters was admin-
istered via face-to-face interviews by trained research assistants. The outcomes for physical
function and muscle strength were measured at the rehabilitation clinic by specialized
technicians. All outcome assessors were blind to the group assignments.

2.7.1. Cognitive Function

Cognitive function was measured using the Korean version of the Montreal Cognitive
Assessment (K-MOCA) [21] and the Korean version of the Mini Mental State Examination
(K-MMSE) [22]. The K-MOCA assessed cognitive function in the areas of visuospatial func-
tion, executive function, naming, memory, attention, language, abstraction, and delayed
recall. The K-MOCA reportedly has criterion validity with the K-MMSE (r = 0.65), and
Cronbach’s « values of 0.81 to 0.84.21.

2.7.2. Muscle Strength

Knee muscle strength was assessed by isokinetic muscle testing using the System 4
Pro system (Biodex Medical, Shirley, NY, USA) to measure knee flexion and extension peak
torque of both the involved and healthy legs.

2.7.3. Balance

Balance was measured using the Berg Balance Scale (BBS) [23,24] The BBS is a 14-item
scale that quantitatively assesses balance through direct observations of the performance
ability, with each item scored from 0 (‘inability to complete the task’) to 4 (‘independent
completion’). The 17-item Trunk Impairment Scale (TIS) [25] was used to assess upper-body
balance and coordination, with 3 items for static balance, 10 items for dynamic balance, and
4 items for coordination. The test-retest reliability of the TIS has been reported (r = 0.87 to
0.96), as has its good interrater reliability (r = 0.85 to 0.99).

2.7.4. Ambulation and Motor Function

The Functional Ambulation Category [26] was used to assessed the ambulation ability
of stroke patients on a 6-point scale from 0 (“unable to walk’) to 5 (‘can walk freely), based
on how much human support was required to walk. The modified Rankin Scale (MRS)
was also used to assess recovery of motor function, with scores from 0 (‘no symptoms at
all’) to 5 (‘severe disability’) and 6 (‘dead’). The MRS showed good test-retest reliability
(kappa = 0.81 to 0.95), and its construct validity with neurological impairment and its
convergent validity with another disability scale have also been documented [27]. The
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Korean version of the Modified Barthel Index (K-MBI) measures the performance of the
activities of daily living (ADL), and is a reliable and valid measurement for assessing the
functional status of stroke patients [28].

2.7.5. Stroke-Specific Quality of Life

The perceived QOL was measured using the Korean version of the Stroke-Specific
Quality of Life questionnaire (S5-QOL), which evaluates the level of energy, family roles,
language, mobility, mood, social roles, personality, thinking, and self-care using a 5-point
Likert scale. The validity of psychometrics measures of the original version of the scale
was reported, with a reliability coefficient of 0.73-0.89 [29]. Cronbach’s « values for the
subscales of the SS-QOL were 0.92-0.93 among stroke survivors [30].

2.7.6. Stroke-Symptom Clusters

Stroke-related symptoms were measured using the Korean version of the Stroke
Symptom Cluster Scale (5SCS-K) [30]. The SSCS-K has 65 items in the six subscales of
mobility, sensory, cognition, communication, mood, and swallowing. The psychometrics
of SSCS-K was described in the original study involving a Korean stroke population [30],
and demonstrated acceptable reliability (Cronbach’s & = 0.92), with Cronbach’s « ranging
from 0.91 for cognition to 0.92 for mobility.

2.8. Statistical Analysis

Data were analyzed using SPSSWIN (version 20.0) software (IBM Corp, Armonk, NY,
USA). Descriptive statistics were applied to the demographic and stroke-related character-
istics of the participants. Independent t-tests were used to assess homogeneity between
groups for outcome variables in the baseline measurements. Repeated-measures ANOVA
was used to analyze time, group, and interaction effects of the program. The significance
threshold (alpha) was set as 0.05.

3. Results
3.1. Participant Characteristics

The mean age of the subjects was 57.9 years, and their duration of stroke was
9.16 £ 7.36 months. Most of the participants were married (76.5%), not currently em-
ployed (79.4%), and had a low socioeconomic status (57.6%). Most of them (70.6%) were
able to perform the ADL independently. No significant group differences were found in
demographic and stroke-related characteristics (Table 1).

Table 1. Result from homogeneity of the general characteristics at baseline (N = 34).

Characteristics Control (n = 16) Tai Chi (n = 18) e
n(%) or Mean + SD n(%) or Mean £+ SD X r

Age, years 57.18 + 10.65 58.72 +17.13 -0.91 0.367

Duration of stroke, months 10.94 + 8.50 7.58 +5.98 1.32 0.200

S Male 11 (68.8) 10 (55.6) 0.62 0.429
ex Female 5 (31.3) 8 (44.4)

<Primary school (grade 6th) 3(18.8) 4(22.2) 1.32 0.725
Ed . Middle school (grade 7th~9th) 2 (12.5) 2 (11.1)
ucation High school (grade 10th~12th) 8 (50.0) 6 (33.3)
>College 3(18.8) 6 (33.3)

Marital Married 11 (68.8) 15 (83.3) 371 0.447
arital status Other 5(31.2) 3(16.7)
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Table 1. Cont.

