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Baduanjin Qigong Improves Balance, Leg Strength and Mobility in Individuals with Chronic
Stroke: A Randomized Controlled Study

Abstract

Background. Balance deficits after stroke are common. Effective and sustainable exercise training
methods for improving balance post-stroke are needed. Objective: To evaluate the effect of
Baduanjin for improving balance among people with stroke. Methods: This was a single-blinded
randomized controlled study in which only the assessor was blinded. Fifty-eight people with
chronic stroke (mean age: 62.5+11.8 years) were randomly assigned to the experimental or control
group. The experimental group (n=29) underwent 8 weeks of supervised Baduanjin training (3
sessions per week), which consisted of 8 different balance exercises. This was followed by home-
based practice of the same exercises 3 days a week for another 8 weeks. The control group (n=29)
underwent 2 sessions of supervised conventional fitness training in the first week, followed by
home-based exercise practice 3 days a week until the end of week 16. All outcomes were measured
at baseline, week 8, and week 16. Results: Significant time x group interaction was found on the
Mini-Balance Evaluation Systems Test (Mini-BESTest) (p<0.001), composite equilibrium score
(Sensory Organization Test) (p<0.001), five-times-sit-to-stand (»<0.001), and timed-up-and-go
test (p=0.001). Significant improvements in these outcomes among the experimental group were
detected at week 8 (p<0.017). Further improvement in the Mini-BESTest was observed from week
8 to week 16 (p<0.001). Other outcomes (Limit of Stability, Fall-Efficacy Scale, Modified Barthel
Index, Stoke-specific Quality of Life) showed no significant results. Conclusion: Baduanjin is
effective in improving balance, leg strength and mobility, and is a safe and sustainable form of

home-based exercise for people with chronic stroke.



Trial registry name: Effect of qigong on balance, fall efficacy, wellbeing of people with stroke in

Hong Kong (ClincalTrials.gov, NCT02999464).
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Introduction

Balance dysfunction is common after stroke!->**

and is an important factor that contributes
to decreased ambulatory ability and increased fall rate.!> Various exercise therapies have been
used to manage balance dysfunctions in individuals with stroke.®® Some common challenges are
related to sustainability and adherence to exercise upon returning to community living. Many of
the existing training methods involve complex instructions and movements. These require
extensive resources, such as supervision of healthcare professionals and expensive and space-
occupying devices (e.g., robotics, virtual reality, etc.).® As stroke is a chronic condition, a simple,
easy-to-learn exercise program that can be conducted at home or in community-based settings is
necessary to enhance or maintain balance ability post-stroke in a sustainable manner.

Baduanjin Qigong is a traditional Chinese exercise and is as popular as Tai Chi within the
Chinese community.’ It is rooted in the concept of “qi”, which is an energy that flows through the
meridian system in the body.!® According to traditional Chinese medicine philosophies, the
uninterrupted flow of qi is essential to health and wellbeing. It is believed that qigong facilitates
the movement of qi throughout the body, thereby improving health.!” Similar to Tai Chi, Baduanjin
Qigong is characterized by slow and fluid movements, mental focus and breathing control.” The
movements involved in Baduanjin require the individual to reach beyond the base of support,
change the base of support between bilateral and unilateral stance, and perform movements in a
sustained squatting posture.” These maneuvers challenge one’s balance and demand leg strength
for their successful execution, thus making Baduanjin a potentially useful method to improve
balance performance and leg strength. This may in turn confer benefits on other related functions

such as mobility and activities of daily living.

While Tai Chi and Baduanjin share some similarities, there are also some distinct differences.



Tai Chi is a form of Chinese martial art characterized by its attack and defense principles. It
contains numerous and complex movement patterns. It often takes several months or even a year
to master the skills. For example, the Ng style, one of the most popular Tai Chi styles, has 108
forms.!! Baduanjin Qigong, on the other hand, involves only eight forms of movements, which
require less cognitive and physical demand for acquiring the skills. Baduanjin Qigong may be
more appropriate for people with motor or cognitive deficits.” Assistive equipment is also not
necessary during Baduanjin exercise. These advantages make Baduanjin a potentially suitable
form of exercise training for individuals with stroke in home-based and community-based settings.

To date, the scientific evidence regarding the Baduanjin Qigong in stroke rehabilitation is
scarce. Systematic reviews by Chen et al.!? (9 studies) and Lyu et al.'* (21 studies) showed that
traditional Chinese exercises (Tai Chi, Baduanjin, and others) improved balance in people with
stroke. However, the quality of overall evidence was considered very low, and the results were not
specific to Baduanjin. Only two of the reviewed studies were Baduanjin exercise trials. A
systematic review by Zou et al.” specifically addressed the effects of Baduanjin training post-stroke.
Although their meta-analysis found that Baduanjin induced significant improvement in balance,
the assessor was not blinded and the overall risk of bias was rated as high in all of the 6 randomized
trials (8 articles) included in the review. Only one or two outcome measures were used in all of
these trials so that a comprehensive evaluation of the effects of Baduanjin on different aspects of
physical functioning was not achieved. In addition, only one of the reviewed studies (2 articles)
involved chronic stroke patients. However, balance and mobility were not measured. '%!> The
efficacy of unsupervised, home-based Baduanjin programs is unknown.

