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Mind-body interventions or exercises may improve body
function and health since nervous system affects endocrine
system and immune system while performing these mind-
body (MB) exercises. Tai Chi, Yoga, and Qigong are consid-
ered themost popularMB exercises, ranked by the 2002–2012
National Health Interview Surveys as the top three of the 10
most common complementary health approaches in practice.

Tai Chi is a healing/martial art combining martial art
movement with Qi—vital energy circulation, breathing, and
stretching techniques. Tai Chi exercise consists of a series
of graceful movements with deep and slow diaphragmatic
breathings performed while standing. Tai Chi exercise has
been shown to have both physical and psychosocial benefits
for the different populations. Yoga, a mind-body exercise,
involves a combination of muscular activity and an inter-
nally directed mindful focus on awareness of the self, the
breath, and energy. Yoga integrates an individual’s physical,
mental, and spiritual components to improve physical and
mental health, particularly stress related illnesses. Qigong
exercise, similar to Tai Chi, consists of a series of breath
practices with body movement and meditation to attain deep
focus and relaxed state. Simply speaking, Qigong exercise is
practiced/used to cultivate the balance and harmony of vital
energy in the human body. Considerable scientific evidence
supports the health benefits of practicing Tai Chi and Qigong
in various populations with differing characteristics such as
age, gender, and occupation in NIH Research Report.

In this special issue, we have focused on Tai Chi, Yoga,
and Qigong as mind-body exercises. Nine research articles
including human experimental studies, clinical trials, and
meta-analyses have been carefully reviewed, revised, and
published. These research articles explore the efficacy and

effectiveness of these mind-body exercises in improving,
enhancing, or strengthening integrative health and well-
being in relation to functional outcomes or clinical benefits
on the human body. We hope you enjoy reading these
research articles on this special issue.

Yong Tai Wang
Guoyuan Huang

Gloria Duke
Yi Yang

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2017, Article ID 8763915, 1 page
http://dx.doi.org/10.1155/2017/8763915

http://dx.doi.org/10.1155/2017/8763915


Research Article
Medical Students’ Stress Levels and Sense of Well Being after
Six Weeks of Yoga and Meditation

Lona Prasad, Aneesha Varrey, and Giovanni Sisti

Department of Obstetrics and Gynecology, New York Presbyterian Hospital, Weill Cornell Medical Center, 525 East 68th Street,
Suite J-130, New York, NY 10065, USA

Correspondence should be addressed to Lona Prasad; lonaprasad@gmail.com

Received 16 June 2016; Revised 18 September 2016; Accepted 8 November 2016

Academic Editor: Yong Tai Wang

Copyright © 2016 Lona Prasad et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. To determine the effect of six weeks of yoga and meditation on medical students’ levels of perceived stress and sense of
wellbeing prior to taking their exams.Methods. We conducted a prospective case-control study of first-through-third-year medical
students at our academic institution, measuring levels of perceived stress and sense of wellbeing before and after a six-week yoga
and meditation intervention. Questionnaires used for evaluation included the perceived stress scale (PSS) and self-assessment
surveys (SAS). The postintervention surveys were completed on the day of the students’ written exams. Results. A total of thirteen
women and fourteen men participated. Median age was 28 (24 yrs–32 yrs). 48.1% were Caucasian, 7.4% Black, 11.1% Hispanic, 11.1%
Asian, and 22.2% other. Paired 𝑡-tests showed a statistically significant reduction in perceived stress (18.44 versus 14.52; 𝑝 = 0.004)
after the six-week yoga and meditation program. After the yoga intervention, self-assessment survey results showed a significant
improvement in feelings of peace, focus, and endurance. Improvements in happiness, positivity, personal satisfaction, and self-
confidence were also seen. An improvement in unsubstantiated parameters such as patience and fatigue was observed. Conclusion.
Yoga and meditation may be effective in reducing stress levels and improving aspects of personal wellbeing in medical students.

1. Introduction

Stress amongst medical students is experienced in response
to a range of occupational stimuli. These include sacrificing
time spent with loved ones, acquiring sizable financial debt,
and experiencing sexual harassment or professional abuse.
Dealing with issues of human suffering and mortality can be
emotionally challenging. Finally, working to master increas-
ing amounts of information in limited time periods can
contribute to academic stress [1]. Investigators have reported
that the need to perform well on exams and preparing for
and taking exams were the most stressful situations that
students experienced in medical school [2]. Beyond certain
levels, however, continuous exposure to stress may negatively
impact the physical and mental health of students.

It has been shown that medical students have a high rate
of deterioration in quality of life due to work hours and haz-
ardous work related behavior patterns. In the United States,
approximately 50% of medical students experience burnout,
25% have depression, and many suffer from chronic anxiety

[3, 4]. Perpetual distress adversely affects the development
of students’ knowledge, skills, and professionalism. Students’
ability to establish good relationships with patients has been
compromised resulting in feelings of inadequacy. This has
been associated with dissatisfaction which continues into
residency and future clinical practice [5].

Mind body interventions are increasingly being used in
the general population to assist with stress reduction. Mental
silence-oriented meditation has been shown to be a safe and
effective strategy for dealing with work stress and depressive
feelings in full time workers [6]. Patients undergoing IVF
report high levels of depressive symptoms, anxiety, and
distress. Yoga has been found to improve the overall quality
of life related to infertility and to reduce general anxiety and
depression over time [7]. Yoga and meditation techniques
have also been found to reduce performance anxiety and
mood disturbance in young professionalmusicians [8].There
is evidence which suggests that meditation-based stress
management practices reduce stress and enhance forgiveness
among college undergraduates [9].

Hindawi Publishing Corporation
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Our study focuses on yoga, an ancient Indian system
of philosophy and practice. Modern yoga practice has been
influenced by the “Eight-Limbed Path” of yoga, as described
by Patanjali in The Yoga Sutras in 200 CE [10]. This text
along with the Hatha Yoga Pradipika written in the 15th
century CE suggests that one may gain physical, emotional,
and spiritual health through the practices of yoga [11]. Hatha
yoga practice incorporates breath awareness with bodily
postures requiring focus and improving strength, flexibility,
and balance. Other aspects of yoga include pranayama or
“breath control” exercises which intentionally alter one’s
breathing pattern to help achieve mindful concentration.
Meditation is a state which enables one to focus on the
present moment, leading to a state of thoughtless awareness
[12].

There are limited reports of structured yoga programs
used in medical schools to promote students’ wellbeing and
reduce stress levels. A mindfulness based stress reduction
(MBSR) intervention has been shown to improve perceived
stress and self-compassion and promote self-awareness, self-
reflection, and self-care in first-year medical students [13,
14]. Similar to our focus on yoga, a pilot study done in
Montreal showed that a sixteen-week yoga intervention may
be effective in decreasing stress and improving general well-
being in first-year medical students [15]. Also, a randomized
controlled trial conducted in India showed that a yoga
intervention reduced levels of anxiety in first-year medical
students prior to taking exams [16]. The primary aim of our
study was to determine whether incorporating the practice
of yoga into the first-through-third-year medical school
curriculum for a six-week period would enable students to
reduce perceived stress and experience an improvement in
personal wellbeing prior to taking their exams.

2. Materials and Methods

This was a prospective case-control study undertaken be-
tween October 2013 and June 2015 at New York Presbyterian
Hospital, Weill Cornell Medical School, in New York. The
study was approved by the Weill Cornell Medicine Research
and Ethics Committee. First-through-third-yearmedical stu-
dents regardless of age, gender, or ethnicity were recruited
by email prior to beginning either their six-week biological
sciences course (first and second years) or clinical rotation
(third years). Upon response, they were asked to complete
an intake form and physical activity readiness questionnaire
(PAR-Q) as follows:

Physical Activity Questionnaire (PAR-Q)
Identifier Code: —
Age: —
Date: —

Please read the following questions carefully and check
(X) the appropriate answer. Answer all questions honestly
and to the best of your ability.

(1) Has your doctor ever said that you have a heart
condition (had a stroke, heart attack, or heart surgery)

and/or that you should only do physical activity
recommended by a doctor?

Yes: —
No: —

(2) Do you feel pain in your chest when you do physical
activity?

Yes: —
No: —

(3) In the past month, have you had chest pain when you
were not doing physical activity?

Yes: —
No: —

(4) Do you lose your balance because of dizziness or do
you ever lose consciousness?

Yes: —
No: —

(5) Have you ever been told by a doctor that you have
bone, joint or muscle problems that could be made
worse by physical activity?

Yes: —
No: —

(6) Do you have a diagnosed illness that could be made
worse by physical activity?

Yes: —
No: —

(7) Is your doctor currently prescribing medication for
your blood pressure or heart condition?

Yes: —
No: —

(8) Are you pregnant?

Yes: —
No: —

(9) Do you know of any other reason why you should not
do physical activity?

Yes: —
No: —

Fitness Participation Agreement. I have answered the ques-
tions above to the best of my ability and affirm that my
physical condition is good and I have no known conditions
that would preventme fromparticipation. I acknowledge that
participation is at my own pace and comfort level and that I
may discontinuemy participation at any time. Furthermore, I
agree to self-determinemy exertion through good judgement
and to discontinue any activity that exceeds my personal
limitations.
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Signature of Participant: —
Date: —

Participantswere excluded if they had engaged in greater than
one year of weekly yoga and if they had practiced weekly
in the three months preceding the start date of the study.
They had tomeet wellness criteria determined by the physical
activity readiness questionnaire and be able to attend and
participate in the classes. Consent was obtained on initial
contact.

All participants were required to attend one hour
biweekly Hatha yoga classes for six weeks consisting of forty
minutes of asanas (postures), ten minutes of pranayama
(breathing exercises), and ten minutes of meditation. Stu-
dents participated for twelve hours in total. Classes took place
in the medical students’ lounge, in the evenings on campus.
Each session was conducted by a 500-hour certified yoga
instructor with over fifteen years of experience. Classes were
taught at an open level providing options for modifications
based on the individual’s requirements.

Data was obtained from participant self-reported ques-
tionnaires, specifically the perceived stress scale (PSS) and
self-assessment surveys (SAS), respectively, as follows:

Perceived Stress Scale Survey. The questions in this scale ask
you about your feelings and thoughts during the last month.
In each case, you will be asked to indicate by circling how
often you feel or thought a certain way.

Identifier Code: —
Date: —
Age: —
Gender (Circle):

M
F

Other: —
0 = Never
1 = Almost Never
2 = Sometimes
3 = Fairly Often
4 = Very Often

(1) In the last month, how often have you been upset
because of something that happened unexpectedly?

0
1
2
3
4

(2) In the last month, how often have you felt that you
were unable to control the important things in your
life?

0
1
2
3
4

(3) In the lastmonth, how often have you felt nervous and
stressed

0
1
2
3
4

(4) In the last month, how often have you felt confident
about your ability to handle your personal problems?

0
1
2
3
4

(5) In the last month, how often have you felt that things
were going your way?

0
1
2
3
4

(6) In the last month, how often have you found that you
could not cope with all the things that you had to do?

0
1
2
3
4

(7) In the last month, how often have you been able to
control irritations in your life?

0
1
2
3
4

(8) In the last month, how often have you felt that you
were on top of things?

0
1
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2
3
4

(9) In the last month, how often have you been angered
because of things that were outside of your control?

0
1
2
3
4

(10) In the last month, how often have you felt difficulties
were piling up so high that you could not overcome
them?

0
1
2
3
4

Self Assessment Survey

Identifier Code: —
Date: —

I have:

(1) a sense of happiness (Strongly Disagree/Disagree/
Neither Agree or Disagree/Agree/Strongly Agree)

(2) a peaceful feeling (Strongly Disagree/Disagree/Nei-
ther Agree or Disagree/Agree/Strongly Agree)

(3) the ability to be focused (Strongly Disagree/Disagree/
Neither Agree or Disagree/Agree/Strongly Agree)

(4) increased endurance (Strongly Disagree/Disagree/
Neither Agree or Disagree/Agree/Strongly Agree)

(5) a positive outlook (Strongly Disagree/Disagree/Nei-
ther Agree or Disagree/Agree/Strongly Agree)

(6) personal satisfaction (Strongly Disagree/Disagree/
Neither Agree or Disagree/Agree/Strongly Agree)

(7) self confidence (Strongly Disagree/Disagree/Neither
Agree or Disagree/Agree/Strongly Agree)

(8) patience (Strongly Disagree/Disagree/Neither Agree
or Disagree/Agree/Strongly Agree)

(9) fatigue (Strongly Disagree/Disagree/Neither Agree or
Disagree/Agree/Strongly Agree)

These were completed at baseline prior to commencing their
academic and clinical rotations and at six weeks after the
yoga intervention, just before taking their end of rotation
written exams. The perceived stress scale is a ten-item
questionnaire that poses general questions allowing users to
respond according to their personal stressors.This results in a

“global”measurement of stress. Questions are based on a five-
point Likert scale. Scores range from zero to forty with higher
scores indicating higher levels of perceived stress. Score
points around thirteen are average. Twenty or higher is an
indicator of moderate to high stress [17]. We created the self-
assessment survey. This is a nine-item questionnaire using
a five-point Likert scale to assess medical students’ general
sense of wellbeing. Questions included in the self-assessment
survey measured happiness, peace, focus, endurance, pos-
itivity, personal satisfaction, self-confidence, patience, and
fatigue. The first seven of these components are synonymous
with those incorporated as part of the established fourteen-
item Warwick-Edinburgh mental wellbeing scale validated
on a student population [18]. The latter scale includes cor-
relating phrases such as “I’ve been feeling cheerful,” “I’ve
been relaxed,” “I’ve been thinking clearly,” “I’ve had energy
to spare,” “I’ve been feeling optimistic about the future,”
“I’ve been feeling good about myself,” and “I’ve been feeling
confident.” Although the other two components, patience
and fatigue, are not used as part of the Warwick-Edinburgh
mental wellbeing scale, we chose to include these parameters
as part of our self-assessment survey with the interest of
increasing our scope of comparison understanding that these
characteristics are relevant to performance inmedical school.
Similar items have been previously incorporated into a
subjective assessment tool used in an Indian randomized
controlled yoga trial. In this study, anxiety levels and general
wellbeingweremeasured in first-yearmedical students before
and after a yoga intervention prior to taking their exams.
Survey parameters to gain students’ feedback included rating
sense ofwellbeing, feeling of relaxation, ability to concentrate,
feeling refreshed, level of self-confidence, task efficiency,
irritability levels, stamina, exhaustion, appetite, optimistic
outlook, headache/body ache, and interpersonal relation-
ships [16]. Irritability levels and exhaustion are comparable
descriptive terms to patience and fatigue. The latter were
included as part of our self-assessment survey and have
been displayed in our graph; however, we acknowledge that
these are not substantiated parameters. In order to main-
tain a consistent and validated measurement, only scores
for items synonymous with those used in the Warwick-
Edinburgh mental wellbeing scale, that is, happiness, peace,
focus, endurance, positivity, personal satisfaction, and self-
confidence, are reliable in our analysis. Scores of our self-
assessment survey including these seven items ranged from
zero to 28 with higher numbers indicating a greater sense of
wellbeing.

The Statistical Program for the Social Sciences (SPSS),
version 22.0 (IBM), was used for data analysis.The normality
of the data was checked with the Shapiro-Wilk test. Paired
samples 𝑡-test comparisons were performed on the perceived
stress scale survey scores before and after the yoga interven-
tion.

3. Results

A total of 34 medical students volunteered to participate in
the study. One was excluded because of her regular yoga
practice. Six dropped out before completing the six-week
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Figure 1: Perceived stress scale (PSS) graph.

yoga program. The reasons given included being too busy
with medical school responsibilities or unwell. Twenty-seven
medical students completed the six-week yoga program,
answered all the questionnaires, and therefore were included
in the analyses. A total of thirteen women and fourteen
men participated. The median age was 28 years (24–32).
Eight (29.6%) were in their third year. Other participants
included fifteen (55.5%) second-year and four (14.8%) first-
year students. Forty-eight percent of the study sample were
Caucasian, 7.4% were Black, 11.1% were Hispanic, 11.1% were
Asian, and 22% identified themselves as other. Twenty (74%)
students had previous experience with yoga, but none had
practiced regularly.