A Control (n = 16) Tai Chi (n = 18) »
Characteristics n(%) or Mean + SD n(%) or Mean £+ SD tx r
Emolovment Yes 4(25.0) 3(16.7) 0.36 0.549

poy No 12 (75.0) 15 (83.3)
<US $2000 11 (68.8) 8 (47.1) 6.22 0.101
Income, month US $2000-4000 4 (25.0) 3(17.6)
>US $4000 1(6.3) 6 (35.3)
Diagnosis Infarction 8 (50.0) 12 (66.7) 0.97 0.324
N Hemorrhage 8 (50.0) 6 (33.3)
Activities of daily Independent 12 (75.0) 12 (66.7) 3.90 0.143
living Assisted /dependent 4 (25.0) 6 (33.3)
Hypertension 6 (37.5) 11 (61.1) 1.89 0.169
Cardiovascular disease 3(18.8) 2 (11.1) 0.39 0.648
Comorbidity * Diabetes 6 (37.5) 5(27.8) 0.37 0.545
Neurological disease 8 (50.0) 10 (55.6) 0.11 0.746
Other 4(25.0) 6 (33.3) 1.72 0.340
* Multiple responses are possible.
3.2. Homogeneity Tests at Baseline
Group comparisons at the pretest revealed no significant differences in the outcome
variables between the groups (Table 2). The mean attendance rate for the study participants
was 83.5% during the 6-month program.
Table 2. Results from homogeneity tests of the study variables at baseline (N = 34).
Control (n = 16) Tai Chi (n =18) +
N (%) or Mean + SD N (%) or Mean + SD p
Mobility 31.38 +9.49 28.33 + 8.29 1.00 0.326
Sensory 13.06 £ 3.51 11.78 £2.82 1.18 0.246
Symptom Cognition 17.37 £5.89 14.61 £+ 3.39 1.69 0.099
cluster Communication 2094 +7.94 19.61 +5.21 0.58 0.565
Mood 27.25 £ 8.70 22.33 +5.59 1.93 0.065
Swallowing 5.81 £1.87 572 +£1.71 0.15 0.884
Muscle Flexor-I 125.43 + 37.71 118.93 + 37.39 0.50 0.618
strength Extensor-1 54.30 + 20.24 56.11 + 20.07 -0.26 0.795
BBS 48.75 + 6.03 48.89 + 6.64 -0.61 0.548
Physical TIS 16.31 £+ 3.32 17.67 £ 3.61 -1.46 0.154
p ysica FAC 3.88 + 0.62 3.72 4+ 0.67 -0.32 0.750
unction MRS 1.69 4 0.79 1.78 4 0.65 -0.37 0.717
K-MBI 87.88 4+ 10.89 87.67 +9.93 0.06 0.954
Cognitive K-MOCA 24.00 £ 4.56 24.06 + 3.54 -0.04 0.968
function K-MMSE 26.25 + 4.09 26.61 4+ 3.90 -0.26 0.794
Fatigue 9.06 4+ 3.21 10.28 4 3.01 -1.14 0.263
Family support 9.18 +£2.95 10.72 £ 2.59 1.62 0.116
Language ability 17.69 £ 5.31 18.17 £ 6.15 -0.24 0.811
Movement ability 18.25 4+ 5.67 19.06 4+ 4.21 -0.47 0.639
SS-QOL Emotion 15.75 £ 5.34 17.56 £+ 4.37 -0.28 0.781
Social role 13.94 £5.20 13.56 +4.13 0.24 0.813
Personality 9.31 +=4.24 9.67 &+ 3.65 -0.26 0.795
Thought processes 8.69 & 3.50 9.22 +2.58 -0.51 0.613
Self-care 13.88 £ 3.61 12.11 £ 2.81 1.60 0.119

Abbreviations: SD, standard deviation; Extensor-I, extensor muscle strength of involved leg; Flexor-I, flexor muscle strength of involved
leg; BBS, Berg Balance Scale; TIS, Trunk Impairment Scale; FAC, Functional Ambulation Category; MRS, modified Rankin Scale; K-MBI,
Korean version of the Modified Barthel Index; K-MOCA, Korean version of the Montreal Cognitive Assessment; K-MMSE, Korean version
of the Mini Mental State Examination; SS-QOL, Stroke-Specific Quality of Life.



Int. J. Environ. Res. Public Health 2021, 18, 5453 7 of 12

3.3. Treatment Effects on Stroke-Symptom Clusters

At the completion of the 6-month Tai Chi-based stroke rehabilitation program, both
groups showed improvements in stroke-related symptoms specifically in the areas of
movement, cognition, and communication (Table 3).

Table 3. Effects of the Tai Chi-based stroke rehabilitation program on symptom clusters (N = 34).