To address the knowledge gaps and some of the limitations of previous Baduanjin studies in

stroke, an assessor-blinded randomized controlled study was undertaken to investigate the effects



of a 16-week Baduanjin Qigong practice program on balance, mobility, leg strength, fall-efficacy,
activities of daily living, and quality of life among people with chronic stroke. It was hypothesized
that 8 weeks of supervised Baduanjin training would lead to significantly improve the
aforementioned outcomes among people with chronic stroke compared to conventional exercise
training. It was also hypothesized that the treatment effect induced by Baduanjin training in the

first 8-week period would be sustained after another 8 weeks of unsupervised home-based practice.

Methods
Study design

This was an assessor-blinded randomized controlled trial with two treatment arms
(Baduanjin vs conventional exercise training). This study was registered at ClinicalTrials.gov
(NCT02999464). Ethical approval was granted by the Institutional Review Board of the clinical
institution (approval number: KC/KE-16-0063/ER-2) in which the study was conducted, and the
Human Research Ethics Subcommittee of the university with which the Principal Investigator was
affiliated (approval number: HSEARS20151013001).
Participants and sample size

Adults with chronic stroke were recruited from a local hospital outpatient center using
convenience sampling by a researcher who was not involved with group allocation, intervention,
outcome assessment. The inclusion criteria were: (1) a diagnosis of stroke >3 months, (2) stable
medical condition, (3) able to stand for more than 15 minutes, (4) able to take anteroposterior and
lateral steps without assistance or walking aid, (5) able to follow simple verbal commands. The
exclusion criteria were: (1) other neurological disorders, (2) experience in qigong practice, (3)

cognitive impairment as indicated by Abbreviated Mental Test score <7'6, and (4) other severe



illnesses (e.g., cancer). All participants gave written informed consent before participation in the
study. The participants in this study were enrolled between December 2016 and February 2018.
The sample size estimation was performed using G Power 3.1 software (Universitat
Dusseldorf, Germany). None of the previous Baduanjin studies used the Mini-Balance Evaluation
System Test (Mini-BESTest) as an outcome (the primary outcome of this study).” Therefore,
previous results on the Berg Balance Scale (BBS, also a balance measure) and Timed Up and Go
test (TUG, one of the outcomes of this study) were used to estimate the sample size. Most studies
showed that traditional Chinese exercises induced a significant effect on BBS (Hedges’ g: 0.56-
6.34) and TUG (Hedges’ g: 0.73-2.22), with medium to very large effect sizes.”!> A more
conservative approach was used, in which the smallest value identified within the effect size ranges
previously stated was assumed for this study (Hedges’ g=0.56, equivalent to =0.28 for ANOVA
analysis). Based on a 2 x 3 two-way repeated measures analysis of variance (ANOVA), with an
alpha value of 0.05, power of 80%, and an attrition rate of 15%, the minimum sample size required
to detect a significant group X time interaction effect would be 56 participants (28 in each group).
Randomization
The eligible participants were randomized into the Baduanjin group or the control group
using sequentially numbered sealed opaque envelopes. All randomization procedures were
performed by a researcher who was not involved in the recruitment of participants, exercise
training, or outcome evaluation. Given that the participants were recruited continuously as the trial
progressed rather than a single point in time, a permuted-block randomization method was used to
ensure equal sample sizes between groups over time.!”!® Whenever 4 individuals were
successfully recruited, the randomization procedure was conducted (i.e., block size: 4), with an

allocation ratio of 1:1 (i.e., 2 assigned to experimental group, 2 to control group).!”!® As we were



able to recruit 6 participants for the last block, these participants were randomized to the two
groups as one block (block size 6; 3 assigned to experimental, 3 assigned to control).
Intervention

The experimental group engaged in 8 weeks (3 days per week) of Baduanjin training in an
outpatient physiotherapy department. All Baduanjin training was provided by a physiotherapist
who was also a Baduanjin instructor. Each session was approximately 50 minutes in duration,
which consisted of 10 minutes of warm-up exercise, 30 minutes of Baduanjin Qigong practice and
10 minutes of cool-down exercise. The Baduanjin program involved 8 exercises (forms) (Figure
1). After the 8-week supervised training period, the participants practiced the same exercises
unsupervised in their own homes 3 days a week for another 8 weeks. Thus, the total exercise
duration was 150 minutes per week. This protocol was chosen because most previous Tai Chi or
Baduanjin trials that reported benefits in persons with stroke had a program duration of 6-24 weeks,
with a total exercise time of 120-300 minutes per week.”!>!3

Participants in the control group were taught upper and lower limb stretching, strengthening,
weight shifting and breathing exercises. All the control participants received two sessions of
supervised training within the first week that was conducted by a physiotherapist. The duration of
each session was the same as the Baduanjin group (50 minutes). The participants were instructed
to do the same exercises at home at a session frequency of 3 days a week until the end of week 16.