Eleven (41%) students had previous experiencewithmed-
itation. Twenty-three (85%) reported involvement between
one and five hours of physical exercise per week at the onset
of the yoga study. Five (18.5%) participants reported taking
medications.

Theperceived stress scale showed a statistically significant
reduction in stress levels from baseline compared to six
weeks after the yoga intervention (18.44 versus 14.52; 𝑝 =
0.004) (Figure 1). The mean baseline perceived stress score
in our study population was 18.44 which is less than the
scores documented in the literature for student populations
(23.7 and 23.2) [17]. However, twelve of the 27 (44.4%)
students were considered to be moderately to highly stressed
at baseline with a score ≥20. Results of the self-assessment
survey showed that there were significant improvements
in feelings of peace, focus, and endurance. The increase
in survey scores ranged between one and four points for
each of these parameters from baseline to after the six-week
yoga program. An improvement in scores was also seen for
feelings of happiness, positivity, personal satisfaction, and
self-confidence from baseline to the end of the intervention.
Improvements in the unsubstantiated parameters of patience
and fatigue were also observed after the yoga intervention
(Figure 2).

Students described favorable effects. Comments received
after the study included “I look forward to these evenings
because I leave feeling relaxed”. . . “It clears my mind and
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Figure 2: Self-assessment survey (SAS) graph.

helps improvemy focus”. . . “I ammore relaxed because I have
become more aware of my breath”. . . “I feel more grounded
and have noticed my posture has improved!”.

4. Discussion

Our study showed that six weeks of yoga including physical
postures, breathing exercises, andmeditationmay be effective
in reducing stress levels and improving aspects of personal
wellbeing in medical students prior to taking their exams.
Paired 𝑡-tests showed a statistically significant reduction in
perceived stress (18.44 versus 14.52; 𝑝 = 0.004) after the
six-week intervention. Similar results have been reported. A
pilot study carried out in Montreal evaluated the efficacy of a
yoga intervention in first-year female medical students with
a mean age of 22 and showed a significant reduction in PSS
scores from baseline to the end of the intervention (22.15
versus 13.38) [15].

The results of our self-assessment survey showed a
significant improvement in participants’ levels of peace,
focus, and endurance with an increase in points ranging
between one and four from baseline to after six weeks of
yoga and meditation. Improvements in happiness, positivity,
personal satisfaction, and self-confidence were also seen after
the intervention. Although not validated by the Warwick-
Edinburghmental wellbeing scale, the parameters of patience
and fatigue also showed improvements after the six-week
yoga program. A randomized control study conducted in
India observed the effects of a yoga intervention on stress
levels in first-year medical students aged eighteen to nineteen
prior to taking exams and showed comparable results to our
findings. A subjective assessment form incorporating well-
ness parameters was used as part of their evaluation. Their
participants showed a statistically significant improvement in
relaxation and calmness, in the ability to concentrate, and in
stamina and exhaustion. These findings directly correlated
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with a greater number of yoga classes attended over time
(𝑝 < 0.01) [16]. Despite similarities, neither of these studies
may be generalizable to the American population because of
cultural distinctions and variations in the medical training
programs.

Limitations of our study include the small number of
participants. Invariably, this reduces the power in determin-
ing significant differences seen in perceived stress and self-
assessment scores from baseline to after the intervention.The
absence of a control group did not allow us to discern our
participant outcome from one that may have been influenced
by other factors such as the natural history of stress and
wellbeing over time.On the intake form, one student reported
usingWellbutrin and Lexapro for anxiety and depression and
another was taking sertraline for OCD management: both
preexisting conditions could be confounded with reports of
perceived stress.

Of this self-selected group, twenty (74%) students had
previously practiced yoga and 11 (41%) had experience with
meditation suggesting a possible bias in favor of this mind
body intervention. Twenty (85%) students were involved
in other regular exercise activities at the beginning of
the yoga classes and may have continued this throughout
the six-week intervention possibly impacting survey scores.
However, considering the sporadic experience of yoga and
meditation reported and the notable variation in hours of
weekly exercise amongst this group of students, this sample
could be representative of a randomly selected population.
As this was a pre- and postdesigned study without a control
group, the limitations of this study are acknowledged.

5. Conclusion

A future study with a larger sample size and separate yoga,
exercise, and control groups should be included. In an effort
tominimize the potentially detrimental psychological burden
on medical students, the addition of a yoga program to the
medical school curriculum could be a feasible option. Yoga is
inexpensive, potentially rewarding, and safe when taught by
experienced certified trainers.
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Purpose. The aim of the study was to examine the effects of Tai Chi (TC) training on postural control when upright standing was
perturbed by upper limb movement. Methods. Three groups, TC, Brisk walk (BW), and sedentary (SE), of thirty-six participants
aged from 65 to 75 years were recruited from local community centers. Participants performed static balance task (quiet standing
for 30 s with eyes open and closed) and fitting task (two different reaching distances X three different opening sizes to fit objects
through). During tasks, the COP data was recorded while standing on the force plate. Criteria measures calculated from COP data
were the maximum displacement in anterior-posterior (AP) and medial-lateral (ML) directions, the 95% confidence ellipse area
(95% area), and the mean velocity. Results. No significant effect was observed in the static balance task. For fitting tasks, the group
effect was observed in all directions on COP 95% area (𝑝 < 0.05) and the TC group showed reduced area. The tests of subject
contrasts showed significant trends for reaching different distances and fitting different openings conditions in all directions, the
95% area, and themean velocity (𝑝 < 0.05).Conclusion. Compared to the other two groups, long-termTC exercise helps in reducing
the effects of upper body perturbation as measured by posture sway.

1. Introduction

Postural control is the ability to control the body’s position
and is important for daily living activities [1].When perform-
ing daily activities, such as walking, talking, and cleaning
[2], people mostly maintain upright posture. Postural control
ability decreases with ageing [3, 4]. For example, Prieto and
colleagues observed that center of pressure (COP)movement
decreased in increments of 3 to 5 years in the young adult
group but increased in the elderly group [4]. Furthermore,
postural control has beenmore relevant to the risk of falling in
older adults as compared to younger people since the elderly
experience elevated fall risks [5, 6].

Therefore, decreasing postural stability presents a serious
challenge to elderly people with increasing risk of falls. By
the middle of 21st century, China will become the country

with mostly elderly population [7]. In 2011, the Chinese
Health Organization reported that, compared with other
major epidemics, the highest mortality rate correlated to falls
for people 65 years and older, 49.65/100 thousands for men
and 52.80/100 thousands for women (Chinese Health Orga-
nization projections, 2011). The most common fall-related
injuries include abrasions, open wounds, fractures, and brain
damage [8]. Although no official document reported annual
medical costs directly associated with falls in China, it should
be very high on an estimation with no doubt. The data
reported in the literature that spending was nearly 20 billion
dollars in the US [9].

Falls most likely occur when elderly people engage in
multitask activities [2]. Upright stance with an additional
concurrent task that could be associated with motor, sensory,
or cognitive function leads to the increased the risk of falls.
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Standing with upper body movement (grabbing, reaching,
fitting, etc.) is an important activity in daily life which
is closely associated with fall risks among elderly people
[10]. Ten years of age appears to be the transition period
when children have greater adaptability and reach a degree
of freedom similar to adults when performing standing
with upper body movement [11]. No significant difference is
observed in COP patterns between 10-year-olds and adults
[11, 12]. However, the ability of postural control appears to
develop, be maintained, and decline throughout life [13].
Consequently, standing with upper body movements may
contribute to reduced stability, mobility, and quality of life in
elderly people. Overstall and coworkers have demonstrated
that rapid armmovementsmay induce falls in the older adults
[14].

Physical activity is an effective strategy for improving
postural control and decreasing fall risks among the elderly.
For example, Brisk walk (BW) is a cyclic and aerobic exercise
which could improve mobility, strength, and endurance [15,
16]. Walking can improve triceps surae muscle strength [15]
and improve maximal oxygen uptake (𝑉O2 max) [16] for
ageing populations. However, research demonstrates that
although elderly walking group showed significantly better
postural stability during static conditions, no difference in
postural limit test was observed comparing to nonwalking
group [17]. Postural limit test asks the participants to actively
explore the boundaries of their own postural control capacity
which is very different from quiet standing where stability
boundaries are not challenged.

Tai Chi (TC) is a traditional Chinese martial art which
emphasizes slow and smooth movement accompanied with
rhythmic weight shifting and limb coordination. During Tai
Chi practice, stability boundaries are constantly challenged.
Long-termTC exercise leads to a significantly smaller passive
motion detection threshold than that observed in the SE
comparison group [18]. Therefore, it could improve strength,
proprioception, psychological well-being, and balance [18–
22]. In addition, many researches also demonstrated the
effectiveness of TC in reducing the risk of falls for elderly
people [19, 20]. For example, Guan and Koceja observed
that the postural sway of the TC group was less significant
than the control group during standing [19]. For another
example, Li and Manor indicated that TC exercise increased
functional gait and leg strength performance among people
with peripheral neuropathy [21].

Much research has demonstrated that postural control
could be influenced by ageing [3, 4]. In contrast, physi-
cal activities improved posture stability [18, 22, 23]. Many
studies reported better postural control after TC exercise in
the elderly population. However, majority studies measured
lower limb performances when evaluating balance abilities.
In real world situations, the perturbation of upper body
motion is a particularly challenging task for elderly people
when maintaining postural stability. The purpose of this
paper is to explain that (1) upper extremity motion affects
postural stability measured through COP, (2) postural stabil-
ity of both long-term exercise groups should be perturbed by
upper body motion less than the control group, and (3) TC
group should perform better than the BW group.

Large 

Medium 

Small 

Figure 1: Experimental setup: instrumented fitting board and force
platform.

2. Materials and Methods

2.1. Participants. Thirty-six apparently healthy participants
aged 65 to 75 years were recruited from local community cen-
ters using snowball method.They were accordingly classified
into three groups: Tai Chi (TC), sedentary (SE), and Brisk
walk (BW). The TC group regularly practiced Tai Chi and
the BW group took regular Brisk walks for more than 5 years
(more than 3 times per week andmore than 1 hour at a time);
the SE group did not participate in regular exercise (less than
1 hour of purposed exercise perweek).The subjects signed the
informed consent which was approved by the Institutional
Review Board of the Shanghai University of Sport.

Exclusion criteria were (1) lower extremity and/or dom-
inant arm/hand surgery; (2) cardiovascular pathologies,
diabetes, or hepatorenal syndrome; (3) coordination func-
tion disorders such as peripheral neuritis, Meniere disease,
Parkinson’s disease, and Alzheimer’s disease; and (4) BMI >
30.

2.2. Instrumentation Setup. A self-manufactured instrument
was used in the study (illustrated in Figure 1).The instrument
had a large object placement board (1200 ∗ 600mm) that
contained three side by side openings and a fixed space
between each opening of 300mm. The sizes of the openings
were large (130 ∗ 130mm),medium (115 ∗ 115mm), and small
(100 ∗ 100mm), respectively. The board could be adjusted,
according to the participant’s shoulder height and arm length,
and three optical gate sensors were attached to the back of
the placement board and the upper edge of each opening.
Another sensor was attached to the basement that supported
the fitting block (90 ∗ 90mm) on the table. A cylindrical
handle with a length of 20mm and diameter of 20mm
was attached to the block to allow for comfortable grasp.
The sensors were used to record fitting time during the
fitting task. Additionally, a recessed Kistler force plate (60 ∗
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90 cm) (Kistler 9287c, Kistler Corporation, Switzerland) was
sampled at 1000Hz to obtain the force data. The optical gate
sensors and force plate were synchronized.

2.3. Testing Protocol. Participants performed two different
tests including the static balance task (quiet standing) and the
fitting task (standing with upper body movement). Prior to
the data collection, height, mass, dominant arm length, and
shoulder height were recorded for each participant. Through
the entire tests, participants were wearing uniform socks.

In the static balance task, participants were required to
stand at the center of the force plate with their feet forming
a 30∘ angle and their heels 8% body height apart [24] for 30 s
with eyes open (EO) and 30 s with eyes closed (EC). In the
EO test, each participant was instructed to focus on a target
positioned in the individual’s line of vision at a distance of 3
meters. Each trial was repeated 3 times, and participants took
a 2-minute break after each trail.

Prior to the fitting task, the experimental operator
explained the test to each participant instructing them to
align their middle line with the opening’s center using the
same foot position as in the static balance task and to
maintain this foot position during the entire fitting task. If the
subject’s hand or the block contacted the sides of the opening
or their feet moved, this condition was discarded and the
task was repeated. The testing was closely monitored by the
experimenters for quality purposes.

During the fitting task, participants were required to fit
the block into either a small, medium, or large opening
(fitting different openings condition) on the board while
maintaining a stand position either an arm’s length or 1.3
times an arm’s length from the board (reaching different
distances condition) (Figure 1). Therefore, there were six
conditions as follows: (1) large opening with arm’s length; (2)
medium opening with arm’s length; (3) small opening with
arm’s length; (4) large opening with 1.3 times arm’s length; (5)
medium opening with 1.3 times arm’s length; and (6) small
opening with 1.3 times arm’s length. All of the conditions
were randomized and executed in consecutive trials until
five successful fits were achieved. Experimental operators
adjusted the placement of the board based on the shoulder
height and the length of the dominant arm before each
condition. Otherwise, the table was adjusted to the subject’s
waist height so the blocks could be comfortably picked up.
Each trail was accompanied by 2 short beeps to signal the start
and end of the fitting task for participants. After the second
beep, the experimenter would take the block and put it back
on the basement as soon as possible. To prevent fatigue, there
were no time constraints between each of the six conditions,
so the participants can take their time to finish the protocol.

2.4. Data Analysis. All data were recorded and stored on a
PC. Force plate data was used to calculate center of pressure
(COP) of foot for all trails. The COP data was low-pass
filtered with a Butterworth digital filter of fourth-order and
cut-off frequency of 50Hz. Only a third of the static balance
task and a fifth of the fitting task data were processed
by Excel (Microsoft, Washington, USA). The posture sway
was quantified using maximum displacement in both the

anterior-posterior (AP) and mediolateral (ML) directions,
the 95% confidence ellipse area (95% area), and the mean
velocity. For the static balance task, 30-second COP of foot
was analyzed. For the fitting task, we analyzed the total fitting
time thatwas recorded by optical gate sensors ofCOP for each
condition.

2.5. Statistical Analysis. Two-way ANOVA with repeated
measureswas used to identify the association between depen-
dent variables (COP variables) and independent variables
(group, vision) for static balance test. Three-way ANOVA
with repeated measures was used to identify the association
between dependent variables (COP variables) and indepen-
dent variables (group, size, and distance) for the fitting task.
Then significant associations were examined further using
univariate analysis and post hoc Tukey’s test. All statistical
analysis was conducted in SPSS system (19.0, SPSS Inc.,
Chicago, IL, USA). Significant level was set at 0.05.

3. Result

3.1. Demographic. Table 1 shows the demographic character-
istics for the three groups. No significant group effects were
observed.