Outcome Baseline 3 Months 6 Months F p
Tai Chi 28.33 + 8.29 26.39 + 8.08 26.22 +7.87 T 5.72 0.011
Mobility Control 31.38 £9.49 28.75 + 8.19 30.13 £7.75 G 1.29 0.264
TxG 0.61 0.504
Tai Chi 11.78 £2.82 11.28 £2.52 10.56 £+ 2.25 T 2.98 0.058
Sensory Control 13.06 £ 3.51 12.88 + 3.03 12.31 £2.98 G 3.19 0.083
TxG 0.17 0.783
Tai Chi 14.61 £ 3.39 14.05 £ 3.81 12.22 £2.83 T 8.35 0.001
Cognition Control 17.37 £ 5.89 15.87 £ 5.50 15.31 £ 4.22 G 3.54 0.069
TxG 0.73 0.482
Tai Chi 19.61 +£5.21 17.83 £ 4.37 16.50 £+ 4.23 T 4.57 0.014
Communication Control 20.94 +7.94 2131+ 791 20.19 £+ 6.49 G 2.07 0.016
TxG 2.04 0.138
Tai Chi 22.33 £5.59 21.94+7.23 20.11 £5.49 T 2.60 0.097
Mood Control 27.25+8.70 25.69 + 8.87 25.38 £+ 8.42 G 3.95 0.056
TxG 0.39 0.624
Tai Chi 572+1.71 5.06 £1.39 539 + 1.42 T 1.61 0.206
Swallowing Control 5.81 +1.87 7.31 +:2.82 6.19 = 1.64 G 3.50 0.070
TxG 8.96 0.001

The only significant intergroup difference in symptom clusters was for swallowing dif-
ficulties. The Tai Chi group showed significant improvements in swallowing-related symp-
toms over 6 months compared with control group (interaction effect: F = 8.96, p = 0.001).

3.4. Treatment Effects on Muscle Strength and Physical and Cognitive Functions

The Tai Chi group showed significant improvements in muscle strength, specifically
for flexor muscles on the involved side (interaction effect: F = 8.61, p = 0.002). Both groups
showed significant improvements in balance as measured using the BBS and TIS over time,
but no significant interaction effects were found. Mobility and the ADL improved in both
groups over time, but the significant improvement existed in the Tai Chi group (Interaction
effect: F = 6.78, p = 0.002 for mobility; F = 3.23, p = 0.046 for ADL). Cognitive function
also improved significantly in the Tai Chi group (Interaction effect: F =7.09, p = 0.004 for
K-MOCA; F = 4.33, p = 0.017 for K-MMSE) (Table 4).

3.5. Treatment Effects on S5-QOL

At the completion of the 6-month Tai Chi-based stroke rehabilitation program, the
Tai Chi group showed significant improvements in some dimensions of the SS-QOL,
specifically in thinking (interaction effect: F = 3.70, p = 0.030) and self-care (interaction
effect: F = 8.82, p = 0.001). No significant interaction effects were found in the other
dimensions of the QOL (Table 5).
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Table 4. Effects of the Tai Chi-based stroke rehabilitation program on muscle strength, physical function, and cognitive
function (N = 34).

Outcome

Baseline

3 Months

6 Months

F p

Tai Chi 118.93 &+ 37.39 129.33 £+ 36.17 137.70 &+ 33.32 T 0.94 0.377

Flexor-1I Control 125.43 + 37.71 119.51 £ 38.07 116.00 &+ 31.56 G 0.51 0.479
TxG 8.61 0.002

Tai Chi 56.12 £ 20.08 59.84 + 18.57 59.80 £ 20.73 T 1.37 0.260

Extensor-1I Control 54.31 £+ 20.24 58.97 + 23.02 55.92 4+ 19.77 G 0.12 0.733
TxG 0.18 0.782

Tai Chi 48.89 + 6.64 51.33 £5.77 53.59 + 7.64 T 35.31 <0.001

BBS Control 48.75 + 6.03 50.06 + 5.93 52.25 + 3.61 G 0.18 0.677
TxG 0.85 0.434

Tai Chi 17.67 + 3.61 19.33 + 3.18 20.72 +2.89 T 44.18 <0.001

TIS Control 16.31 + 3.32 18.50 4+ 3.10 19.25 + 3.34 G 1.35 0.255
TxG 0.55 0.556

Tai Chi 3.72 + 0.67 394 +0.73 4.22 + 0.55 T 7.03 0.002

FAC Control 3.88 &+ 0.62 3.81 & 0.54 3.88 £ 0.62 G 0.30 0.590
TxG 6.78 0.002

Tai Chi 1.78 £ 0.65 1.67 £ 0.59 1.56 £ 0.78 T 0.25 0.782

MRS Control 1.69 £+ 0.79 1.81 £ 0.75 1.81 £ 0.83 G 0.20 0.657
TxG 2.12 0.129

Tai Chi 87.67 +£9.93 89.50 + 8.35 92.78 +7.95 T 14.21 <0.001

K-MBI Control 87.88 +10.89  86.13+13.09  89.88 & 10.61 G 0.36 0.555
TxG 3.23 0.046

Tai Chi 24.06 + 3.54 25.33 +4.09 26.67 = 3.25 T 3.62 0.044

K-MOCA Control 24.00 £ 4.56 23.69 + 6.31 23.56 + 5.33 G 1.14 0.294
TxG 7.09 0.004