To facilitate home-based practice, leaflets with clear illustrations of the respective exercises
were provided to the participants in both groups. In addition, a weekly phone call was made by the
investigators to check the physical health status of the participants in both groups, to confirm
whether they were following the exercise protocol, and also address any concerns regarding the

exercises.



For both groups, attendance of the supervised sessions was recorded. To measure the
adherence to the home exercise component, an exercise diary was given to each participant to
record whether they performed the prescribed exercises as scheduled.

Outcome assessment

Demographic data were obtained from medical records and interviewing the participants in
the baseline assessment session. The Modified Rankin Scale was used to indicate the level of stroke
severity at baseline.!” (e.g., 1- No significant disability despite symptoms; able to carry out all
usual duties and activities; 2-Slight disability; unable to carry out all previous activities, but able
to look after own affairs without assistance; 3-Moderate disability; requiring some help, but able
to walk without assistance.) The following outcomes were assessed at three time points (baseline,
week 8 and week 16) by a physiotherapist who had more than 5 years of clinical experience and
was blinded to group allocation. All outcome assessments were administered in an assessment
room of an outpatient physiotherapy unit.

Primary outcome

Mini-Balance Evaluation Systems Test (Mini-BESTest): This14-item test is a reliable and
valid tool for assessing the dynamic balance of people with chronic stroke (score range: 0-28).2%2!
A higher score denoted better balance ability.

Secondary outcomes

Limit of Stability test: It is a valid and reliable measure of dynamic postural stability.?? It
measures the farthest distance an individual can move away from the vertical position without
altering the base of support, inducing a fall, or taking a step.?* Participants were asked to remove
footwear, socks, and ankle-foot orthosis (if any) and stand barefoot on the Smart Balance Master

System with an upright posture (NeuroCom System Version 7.0.6, NeuroCom International Inc.,



Clackamas, OR, USA). Each participant was protected by a harness, with their arms placed
alongside their body and their feet on a pre-designated position on the force platform of the device.
Participants were requested to lean their body towards a target displayed on a computer screen by
shifting their center of gravity within their original base of support as far, precisely, and rapidly as
possible for a duration of 8 seconds. The reaction time is the time in seconds from the appearance
of the cue and the onset of the center of gravity movement towards the target position. The end-
point excursion is the extent of the center of gravity movement and is calculated as a percentage
of the built-in norm of the device. The reaction time and end-point excursion of the eight targets
spaced at 45° apart around the center of gravity were registered and averaged by the system. The
mean reaction time and end-point excursion values were used for data analysis. Shorter composite
reaction time and larger composite end-point excursion indicated better dynamic postural stability.

Sensory Organization Test: It is a reliable and valid measurement used to evaluate the sensory
organization of balance control.?* The starting position was the same as the Limit of Stability Test
(NeuroCom System Version 7.0.6, NeuroCom International Inc., Clackamas, OR, USA). In each
20-second trial, participants were asked to maintain the upright standing posture as best as possible.
The system detected the path of the center of gravity. After a practical trial, the participants
underwent three trials in each of the six sensory conditions (eyes open, eyes closed; eyes open with
sway-referenced surround, eyes open with sway-referenced support surface, eyes closed with
sway-referenced support surface, eyes open with sway-referenced surround and support surface).
An equilibrium score was generated for each sensory condition.?> The composite equilibrium score
is the average score of the six sensory conditions with a possible range from 0 to 100 (“0 indicates
sway beyond the Limit of Stability and “100” indicates no sway).

Five-times-sit-to-stand (FTSTT): It is a measure of functional muscle strength and



balance.?%?’ Its reliability and validity in stroke has been established.?’ Participants were asked to
stand up and sit down five times as rapidly as possible with their arms folded and their back against
the back of a standard armchair. A practice trial was given before actual data collection. Less time
taken to complete the test was indicative of better performance.

Timed-up-and-go test (TUG): It is a reliable and valid timed walking test used to assess
functional mobility.?® Participants were asked to “rise and stand from a standard armchair, walk a
distance of 3 meters, turn around, walk back to the chair, and sit down”.?® The time taken to
complete the test was documented. Less time taken to complete the test was indicative of better
functional mobility.

Fall-Efficacy Scale International: The validated Chinese version was used to assess fear of
falling (score range: 16-64).2° A higher score indicated a greater degree of fear of falling.