3.2. Maximum Displacement of COP in the AP and ML
Direction. The quiet standing condition showed less dis-
placement than the reaching different distances and fitting
different opening conditions for both directions. There were
no significant group X vision interactions observed. There
were no significance effects for the quiet standing condition
between the EC and EO conditions, nor between groups.
However, significance effects were observed for the group
in the upper body movement condition in the AP direction
(𝐹2,33 = 11.551, 𝑝 < 0.0001) (Figure 2) and ML direction
(𝐹2,33 = 4.170, 𝑝 = 0.024) (Figure 4). The TC group had
less maximum displacement in both directions for upper
body movement condition than the SE and BW groups.
The reaching far distance condition led to greater maximum
displacement than the reaching close distance condition in
the AP (𝐹1,33 = 462.072, 𝑝 < 0.0001) (Figure 3) and
ML directions (𝐹1,33 = 22.057, 𝑝 < 0.0001) (Figure 5).
Furthermore, the fitting different openings condition had
significant effects observed in the AP (𝐹2,33 = 15.136,
𝑝 < 0.0001) (Figure 3) and ML directions (𝐹2,33 = 8.044,
𝑝 = 0.003) (Figure 5). The fitting small opening condition
created greater maximum displacement than the reaching
medium and larger openings condition in both directions.
The distance by group also showed statistical significance
in the AP (𝐹2,33 = 14.489, 𝑝 < 0.0001) (Figure 3) and
ML directions (𝐹2,33 = 8.044, 𝑝 = 0.003) (Figure 5). Post
hoc testing showed that the TC group had less maximum
displacement than the SE and BW groups in both directions.
The tests of within subject contrasts showed significant linear
trends for the reaching different distances condition (AP:
𝐹1,33 = 462.072, 𝑝 < 0.0001; ML: 𝐹1,33 = 22.057, 𝑝 <
0.0001) and fitting different openings condition (AP: 𝐹1,33 =
23.688, 𝑝 < 0.0001; ML: 𝐹1,33 = 8.044, 𝑝 = 0.003) in
both directions (Figures 3 and 5). This indicates increased
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Table 1: Demographic information of three groups (TC: male = 8, female = 4; SE: male = 7, female = 5; BW: male = 8, female = 4).

Mass (kg) Height (cm) BMI (kg/m2)
TC 63.43 ± 9.34 162.51 ± 6.87 23.98 ± 2.91
SE 68.28 ± 7.01 163.94 ± 7.01 25.41 ± 2.96
BW 62.78 ± 6.59 163.48 ± 6.36 23.54 ± 2.74
Note. Each parameter stands for mean ± standard deviation (M ± SD). TC = Tai Chi; SE = sedentary; BW = Brisk walk.
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Figure 2: The maximum displacement of COP in the AP direction was collected in the quiet standing and standing with upper body
movement. The TC group had better postural control than the SE and BW groups when standing with upper body movement. Values are
group means ± SE, with “∗” representing significant differences (where TC group were significantly different from the other groups).

SE BW SE BW TC SE BW TC

0

20

40

60

80

100

EC EO EC EO EC EO

TC

Cl
os

e

Fa
r

Cl
os

e

Fa
r

Cl
os

e

Fa
r

Sm
al

l

M
ed

iu
m

La
rg

e

Sm
al

l

M
ed

iu
m

La
rg

e

Sm
al

l

M
ed

iu
m

La
rg

e

Quiet standing
Reaching

different distances
Fitting

different openings

∗

∗

D
A

P
(
m

m
)

∗

∗

Figure 3: The maximum displacement of COP in the AP direction of quiet standing, reaching different distances, and fitting different
openings. The slope of TC group was less than the BW and SE groups. Values are group means ± SE, with “∗” representing significant
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Figure 5: The maximum displacement of COP in the ML direction of quiet standing, reaching different distances, and fitting different
openings. The slope of the TC group was less than the BW and SE groups. Values are group means ± SE, with “∗” representing significant
differences (where TC group were significantly different from the other groups for both distances and openings).

maximum displacement for increased reaching distance or
decreased fitting opening. Also, the tests showed significant
quadratic trends for the fitting different openings condition
in the ML direction (𝐹1,33 = 7.010, 𝑝 = 0.012) (Figure 5).The
distance by group interaction also showed significant linear
trends in AP (𝐹2,33 = 14.489, 𝑝 < 0.0001) (Figure 3) and ML
(𝐹2,33 = 4.954, 𝑝 = 0.013) (Figure 5) direction which means
the slope of maximum displacement of the TC group is less
than the SE and BWgroupswith decreased reaching distance.
There was no significant group by distance by opening three-
way interaction having been observed.

3.3. The 95% Confidence Ellipse Area. The result indicated
that the quiet standing condition showed a smaller area than
the upper body movement condition. In the quiet standing
condition, no statistically significant difference was found
between the EC and EO conditions. In the upper body
movement condition, different groups had significant effects
detected on the 95% area (𝐹2,33 = 10.63, 𝑝 < 0.0001)
(Figure 6). The TC group showed less area than the SE
and BW groups. The reaching different distances condition
also had significant effects detected (𝐹1,33 = 96.467, 𝑝 =
0.000) (Figure 7). And the distance by group interaction
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(𝐹2,33 = 13.643, 𝑝 = 0.003) (Figure 7) was observed for
the fitting task. Post hoc test showed that the TC group had
less area than the BW group in the fitting close distance
condition and had less area than the SE and BW groups in
the fitting far distance condition. Otherwise, the tests within
subject contrasts showed significant linear trends for reaching
different distances (𝐹1,33 = 96.467, 𝑝 < 0.0001) (Figure 7)
where an increase in 95% area was observed for increased

distance. In addition, distance by group interaction (𝐹2,33 =
6.822,𝑝 = 0.003) (Figure 7)was observed.When the reaching
distance was shortened, it was observed that the slope of
the TC group was less than the sedentary and BW groups.
Furthermore, the tests showed significant quadratic trends
for opening by group interaction (𝐹2,33 = 3.278, 𝑝 = 0.05)
(Figure 7) which indicates that increasing the opening size
leads to different change between three groups.
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3.4. Mean Velocity. The mean velocity for the upper body
movement condition was greater than for the quiet standing
condition. But, there were no statistically significant dif-
ferences for the quiet standing condition between the EC
and EO conditions. Significant effects were observed for the
reaching different distances condition (𝐹1,33 = 67.585, 𝑝 <
0.0001) (Figure 8) which means an increase in velocity was
observed for decreased reaching distance.Thefitting different
openings also had significant effects (𝐹2,33 = 41.306, 𝑝 <
0.0001) (Figure 8)with an increase in velocity for an increased
opening size. In addition, the distance by group (𝐹2,33 =
41.306, 𝑝 < 0.0001) (Figure 8) interaction was observed in
the fitting task. Post hoc test observations revealed that the
TC group demonstrated less velocity than the BW group in
close distances. The tests of within subject contrasts showed
significant linear trends for reaching different distances
(𝐹1,33 = 67.585, 𝑝 < 0.0001) (Figure 8) which indicates an
increase in velocity for decreased distance. Fitting different
openings (𝐹1,33 = 63.961, 𝑝 = 0.000) (Figure 8) also had
significance linear effects on velocity with an increase in
velocity for larger openings. The distance by group interac-
tion (𝐹2,33 = 5.716, 𝑝 = 0.007) (Figure 9) showed statistically
significance linear trends. The performance of the TC group
slopes of the velocity was less than for the SE and BW groups
with decreased reaching distance. In addition, the distance by
opening by group interaction (𝐹2,33 = 3.597, 𝑝 = 0.039) also
showed significant linear trends which indicates the slope of
velocity of the TC group is less than the SE and BW groups
with change distances and opening sizes.

4. Discussion

The purpose of this study was to examine the effect of
TC training on postural control with additional upper limb
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Figure 9: The mean velocity of COP of standing with upper body
movement. The distance by opening interaction showed statistical
significance. Values are group means ± SE.

movement. We found that although regularly practiced
TC and BW, as compared with SE, were not effective in
improving posture stability during static balance task, the
positive influence was observed during fitting task as upper
limb movement was required. The current data support our
hypothesis.

4.1. Quiet Standing Condition. Previous studies demon-
strated that visual input [25] and physical activity [19, 20]
play an important role for static balance control. For example,
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Guan observed less COP sway area in the TC group than in
the control group under four standing conditions (standing
still with eyes open; standing still with eyes closed; standing
and turning head to the left and rightwith eyes open; standing
and turning head to the left and right with eyes closed) [19].
In our study, statistical results showed no significant effects
among the three groups which means no effect on static
balancewas detected.Hence, in all of the groups, there was no
obvious difference in balance control during quiet standing.
Many researchers have demonstrated that the elderly people
suffer more risks of falls when performing dual task [2]. In
summary, the result of quiet standing condition cannot prove
the distinction of postural control among the three groups. In
other words, static balance control was consistent with quiet
standing.

4.2. Reaching Different Distances. Theoretically, as people
age, difficult manual tasks havemore constraints [26, 27].The
reaching near distance condition encountered less balance
perturbations than the reaching far distance condition. All
of the outputs supported this standpoint. Further analysis
showed that the TC group exhibited less perturbation from
a reaching near distance condition than from a far distance
condition compared to the BW and SE groups. However, the
SE and BW groups demonstrated the same difficulty in the
reaching different distances condition.

The result suggests that when the perturbation of trunk
movement was more difficult, the TC group had better
postural stability than the SE and BW groups. In comparison
to the fitting near target, the far target approach focuses
on the interaction among hip, ankle, and orientation [28].
Previous studies on fitting tasks have reported evidence in
support of movement and modulating strategy for adults
and older children [11]. That is, a more robust and adaptable
movement and modulating strategy replaced the movement
and stabilization strategy for adults. In our study, TC exercise
may be more valid to maintain or promote movement and
modulating strategy. The possible mechanism may be the
hand movement accompanied with weight shifting in TC
performancewhich reduces the perturbation of balancewhen
fitting far target.

4.3. Fitting Different Openings. In general, arm movement
generates perturbations of balance when upright standing
[29]. Otherwise, in the block through the small opening,
hand precision of the endpoint becomes important [11]. We
observed a small magnitude of deviations of outputs in
the fitting different openings condition by the TC group
compared with the BW and SE groups. Additionally, there
was no difference in stability between the BW and SE groups.

Many researches demonstrated that intervention tech-
niques can improve fine manual performance in older adults
[29, 30]. However, BW and SE appear to impact whole body
postural functions the same. Bernstein detected that the
hammer’s trajectories were exhibited without competition
when striking a nail; however, the endpoint was competition
[31]. He suggested that the release of the redundant degree
of freedom was a central issue in motor control. BW exercise

is a simple, optionally cyclical movement which means the
coordination among the segments was not critically impor-
tant, whereas TC exercise is coordinated, precise movement.
There is variability in the trajectory of the arm movement,
but the endpoint is consistent. Haddad et al. speculated that
it is easier for young children to freeze the trunk to control
hand precision than it is for older children and adults [11].
Therefore, it is possible that the mechanism of TC exercise
that reduces redundant degrees of freedom [31] may make
standing with reaching different openings easier to control
[11].

One limitation of this study is that the design is a cohort
study rather than a randomized controlled trail. Therefore,
there may be unavoidable selection bias that may interfere
with results. Therefore, future study should be designed by
randomized controlled trail. Another limitation of this study
is that we had not recruited a daily function group: the
participants only engaged in long-term housework, such as
cooking, sweeping, and folding laundry, without other phys-
ical activities. The upper body perturbation should improve
the postural control during daily life. Therefore, the daily
function group that requires both quiet standing task and
fitting task should be tested in future study.

This study observed the postural control of long-term
TC, BW, and SE during quiet standing and fitting conditions.
With the quantification of COP data during these tasks, we
recognized that rhythmic weight shifting with upper body
motionmight decrease the risk of fall and improve the quality
of daily life for older adults. This observation can be used to
design balance training where upper extremity can be used
as self-generated perturbation in a safe environment formore
effective postural control rehabilitation exercise.

5. Conclusion

In this study, the result showed that long-term TC practi-
tioners effectively decreased their posture sway during upper
bodymovements comparing to the BE and SE groups. Hence,
long-term, regular TC exercise could link to decreased risk of
falls for older people. This potential benefit could be due to
the fact that TC exercise demands highly accuratemovements
and the upper limbmovements effectively serve as challenges
for lower extremity movements during Tai Chi practice. The
interaction between upper and lower extremity movements
during Tai Chi practice and its benefit for postural control
should be further examined in the future using well designed
intervention studies.
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Thepurpose of this studywas to provide a quantitative evaluation of the effectiveness of traditional Chinesemind and body exercises
in promoting balance ability for old adults. The eligible studies were extensively searched from electronic databases (Medline,
CINAHL, SportDicus, andWeb of Science) until 10 May 2016. Reference lists of relevant publications were screened for future hits.
The trials used randomized controlled approaches to compare the effects of traditional Chinese mind and body exercise (TCMBE)
on balance ability of old adults that were included. The synthesized results of Berg Balance Scale (BBS), Timed Up and Go Test
(TUG), and static balance with 95% confidence intervals were counted under a random-effects model. Ten studies were selected
based on the inclusion criteria, and a total of 1,798 participants were involved in this review.The results of themeta-analysis showed
that TCMBE had no significant improvement on BBS and TUG, but the BBS and TUG could be obviously improved by prolonging
the intervention time. In addition, the results showed that TCMBE could significantly improve the static balance compared to
control group. In conclusion, old adults who practiced TCMBE with the time not less than 150 minutes per week for more than 15
weeks could promote the balance ability.

1. Introduction

Today, the issue of aging is amajor public concernworldwide.
According to recent population census [1], Chinese aged 60
years or older were more than 220 million, about 15% of
the total population by the end of 2014. The numbers of
old population will continue to grow and reach 437 million
by 2051. The similar situation exists in the United States;
for example, the numbers of population aged over 65 will
reach 85 million by 2050 and will be doubled compared
with the number in 2010 [2]. Many aging related studies
showed health issues which increase prevalence of chronic
diseases, complex medical conditions, and even loss of their
independent functions [3–5]. Issue of aging brings serious
economic burden to the society, of which the elderly’s health
and medical related costs are the major expenditures for

them [4, 6]. Participating in exercises and physical activities
may have beneficial effects on the aging related chronic
diseases andhealth conditions of elderly people.There is good
evidence that appropriate physical exercise can effectively
prevent the onset of noncommunicable diseases and can
improve the health condition and fitness of elderly people
[7]. Previous studies found that exercise therapy as non-
pharmacological intervention may have beneficial effects on
functional recovery, such as balance, strength, walking gait
correction, and fall prevention [8–11].

Traditional Chinese mind and body exercises (TCMBE)
include, for example, Tai Chi, Qigong, Baduanjin, or Yijin-
jing, all developed by ancient Chinese people. TCMBE
as an effective, low-cost, and safety exercise approach is
widely accepted in elderly people in China and other Asian
countries [12–14]. During recent years, many studies reported
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that motor movements of elderly people were improved by
participating in Tai Chi, Qigong, and Baduanjin [10, 15,
16]. Besides, Verhagen et al. [17] and Voukelatos et al. [18]
reported that practicingTaiChi can effectively reduce the falls
of elderly people. Wenneberg et al. [19] provided evidence
that persons who practice Qigong exercise could significantly
improve their balance control abilities.The decline of balance
function is the main reason of causing fall for the elderly
[13]. Therefore, the TCMBE program may be an appropriate
exercise to improve elderly people’s balance ability and
reducing the risk of falls.

This systematic review and meta-analysis aimed to sum-
marize the current research results of randomized controlled
trials on the effectiveness of TCMBE on balance and the
risk to fall in the healthy elderly. This study analyzed the
effectiveness of TCMBE intervention program compared
with control group (non-TCMBE) on balance ability in
elderly populations.

2. Materials and Methods

2.1. Search Strategy. The Preferred Reporting Items for Sys-
tematic Reviews andMeta-Analysis guideline (PRISMA) was
followed throughout this review and research processes. Four
databases of literature had been used as data sources for this
study from inception until 10 May, 2016 (Medline: 1946-,
SportDicus: 1978-, Cinahl: 1992-, andWeb of Science: 1900-).
The two groups of terms were combined for the systematical
search as follows: (1) “traditional Chinese exercise” OR “tai
chi” OR “tai chi chuan” OR “taiji” OR “taijiquan” OR “qi
gong” OR “chi kung” OR “Baduanjin” OR “Yijinjing”; AND
(2) “balance” OR “balance control” OR “fall” OR “falls” OR
“slip”. In addition to the database search, a manual search
from the reference lists of identified articles and relevant
articles was also applied. Further, additional studies were also
found frommany experts who were in the field of traditional
Chinese exercise.