Tai Chi 26.61 = 3.90 27.11 £+ 3.38 28.06 = 2.98 T 0.98 0.381

K-MMSE Control 26.25 £+ 4.09 25.69 + 4.60 25.63 + 3.76 G 1.29 0.265
TxG 4.33 0.017

Abbreviations: SD, standard deviation; Extensor-I, extensor muscle strength of involved leg; Flexor-I, flexor muscle strength of involved
leg; BBS, Berg Balance Scale; TIS, Trunk Impairment Scale; FAC, Functional Ambulation Category; MRS, modified Rankin Scale; K-MBI,
Korean version of the Modified Barthel Index; K-MOCA, Korean version of the Montreal Cognitive Assessment; K-MMSE, Korean version
of the Mini Mental State Examination; SS-QOL, Stroke-Specific Quality of Life.

Table 5. Effects of the Tai Chi-based stroke rehabilitation program on Stroke-specific Qaulity of Life (S5-QOL) (N = 34).

Outcome

Baseline

3 Months

6 Months

F p

Tai Chi 10.28 + 3.01 9.56 + 2.85 9.00 4+ 2.28 T 2.11 0.130

Energy Control 9.06 + 3.21 10.00 + 3.08 9.00 4 2.92 G 0.09 0.771
TxG 2.19 0.120

Tai Chi 10.72 £+ 2.59 1044 +3.24 10.22 + 3.42 T 0.03 0.972

Family roles  Control 9.19 +2.95 9.56 + 3.10 9.88 4 3.05 G 0.93 0.341
TxG 1.16 0.321

Tai Chi 18.17 £+ 6.15 19.72 + 3.64 18.67 + 4.46 T 0.54 0.585

Language Control 17.69 + 5.31 17.25 4+ 5.78 16.69 + 4.67 G 1.24 0.274
TxG 0.85 0.418

Tai Chi 19.06 + 4.21 21.89 + 4.56 20.72 +4.97 T 2.80 0.079

Mobility Control 18.25 + 5.67 18.81 + 6.31 17.38 + 6.41 G 2.19 0.149
TxG 1.73 0.191
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Table 5. Cont.

Outcome Baseline 3 Months 6 Months 3 P

Tai Chi 16.22 £ 4.51 17.56 + 4.37 17.78 £4.70 T 0.54 0.583

Mood Control 15.75 £ 5.34 15.69 £ 3.63 14.69 £ 3.94 G 1.78 0.191
TxG 227 0.123

Tai Chi 13.56 £ 4.13 14.28 +4.04 16.11 £ 5.09 T 3.01 0.056

Social roles Control 13.94 £ 5.20 14.63 £+ 5.51 1519 £ 4.13 G 0.002 0.962
TxG 0.45 0.617

Tai Chi 9.67 £ 3.65 9.89 £3.01 1117 £3.24 T 597 0.004

Personality Control 931 £4.24 9.69 & 3.96 10.38 £ 3.38 G 0.15 0.698
TxG 0.31 0.733

Tai Chi 9.22 £2.58 10.44 = 2.87 11.33 £2.74 T 793 0.001

Thinking Control 8.69 £ 3.50 9.38 +2.47 9.06 = 2.64 G 2.10 0.157
TxG 3.70 0.030

Tai Chi 1211 £2.81 12.56 + 3.15 18.78 £ 5.06 T 52.00 <0.001

Self-care Control 13.88 £ 3.61 12.06 £ 3.62 16.00 £ 3.93 G 0.20 0.661
TxG 8.82 0.001

4. Discussion

This study aimed to determine the feasibility and effectiveness of Tai Chi-based stroke
rehabilitation among a group of stroke survivors with a mean age of 57.9 years at various
rehabilitation stages ranging from 3 to 24 months. During the exit interview at the end of
the program, the participants expressed they were able to follow the movements seated
or standing, while enjoying being in the supportive group. The program was safely
applied to stroke survivors for 6 months, and no falls or other adverse effects related to the
intervention were reported by the participants or research staff during the study period.
Performing Tai Chi while either seated or standing for 100 min per week was well tolerated
as progressed within their comfort zone. The mean attendance rate was 83.5% for those
in the Tai Chi group, and the dropout rate was 16.6% in the Tai Chi group and 12.5% in
the control group. The main reasons for the dropouts were unrelated to the intervention,
including missed measurements (n = 3) and discontinuing the intervention due to lost
support for transportation (n = 1).

The study found that the Tai Chi-based stroke rehabilitation program was partially
beneficial to stroke survivors in terms of physical and cognitive functions, and some di-
mensions of the QOL. While the stroke-related symptoms of the patients in both groups
improved during the 6-month study period, those in the Tai Chi group showed significant
improvements in swallowing difficulties over time compared with the controls. The com-
parison of stroke-symptom clusters across the rehabilitation stages showed that swallowing
difficulties remain priority symptoms that most stroke survivors experienced for up to
5 years [30]. Swallowing difficulties are known to be one of the serious barriers hindering
the path to recovery for stroke survivors, which significantly affects their QOL [31]. The
mechanisms of improving swallowing ability through Tai chi are not clear, but may be ex-
plained by two assumptions. First, mindful eating is emphasized through Tai Chi practice
that helps the participants to take enough time to eat with better sensual awareness of food,
consequently may reduce the risk of aspiration. Second, head rising excises such as Shaker
excise can improve swallowing by enhancing the functionality of the upper esophageal
spinster muscle through isotonic and isometric excise [32]. The warm up exercise for Tai
Chi exercises include neck flexion and extension exercise, which may have strengthened the
muscles around the neck and helped improve swallowing. Yet, the underlying mechanisms
need to be confirmed in further studies.