Modified Barthel Index: It was used to assess independence in performing activities of daily
living (score range: 0-100).>° A higher score indicated greater independence.

Stroke-Specific Quality of Life: It is a valid and reliable patient-reported outcome assessing
the health-related quality of life specific to people with stroke (score range: 49-245).3! Higher
scores denoted better quality of life after stroke.

Statistical analysis

All data was analyzed with SPSS 24.0 (IBM, Armonk, NY, USA) for windows. The baseline
differences in demographic characteristics and outcome measures between the experimental and
control groups were compared using independent t-tests, Mann-Whitney U tests, or Chi-square
tests, depending on whether the criteria for parametric statistics were met. For each of the outcome
measures, two-way repeated measures ANOVA [mixed design; within-subject factor: time (3

levels), between-subject factor: group (2 levels)] was used to determine whether the experimental



treatment had any significantly different effects compared with the control treatment. Any
particular baseline characteristics that showed a significant between-group difference would be
treated as covariates in the analysis (i.e., analysis of covariance or ANCOVA). Post-hoc analyses
were performed if a significant group X time interaction effect was found. Post-hoc within-group
differences at various time points were analyzed using paired t-tests, whereas the between-group
comparisons of change scores were made using independent t-tests. Statistical significance was
defined as a two-sided p-value of <0.05. The significance level of the post-hoc analyses was
adjusted to 0.017 (i.e., 0.05/3) (Bonferroni correction) due to multiple comparisons.

The adherence to each exercise program during the first 8-week period, and week 9-16, and
the entire 16-week study period was compared between the two groups using Mann-Whitney U
tests. The change in exercise adherence rate within each group between week 1-8 and week 9-16
was assessed using Wilcoxon tests.

An intention-to-treat approach with the last-observation-carried-forward method was first
used for data analysis. Any missing observations were substituted by the last available data. This
was followed by a per-protocol analysis, in which only those participants who completed all

assessments were included in the analysis.

Results

The first study participant was enrolled on December 2016. A total of 58 participants met the
inclusion criteria and were randomly assigned to the experimental group (n=29) or the control
group (n=29). Two participants in the experimental group and five individuals in the control group
dropped out for different reasons (Figure 2). Moreover, another participant in the control group

was found to be participating in another study after baseline assessment and was thus excluded.



There was no significant difference in the attrition rate (Chi-square=2.320, p=0.128). The
remaining 50 (experimental: control =27:23) participants completed all outcome assessments. The
last participant completed the outcome assessments in June 2018.

Table 1 describes the demographic characteristics of the participants. There were no
significant between-group differences in key demographic characteristics including age, sex, time
since stroke onset, and Modified Rankin Scale scores (p>0.05). Additionally, the majority of the
outcome measures did not significantly differ between the two groups at baseline (p>0.05), except
that the control group had a slightly higher Mini-BESTest score by an average of 2 points (p=0.040)
and took a shorter time to complete the FTSTT by an average of 3.6 seconds (p=0.028) (Table 2).
These variables were thus entered as covariates in our ANOVA model when analyzing the
treatment effect. The baseline comparisons between the two groups generated similar results after
excluding the drop-outs.

We were able to obtain the exercise logs from all participants except the drop-outs
(experimental: n=27; control: n=23). For these participants in the experimental group, the
attendance rate of the supervised sessions during week 1-8, 9-16 and the entire 16-week study
period was high (>90%) (Table 3). There was no significant between-group difference in exercise
adherence rate for any of the periods (p>0.05). Also, none of the groups demonstrated any
significant change in exercise adherence between week 1-8 and 9-16 (p>0.05). None of the
participants, regardless of group assignment, reported adverse effects.

Intention-to-treat analysis revealed a significant time x group interaction (F=29.59,
2<0.001) on the Mini-BESTest (Table 3), composite equilibrium score (F=15.38, p<0.001), FTSTT
(»<0.001), and TUG (p<0.001). Post-hoc analysis indicated that these outcomes improved

significantly in the experimental group (p<0.001) between the baseline and week 8. The Mini-



BESTest scores even continued to improve from week 8 to week 16 in the experimental group
(»<0.001). The composite equilibrium score (p<0.001), FTSTT (p<0.001) and TUG (p<0.001) did
not significantly improve during the home-based practice period but were significantly better
compared with baseline scores. In contrast, the control group showed no significant change in
these variables over time. The only exception was the composite equilibrium score, which showed
a significant decrease at week 8 (p=0.006), but returned to baseline values at week 16 (p=0.372).
Regarding the post-hoc comparisons of change scores between the two groups, the experimental
group demonstrated significantly greater improvement in the Mini-BESTest (»<0.001), composite
equilibrium score (p=0.001), FTSTT (p<0.001) and TUG (p=0.005) at week 8, which was also
maintained at week 16 (p<0.001) (Table 4). Neither the time x group interaction nor the time effect
was significant for the rest of the outcomes (Table 3).