2.2. Inclusion Criteria. The included studies should meet the
following criteria: (1) type of studies: the current research
only applied randomized controlled trials; (2) participants:
the study participants were healthy humans with age over
60 years; (3) interventions: the subjects of study must be
related to a treatment group that only using traditional
Chinese exercise and a control group involved in no TCMBE
exercises or other treatment (e.g., wellness education, and
resistance training). There must be different interventions
between treatment group and control group (either passive or
positive); (4) outcome measures: the outcomes were related
to balance performance, for instance, Berg Balance Score
(BBS) and Timed Up and Go Test (TUG); (5) providing
adequate information for calculating effect size; (6) the fact
that traditional Chinese exercise intervention period was no
less than two months (8 weeks).

2.3. Exclusion Criteria. The studies were excluded if (1) there
was no randomized assignment to study groups; (2) the
trial used the Chinese exercise plus additional treatments

(e.g., Tai Chi and stretch training in treatment group); (3)
the presence of animal models or unhealthy participants
(e.g., diabetic and stroke participants); (4) there is a lack of
sufficient information to calculate the effect size; (5) theywere
questionnaire, case study, abstract, or reviews; and (6) the
studies were published in non-English journals.

2.4. Selection of Studies. The literature searches were con-
ducted by two authors. The two reviewers independently
screened the potential articles by reading the titles and
abstracts and then full-text articles according to the eligible
criteria. Disagreements between two reviewers were resolved
in discussion. If necessary, the third reviewer was consulted
to reach a consensus.

2.5. Data Extraction. The following information from each
article was extracted: (1) author and year of publication; (2)
characteristic of the participants: sample size, sex, and age; (3)
study design; (4) interventions; and (5) standardized mean,
standard deviation, or raw data for effect size calculation.
There were no disparities of data abstraction.

2.6. Quality Assessment. Two reviewers independently asses-
sed the quality of study using the Jadad scale [20]. This
scale has been widely applied in assessing methodological
quality in exercise field [21, 22]. The scale includes three
items: randomization (0–2 points), blinding (0–2 points),
and withdrawals and dropouts (0-1 point). The range scores
of Jadad were 0–5. A score higher than 3 points could be
considered as high-quality studies.

2.7. Statistical Analysis. The Comprehensive Meta-Analysis
software was used for meta-analysis. The 𝑄-test and the I2-
coefficient were used to examine heterogeneity between stud-
ies. If there is a statistic significant𝑄, it indicates differences of
study heterogeneity. And the I2 statistic was used to measure
the effect of heterogeneity with low (25%), moderate (50%),
and high (75%) respectively [23].The fixed-effects model was
conducted to pool ESs with 95% confidence interval (CI),
if the heterogeneity was not found. Otherwise, the random-
effects model was adopted. Eventually, the publication bias
was examined through using the Egger regression asymmetry
test and Begg’s funnel plot.

3. Results

3.1. Search Results. Figure 1 shows the flow diagram of the
study selection process. A total of 2,184 articles were found
in Medline, CINAHL, SportDicus, andWeb of Science. After
removing duplications, 1169 articles were eliminated, and 1134
articles were further excluded after screening the titles and
abstracts. The remaining studies (𝑛 = 38) were reviewed for
eligibility through reading the full-texts. Finally, 10 studies (12
trials, two studies included two eligible trails) were included
in the present review [12, 16, 24–31].

3.2. Study Characteristics. The main characteristics of eligi-
bility studies are summarized in Table 1. All included articles
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Full-text articles excluded, 

(iv) Non-English publication (n = 6)

(iii) Effect size not available (n = 10)

(ii) Not RCT (n = 8)

(i) Not healthy participants (n = 3)

with reasons (n = 23)

Records identified through
database searching

(n = 2181)

Additional records identified
through other sources

(n = 3)

Articles removed after duplicates checking
(n = 1169)

Records screened
(n = 1172)

Full-text articles assessed for eligibility
(n = 38)

Total studies included in
qualitative synthesis

(n = 10)

Articles excluded
(n = 1134)

Studies included in qualitative 
synthesis (meta-analysis)

(n = 10)

Figure 1: Flow diagram for selection of studies.

were published between 2003 and 2015, and they aimed to
measure the effectiveness of traditional Chinese mind and
body exercise on balance or fall prevention among healthy
old adults. A total of 1,798 participants were involved in 10
studies. The sample size ranged from 40 to 702 participants.
Three types of interventions were used: eight studies (10
trials) used Tai Chi, one study used Tai Chi + Qigong [27],
and one study used Baduanjin [16].

3.3. Risk of Bias within Studies. The main risks of bias of
the included studies are summarized in Table 2. It indicated
that six trials had a high bias risk and six trials had a low
bias risk based on the Jadad scale recommendation. All
of the studies used the randomized allocation, but three
studies reported using appropriate randomization methods,
and the rest studies used appropriate double blinding or
double blinding. In addition, most trials from these studies
explicitly stated the number of withdrawals or the reasons for
dropout. Both passive and active control group are included
in the selected studies, and the ordinary intervention (not
TCMBE) or other treatment (e.g., wellness education, and
resistance training) was used for the control group. Eight
trials used regular daily exercise [24–26, 28–31] and four

trials used thewellness education, regular daily care exercises,
and regular physiotherapy intervention [12, 16, 27, 31]. The
detailed conditions and activities arranged for the control
group are listed in Table 1.

3.4. Synthesis of Results and Berg Balance Scale. In this meta-
analysis the main outcomemeasures were Berg Balance Scale
(BBS); Timed Up and Go Test (TUG); and static balance.
Figure 2 shows the forest plot of the meta-analysis. Three
trials stated the BBS for old people, and a random-effects
model was used due to the high heterogeneity: 𝑄 = 7.68,
𝑝 = 0.02, and 𝐼2 = 73.98%. The pooled results indicated
that there was no significant improvement on BBS in favor
of elderly people practicing the traditional Chinese exercise
(TCMBE): ES = 0.164, 95% CI (−0.199, 0.526), 𝑧 = 0.88, and
𝑝 = 0.38.

3.5. Timed Up and Go Test. There were seven trials in which
the TUG was conducted in this meta-analysis. According to
estimating the synthesis results, significant heterogeneity was
found among the eligible seven trials, 𝑄 = 36.27, 𝑝 < 0.01,
and 𝐼2 = 83.46%, and then a random-effects model was
conducted to calculate the effect size. Figure 3 shows the forest
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Table 2: Quality assessment of included studies.

Author and year Randomization Double blinding Withdrawals Appropriate
randomization

Appropriate
double blinding Total

Li et al. 2005 1 0 1 1 0 3
Zhang et al. 2006 1 0 1 0 0 2
Pereira et al. 2008 1 0 1 0 0 2
Kim et al. 2009 1 0 0 0 0 1
Logghe et al. 2009 1 1 1 0 1 4
Taylor-Piliae et al. 2010 Trial 1 1 0 1 0 0 2
Taylor-Piliae et al. 2010 Trial 2 1 0 1 0 0 2
Nguyen and Kruse 2012 1 0 1 0 0 2
Taylor et al. 2012 Trial 1 1 0 1 1 1 4
Taylor et al. 2012 Trial 2 1 0 1 1 1 4
Tousignant et al. 2012 1 0 1 0 1 3
Son et al. 2016 1 0 1 1 1 4

Li et al. 2005 0.446 0.127 0.016 0.198 0.694 3.522 0.000

Logghe et al. 2009 −0.059 0.136 0.018 −0.325 0.208 −0.432 0.666

Tousignant et al. 2012 0.059 0.261 0.068 −0.452 0.570 0.227 0.820

0.164 0.185 0.034 −0.199 0.526 0.884 0.377

Study name
Statistics for each study

Std diff in means
and 95% CIStd diff

in means
Standard

error Variance Lower
limit

Upper
limit Z-Value p value

−4.0 −2.0 0.0 2.0 4.0
Control TCMBE

Figure 2: The effect of TCMBE versus control on BBS for the elderly.

plot of the analysis. The pooled results did not indicate any
effect of TCMBE on TUG for the elderly: ES = 0.28, 95% CI
(−0.01, 0.57), 𝑧 = 1.88, and 𝑝 = 0.06.

3.6. Static Balance. Static balance was reported in six trials
in this meta-analysis. After calculating the pooled results in
Figure 4, it gives a significant heterogeneity: 𝑄 = 13.34,
𝑝 < 0.01, and 𝐼2 = 65.51%, so the random-effects model was
suited for this analysis. It demonstrated that the static balance
ability of the elderly in TCMBE group was significantly
improved compared to the control group: ES = 0.70, 95% CI
(0.03, 0.35), 𝑧 = 3.89, and 𝑝 < 0.01.

3.7. Publication Bias. In aspect of TUG and static balance,
the nonsignificant results of Egger’s test stated no publication
bias with 𝑝 = 0.31 and 𝑝 = 0.06, respectively. But the
two funnel plots were not symmetrical (Figures 5 and 6).
The possible reason for unsymmetrical plot may be because
of the heterogeneity among the included studies rather than
publication bias.

3.8. Subgroup Analysis. Due to the significant heterogeneity
in BBS, TUG, and static balance, three subgroup analyses
were performed to compare the different intervention period
(less than 15 weeks and more than 15 weeks) and different

exercise time per week (≤90 minutes, around 120 minutes,
and ≥180 minutes). To perform the subgroup analysis, the
random-effects model was used. The forest plots of the
subgroup analysis were shown in Figures 7–9.

Firstly, there was no difference in TCMBE group on BBS
compared with control group in intervention period (𝑄 =
1.70, 𝑝 = 0.20). However, the potential result was longer
period (≥15 weeks) and TCMBE had an effect on BBS (ES =
0.32, 𝑝 = 0.001). Secondly, it indicated TCMBE group had
no effect on TUG compared with control group based on
the different duration time (𝑄 = 2.11, 𝑝 = 0.15). There
also was a trend that long period (≥15 weeks) TCMBE play
a positive effect on TUG. Finally, no group difference in
exercise time per week (𝑄 = 2.53, 𝑝 = 0.28) was found. But
the evidenced result was that if the participants took a longer
time (≥150 minutes per week) to participate in TCMBE, they
could improve their static balance power.

4. Discussion

This systematic review and meta-analysis was conducted to
assess the effectiveness of TCMBE intervention compared
with control group (non-TCMBE activity) on balance ability
and risk to fall for old adults. We found that (1) there
was no effect on BBS by using the TCMBE, based on the
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Li et al. 2005 0.631 0.128 0.016 0.380 0.882 4.927 0.000

Pereira et al. 2008 −0.093 0.228 0.052 −0.540 0.354 −0.409 0.683

Nguyen and Kruse 2012 1.307 0.258 0.067 −0.800 1.813 5.057 0.000

Taylor et al. 1 2012 0.151 0.093 0.009 −0.031 0.333 1.622 0.105

Taylor et al. 2 2012 0.026 0.094 0.009 −0.159 0.211 0.276 0.782

Tousignant et al. 2012 0.084 0.261 0.068 −0.427 0.594 0.321 0.748

Son et al. 2016 −0.124 0.299 0.089 −0.710 0.462 −0.415 0.678

0.279 0.148 0.022 −0.012 0.570 1.878 0.060

Study name
Statistics for each study

Std diff in means
and 95% CIStd diff

in means
Standard

error Variance Lower
limit

Upper
limit Z-Value p value

−4.0 −2.0 0.0 2.0 4.0
Control TCMBE

Figure 3: The effect of TCMBE versus control on TUG for the elderly.

Zhang et al. 2006 1.444 0.328 0.107 0.802 20.86 4.408 0.000

Kim et al. 2009 1.233 0.345 0.119 0.557 1.909 3.574 0.000

Pereira et al. 2008 0.508 0.232 0.054 0.054 0.962 2.194 0.028

Taylor-Piliae et al. 1 2010

Taylor-Piliae et al. 2 2010

0.658 0.217 0.047 0.232 1.084 3.028 0.002

0.224 0.230 0.053 −0.227 0.675 0.972 0.331

Son et al. 2016 0.377 0.301 0.091 −0.213 0.968 1.252 0.211

0.695 0.179 0.032 0.345 1.045 3.888 0.000

Study name
Statistics for each study

Std diff in means
and 95% CIStd diff

in means
Standard

error Variance Lower
limit

Upper
limit Z-Value p value

−4.0 −2.0 0.0 2.0 4.0
Control TCMBE

Figure 4: The effect of TCMBE versus control on static balance for the elderly.
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Figure 5: Funnel plot (TUG).

synthesis ESs of 3 randomized controlled trials; (2) TCMBE
intervention did not significantly improve old adults’ TUG
though displaying the pooled ESs of seven randomized con-
trolled trials; and (3) there was a significant improvement on
static balance power, in particular, if the subjects participate
in the TCMBE program for more than 150 minutes per
week. These findings seem to be different from the previous

0.0
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r

Std diff in means

Funnel plot of standard error by Std diff in means

−2.0 −1.5 −1.0 −0.5 0.0 0.5 1.0 1.5 2.0

Figure 6: Funnel plot (static balance).

meta-analysis [8, 14, 32], in which Tai Chi intervention
significantly improved the BBS and TUG compared with
control group. The current study includes more eligible trials
using the TCMBE interventions and its characteristics are
homogenous compared to previous meta-analysis, such that
if one study has three different groups, we use the TCMBE
group to compare with the other two groups, respectively.
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<15 weeks Logghe et al. 2009 <15 weeks −0.059 0.136 0.018 −0.325 0.208 −0.432 0.666
<15 weeks −0.059 0.226 0.051 −0.502 0.385 −0.259 0.795
≥15 weeks Li et al. 2005 ≥15 weeks 0.446 0.127 0.016 0.198 0.694 3.522 0.000

≥15 weeks Tousignant et al. 2012 ≥15 weeks 0.059 0.261 0.068 −0.452 0.570 0.227 0.820

≥15 weeks 0.320 0.181 0.033 −0.036 0.675 1.762 0.078

Group by
time point Study name Time

Statistics for each study
Std diff in means

and 95% CIStd diff
in means

Standard
error Variance Lower

limit
Upper
limit Z-Value p value

−4.0 −2.0 0.0 2.0 4.0
Control TCMBE

Figure 7: Subgroup meta-analysis: the effect of TCMBE versus control on BBS for elderly TUG.

<15 weeks Pereira et al. 2008 <15 weeks −0.093 0.228 0.052 −0.540 0.354 −0.409 0.683

<15 weeks Son et al. 2016 <15 weeks −0.124 0.299 0.089 −0.710 0.462 −0.415 0.678

<15 weeks −0.105 0.181 0.033 −0.460 0.251 −0.577 0.564

≥15 weeks Li et al. 2005 ≥15 weeks 0.631 0.128 0.016 0.380 0.882 4.927 0.000

≥15 weeks Nguyen and Kruse 2012 ≥15 weeks 1.307 0.258 0.067 −0.800 1.813 5.057 0.000

≥15 weeks Taylor et al. 1 2012 ≥15 weeks 0.151 0.093 0.009 −0.031 0.333 1.622 0.105
≥15 weeks Taylor et al. 2 2012 ≥15 weeks 0.026 0.094 0.009 −0.159 0.211 0.276 0.782

≥15 weeks Tousignant et al. 2012 ≥15 weeks 0.084 0.261 0.068 −0.427 0.594 0.321 0.748

≥15 weeks 0.250 0.056 0.003 0.140 0.359 40459 0.000

Group by
time point Study name Time

Statistics for each study
Std diff in means

and 95% CIStd diff
in means

Standard
error Variance Lower

limit
Upper
limit Z-Value p value

−4.0 −2.0 0.0 2.0 4.0
Control TCMBE

Figure 8: Subgroup meta-analysis: the effect of TCMBE versus control on TUG for the elderly.