A focused review on Tai Chi for stroke rehabilitation analyzed four intervention
studies, with the results suggesting that Tai Chi is beneficial to improving physical and
social functions of the QOL and mental health among stroke survivors [33]. We similarly



Int. J. Environ. Res. Public Health 2021, 18, 5453 10 of 12

found that the participants in the Tai Chi group reported significant improvements in
the thought-processes and self-care dimensions of the QOL when assessed using the SS-
QOL. The specific dimensions of the SS-QOL were strongly associated with corresponding
functionality measures [34], which was also supported by our study findings for physical-
and cognitive-function outcomes.

Since the mobility problems improved over time, our findings support the hypothe-
sis that even an adapted form of Tai Chi-based program can improve physical-function
outcomes in stroke patients with impaired mobility. Performing Tai Chi for 6 months
resulted in significant improvements in the flexor muscle strength of the involved knees. A
previous study similarly found that older adults who practiced Tai Chi for 8 weeks showed
significant improvements in their lower-limb muscle strength [35]. In contrast to normal
walking, during Tai Chi stepping the knee joint always remains flexed with increased knee
flexion angles and peak muscle activity [36]. Improvements in flexor muscle strength and
mobility are critical for stroke survivors to be able to perform the ADL and avoid falls [37].

Along with the flexor muscle, the subjects in the Tai Chi group in the present study
also showed significant improvements in their ambulation ability and the performance
of the ADL, which would lead to significant improvements in the self-care dimensions of
the QOL in this population. The typical feature of Tai Chi walking with weight transferal
while stepping has been suggested as an effective mechanism for enhancing balance and
mobility function [38].

However, no significant change in balance was found after performing Tai Chi for
6 months. Considering that stroke is typically a chronic disease, stroke survivors may
require longer periods of Tai Chi training to achieve significant changes in balance. A
systematic review [37] found that Tai Chi produced significant improvements in balance as
assessed using the BBS in a random-effects model, which suggests that the effects of Tai
Chi on balance would vary according to the characteristics of the involved population.

The present study also found that stroke survivors who performed an adapted form
of Tai Chi for 6 months showed significant improvements in cognitive function compared
with those in the symptom management group. The baseline scores for K-MOCA and
K-MMSE indicate that the participants in both groups had mild cognitive impairment [39],
and those who performed Tai Chi showed significant improvements in these scores over
6 months. Tai Chi is a mind-body exercise that has been recognized as an effective tool for
improving cognition by training subjects to focus on breathing and movement sequences
and to increase self-awareness [40]. Recent meta-analyses have supported this hypothesis,
by showing that Tai Chi exerts positive effects on global cognitive, executive, and memory
functions in older adults with or without cognitive impairment [17,40].

The main limitation of this study was the smallness of the sample, which potentially
made it statistically underpowered. A larger-scale randomized controlled study will be
needed to draw more-definitive conclusions. Another limitation is the heterogeneity of
the study population, including various rehabilitation stages. The participants of our
study were a relatively young group, which consequently limits the generalizability of the
study findings. Future studies should explicitly evaluate the benefits to stroke survivors
in different age groups as well as at different stages of stroke recovery and with varying
levels of functional ability.

5. Conclusions

The present Tai Chi-based stroke rehabilitation program was well received by stroke
survivors with various levels of disability as assessed using the MRS. Compared with their
control counterparts, the participants in the Tai Chi showed significant improvements in
swallowing-related symptoms, ambulation ability, flexor muscle strength, and cognitive
function, and consequently also in the self-care dimensions of the SS-QOL. This program
could be applied to stroke survivors for managing their stroke-related symptoms and
improving their QOL in community rehabilitation settings. Further studies should apply
Tai Chi-based stroke rehabilitation programs to larger samples in order to explore the
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effects of such programs on symptom management and specific functional abilities over
various durations of stroke rehabilitation.

Author Contributions: Conceptualization, R.S.; methodology, R.S. and M.K.S.; formal analysis, T.J.
and ].O.; investigation, T.]. and J.O.; data curation, T.J. and J.O.; validation, R.S.; writing—original
draft preparation, R.S. and M.P,; writing—review and editing, R.S., M.P. and M.K.S.; supervision, R.S.
and M.K.S,; project administration, R.S.; funding acquisition, R.S. All authors have read and agreed
to the published version of the manuscript.

Funding: This study was supported by Basic Science Research Program through the National
Research Foundation of Korea (2013R-1A-1A-2065536).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Chungnam National
University (No 2-1046881-A-N-01-201505-HR-020 from 4 May 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author (M.P.) on reasonable request.