The above analyses of the treatment outcomes were repeated after excluding the drop-outs
(i.e., per-protocol analysis). The results (experimental group: n=27; control group: n=23), were

similar to those generated by the intention-to-treat analyses. (Supplementary tables)

Discussion

The results indicated that the Baduanjin group showed a significant improvement in the
Mini-BESTest score, composite equilibrium score, FTSTT and TUG in comparison to the control
group after the 8-week training period. These outcomes remained better than the control group
after another 8 weeks of home-based Baduanjin practice.
Improvement in balance function

The Mini-BESTest score improved significantly after 8 weeks of Baduanjin training. The

Mini-BESTest score continued to improve between week 8 and 16, suggesting that the home-based



practice improved balance ability. In this study, the mean improvement in the Mini-BESTest score
for the experimental group was 5.6 points more than the control group after 16 weeks of Baduanjin
training (Table 4). The minimal clinically important difference value of the Mini-BESTest was
found to be 4 points for balance disorders.>? Our results indicate that our Baduanjin training
induced a clinically meaningful change in the Mini-BESTest score. The dynamic nature of the
Baduanjin exercises may partially explain why the experimental group had a clinically meaningful
improvement in the Mini-BESTest, which is a measure of dynamic balance.

The experimental group also had greater improvement in the composite equilibrium score
derived from the Sensory Organization Test at week 8 and at 16-week follow-up, suggesting that
the sensory organization component of balance was enhanced after Baduanjin training. After 16
weeks of Baduanjin practice, the improvement in the composite equilibrium score was 9.1% higher
in the experimental group than the control group (Table 4), which exceeded the minimal detectable
change value found in patients with vestibular disorders (8%).>* Effective balance control involves
organization and integration of sensory information. During Baduanjin practice, different senses
are required to engage in different forms of Qigong movements (Figure 1). For instance, in
practicing the forms of ‘Two Hands Held up the Heavens,” ‘The Wise Owl Gazes Backward,” and
‘Clench the Fists and Glare Fiercely’, a wide field of view is required for looking at the hands,
looking backwards, and looking at the fist, respectively. The vestibular system is also involved
when performing the head and neck movements in ‘The Wise Owl Gazes Backward’ and ‘Sway
the Head & Shake the Tail’. Engaging in repetitive Baduanjin exercises may have enhanced the
balance ability of our participants through improving the integration of sensory information
required for effective balance control.

Four previous Baduanjin studies in stroke have incorporated balance as an outcome



measure. These studies reported a significant improvement in BBS scores after 6-12 weeks of
Baduanjin practice in persons with subacute stroke, with an overall standardized mean difference
of 2.39.%37 The standardized mean differences obtained in our study at week 16 were still
considered large (1.62 and 1.06 for the Mini-BESTest and composite equilibrium score
respectively), although they were smaller than those reported in subacute stroke trials. The
differences in participant characteristics (e.g., chronicity) and balance outcome measures used may
have contributed to the different effect sizes reported. Nevertheless, our results in persons with
chronic stroke are largely in line with these studies demonstrating that Baduanjin training was
effective in improving balance function post-stroke.

Improvement in leg strength and mobility

The FTSTT performance improved significantly in the experimental group after 8 weeks
of training, and was well maintained at the 16-week follow-up point. At the end of the 16-week
study period, the improvement in FTSTT gained by the experimental group was 5.4 seconds more
than the control group, which exceeded the minimal clinically important difference value of 2.3
seconds established in people with vestibular disorders (Table 4).3® The results thus suggested that
the Baduanjin training induced clinically meaningful changes in leg strength and balance.

Many exercises involved in Baduanjin practice require the individual to move to and away
from the semi-squatting posture with good concentric and eccentric muscle control around the
knee joints. It is known that the combination of concentric and eccentric contraction during training
is more effective in muscle strengthening than concentric training alone.** Such movements during
Baduanjin practice resemble the movements required in many daily activities (sit-to-stand,
transfers, picking up objects from floor, managing stairs, etc.), which may account for the better

performance in FTSTT in the experimental group.



The TUG performance also improved significantly in the experimental group relative to
the control group at week 8 and week 16. The improvement in balance ability (Mini-BESTest,
composite equilibrium score) and leg muscle strength (FTSTT) may partly explain the observed
gain in functional mobility (TUG) because these factors are highly correlated with mobility and
function.?®* The improvement of performance in TUG observed in the experimental group was
on average 3.5 seconds more than the control group at week 16. This is comparable to the minimal
detectable change of the TUG (2.9 seconds) in persons with chronic stroke.*! In Tai Chi studies, a
meta-analysis (based on 4 studies) showed that Tai Chi was effective in improving TUG
performance in persons with stroke, with a standardized mean difference of 2.59, although the
quality of evidence was considered very low.!* None of the previous Baduanjin trials measured leg
strength or mobility.” Thus, our study was the first to demonstrate the Baduanjin training was
beneficial in improving leg strength and mobility post-stroke.