Group by
time point Study name Time

Statistics for each study
Std diff in means

and 95% CIStd diff
in means

Standard
error Variance Lower

limit
Upper
limit Z-Value p value

Son et al. 2016 0.377 0.301 0.091 −0.213 0.968 1.252 0.211

−4.0 −2.0 0.0 2.0 4.0

0.377 0.301 0.091 −0.213 0.968 1.252 0.211
0.658 0.217 0.047 0.232 1.084 3.028 0.002

0.224 0.230 0.053 −0.227 0.675 0.972 0.331

Zhang et al. 2006 1.444 0.328 0.107 0.802 20.86 4.408 0.000

Kim et al. 2009 1.233 0.345 0.119 0.557 1.909 3.574 0.000

Pereira et al. 2008 0.508 0.232 0.054 0.054 0.962 2.194 0.028

1.009 0.269 0.072 0.481 1.536 3.749 0.000

Control

≤90min ≤90min

≤90min ≤90min

≥150min

≥150min

≥150min

≥150min

≥150min

≥150min

≥150min

=120min =120min
=120min

TCMBE

0.444 0.298 0.089 −0.140 1.029 1.149 0.000≤90min

Taylor-Piliae et al. 1 2010

Taylor-Piliae et al. 2 2010

Figure 9: Subgroup meta-analysis: the effect of TCMBE versus control on static balance for the elderly.
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Besides, the previous review included the participants with
diseases, such as stoke, dementia, and Parkinson’s. Our study
used the healthy population without any disease. In addition,
the current review firstly evidenced the effect of TCMBE on
static balance ability for old adults though meta-analysis.

Because of the high heterogeneity in meta-analysis, we
conducted subgroup meta-analysis to investigate the reasons
of heterogeneity.The intervention time (≥15 weeks) of partic-
ipants participating in the TCMBE showed significantly effect
on BBS andTUG for old adults (𝑝BBS = 0.001 and𝑝TUG = 0.02,
resp.). There was significantly improved static balance for old
adults if the time they participated in the TCMBEwas not less
than 150minutes per week (𝑝 < 0.01).Therefore, more senior
people are encouraged to take part in the TCMBE program
with long practicing time every week in order to achieve the
benefits of the TCMBE exercise.

This meta-analysis study has few limitations that may
influence the findings; for example, there are 50 percent
of trials that are classified as high bias risk based on the
Jadad scale. The present review only consists of English
publications. The varied TCMBE sessions per week and
the different measurement parameters were used in original
studies. Moreover, in original studies some participants
dropped out the experiment at the end of the trial; the
number of participants at the postintervention was used to
assess the ESs. This systematic review and meta-analysis did
not evaluate the long-term beneficial effects of TCMBE on
balance for the elderly after the end of intervention. It is
expected thatmore studies are needed to confirm the findings
in the future.

5. Conclusion

In summary, the time old adults participated in the TCMBE
program more than 150 minutes per week for more than
15 weeks can promote their balance ability. Therefore, the
traditional Chinesemind and body exercise training program
can be introduced to the public as an alternative rehabilitation
treatment for old adults to promote their balance ability.
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Background.The present study aimed to evaluate and compare the effect of two different types of Tai Chi programs on the Functional
Movement Screening (FMS) in older adults. Methods. Ninety older adults (65.5 ± 4.6 years old) who met the eligibility criteria
were randomized into three different groups based on a ratio of 1 : 1 : 1: a traditional Tai Chi exercise (TTC), a simplified Tai Chi
exercise (TCRT), or a control group (routine activity). The FMS consisted of the deep squat, hurdle step, in-line lunge, shoulder
mobility, active straight leg rise, trunk stability push-up, and rotatory stability, which was used to measure physical function before
the present study and after six months of Tai Chi interventions. Results. Seventy-nine participants completed the present study
(control = 27, TTC = 23, and TCRT = 29). Significant improvement on the FMS tests between the baseline and after the six-month
intervention was observed in both Tai Chi programs, whereas no significant improvement was observed in the control group. In
addition, participants in the TCRT group demonstrated greater improvement than those in the TTC group.Conclusions.The TCRT
is more effective in improving the physical function in older adults when compared to the traditional Tai Chi modality, particularly
for improving balance.

1. Background

Falls are one of the most devastating problems that emerge
in more than 30% of older adults, leading to high morbidity
and death rates. In particular, not only does fall-related
morbidity significantly reduce the quality of life in older
adults, but also it challenges the national healthcare system
[1]. Potential risk factors have been identified in association
with falls, including weak lower extremity, unstable gait, and
limited mobility [2]. Researchers emphasize that older adults
should pay attention to improving their muscular strength
and mobility to help stabilize the body (balance), ultimately
reducing rates of falling [3].

In recent years, exercise has been recommended as one
of the most effective and cost-effective methods for fall

prevention in older adults [4]. Traditional Chinese Qigong
exercises (TCQG) (e.g., Taichi, Baduanjin, and Daoyishu),
characterized by gracefulness, softness, mindfulness, and
gentleness, were proven to have a positive impact on flexi-
bility and functional balance contributing to fall reduction in
older adults [5]. Two systematic reviews consistently support
the effectiveness of Tai Chi on reducing the frequency of
falls and fear of falling [6, 7]. For instance, a research group
designed a randomized controlled study and found that a six-
month Tai Chi intervention protocol positively affected the
total number of falls and psychological fear of falling in older
adults (aged 70 or above) with sedentary lifestyle [8].

Although people of different ages and health status
received benefits from practicing Tai Chi, the complexity of
moves of traditional Tai Chi has become a big challenge to
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Table 1: Demographic information of participants at the baseline
(mean ± SD).

Variables TCRT, 𝑛 = 30 TTC, 𝑛 = 30 Control
group, 𝑛 = 30

Height (cm)
Weight (kg)
Age (years)
BMI (kg/m2)

162.3 ± 4.9
62.3 ± 7.4
65.3 ± 4.3
23.6 ± 2.3

161.2 ± 6.1
59.6 ± 7.1
65.2 ± 5.0
22.9 ± 2.6

162.3 ± 5.5
63.3 ± 8.1
65.3 ± 4.4
23.7 ± 2.7

Note. SD: standard deviation; BMI: body mass index.

Tai Chi practitioners, especially for those novice older adults.
More specifically, the complex and lengthy traditional Tai Chi
form does not simply challenge motor memory capability in
older adults that could discourage them, but relatively large
space is demanded for home-based practice. A simplified Tai
Chi form is therefore needed for older adults to strengthen
their balance for fall prevention.

We therefore developed a simplified Tai Chi resistance
training protocol consisting of 32 moves, which focus on
improving physical function (e.g., balance, flexibility, and
agility) and circulating flow of internal energy. Prior to the
present study, the researchers designed a randomized con-
trolled study to investigate the effectiveness of this simplified
Tai Chi form in alleviating bone loss in menopausal women
and found that the simplified Tai Chi form is as effective as
the traditional Tai Chi form in slowing bone loss [9].Whether
this simplified Tai Chi could improve balance in older adults
still remains unclear; therefore, the present study aimed to
compare the effectiveness of the 8-minute Tai Chi form versus
the traditional Tai Chi form on the Functional Movement
Screen (FMS) in older adults when compared to a control
group [10].

2. Materials and Methods

2.1. Participants. Participants in the present study were
recruited from Shanghai City of China, through advertise-
ments placed in local newspapers and in community centers.
The demographic information of participants at the baseline
is presented in Table 1. The study was approved by the
Scientific Research Ethics Committee of Shanghai Sport
University. Participants were included in the present study if
they met the following eligibility criteria: (1) they were aged
between 60 and 70 years; (2) they were employed in jobs
without substantial physical demands; (3) theywere currently
not participating in any other supervised exercise program
or did not attend any exercise program for the last three
months; (4) they did not have any major diseases and/or
physical illnesses (as measured by Manual Muscle Test) [11]
that limit their practice of Tai Chi exercise; (5) they were not
involvedwith anymental disorders (asmeasured by theMini-
Mental State Examination) [12] that may negatively affect
understanding Tai Chi moves.

Medical history and health status were checked by amed-
ical doctor from the Department of Rehabilitation, Shanghai
First People’s Hospital. TheManual Muscle Test for muscular
strength, Goniometer for range of motion on both hips and
knees, and the Mini-Mental State Examination for cognitive

function were administered by another two medical doctors
from the same hospital. All abovementioned screening took
place prior to the beginning of randomized assignment. All
eligible participants signed consent forms prior to being
randomly placed into three groups (TTC = 30, TCRT = 30,
and control = 30) based on computer-generated numbers.

2.2. Exercise Interventions. Four Tai Chi instructors (males
= 2 and females = 2) were recruited from Shanghai Sport
University. Taking into account the performance bias (stan-
dardized instruction), prior to the present study, the four
instructors received threemonths of official training together,
given by a Tai Chi grandmaster who was familiar with both
TTC and TCRT. After the three months of the training,
all instructors reached the standard of the effectiveness of
instruction and then were equally assigned into the two Tai
Chi groups based on mixed gender.

Participants in the control group were asked to keep
their original lifestyles. Participants in the traditional Tai Chi
group experienced four 60-minute Yang Style Tai Chi (85
moves) sessions weekly for six months. Of the four sessions
weekly, two sessions were conducted by two experienced Tai
Chi instructors and home-based practice for the remaining
two sessions took place through watching a Tai Chi video.
Participants in the TCRT had a similar protocol, involving
frequency and duration of simplified Tai Chi program, and
exercise modes (supervised and home-based). The exer-
cise routine included a 10-minute warm-up, subsequent
40-minute Tai Chi form, and 10-minute relaxation at the
end. The four instructors took attendance and reported it
to researchers. Participants in the TCC group spent their
first months learning and refining their moves before they
practiced the entire routine. When compared to the 85-move
TTC, participants in the TCRT group only spent their first
two weeks in their learning stage because it included only 32
moves.The similarities anddifferences between simplifiedTai
Chi and traditional Tai Chi are presented in Table 2.

2.3. Functional Movement Measurement. Physical function
was measured using the FMS consisting of seven tasks before
and after the six-month Tai Chi intervention period. The
seven tasks included deep squat (assessing bilateral, symmet-
rical, and functional mobility of the hips, knees, and ankles),
hurdle step (assessing the bilateral functional mobility and
stability of the hips, knees, and ankles), in-line lunge (assess-
ing torso, shoulder, hip, and ankle mobility and stability,
quadriceps flexibility, and knee stability), shoulder mobility
(assessing bilateral shoulder range of motion, combining
internal rotation with adduction and external rotation with
abduction), active straight leg rise (assessing active hamstring
and gastric-soleus flexibility while maintaining stable pelvis
and active extension of the opposite leg), trunk stability
push-up (assessing trunk stability in the sagittal plane while
a symmetrical upper extremity motion is performed), and
rotary stability (assessing multiplane trunk stability during
a combined upper and lower extremity motion) [10–13].
Two high-resolution cameras located in the sagittal and
frontal planes (Sony HXR-NX3, China) were used to record
the quality of movement while performing the FMS tasks.
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Table 2: The similarities and differences between simplified Tai Chi exercise (TCRT) and traditional Tai Chi (TTC).

Variables Name of Tai Chi routine
TCRT TTC

Origin
It was developed by a Qigong master at Shanghai

Sport University in a recent year, simplified resistance
Tai Chi

It was created by Chinese martial artists and has a
history of more than 100 years, Traditional Yang

Style 85-form Tai Chi.
Number of moves 32 85

Element of routine

Movements focus on weight shift, muscle stretching,
cultivating internal energy, and fall-prevention

training. In particular, pushing hands as a key element
is added in which two practitioners place their

dominant hands together and apply their force or
action to make the opponent lose balance.

Hand movements are characterized by circulation,
spiral, slowness, smoothness. low limbs are
involved with weight-shift training while

maintaining core stability.

Duration of routine 28min, 30 seconds 28min, 16 seconds
Exercise intensity Moderate Moderate

Strengths and
Weaknesses

Relatively short routine is suitable for older adults due
to age-related memory decline.

Practitioners can carry out home-based practice,
instructed by watching a video.

Pushing hand provides practitioners with the
opportunity to socialize with each other.

Lengthy routine is a challenge for older adults.
Additionally, complex moves not only require
supervised practice, but also could discourage

novice practitioners (discontinue Tai Chi training).

All tests took place in the indoor sport hall of Shanghai
University of Sport.

Each task has specific score criteria for the rater to
determine among 0, 1, 2, and 3. Any pain reported while
performing the movement in each test automatically resulted
in a score of 0. The participant received a score of 3 if
the performance meets all the standards delineated in the
manual. Each test was scored from 0 to 3, and the maximum
total score is 21. The secondary author who is a certified FMS
expert recruited two graduate students and gave them official
training before the present study. In order to avoid detection
bias, the two assessors were blinded to the purpose of the
present study. First of all, the two assessors independently
evaluated the quality of movement of each task. If any
disagreement existed between the two assessors, the certified
FMS expert intervened to resolve the disagreement. The
interrater reliability for assessing each task of the FMS was
92% or above.

2.4. Statistical Analysis. A statistician who was blinded to
the outcome measures performed data analysis. For the
total score, an intention-to-treat analysis was performed
to compare among the three groups. The effects of the
interventions were assessed by using analysis of covariance
(ANOVA) for repeated measures within 3 (group: TCRT
group, TTC group, and control group) × 2 (time: before and
after). The effect was localized by using LSD’s correction for
multiple comparisons. Other than the repeated measure, the
percentage differences (0–6 months) were calculated from
duration between baseline and the end of the measurements
for each individual. Furthermore, for each individual FMS
test, crosstab was used to calculate the population percentage
of improving, remaining, and descent. All analyses were done
using SPSS version 20, and 𝑝 < 0.05 was considered a
statistically significant difference.

3. Results
The research group had received responses from 114 partic-
ipants who were interested in participating in the present
study. Based on the eligibility criteria, 24 volunteers were
excluded (age = 12, disease = 9, and schedule conflict =
3). A final number of 90 participants (65.5 ± 4.6 years)
were included in the present study. Seventy-nine participants
completed the six-month Tai Chi intervention period: 3
(schedule conflict = 1 and dropout = 2) in the control group,
7 (dropout = 2 and low attendance = 5) in the TTC, and 1
with schedule conflict in the TCRT group. Figure 1 presents
screening, randomization, and completion of the 6-month
intervention.

For the total score, the main effect of time was significant
(𝐹(1, 76) = 17.726; 𝑝 < .001; 𝜂2

𝑝
= .189), and a significant

improvement in both Tai Chi groups was observed before
and after the six-month Tai Chi intervention period (14.284±
1.417 versus 14.871 ± 1.522; 𝑝 < .001). The main effect
of group was also significant (𝐹(2, 76) = 3.640; 𝑝 = .031;
𝜂2
𝑝
= .087), and pairwise comparisons showed that TCRT had

higher scores than the control group (15.034 ± 1.395 versus
14.111 ± 1.489; 𝑝 = .009). Finally, the interaction between
time and group was found (𝐹(2, 76) = 3.514; 𝑝 = .013;
𝜂2
𝑝
= .109), with further analysis showing that both the TCRT

(14.655± 1.289 versus 15.414± 1.500; 𝑝 = .001) and the TTC
(14.087 ± 1.443 versus 15.087 ± 1.276; 𝑝 < .001) groups had
improved total score, while no difference was found in the
control group (14.111±1.502 versus 14.111±1.476;𝑝 = 1.000)
(Figure 2).

Table 3 presents the percentage of improvement, main-
tenance, and declining on each task of the FMS across three
groups.

With respect to each individual task of the FMS, the
percentage of change in the TCRT group was observed in
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Table 3: Changing conditions of the 7 FMS movement modes before and after the intervention.

Variables TCRT TTC Control
Improve% Keep% Decline% Improve% Keep% Decline% Improve% Keep% Decline%

Deep squat 6.90 89.66 3.45 4.35 91.30 4.35 3.70 85.19 11.11
Hurdle step 37.93 58.62 3.45 26.09 69.57 4.35 14.81 81.48 3.70
In-line lunge 10.34 68.97 20.69 13.04 82.61 4.35 3.70 77.78 18.52
Shoulder
mobility 24.14 68.97 6.90 52.17 43.48 4.35 18.52 66.67 14.81

Leg rise 10.34 86.21 3.45 8.70 82.61 8.70 18.52 62.96 18.52
Push-up 6.90 89.66 3.45 8.70 86.96 4.35 7.41 77.78 14.81
Rotary 13.79 86.21 0.00 13.04 82.61 4.35 18.52 77.78 3.70

152 volunteers registered

114 volunteers passed basic criterion

90 volunteers

Scheduling conflicts: 3
Disease-related: 9
No age match: 12

38 had regular excercise

1 had scheduling conflict
2 dropped out

2 dropped out
5 had low attendance 1 had scheduling conflict

TRCT
(n = 30)

TTC
(n = 30)

Control
(n = 30)

6 months completed
(n = 27)

6 months completed
(n = 23)

6 months completed
(n = 29)

Figure 1: The entire process of screening, randomization, and completion of the 6-month intervention.

hurdle step (improvement: 37.93%, decline: 4.35%), leg rise
(improvement: 10.34%, decline: 4.35%), push-up (improve-
ment: 6.90%, decline: 4.35%), and rotary (improvement:
13.79%, decline: 0.00%) test with the least decline percentage
and relative high improvement percentage, compared with
the TTC and control group (Figure 3). The change of
percentage at the baseline and after the six-month Tai Chi
intervention period is reported in Table 3.