Acknowledgments: The authors would like to thank all the participants in our study and all staff at
the rehabilitation centers for their support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organization. Stroke, Cerebrovascular Accident. Available online: https://www.who.int/cardiovascular_diseases/
resources/atlas/en/ (accessed on 20 March 2020).

2. Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K,; Blaha, M.J.; Cushman, M.; Das, S.R.; De Ferranti, S.; Després, J.-P.; Fullerton,
H.J.; et al. Executive Summary: Heart Disease and Stroke Statistics—2016 Update. Circulation 2016, 133, 447-454. [CrossRef]
[PubMed]

3.  Langhorne, P; Bernhardt, J.; Kwakkel, G. Stroke rehabilitation. Lancet 2011, 377, 1693-1702. [CrossRef]

4. Lan, C;Lai,].-S.; Chen, S.-Y. Tai Chi Chuan. Sports Med. 2002, 32, 217-224. [CrossRef] [PubMed]

5. Zhang, L.; Layne, C.; Lowder, T.; Liu, ]. A Review Focused on the Psychological Effectiveness of Tai Chi on Different Populations.
Evid.-Based Complement. Altern. Med. 2011, 2012, 1-9. [CrossRef]

6. Ni, X; Liu, S;; Lu, E; Shi, X.; Guo, X. Efficacy and Safety of Tai Chi for Parkinson’s Disease: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials. PLoS ONE 2014, 9, €99377. [CrossRef]

7. Taylor-Piliae, R.E.; Hoke, TM.; Hepworth, ].T.; Latt, L.D.; Najafi, B.; Coull, B.M. Effect of Tai Chi on Physical Function, Fall Rates
and Quality of Life Among Older Stroke Survivors. Arch. Phys. Med. Rehabil. 2014, 95, 816-824. [CrossRef] [PubMed]

8. Zhang, Y.; Ning, Y.; Liu, H.; Zhou, L.; Zou, Y,; Li, Z. Current trends in tai chi for stroke rehabilitation. J. Tradit. Chin. Med. Sci.
2015, 2, 135-139. [CrossRef]

9. Yang, Y, Li, X.-Y,; Gong, L.; Zhu, Y.-L.; Hao, Y.-L. Tai Chi for Improvement of Motor Function, Balance and Gait in Parkinson’s
Disease: A Systematic Review and Meta-Analysis. PLoS ONE 2014, 9, €102942. [CrossRef]

10. Logghe, LH.; Verhagen, A.P.; Rademaker, A.C.; Bierma-Zeinstra, S.M.; van Rossum, E.; Faber, M.].; Koes, B.W. The effects of Tai
Chi on fall prevention, fear of falling and balance in older people: A meta-analysis. Prev. Med. 2010, 51, 222-227. [CrossRef]

11. Wang, F; Lee, E.-K.O.; Wu, T.; Benson, H.; Fricchione, G.; Wang, W.; Yeung, A.S. The Effects of Tai Chi on Depression, Anxiety,
and Psychological Well-Being: A Systematic Review and Meta-Analysis. Int. |. Behav. Med. 2013, 21, 605-617. [CrossRef]

12.  Wang, C,; Bannuru, R.; Ramel, J.; Kupelnick, B.; Scott, T.; Schmid, C.H. Tai Chi on psychological well-being: Systematic review
and meta-analysis. BMC Complement. Altern. Med. 2010, 10, 23. [CrossRef]

13. Hwang, I; Song, R.; Ahn, S.; Lee, M.-A.; Wayne, PM.; Sohn, M.K. Exploring the Adaptability of Tai Chi to Stroke Rehabilitation.
Rehabil. Nurs. 2019, 44, 221-229. [CrossRef]

14. Hsu, C.-Y,; Moyle, W.; Cooke, M.; Jones, C.; Hsu, C.-Y. Seated Tai Chi versus usual activities in older people using wheelchairs: A
randomized controlled trial. Complement. Ther. Med. 2016, 24, 1-6. [CrossRef] [PubMed]

15.  Shem, K.; Karasik, D.; Carufel, P.; Kao, M.-C.; Zheng, P. Seated Tai Chi to alleviate pain and improve quality of life in individuals
with spinal cord disorder. J. Spinal Cord Med. 2016, 39, 353-358. [CrossRef] [PubMed]

16. Taylor-Piliae, R.E.; Coull, B.M. Community-based Yang-style Tai Chi is safe and feasible in chronic stroke: A pilot study. Clin.
Rehabil. 2011, 26, 121-131. [CrossRef] [PubMed]

17.  Wayne, PM.; Bs, ].N.W.; Taylor-Piliae, R.E.; Wells, R.E.; Papp, K.V.; Donovan, N.J.; Yeh, G.Y. Effect of Tai Chi on Cognitive
Performance in Older Adults: Systematic Review and Meta-Analysis. |. Am. Geriatr. Soc. 2014, 62, 25-39. [CrossRef]