Other outcomes

No significant between-group difference was detected in other secondary outcomes (e.g.
Modified Barthel Index, Stroke-Specific Quality of Life, etc.). A previous study reported that 12
weeks of Baduanjin training improved the Barthel Index scores in persons with chronic stroke.!”
Two previous studies also reported better quality of life (as measured by Health Organization
Quality of Life and SF-36 respectively) after 6-12 weeks of Baduanjin training.'**? The
discordance in results may be explained by several reasons. First, the experimental group had more
treatment time in previous studies. The Badjuanin training was added to usual care (e.g., education,
other exercises) whereas the control group received usual care only. In our study, each of the two
treatment arms had different types of exercise training, but the prescribed exercise frequency and

duration were the same. Second, the lack of treatment effect on Modified Barthel Index may be



due to a ceiling effect, as the mean Modified Barthel Index score of both groups were >90/100 at
different time points, indicating that the participants in this study were quite independent in their
daily activities. Finally, only balance and mobility outcomes were used to estimate the sample size
of this study. This study may be underpowered to detect significant treatment effects in some of
the secondary outcomes. A multi-centered study with a larger sample size is warranted to further
examine the therapeutic effects of Baduanjin on these outcomes in people with stroke
Supervised training versus unsupervised home—based practice

Whether the benefits gained from supervised Baduanjin training can be enhanced or
maintained by home-based practice is an important question. This is an essential aspect of chronic
disease self-management and living a healthy lifestyle. Only the Mini-BESTest scores showed
significant improvement during the home-based exercise period in the experimental group. The
degree of improvement was also less in the home-based practice period than the first 8-week
supervised training period (Table 4). While the composite equilibrium scores, TUG and FTSTT
showed significant improvement in the first 8 weeks, the degree of improvement in the subsequent
home-based practice period did not reach statistical significance. One possible explanation of the
lesser effect during the home-based practice period was that the participants’ functional status was
approaching or had already reached a plateau at week 8. Further practice may not induce the same
degree of improvement. Another explanation was the placebo effect related to the attention from
and/or interaction with the Baduanjin instructor. Finally, it cannot be completely ruled out that the
exercise adherence during the home-based practice period might be lower than reported. As the
data on exercise adherence during the home-based practice period were based on self-report, it
may be subject to over-reporting because of the desirability bias. Nevertheless, the results on these

outcomes measured at week 16 remained significantly better in the experimental group than the



control group, indicating that the benefits gained from the initial 8-week training period can be

sustained for another 8 weeks with continued home-based practice.

Attrition, exercise compliance and safety

The overall attrition rate of the study was 13.7%, which was considered acceptable
according to the criterion stated in the PEDro scale, a common tool to assess methodological
quality.*’ The control group had a higher attrition rate than the experimental group, although it was
not statistically significant. The possible reasons may be a lack of motivation, less interaction with
the Baduanjin instructor and limited perceived benefits from the exercises. However, the
confounding effect of attrition should be minimal. The dropouts did not have any important impact
on the balance of baseline demographic and clinical characteristics between the two groups. In our
analysis of the treatment effect, the results generated from the intention-to-treat analysis were
similar to those obtained from the per-protocol analysis.

The exercise adherence rate of this study was high in both groups throughout the study
period, which was comparable to previous reports (85-100%).**¢ The high exercise compliance
observed in this study might be due to the impact of weekly telephone calls intended to reinforce
the importance of regular exercise. No adverse events were reported throughout the study period,

indicating that Baduanjin is a safe exercise intervention for individuals with chronic stroke.

Limitations
This study has several limitations. First, a convenience sampling method was adopted and
all participants were recruited from the same hospital, which may have decreased the

representativeness of the sample. The results can only be generalized to those who have similar



demographic and clinical characteristics as our study participants. Second, blinding of the
participants was not feasible in this study because of the differences in the nature of the two training
programs. Third, the amount of supervision received by the experimental group participants was
more than the control group. Baduanjin was a novel exercise for the participants. Therefore, more
time was required for the participants to learn and master the techniques in the initial stage. This
factor may have had a confounding influence on the results. Despite the random allocation to
groups, significant differences were detected in the Mini-BESTest and FTSTT scores at baseline,
which may also be confounding factors. However, we attempted to address this problem by using
the baseline values of these variables as covariates. In addition, the mean between-group
differences in these outcomes were relatively small. For example, the 2-point difference in the
Mini-BESTest scores between the two groups was below the minimal detectable change value
previously established in the chronic stroke population.?’ This study was not designed to address
the question of whether the supervised Baduanjin training had a carry-over effect after a period of
no or less intervention (e.g., no home-based practice). However, we felt that the implementation
of home exercise practice after training under supervision was a better reflection of current clinical

practice in stroke rehabilitation.