4. Discussion

The present study was to evaluate and compare the effect
of two different types of Tai Chi training programs on the
Functional Movement Screening (FMS) in older adults: a
simplified Tai Chi resistance training program and tradi-
tional Tai Chi. Older adults who experienced either Tai Chi
program experienced significant improvement on balance
performance after the six-month intervention period.

TRCT TTC Control

Before
After

13.00

13.50

14.00

14.50

15.00

15.50

16.00
p = .001

p < .001

Figure 2: The interaction between the time and groups.
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TRCT TTC Control
Decline 3.45% 4.35% 3.70%
Keep 58.62% 69.57% 81.48%
Improved

Decline
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Figure 3: The percentage of change for the four tasks of the FMS across three groups.

Although many factors may contribute to falls, it has
been documented that weak muscular strength in the lower
extremities and balance ability due to aging are the main
risk factors. Physical exercise has been proven to improve
muscular strength and balance ability for fall prevention
in older adults [14, 15]. Tai Chi is a safe, health-enhancing
exercise and is suitable for older adults due to the features
of gentleness and softness [16]. Tai Chi has been extensively
studied and its positive impact includes improving postural
stability and alleviating degeneration of muscular strength
in older adults [17]. Shih [18] found that, after 16 weeks of
Tai Chi training, the dynamic sway velocity as an indicator
of balance became significantly lower among older people.
After a 16-week Tai Chi practice, researchers found that older
adults demonstrated significant improvement on the postural
stability test due to decreasing displacement of center of
pressure under the feet [19].

Tai Chi practice is effective in strengthening the limb
muscle groups that contribute to initiating voluntary, goal-
directed, and coordinative movements for postural stability
[20]. The traditional Tai Chi routine is lengthy and complex,
which restricts those people who lack the time, commitment,
or mobility to exercise in groups under the supervision of an
instructor. The simplified Tai Chi exercise not only keeps the
original essence of the traditional Tai Chi improving physical
function, but also is more easily accessible to older adults
[16].The resistance training in the simplified Tai Chi exercise
has been proven to have a positive impact on alleviating
bone mass loss [16]. The present study also showed that the

simplified Tai Chi improved the FMS scores, which may be
attributed to its main function improving physical function.
Among the seven FMS functional tests, the hurdle step and
leg rise tests are two main indictors of physical balance.
In the present study, we found that the simplified Tai Chi
exercise had a greater impact on the hurdle step and leg
rise than the traditional Tai Chi routine. The leg rise test
reflects the flexibility of the posterior femoral muscle group,
as well as the strength of quadriceps femurs, the condition of
lumbar vertebrae, and the stability of the pelvis. The muscle-
stretching exercise, the second series of the new Tai Chi
exercise, is specialized in improving flexibility. The hurdle
step test is used to evaluate the ability of lifting up the
lower limb and striding over the obstacle (hurdle) while
stabilizing the torso. It reflects the static stability of the torso,
stability of the supporting leg, and the agility of the striding
leg. Accidental falls in older adults are mainly attributed to
weak lower extremity (e.g., single leg and double leg support
and the difficulty to initiate a voluntary and coordinated
movement due to nerve degeneration).

The present study supports the notion that the simpli-
fied Tai Chi exercise is as effective as the traditional Tai
Chi routine in improving physical function, particularly for
balance. When compared to the traditional Tai Chi routine,
the simplified Tai Chi exercise is more accessible to different
skill levels of people (from novice to advanced level) and is
more user-friendly, which is seemingly reflected by greater
adherence (29 in the TCRT versus 23 in the TTC). When
the traditional 85-form Tai Chi requires supervised practice
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because of the complex and lengthy routine, the simplifiedTai
Chi form can also be practiced at home because large space is
not required. In addition, pushing hand in the simplified Tai
Chi resistance training program provides practitioners with
the opportunity to interact with each other, which makes the
routine become more interesting and enjoyable.

5. Conclusions

Both the traditional and the simplified Tai Chi routines
are effective in improving physical function in older adults,
especially for physical balance. In the present study, the
simplified Tai Chi outperforms the traditional Tai Chi. The
simplified Tai Chi exercise may be an effective alternative
method to strengthen physical function in older adults.
Future studies should recruit a large number of participants
with a mixed method to examine whether the effect of
the simplified Tai Chi on health outcomes is superior to
the traditional Tai Chi when comparing dropout rates and
compliance and learnability.
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The purpose of this study was to investigate the effects of Health Qigong on the treatment and releasing symptoms of Parkinson’s
disease (PD). Fifty-fourmoderate PDpatients (𝑁 = 54) were randomly divided into experimental and control groups. Twenty-eight
PD patients were placed in the experimental group in which the prescribed medication plus Health Qigong exercise will be used as
intervention. The other 26 PD patients as the control group were treated only with regular medication. Ten-week intervention had
been conducted for the study, and participants completed the scheduled exercises 5 times per week for 60 minutes each time (10
minutes for warm-up, 40 minutes for the exercise, and 10 minutes for cooldown). Data which included the muscle hardness, one-
legged blind balance, physical coordination, and stability was collected before, during, and after the intervention. Comparisons
were made between the experimental and control groups through the Repeated Measures ANOVA. The results showed that PD
patients demonstrate a significant improvement in muscle hardness, the timed “up and go,” balance, and hand-eye coordination
(the turn-over-jars test). There were no significant differences between the two groups in gender, age, and course of differences
(𝑃 < 0.05). The study concluded that Health Qigong exercises could reduce the symptoms of Parkinson’s disease and improve the
body functions of PD patients in both the mild and moderate stages. It can be added as an effective treatment of rehabilitation
therapy for PD.

1. Introduction

Parkinson’s disease (PD) is a progressive chronic disorder
of the central nervous system characterized by impaired
muscular coordination and tremors, and it is an age-related
disease that afflicts a large number of patients globally.
Individuals with PD typically have movement impairment,
such as resting tremors, bradykinesia, and rigid muscles,
resulting from the lack of dopamine in the extrapyramidal
system [1, 2]. According to the recent statistics on Parkinson’s
disease, there are approximately 6.3million peoplewith PD in
the world andmore than 1.7million people with PD inChina,
affecting approximately 1.7% of the Chinese population aged
over 65 years (European Parkinson’s Disease Association).
Parkinson’s disease is a painful chronical disease because
it limits muscle capacity, sense of balance, motor skills,
language, sleep, and daily living abilities. It may also cause

psychological and sociological problems such as depression
and fatigue, reducing the quality of life, and lowering self-
esteem [3, 4].

Peoplewith PDneed extensive rehabilitation because cur-
rentmedication cando little formotor function deterioration.
It is crucial for PD patients to do physical therapy because
they need a medical treatment and a positive influence on
both body and mind. Over the past few years, achievements
had been made in the therapy formulations of PD includ-
ing drug therapy, gene therapy, and operative treatment.
Treatment options now include rehabilitation, symptomatic
treatment, protective treatment, deep-brain stimulation, and
reconstruction treatment. Despite the fact that movement
disorders are a main symptom of Parkinsonism, few studies
use exercise therapy as an integrative approach for the
prevention and treatment of PD.According to recent research
studies, physical exercise helps improve clinical symptoms of
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PD such as postural instability, rigidity, muscle tremors, and
the slowness of movement, as well as physical abilities such
as muscle functions and the sense of balance [5], and more
physical activity programs have been integrated into therapy
treatments of PD [6, 7].

According to the statistics, falling is one of the most
common and serious problems for Parkinson’s patients. 66%
of PD patients fall once a year and 46% encounter repeating
falls [8]. This is mainly caused by symptoms such as freezes,
muscle weakness, and balance problems [9, 10]. Scholars had
made joint efforts to explore new methods for the treatment
of PD. It had been found that physical treatments as a
complement to medications could achieve superior results
[11]. These physical exercises aimed to develop balance, gait,
mobility, muscle control, and the capacity for independent
living. Some items had been tested before and after the
intervention, including akinetic symptoms, posture capacity,
balance, pain evaluations, gait, rigidity, and a posture analysis.
The physical treatments were mainly meant for the improve-
ment of the patients’ motor capacity, daily living ability, and
muscle control [7].

Different types of physical exercise had been designed for
Parkinson’s patients aiming to improve patient mobility [12],
balance [13], muscle control and power [14], aerobic capacity
[15], and gait [16]. For instance, aerobic exercises had been
widely applied to increase a PD patient’s cardiac respiratory
function and muscle capacity. Aerobic gait and step exercises
such as walking and using a treadmill helped renew the daily
life capacity, because they could develop behavioral functions
and improved life quality [17]. In addition, when combining
aerobic exercise with drug therapy, the effect was improved.
Muhlack et al. [18] found that the efficiency of levodopa was
improved after practicing aerobic exercise. Other studies had
found that aerobic exercises could also protect the patients’
neuro- and neural pathways [19, 20]. Aerobic exercise was
found to provide patients with improved movement capacity
and physical functions and ease PD symptoms [21]. Both
intensive and adaptive exercise programs had been shown to
improve balance and mobility in patients with PD [22].

PD patients’ muscle strength is lower than that in normal
people; this might be because of a loss in central stimulation
[23]. According to some research, physical capacity was
concerned with lower leg strength and could be improved
by regular exercise [24]. For individuals with PD, immobility
might also cause problems in bone density, and doing more
muscle exercises could relieve this situation [25]. Lima et
al. [26] suggested that mild- and medium-level PD patients
undergo progressive resistance training during rehabilitation,
which could increase their walking capacity and reduce the
risk of falls. Hunot and Hirsch’s studies [13] also found
that performing strength and balance exercises could reduce
the risk of falls, and patient strength and balance could
be obviously increased. Oguh et al. [21] found in their
research on 4,866 Parkinson’s patients that regular exercise
provided superior mobility and physical functioning, slowed
the advancement of the disease, and reduced cognitive loss as
well as nursing costs.Hove et al.’s studies [27] also showed that
rhythmic exercise could significantly benefit the movement
and coordination of PD patients.

In 2008, Lan et al. [28] claimed thatmuscle-strengthening
exercises could raise patients’ muscle power but that the effect
on balance, gait, and movement capacity was limited. As
such, the potential effectiveness of traditional mind and body
harmony exercises, Tai Chi, Health Qigong, and Yoga, on
treating PD was studied by some of researchers [29, 30]. The
characteristics of Tai Chi and Health Qigong are slow, coher-
ent, and aerobic low-intensity exercises that can relax body
andmind. Tai Chi andQigong are treated as a style of Chinese
martial arts incorporating meditation, breathing, and physi-
cal movement. Exercising Tai Chi and Qigong serves many
functions: relaxing body and mind, inducing pleasure and
satiety, recharging metabolism, improving heart functions
and slowing heart rates, and reducing blood pressure. Used
as physiotherapy, they have always been an essential part of
Chinese traditional herbalmedicine [31]. Some scholars think
that Qigong emerged frommethods used by the ancient Chi-
nese and, actually, it was developed on the basis of traditional
Chinesemedicine by controlling themovement ofQi through
meridian system in the body [32]. As people in the early stages
of PD can still dance, run, and walk smoothly and can also do
complex movements for several minutes when they are given
appropriate emotional or visual cues, Health Qigong appears
to be an appropriate exercise for PD patients to improve their
symptoms.

Among different types of balance exercises, Tai Chi is
one of the most effective interventions that can be used
by recreational therapists to improve balance and postural
stability in older adults with PD [29]. Morris [33] showed
that Tai Chi could improve balance, kinesthetic sense, and
strength; hence, it may be prescribed as a sensorimotor agility
program for patients with PD. Because Qigong and Tai Chi
share many similar characteristics, the effects of Qigong on
PD may resemble those functions of Tai Chi. Tai Chi and
Qigong are exercises that both require the unification of the
body and soul as their philosophical basis. Both are the two
most popular Chinese medical exercises in improving bal-
ance, flexibility, relaxation, and postural stability worldwide
[34]. Tai Chi and Qigong had been shown to improve health-
related quality of life indicators and psychological health [35].
This type of exercise can relieve anxiety and depression and
contribute to a sense of calm. There is growing evidence
that physical and mental therapy helps eliminate negative
emotions, reduce the symptoms of depression, and promote
mental health. The use of mind-body therapies, such as
Tai Chi, Yoga, Health Qigong, and meditation, is frequently
reported as a means of coping with anxiety and depression
[36].

In summary, Health Qigong is a traditional Chinese
exercise that builds the practitioners mind and body by
controlling the flow of Qi, comforting the body, and releasing
pressure through movement. To PD patients, exercising
Health Qigong is superior to taking medication because
of its fewer side effects and a longer honeymoon effect.
Although different traditional exercises had been attempted
as treatments for the PD patients, few people use them as an
alternative approach for the treatment of PD disease which
the present study is trying to focus on. As one of the Chinese
traditional mind and body exercises which share similar
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functions with Tai Chi, Health Qigong as an alternative
therapy exercise integrated into regular medical treatment
of PD is receiving greater attention. In order to analyze the
effectiveness of Chinese Health Qigong exercises on relieving
symptoms of Parkinson’s disease, the purposes of this study
were to conduct an experiment to investigate the effects of
Health Qigong on the treatment and releasing symptoms of
Parkinson’s disease. The main aims of this study were (1)
to design a Health Qigong exercise program for mild-to-
moderate stages of PD, (2) to examine the effects of 10 weeks
of Health Qigong exercise on PD, (3) to investigate the effects
of Health Qigong on function of shaking, muscle hardness
and elasticity, balance, and activity of daily living on PD, and
(4) to specially design/modify a Health Qigong exercise form
for PD.

2. Materials and Methods

2.1. Participants. Fifty-four patients diagnosedwith PD, from
YT Mountain Hospital, were selected as participants for
this study. The inclusion criteria for the recruitment of
participants were as follows: (1) mild or moderate PD, (2)
ability to walk independently, (3) normal state of mental
health, (4) ability to follow instructions, (5) absence of other
complications, and (6) ability to participate in physical exer-
cise. The exclusion criteria included any previous practical
experience with Health Qigong, a recent or planned change
in medication, and signs of a central nervous system disease
other than PD, such as aphasia or dementia (as defined by
the mini mental status examination). Selected participants
were randomly divided into two groups. The Health Qigong
experiment group included 28 patients (11 men and 17
women and average age of 65.84 ± 5.45), and the control
group included 26 patients (14 men and 12 women with
average age of 62.5 ± 3.13). The two groups showed no
statistically significant differences in gender, age, and course
of differences (𝑃 > 0.05).

2.2. Instruments. Four instruments were used to measure
the outcomes of the 10-week Health Qigong program. They
included the muscle hardness, the physical stability (9-holed
instrument) test, and the physical coordination test (TUG
and turn-over-jars tests). This study is mainly concerned
with the effect of Health Qigong on PD treatment; thus, the
items such asmuscle hardness and elasticity, balance capacity,
and physical coordination (the most common and main
symptoms of PD) all needed to be measured and analyzed.
The following instruments were used for collecting data:
myometry (Myoton-3) for muscle hardness and elasticity and
the BDW-85-II to test physical stability. In addition, balance
and physical coordination were measured through (a) TUG
test, (b) eye-hand coordination (turn-over-jars) test, and (c)
one-legged blind balance test. All data was collected by the
lab technicians and the project assistants.