18. Taylor-Piliae, R.E.; Haskell, W.L. Tai Chi Exercise and Stroke Rehabilitation. Top. Stroke Rehabil. 2007, 14, 9-22. [CrossRef]


https://www.who.int/cardiovascular_diseases/resources/atlas/en/
https://www.who.int/cardiovascular_diseases/resources/atlas/en/
http://doi.org/10.1161/CIR.0000000000000366
http://www.ncbi.nlm.nih.gov/pubmed/26811276
http://doi.org/10.1016/S0140-6736(11)60325-5
http://doi.org/10.2165/00007256-200232040-00001
http://www.ncbi.nlm.nih.gov/pubmed/11929351
http://doi.org/10.1155/2012/678107
http://doi.org/10.1371/journal.pone.0099377
http://doi.org/10.1016/j.apmr.2014.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24440643
http://doi.org/10.1016/j.jtcms.2014.12.001
http://doi.org/10.1371/journal.pone.0102942
http://doi.org/10.1016/j.ypmed.2010.06.003
http://doi.org/10.1007/s12529-013-9351-9
http://doi.org/10.1186/1472-6882-10-23
http://doi.org/10.1097/rnj.0000000000000110
http://doi.org/10.1016/j.ctim.2015.11.006
http://www.ncbi.nlm.nih.gov/pubmed/26860794
http://doi.org/10.1080/10790268.2016.1148895
http://www.ncbi.nlm.nih.gov/pubmed/26914968
http://doi.org/10.1177/0269215511419381
http://www.ncbi.nlm.nih.gov/pubmed/21937523
http://doi.org/10.1111/jgs.12611
http://doi.org/10.1310/tsr1404-9

Int. J. Environ. Res. Public Health 2021, 18, 5453 12 of 12

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Chan, W.N.; Tsang, W.W.-N. The effect of Tai Chi training on the dual-tasking performance of stroke survivors: A randomized
controlled trial. Clin. Rehabil. 2018, 32, 1076-1085. [CrossRef]

Xie, G.; Rao, T.; Lin, L.; Lin, Z,; Xiao, T.; Yang, M.; Xu, Y,; Fan, J.; Lin, S.; Wu, ].; et al. Effects of Tai Chi Yunshou exercise on
community-based stroke patients: A cluster randomized controlled trial. Eur. Rev. Aging Phys. Act. 2018, 15, 1-12. [CrossRef]
Lee, J.-Y.; Lee, D.W,; Cho, S.-].; Na, D.L.; Jeon, H].; Kim, S.-K.; Lee, Y.R.; Youn, J.-H.; Kwon, M.; Lee, ].-H.; et al. Brief Screening for
Mild Cognitive Impairment in Elderly Outpatient Clinic: Validation of the Korean Version of the Montreal Cognitive Assessment.
J. Geriatr. Psychiatry Neurol. 2008, 21, 104-110. [CrossRef]

Kang, Y.; Na, D.L.; Hahn, S. A validity study on the Korean Mini-Mental State Examination (K-MMSE) in dementia patients. J.
Korean Neurol. Assoc. 1997, 15, 300-308.

Berg, K.O.; Wood-Dauphinee, S.L.; Williams, ].I.; Maki, B. Measuring balance in the elderly: Validation of an instrument. Can. |.
Public Heal. 1992, 83, 7-11.

Lee, ].J.; Lee, H].; Park, ] H.,; Han, E.Y,; Kim, M.].; Jung, H.Y. The Korean Version of Berg Balance Scale as an index of activi-ty
related to ambulation in subjects with stroke. J. Korean Acad. Rehabil. Med. 2007, 31, 400—-403.

Verheyden, G.; Nieuwboer, A.; Mertin, ].; Preger, R.; Kiekens, C.; De Weerdt, W. The Trunk Impairment Scale: A new tool to
measure motor impairment of the trunk after stroke. Clin. Rehabil. 2004, 18, 326-334. [CrossRef] [PubMed]

Viosca, E.; Martinez, J.L.; Almagro, PL.; Gracia, A.; Gonzalez, C. Proposal and Validation of a New Functional Ambulation
Classification Scale for Clinical Use. Arch. Phys. Med. Rehabil. 2005, 86, 1234-1238. [CrossRef]

Banks, J.L.; Marotta, C.A. Outcomes Validity and Reliability of the Modified Rankin Scale: Implications for Stroke Clinical Trials.
Stroke 2007, 38, 1091-1096. [CrossRef]

Jung, H.Y,; Park, B.K,; Shin, H.S.; Kang, Y.K.; Pyun, S.B.; Paik, N.J.; Kim, S.H.; Kim, T.H.; Han, T.R. Development of the Korean
Version of Modified Barthel Index (K-MBI): Multi-center Study for Subjects with Stroke. J. Korean Acad. Rehabil. Med. 2007, 31,
283-297.

Williams, L.S.; Weinberger, M.; Harris, L.E.; Clark, D.O.; Biller, ]. Development of a Stroke-Specific Quality of Life Scale. Stroke
1999, 30, 1362-1369. [CrossRef]

Song, R.; Ahn, S.; Jang, T.; Oh, J.; Sohn, M.K. Development and validation of the stroke symptom cluster scale for Korean adults
recovering after a stroke. In Proceedings of the MNRS 41st Annual Research Conference, Midwest Nursing Research Conference
Proceedings, Minneapolis, MN, USA, 6-9 April 2017.