Conclusion

This study demonstrated that Baduanjin training was effective in improving balance, leg
muscle strength and mobility among people with stroke relative to traditional fitness training.
Baduanjin Qigong can be considered a safe and sustainable form of exercise that can be

incorporated in stroke rehabilitation programs.
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Figure captions

Figure 1. Eight forms of Baduanjin

The Baduanjin exercises are characterized by frequent weight-shifting to one’s limit of stability,
reaching beyond the base of support, changing the base of support, sustained squatting motions,
and heel raises. The 8 forms are linked together with smooth transitions from one form to the
next. For forms 1-7, participants were required to repeat 6 times of each form before transition to

next. After form 8 was repeated 7 times, the whole set of Baduanjin exercises was completed.

Figure 2. CONSORT flowchart diagram
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Figure 2. CONSORT flow diagram
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Table 1. Demographic and clinical characteristics of participants

Experimen Control Total P
tal (n=29) (n=158)
(n=29)
Age in years 0.733
(mean+SD) 63.1£10.6 62.0+13.1 62.5+11.8
Sex 0.793
Men (n, %) 15(51.7%) 14(48.3%) 29
Women (n, %) 14(48.3%) 15(51.7%) 29
Education 0.423
IMliterate (n) 1 0 1
Primary (n) 7 12 19
Secondary (n) 14 12 26
University (n) 7 5 13
Marital status 0.717
Single (n,%) 4(13.8%) 5(17.2%) 9
Married (n,%) 25(86.2%) 24(82.8%) 49
Employment 0.877
Unemployed (n) 8 6 14
Working (n) 9 9 18
Retired (n) 8 8 16
Housewife (n) 4 6 10
Stroke types 0.279
Ischemic (n,%) 16(55.2%) 20(69.0%) 36
Hemorrhagic (n,%) 13(44.8%) 9(31.0%) 22
Affected side 0.593
Left (n) 17 17 34
Right (n) 12 11 23
Bilateral (n) 0 1 1
Time since stroke in 0.698
months 23.14£21.5 25.3£21.6 24.2421.4
(mean£SD)
Use of ankle-foot-orthosis (n) 3 0 3 0.237
Modified Rankin Scale 2(L,2) 2(1,25) 2(1,2) 0.887

(median, interquartile range)

Abbreviations: n=number of participants

*significant between-group difference (p < 0.05)



Table 2. Intention-to-treat analysis (n=57): time x group interaction and time effect

Out Experimental Group (n = 29) Control Group (n = 28) Time X Group Time Effect
utcome
Mean+SD Mean+SD Interaction
. . F p F p
Baseline Week 8 Week 16 Baseline Week 8 Week 16

Mini-BESTest 17.1£3.3 20.6+3.8% 22.0+3.7* 19.144.2 18.3£5.1 18.445.0 29.59 <0.001%* 1485  <0.001*°
LOS

RT 1.1+£0.3 1.1+0.3 1.0+0.3 1.0+0.3 1.0£0.3 1.0£0.3 0.61 0.537 0.75 0.475

EPE 45.4+12.0 50.4+12.5* 52.1+14.0%* 48.8+13.9 51.6+15.02 51.9+14.6 1.03 0.349 8.18 0.001°
SOT

Composite

ES 71.2+10.3 76.7£5.9* 79.1+5.7* 74.9+6.1 71.548.0* 73.7+£8.6 15.38 <0.001° 6.79 0.004°
FTSTT 16.8+7.1 13.8+6.3* 12.6+5.3* 13.244.7 14.3+£5.9 14.447.1 20.12 <0.0017° 5.61 0.007/2
TUG 18.749.7 16.6+9.4* 15.3£7.7% 16.6+11.8 16.6+11.1 16.7+11.2 8.79 0.0012 8.20 0.002°
FES-I 33.9+12.2 33.9+12.8 35.9+13.2 31.7¢14.1 30.6+£12.8 34.6+15.1 0.19 0.829 2.07 0.132
MBI 94.5+10.9 95.349.5 96.2+7.3 95.5+8.3 97.0+5.7 96.4+6.1 0.54 0.552 2.21 0.125
SS-QOL 198.8+25.5 201.8427.1 204.7+£35.4  201.2+£27.2 200.3+25.2 201.54+26.2 0.49 0.549 0.61 0.489