2.3. Experimental Design. The participants were randomly
divided into two groups. The control group received only
drug therapy and participated in regular daily activities, and

the experimental group participated in the Health Qigong
program in addition to the drug therapy. Three measure-
ments were conducted for the entire experiment period:
pretest was conducted one week before starting the inter-
vention of the Health Qigong exercise program, interim
test was conducted four to five weeks after the intervention
started, and the posttest was conducted immediately after the
intervention. All instruments were reliable andwere operated
and recorded by the experienced technicians.

2.4. Intervention and Procedures

2.4.1. Intervention Procedures. Ten Health Qigong move-
ments targeted for Parkinsonism symptoms and movement
patterns were selected and compiled as the Health Qigong
program by the principle researcher of this study who has
more than 12 years of teaching and research experiences in
Qigong. She selected 10 Qigong movements from a Health
Qigong program based on the nature of these movements to
match the characteristics of PD condition.The 10movements’
program then was sent to five well-renowned Qigong experts
in the nation for consultation. The movement selection and
compilation were examined and evaluated by the distin-
guished Health Qigong experts, who analyzed the feasibility
and potential effectiveness of the 10 movements in relieving
the symptoms of PD, and were confirmed by the five experts
with minor changes. The 10 Health Qigong movements are
holding the hands high with palms up to regulate the internal
organs (Shuang Shou Tuo Tian Li San Jiao), thrusting the
fists and making the eyes glare to enhance strength (Cuan
Quan NuMu Zeng Qi Li), and looking backwards to prevent
sickness and strain (Wu Lao Qi Shang Wang Hou Qiao)
from Baduanjin exercise; the “XU” and “XI” exercises from
Liuzijue exercise; the bird exercise (Niao Xi) from Wuqinxi
exercise; the showing talons and spreading wings (Chu Zhao
Liang Chi Shi) from Yijinjing; the beginning of Heaven’s
creation (Qian Yuan Qi Yun) and the white crane flies high
in the clouds (Yun Duan Bai He) from 12-step daoyin health
preservation exercise; the dragon flying (Long Deng) from
Mawangdui Daoyinshu exercise.

Each movement was to be practiced three times, taking
approximately 14-15 minutes for the entire form, to improve
PD’s physical coordination, stability, balance, and muscle
control. The Health Qigong exercise program was conducted
for 10 weeks, 5 days per week, with each session lasting for
60 minutes. Each session included 10 minutes of warm-up,
40 minutes of Health Qigong practice, and 10 minutes of
relaxation at the end.

2.5. Statistics and Data Analysis. Because PD patients were
a special group, it became difficult to control the number
of participants from both control and experiment groups.
For different reasons, we lost some participants in the
muscle hardness, action control capacity, one-legged blind
balance, TUG, and hand-eye coordination (turn-over-jars)
tests. According to the experiment design, the same test
items between the control and experimental groups were
tested during the pretest, interim test, and posttest, and
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Table 1: The muscle hardness testing of the pronator teres on left and right sides during pretest, interim test, and posttest between the two
groups (N/m).

Control group (𝑛 = 18) Experimental group (𝑛 = 23)
Pre Interim Post Pre Interim Post

Left 257.28 ± 39.08 256.72 ± 38.59 252.67 ± 40.05 280.00 ± 55.30 251.17 ± 38.29∗∗ 217.48 ± 26.35∗∗

Right 263.39 ± 57.23 270.78 ± 62.83 262.17 ± 61.54 284.35 ± 61.33 245.39 ± 40.72∗∗ 229.96 ± 35.73∗∗

Note: ∗∗ is represented as 𝑃 < 0.01, very significant.

Table 2: The hand-eye coordination test results on the right and left sides (s).

Control group (𝑛 = 18) Experimental group (𝑛 = 23)
Pre Interim Post Pre Interim Post

Left 9.00 ± 4.90 8.68 ± 4.39 8.51 ± 3.50 8.05 ± 2.90 6.94 ± 3.38∗ 6.45 ± 3.46∗

Right 7.26 ± 2.19 7.51 ± 2.24 7.66 ± 1.93 8.19 ± 4.34 6.49 ± 1.42∗ 6.22 ± 2.35∗

Note: ∗ is represented as 𝑃 < 0.05, significant.
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Figure 1: The value of left muscle hardness between control and
experimental groups.

the Repeated Measures ANOVA was used for the statistical
analysis.

3. Results

3.1. Effect of 10 Weeks of Health Qigong on Muscle Hardness.
The muscle hardness was measured on the left and right
pronator teres during the pretest, interim test, and posttest,
and the results were shown in Tables 1 and 2.

As shown in Table 1 and Figures 1 and 2, the muscle hard-
ness index of the left pronator teres decreased significantly.
Comparedwith themuscle hardness index of the left pronator
teres measured in the 2 groups at pretest, the interim test
decreased from 280.00 ± 55.30 to 251.17 ± 38.29N/m. The
range declined from 284.35±61.33 to 245.39±40.72N/m for
the right side, with a significant level at 𝑃 < 0.01. The range
declined from 280.00 ± 55.30 to 217.48 ± 26.35N/m from the
pretest to the posttest in the left side; for the right side, the
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Figure 2: The value of left hand-eye coordination test between
control and experimental groups.

index dropped from 284.35 ± 61.33 to 229.96 ± 35.73N/m,
with a significant difference at the level 𝑃 < 0.01.

Figures 1 and 2 indicated that after 10 weeks of Health
Qigong intervention, the muscle hardness levels of the left
and right pronator teres were decreased, and the muscle
hardness levels declined significantly with the extension of
the intervention. Health Qigong exercise can improve the
muscle hardness of the pronator teres in PDpatients.The data
provides the evidence that Health Qigong relaxes the body
and relieves stiff muscles in PD patients.

3.2. Effects of Health Qigong on Physical Coordination, Stabil-
ity, and Balance

3.2.1. Evaluating Physical Coordination in PD Patients

(1) Hand-Eye Coordination (Turn-over-Jars) Test. To test the
participants’ upper-body control, we placed five jars (250mL
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Figure 3: The value of left hand-eye coordination test between
control and experimental groups.

Pre Interim Post
0

1

2

3

4

5

6

7

8

9

Control group
Experimental group

Figure 4: The value of right hand-eye coordination test between
control and experimental groups.

in size) in a line on a table. Each patient had to flip the jars,
one at a time, as fast as they could. The test was timed with a
stopwatch. The patients observed how to perform the action
and complete the specifications when the time was recorded.
The hand-eye coordination test results for the experimental
and the control groups from the pretest, interim test, and
posttest are shown in Table 2 and Figures 3 and 4.

As shown in Table 2 and Figures 3 and 4, the right-side
and left-side results for the hand-eye coordination test on
the control group showed no significant effect between the
pretest and posttest (𝑃 > 0.05). The index of the left side for
both groups was also not statistically significant difference
(𝑃 > 0.05). However, the index for both groups on the
right side showed significant effects between the pretest and
posttest (𝑃 < 0.05). In the experimental group, the index
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Figure 5: The results of right timed “up and go” test between the
control and experimental groups.

decrease from the pretest to the posttest for both the left and
right sides was significant (𝑃 < 0.05). On the left side for the
experimental group, the average declined from 8.05 ± 2.90
to 6.45 ± 3.46 s; on the right side, the average dropped from
8.19 ± 4.34 to 6.22 ± 2.35 s.

The index for the experimental group before and after the
hand-eye coordination test on the left side showed significant
effects. Significant differences were also shown for the right
side of the 2 groups between the pretest and interim test
and for the left side of the experimental group between
the pretest and posttest. These results illustrate that Health
Qigong exercise could significantly improve the hand-eye
coordination of PD patients.

(2) TUG Test. A timed TUG test was used to test patient’s
balance, gait, and stride while walking. A chair was placed
against a wall, and a distance of 3m from the chair was
marked. The patient sits on the chair, and the timer is started
once the patient stands up. The patient must walk to the 3m
mark, then turn around, walk back to the chair, and sit down
again. The timer is stopped at this point. In the experiment,
the testers recorded the completed time and observed the
patient’s balance, gait, and stride while walking. The results
of the TUG test for both the experimental and control groups
were shown in Tables 3 and 4 and Figure 5.

As shown in Table 3, the results of TUG test for the
2 groups between the pretest and the interim test and
between the pretest and posttest were statistically significant
(𝑃 < 0.01). The average TUG test index for all patients at the
pretest, interim test, and posttest was 10.19±0.45, 7.68±0.40,
and 8.00±0.31 s, respectively.Thepretest TUG results showed
significant differences (𝑃 < 0.05) between the 2 groups.
Significant differences were found between the interim test
and posttest (𝑃 < 0.01) for both groups.

Table 4 and Figure 5 show that the TUG test results in the
experimental group were significant between the pretest and
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Table 3: The timed “up and go” test results on the right and left sides (s).

Group Pre Interim Post
Experimental 11.19 ± 0.60 6.40 ± 0.53∗∗ 6.91 ± 0.41∗∗

Control 9.19 ± 0.68 8.96 ± 0.60 9.09 ± 0.46

Experimental and control 10.19 ± 0.45 7.68 ± 0.40∗ 8.00 ± 0.31∗

Note: ∗ is represented as 𝑃 < 0.05, significant; ∗∗ is represented as 𝑃 < 0.01, very significant.

Table 4: The timed “up and go” test results between the control and experimental group (s).

Control group (𝑛 = 18) Experimental group (𝑛 = 23)
Pre Interim Post Pre Interim Post

Time 9.19 ± 2.97 8.95 ± 2.81 9.09 ± 2.51 11.19 ± 2.78 6.40 ± 2.27∗∗ 6.92 ± 1.38∗∗

Note: ∗∗ is represented as 𝑃 < 0.01, very significant.
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Figure 6: The results of left stability between control and experi-
mental groups.

the interim test and between the pretest and posttest (𝑃 <
0.01). The TUG test results for the control group showed no
significant changes. In the experimental group, the average
time went from 11.19±2.78 s before the experiment to 6.92±
1.38 s after the experiment.

These data show that the stability of the experimental
group had increased significantly. This illustrates that Health
Qigong exercise could significantly improve physical coordi-
nation and gait in patients with PD.

3.2.2. Physical Stability (9-Holed Instrument) Test to Evaluate
Upper Limb Ability. The physical stability (9-holed instru-
ment) test was used to evaluate upper limb ability; the results
of the physical stability test for the experimental and control
groups are shown in Table 5.

From Table 5 and Figures 6 and 7, the results for the left
and right sides of the physical stability test in the experi-
mental and control groups were not statistically significant
(𝑃 > 0.05) between pretest and posttest. The left-side results
for the control group at the pretest, interim test, and posttest
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Figure 7: The results of right stability between control and experi-
mental groups.

were 2.67±1.46, 1.86±1.66, and 3.17±2.78, respectively, and
were not statistically significant.The right-side results for the
control group at the pretest, interim test, and posttest were
2.94±1.83, 3.00±1.78, and 2.94±1.76, respectively, also with
no statistical significance.

The left-side results for the experimental group at the
pretest, interim test, and posttest were 3.35±1.77, 3.78±2.88,
and 3.87 ± 1.89, respectively, and for the right side they were
2.94 ± 1.83, 3.00 ± 1.78, and 2.94 ± 1.76, respectively. None
of these results were statistically significant. These results
showed that there was no significant effect on the stability of
PD patients through Health Qigong exercise.

3.2.3. One-Legged Blind Balance Test to Evaluate Balance. The
results of the one-legged blind balance test for the experimen-
tal and control groups are shown in Table 6.

As Table 6 and Figures 8 and 9 showed, the left-side
results of one-legged blind balance test in the experimental
group showed significant differences between the pretest and
posttest (𝑃 < 0.05).The right-side results of the experimental
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Table 5: The physical stability results on the right and left sides.

Control group (𝑛 = 18) Experimental group (𝑛 = 23)
Pre Interim Post Pre Interim Post

Left 2.67 ± 1.46 3.17 ± 1.86 2.78 ± 1.66 3.35 ± 1.77 3.78 ± 2.88 3.87 ± 1.89

Right 2.94 ± 1.83 3.00 ± 1.78 2.94 ± 1.76 3.52 ± 1.83 3.87 ± 1.55 3.96 ± 2.03

Table 6: One-legged blind balance test on the right and left sides (s).

Control group (𝑛 = 18) Experimental group (𝑛 = 23)
Pre Interim Post Pre Interim Post

Left 7.93 ± 4.40 7.94 ± 4.23 8.25 ± 4.27 7.21 ± 4.51 9.20 ± 5.33 11.13 ± 8.50∗

Right 5.42 ± 2.83 5.29 ± 2.99 5.60 ± 2.89 6.93 ± 3.93 9.36 ± 5.44∗ 9.08 ± 4.19∗

Note: ∗ is represented as 𝑃 < 0.05, significant.
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Figure 8: One-legged blind balance test on the left side between
control and experimental groups.

group showed significant changes in the process between the
pretest and interim test and between the pretest and posttest
(𝑃 < 0.05).

On the left side for the experimental group, the one-
legged blind balance test average increased from 7.21 ± 4.51
to 11.13±8.50 s after the experiment. On the right side for the
experimental group, the average increased from 6.93 ± 3.93 s
before the experiment to 9.08 ± 4.19 s after the experiment.
From this data, the ability to stand on one foot had increased
significantly for the experimental group. This illustrates that
Health Qigong exercise could significantly improve balance
in patients with PD.

4. Discussion

The purposes of this study were to investigate the effects
of Health Qigong as a treatment on releasing symptoms
of Parkinson’s disease (PD). To address these purposes,
four instruments or tests were used to collect data (mus-
cle hardness, the TUG test, the turn-over-jars test, and
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Figure 9: One-legged blind balance eyes test on the right side be-
tween control and experimental groups.

one-legged blind balance test), and the results of measure-
ments on muscle hardness, physical coordination, stability,
and balance were examined and presented in the previous
section. In the following sections, the results shown abovewill
be further discussed item by item.

4.1. Muscle Hardness. An increase in muscle tension leads to
a decrease in the range of motion and flexibility in PD
patients. Therefore, lowering muscle tension is an essential
rehabilitation goal for PDpatients.Muscle tension disorder in
PD patients may be a result of abnormal exercise, inhibiting
cortical systems and reducing incoming sensory integration.
PD patients should perform the correct relaxation exercises,
rebuild the cortical system, and strengthen motor sensory
system functions to lower muscle tension and hardness.

In this experiment, the differences in muscle hardness
were statistically significant within various timings. The
timings and groups reflected each other, and the timings
were different between the experimental and control groups.
The muscle hardness of the experimental group tended to
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decline. In other words, muscle tension in the right and left
pronator teres decreased after 10 weeks of Health Qigong
exercise; furthermore, the longer the time lasted, the faster the
hardness level declined. Therefore, Health Qigong exercise
significantly improved the muscle hardness of the pronator
teres in PD patients. The longer the time is, the better the
effects are.

The explanations of the significant results are as follows:
the actions of Health Qigong exercise are slow and soft
and the feature is relaxing across the whole process and
tensional in special timing. Health Qigong practitioners tried
to relax their body during the entire exercise process. In
the experiment, Qigong relaxation exercises were included
before each session. Patients sat on chairs with a backrest,
closed their eyes, and followed the step-by-step suggestions
of the coach to relax various parts of their body, eventually
achieving full-body relaxation. Health Qigong exercise can
increase brain electrical activity and amplitude. The status of
Qigong is not between sleep and sanity, instead of a special
exciting status. Qigong meditation leads the human cerebral
cortex into a special status with a low psychological load and
low energy consumption. This status is critical for lowering
muscle tension.

4.2. Hand-Eye Coordination (Turn-over-Jars) Test. Hand-eye
coordination refers to coordinating vision with subtle hand
actions. The nerve cells of PD patients generally drop out.
Because most PD patients are elderly or middle-aged, the
number of peripheral nerve motor units is declared after
they are 60 years old. Physiological aging of the nervous
system in PD patients can affect a person’s motor functions
and intelligence. The aging of the movement-related cerebral
cortex, subcortical structures, cerebellum, neurotransmitters,
peripheral motor units, and muscles leads to poor hand-eye
coordination, increased reaction times, and uncoordinated
actions.