Gonzalez-Fernandez, M.; Ottenstein, L.; Atanelov, L.; Christian, A.B. Dysphagia after stroke: An overview. Curr. Phys. Med.
Rehabil. Rep. 2013, 1, 187-196. [CrossRef]

Shaker, R.; Easterling, C.; Kern, M.; Nitschke, T.; Massey, B.; Daniels, S.; Grande, B.; Kazandjian, M.; Dikeman, K. Rehabilitation of
swallowing by exercise in tube-fed patients with pharyngeal dysphagia secondary to abnormal UES opening. Gastroenterology
2002, 122, 1314-1321. [CrossRef]

Ding, M. Tai Chi for Stroke Rehabilitation. Am. J. Phys. Med. Rehabil. 2012, 91, 1091-1096. [CrossRef] [PubMed]

Cruz-Cruz, C.; Martinez-Nufiez, ].M.; Perez, M.E.; Kravzov-Jinich, J.; Rios-Castafieda, C.; Altagracia-Martinez, M. Evaluation of
the Stroke-Specific Quality-of-Life (SSQOL) Scale in Mexico: A Preliminary Approach. Value Health Reg. Issues 2013, 2, 392-397.
[CrossRef] [PubMed]

Penn, I.-W.; Sung, W.-H.; Lin, C.-H.; Chuang, E.; Chuang, T.-Y,; Lin, P-H. Effects of individualized Tai-Chi on balance and
lower-limb strength in older adults. BMC Geriatr. 2019, 19, 235. [CrossRef] [PubMed]

Tseng, S.-C.; Liu, W.; Finley, M.; McQuade, K. Muscle activation profiles about the knee during Tai-Chi stepping movement
compared to the normal gait step. J. Electromyogr. Kinesiol. 2007, 17, 372-380. [CrossRef] [PubMed]

Chen, B.-L.; Guo, J.-B.; Liu, M.-S,; Binglin, C.; Zou, J.; Chen, X.; Zhang, L.-L.; Yue, Y.-S.; Wang, X.-Q. Effect of Traditional Chinese
Exercise on Gait and Balance for Stroke: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0135932. [CrossRef]
Gatts, S.K.; Woollacott, M.H. How Tai Chi improves balance: Biomechanics of recovery to a walking slip in impaired seniors. Gait
Posture 2007, 25, 205-214. [CrossRef]

Lim, K.-B.; Kim, J.; Lee, H.-].; Yoo, J.; You, E.-C.; Kang, ]. Correlation Between Montreal Cognitive Assessment and Functional
Outcome in Subacute Stroke Patients with Cognitive Dysfunction. Ann. Rehabil. Med. 2018, 42, 26-34. [CrossRef] [PubMed]
Wu, Y.; Wang, Y.; Burgess, E.; Wu, J. The effects of Tai Chi exercise on cognitive function in older adults: A meta-analysis. J. Sport
Health Sci. 2013. [CrossRef]


http://doi.org/10.1177/0269215518777872
http://doi.org/10.1186/s11556-018-0206-x
http://doi.org/10.1177/0891988708316855
http://doi.org/10.1191/0269215504cr733oa
http://www.ncbi.nlm.nih.gov/pubmed/15137564
http://doi.org/10.1016/j.apmr.2004.11.016
http://doi.org/10.1161/01.STR.0000258355.23810.c6
http://doi.org/10.1161/01.STR.30.7.1362
http://doi.org/10.1007/s40141-013-0017-y
http://doi.org/10.1053/gast.2002.32999
http://doi.org/10.1097/PHM.0b013e31826edd21
http://www.ncbi.nlm.nih.gov/pubmed/23064479
http://doi.org/10.1016/j.vhri.2013.04.002
http://www.ncbi.nlm.nih.gov/pubmed/29702776
http://doi.org/10.1186/s12877-019-1250-8
http://www.ncbi.nlm.nih.gov/pubmed/31455225
http://doi.org/10.1016/j.jelekin.2005.12.005
http://www.ncbi.nlm.nih.gov/pubmed/16723260
http://doi.org/10.1371/journal.pone.0135932
http://doi.org/10.1016/j.gaitpost.2006.03.011
http://doi.org/10.5535/arm.2018.42.1.26
http://www.ncbi.nlm.nih.gov/pubmed/29560321
http://doi.org/10.1016/j.jshs.2013.09.001

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Sample Size 
	Randomization and Masking 
	Treatments 
	Feasibility Monitoring 
	Measures 
	Cognitive Function 
	Muscle Strength 
	Balance 
	Ambulation and Motor Function 
	Stroke-Specific Quality of Life 
	Stroke-Symptom Clusters 

	Statistical Analysis 

	Results 
	Participant Characteristics 
	Homogeneity Tests at Baseline 
	Treatment Effects on Stroke-Symptom Clusters 
	Treatment Effects on Muscle Strength and Physical and Cognitive Functions 
	Treatment Effects on SS-QOL 

	Discussion 
	Conclusions 
	References