Abbreviations: Mean+SD=mean+standard deviation; n=number of participants; Mini-BESTest=mini balance evaluation systems test; LOS=limits of stability;
RT=reaction time; EPE=end-point excursion; SOT=sensory organization test; ES=equilibrium score; FTSTT=five-times-sit-to-stand test; TUG=timed-up-and-
go test; FES-I=fall efficacy scale-international; MBI=modified Barthel index; SS-QOL=stroke-specific quality of life scale
*significant difference compared with baseline (paired t-test, p< 0.017)
~analysis with baseline values as covariates
significant difference (ANOVA, p< 0.05)



Table 3. Exercise adherence rate

Time period Experimental (n=27) Control (n=23) P
(between-
group
comparison)
Week 1-8 95+13% 95+11% 0.979
Week 9-16 93+15% 95+11% 0.646
Overall (Week 1-16) 94+14% 95+11% 0.925




Table 4. Change scores and effect sizes

Experimental Group (n =29)

Control Group (n =28)

Change Score Change Score Standardized mean difference
Outcome Mean (95% confidence interval) Mean (95% confidence interval)
Wk 8 - baseline Wk 16 - Wk 8 Wk 16 - baseline Wk 8 - baseline Wk 16 - Wk 8 Wk 16 - baseline Wk 8 - baseline Wk 16 - Wk 8 Wk 16 - baseline

Mini-BESTest 3.5 (2.4, 4.6)* 1.3 (0.7, 2.0)* 4.8 (3.7, 6.0)* -0.8 (-2.2,0.6) 0.1 (-0.5, 0.6) -0.8(-2.2,0.7) 1.30 (0.45, 2,15) 0.76 (0.35, 1.16) 1.62 (0.73, 2.50)
LOS

RT 0.0 (-0.1,0.2) -0.1(-0.2,0.1) -0.1(-0.2,0.0) -0.1(-0.2,0.1) 0.0 (-0.1,0.1) -0.0 (0.1, 0.1) 0.28 (0.19,0.37) -0.28 (-0.37, -0.19) -0.33 (-0.41, -0.25)

EPE 4.9 (1.4,8.5) 1.7 (-1.3,4.7) 6.7 (2.6, 10.7) 2.8(-1.4,7.0) 0.3 (-2.3,2.8) 3.0(-1.3,7.4) 0.21 (-2.42,2.83) 0.19 (-1.68, 2.06) 0.33(-2.52,3.19)
sor 5.5 (2.6, 8.4)* 2.4(0.1,4.7) 7.9 (4.2, 11.6)* -3.3(-5.6,-1.1) 2.1(0.3,4.0) -1.2 (3.8, 1.5) 1.28 (-0.48, 3.04) 0.05 (-1.36, 1.47) 1.06 (-1.15, 3.26)
Composite ES
FTSTT -2.9 (4.1, -1.8)* -1.2(-2.2,-0.2) -4.2 (-5.6, -2.7)* 1.2 (0.0, 2.3) 0.1(-1.2,1.4) 1.2(0.4,2.8) -1.34 (-2.13, -0.57) -0.43 (-1.20, 0.36) -1.37 (-2.37, -0.35)
TUG -2.0 (3.0, -1.1)* -1.4 (-2.4,-04) -3.4 (4.9, -1.9)* -0.1(-1.0,0.9) 0.2 (-1.0, 1.3) 0.1(-1.4,1.6) -0.75 (-1.39, -0.10) -0.54 (-1.30,0.21) -1.06 (-1.91, -0.22)
FES-I -0.0 (4.6, 4.6) 2.0(-2.8,6.8) 2.0(-3.1,7.1) -1.0 (4.0, 2.0) 4.0 (-0.4, 8.3) 2.9(-2.2,8.0) 0.10 (-2.55,2.75) -0.17 (-3.25,2.92) -0.07 (-3.53, 3.40)
MBI 0.9 (-1.0,2.8) 0.9 (-0.8, 2.6) 1.7 (-0.9, 4.3) 1.4 (-0.7, 3.6) -0.5(-1.8,0.7) 0.9 (-1.0,2.8) -0.09 (-1.47, 1.28) 0.36 (-0.65, 1.36) 0.13 (-1.43, 1.69)
SS-QOL 3.0(-2.7,8.7) 2.9 (-6.6,12.4) 59 (-4.4,16.2) -0.9 (-5.5,3.7) 1.3 (-6.9,9.4) 0.4 (-9.9, 10.6) 0.29 (-3.22,3.79) 0.07 (-5.93, 6.07) 0.20 (-6.76, 7.16)

Abbreviations: n=number of participants; MeantSD=mean+standard deviation; vs=versus; Mini-BESTest=mini balance evaluation systems test; LOS=limits of stability;
RT=reaction time; EPE=end-point excursion; SOT=sensory organization test; ES=equilibrium score; FTSTT=five-times-sit-to-stand test; TUG=timed-up-and-go test; FES-I=fall
efficacy score-international; MBI=modified Barthel index; SS-QOL=stroke-specific quality of life scale
*significant difference compared to control group (independent t-test, p < 0.017)
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