Another symptom of PD patients is slowness of move-
ment. The initial manifestation is slowness in daily activities
and movements and a prolonged reaction time. It causes
slowness in subtle exercises (e.g., buttoning, using tableware,
and tying laces). Slowness of movement may appear when
standing up, turning over, turning, walking, and writing;
walking may be clumsy, and writing may be irregular and
becomes smaller when there is more to write.

In this experiment, hand-eye coordination in the exper-
imental group tended to improve, but there were no sta-
tistically significant differences. After ten weeks of Health
Qigong exercise, right- and left-side hand-eye coordination
improved. The reason for the lack of statistical significance
may be because the intervention time was too short. Hand-
eye coordination tests the brain’s ability to control the body
and is an expression of neurotransmitter levels. Muscle
exercise results can be seen within a short time period,
but an improvement in neural functions requires more
time. As can be seen from the data after 10 weeks of
Health Qigong exercise, hand-eye coordination improved.
A longer intervention period may significantly affect the
results, because a longer time is required for neurological

exercises and to repairmuscles.The current results are related
to the short intervention time and insignificant improve-
ment.

4.3. TUG Test. Gait disorders are a typical symptom of PD.
Patients generally lean forward and flex their elbows, knee
joints, and lumbar spine.They walk slowly with small strides,
and the walking pace is gradually reduced when the stride
is increased during the walking process. An abnormal gait
seriously affects the daily life of patients, so it is crucial to
assess and correct a patient’s gait. The TUG test has been
widely used by clinicians to evaluate patients with movement
disorders and elderly people’s balance and mobility. Research
studies have shown good reliability and validity to the TUG
test in evaluating movement abilities and balance. As a
quick and convenient measuring method, the TUG test is
an effective method to quantitatively evaluate the functional
ability of walking and has been widely applied to evaluate the
balance disorders of patients. This provided the theoretical
basis for the present study to use the TUG test to evaluate
a patient’s movement and balance ability after the Health
Qigong intervention. Because the TUG test is simple and
easy to conduct, it can easily be used in routine clinical
examinations.

In this experiment, TUG test times decreased signifi-
cantly after the 10-week Health Qigong exercise intervention.
Health Qigong exercise thus significantly decreased the TUG
testing time of PD patients. Furthermore, Health Qigong
exercise can improve gait, stride length, and leg movement
abilities. Health Qigong is a traditional Chinese exercise that
forms a part of traditional Chinese culture. One of the most
popular phrases used by the Chinese is, “Be earnest and
down-to-earth.” Another health-related slang expression is,
“Legs become old before people do”; this means that the
first part of aging is in the lower limbs. Hence, Chinese
people place an emphasis on the ability of the lower limbs.
With aging and increasing occurrences of walking disorders,
people naturally feel afraid to fall. For this reason they
cannot go out and exercise. At the same time, people reduce
communications and diminish contact with the outside
world. This causes a vicious circle in which people age more
rapidly. Health Qigong exercise can improve the functional
movements ability of PDpatients and reduce their risk of falls,
which is particularly crucial for elderly people.

In most Health Qigong exercise, the leg movements can
be seen as closed-chain exercise. Closed-chain exercise is
used formaintaining and fixing a correct exercise. It improves
the recognition ability of an organism and uses a reference
to control movement sustainability. It is superior to chain
sports training in correcting underpowered walking in PD
patients. Close-chain exercise can also be used to correct
missing foot heels and knee extensions. In Health Qigong
exercise, when centripetal motion is characterized at the
ankle, the strategies of the ankle are used to maintain the
center of gravity. An effective response strategy depends on
knee, hip, and trunk stability. Ankle response strategies are
used to control small, slow swinging motions. The exciting
sequence of muscles is from far to near. Ankle response
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strategies are used to maintain and restore balance in the
ankle. When foot support surfaces are narrow and relatively
soft, skeletal response strategies become the dominant bal-
ancing policy. The exciting sequence of muscles is from near
to far. The “beginning of Heaven’s creation,” bird flying,
and other actions use this method to regulate balance. In
addition, the actions of Health Qigong exercise such as
making a fist, watching angrily, and saving the breath can
strengthen core muscles to control closed-chain exercise,
increase joint stress, and improve input to the trunk and
lower-limb joint proprioception. All of this enhances the
movement performance of patients in completing the TUG
test.

4.4. One-Legged Blind Balance Test. Balance as a basic indi-
cator has always been an essential aspect of physical testing,
because the one-legged blind balance test is simple to operate,
has a low coefficient of difficulty, is sensitive to age, and
is suitable for large-scale test groups. It has been used as
a balance assessment method since the last century. This
method reflects the ability to balance by measuring the time
taken to maintain the body’s center of gravity on a single
support surface when there are no visual references and relies
solely on sensory organs such as the vestibular system and the
coordination of muscles.

Research has shown that the aptitude of elderly people to
fall is related to a deterioration of the equilibrium function,
which can be delayed by physical exercise. Sports suitable
for elderly people are mainly soft and slow exercises. Health
Qigong, namely, Dao Yin Yang Sheng Gong in the traditional
Chinese regimen, is easy to learn and can produce prominent
effects. Stressing the integration of the mind, air, and body,
Health Qigong is soft and slow with smooth, moderate, calm,
and steady motions. When performing Health Qigong, you
flex and extend, promote and demote, open and close your
limbs and torso, adjust your breathing to your movements,
and try to remain balanced when constantly shifting the cen-
ter of gravity. As a result, the tendons and vessels throughout
the body are stretched and pulled, and themain and collateral
channels are dredged. Therefore, Health Qigong is an ideal
sport for elderly people to improve their balance.

Health Qigong requires that practitioners maintain the
gravity of the body, distinguish the true from the false, and
move softly and slowly. It relies on the lumbar spinal axis
to move limbs up and down, successively acting throughout
each motion. Health Qigong requires no intermittent stops
during the change of true or fictional actions and the transfor-
mation of gestures. It looks like flying clouds, running water,
and the silkworm spinning in harmony. Senior citizens, when
practicing Health Qigong, should focus more on movement
accuracy in body position, arms angle, and direction and
whole body coordination.

With this style, practitioners can develop the strength
of the lower body muscle, stretch the thenar muscle and
ligament, and improve their balance ability. Health Qigong
requires symmetrical movement on the left and right sides,
to stimulate the left and right brain for improved control and
coordination. It is conducive to enhancing the sensitivity of

the Parkinson’s sense of identity awareness and the integrated
processing ability of the nerve system. This is why Health
Qigong exercise can have a positive influence on balance
functions in patients with PD.

Health Qigong should be adjusted to the needs of each
Parkinson’s patient, which means that the exercise load,
difficulty of movements, movement time, and frequency
must be customized step by step. At the same time, Health
Qigong is specially fitted with the movement of Parkinson’s
patients in terms of difficulty and security. It should be
popularized among PD patients to increase their strength
and coordination and to maintain and promote their balance
ability.

In the training process of Health Qigong exercise, the
body’s center of gravity is constantly moving and changing
directions with the upper limb movements. This effective
antigravity dynamic can improve the control ability of the
body to focus on the supporting surface and improve postural
stability. An anticipated decrease in postural control occurs in
PD patients; sometimes it may even be lost. When learning,
experience and sensory input are received and muscles of the
trunk and lower limbs are activated, generating expectations
of stable control. The bridge reticulospinal tract in the path-
way and the corticospinal reticulospinal tract are activated.
First is to complete postural control and then improve
postural control disorders such as propulsion. Anatomical
and pathological studies of PD patients show that the disease
is primarily caused by a reducing synthesis of dopamine and
role of acetylcholine exciting enhancement and then there
are paralysis tremors. The reduction in dopamine and the
globus pallidus actively destroy the network of the central
nervous system, affecting exercise cooperative movements,
muscle tension, and stiffness. It is shown in agonist and
antagonist muscle coordination disorder which is a major
problem in startingmovements, increased tremors, andmus-
cle tension. Participating in the integration of postural control
information, the basal ganglia have a close relationship with
the cerebellum. They affect the automatic postural reflex,
include the strategies of the hip, ankle, and stepping reflexes,
and control postural control in a smooth and coordinated
motion. When the basal ganglia are damaged or functional
communication is disturbed, rigidity, bradykinesia, akinesia,
and static or intentional tremors occur.

In this experiment, the left balance ability of the exper-
imental group improved in comparison to the right; it first
increased before returning to a downward trend, but with an
overall rise. This shows that after 10 weeks of Health Qigong
exercise, the ability of balance in PD patients increased, but
it was not significant. This may be related to the short inter-
vention time of only 10 weeks. The testing environment also
affected the test results; for example, in the one-legged blind
balance test, surrounding words and actions will directly
affect balance control, so control is crucial.

5. Conclusion

Areas of Improvement. After the 10 weeks of Health Qigong
exercise, the experiment compared muscle hardness on the
left and right sides of the round pronator muscle, hand-eye
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coordination on the left and right sides, stability on the left
and right sides, TUG test results on the left and right sides,
and the time of one-legged blind balance test on the left
and right sides. It was found that Health Qigong exercise
could significantly improve PD patients’ muscle hardness,
functional walking capacity, hand-eye coordination, stability,
and balance. However, there were no significant differences
in stability. That means Health Qigong exercises can improve
body functions in PD patients with early or middle stages of
PD. Researchers believe 10 weeks is too short of a time period.
If patients continue the exercise program for a longer time,
the effects on PD will be more significant.

Effectiveness of Qigong on PD Patients. Qigong is a natural
way to keep fit, drawing on the classical philosophy of the
Yin-Yang theory and basic theories of traditional Chinese
medicine regarding channels and collaterals, guidance, and
breathing; the movements are perfect for patients with PD
because they are simple, easy to learn, and strengthening and
of low cost. Health Qigong can be promoted as a part of
exercise rehabilitation therapy for PD that can reducemedical
costs. It is significant to carry on their traditional Chinese
mind and body exercise as a treatment for many chronic
diseases. From a general survey of the experimental process,
the success of the experiment is evident not only from the test
data, but also from the positive feedback of the participants.

Specially Designed Health Qigong Program Is Feasible and
Suitable for PD.The tenHealthQigongmovements targeted at
Parkinson’s symptoms andmovement patterns were selelcted
and compiled as the 10-movement Health Qigong Program.
The 10-movement HQ program matches the characteristics
of PD condition based on the nature of these movements.
The 10 movements’ program was examined and evaluated by
the distinguished Health Qigong experts, who analyzed the
feasibility and potential effectiveness of the 10 movements in
relieving the symptoms of PD, and was confirmed by the five
experts as a suitable exercise program for PD patients. The
results of this study have supported the effectiveness of this
Health Qigong program and its feasibility as well.

Implications for Further Study. Many elderlies related epi-
demic diseases are rapidly spreading, involving a wider field
and increasingly younger ages. Traditional Chinese health
movements, including guided operations, Health Qigong
exercise, and Tai Chi, have a long historical background with
rich cultural connotations. They further have the features
of being simple, easy to learn, easy to practice, secure, and
obviously effective and of low cost. These features should
allow for increasing numbers of people to understand, learn,
and participate in their practice. Illnesses are eased while
reducing the rate of sickness. Currently, the reasons people do
not practice traditional Chinese movements such as Health
Qigong are because it proposes high request on the professor
who needs expertise and practice experience; otherwise the
effect will be reduced. Although this experiment has been
completed, the Health Qigong used as a treatment for PD
patients is just starting. We committed to improving, miti-
gating, and treating Parkinson’s syndrome, and we continue

to strive to study traditional Chinese principles and effects, to
further explore the treatment of PD, and to explore solutions
of relieving its symptoms.

The Limitations of the Study. The experiment environment
was not well controlled because of the hospital location,
and there is not a separated room for the experiment, and
the participants’ attention and their performance might be
influenced, especially the movements that need concentra-
tion. The electronic instruments sometimes went wrong and
increased the testing time, which might influence partici-
pants’ patience. Although we have three Qigong specialists
to be responsible for the quality control (two will be the
instructors and one will be supervisor during practice), more
supervisors might be needed to correct participants’ move-
ment to make sure their postures are correct. The large-scale
experiment with more PD patients, more scientific instru-
ments, and better practice environment is recommended in
the future.
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Objective. To systematically assess the effects of yoga on pain, mobility, and quality of life in patients with knee osteoarthritis.
Methods. Pubmed, Medline, EMBASE, the Cochrane Central Register of Controlled Trials, Physiotherapy Evidence Database
(PEDro), and other sources were searched systematically in this study. Two reviewers identified eligible studies and extracted data
independently. Downs and Black’s Quality Index were used to evaluate the methodological quality of the included studies. Results.
A total of 9 articles (6 studies) involving 372 patients with knee osteoarthritis met the inclusion criteria. The most common yoga
protocol is 40∼90 minutes/session, lasting for at least 8 weeks.The effect of yoga on pain relief and function improvement could be
seen after two-week intervention. Conclusion.This systematic review showed that yoga might have positive effects in relieving pain
and mobility on patients with KOA, but the effects on quality of life (QOL) are unclear. Besides, more outcome measure related to
mental health of yoga effects on people with KOA should be conducted.

1. Introduction

Knee osteoarthritis (KOA) is a degenerative knee disease
associated with pain, swelling, stiffness, limited ambulation,
and declined balance function [1]. It has been believed that
chondrocytes undergo premature aging, which called “stress-
induced senescent state” that is the reason for cartilage
degeneration [2]. The inflammatory processes, the reduction
of lubricin levels, and also the impairments of the synovial
fluid lubricating ability, which are closely related to the
development of osteoarthritis have also been believed [3]. It
is a wear-and-tear arthritis result from the repetitive stress
injuries of the joint and sometimes physical damage canmake
things worse [1, 4]; however, according to the Osteoarthritis
Research International (OARSI) guidelines for the nonsur-
gical management of KOA, exercise was recommended to
improve the function and activities participation of people
with KOA [5]. The mechanism behind this phenomena may
be that physical activity can limit the ameliorating cartilage

degeneration by contributing more lubricin expression and
decrease the deleterious effects of chondrocyte senescence
[6]. In this condition, choosing an appropriate exercise
modality is one of the biggest challenges on the field of
rehabilitation.

The primary component of exercise training focuses on
improving muscles strength; however the balance deficits
and stress management are often overlooked [7], which are
also other two important factors that affect the mobility of
KOA patients. Yoga, as an interesting exercise modality, not
only has been proved to have positive effects on physical
building [8] but also could give the practitioner a union
over their mind, body, and spirit [9, 10], which means yoga
may have effects on mental health. The benefits of yoga
have been explored in different population [11], including
stroke, chronic obstructive pulmonary disease (COPD), and
heart disease [8, 12, 13], which prove that yoga may have
effect onmood, balance, exercise capacity, and lung function.
Besides, yoga has also been used to relieve pain in those with
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rheumatoid arthritis and chronic low back pain [14, 15]. Some
studies have explored the effects of yoga in people with KOA,
but no systematic review has stressed that. We conducted
this systematic review intentioned to summarize the available
evidences on the effect of yoga on people with KOA.

2. Methods

2.1. Database Sources and Search Strategy. Relevant articles
were identified using the following databases: Medline (1966
to Jul 2015; via Ovid), EMBASE (1980 to Jul 2015; via
Ovid), the Cochrane Central Register of Controlled Trials
(CENTRAL) (The Cochrane Library, Issue 7 of 12 Jul 2015),
Pubmed (1966 to Jul 2015), and Physiotherapy Evidence
Database (PEDro) (1929 to Jul 2015; via website). Key words
included osteoarthritis, knee, yoga, randomized controlled
trial, trial, pain, mobility, balance, symptoms, and quality of
life. The last search was conducted on December 6, 2015.

2.2. Selection Criteria. Articles were considered included
when they met the following criteria: (1) studies were pub-
lished in English; (2) the patients had clear diagnostic criteria
of KOA; (3) the intervention type of experimental group
is yoga. Articles were excluded if they were (1) patients
diagnosed with secondary KOA; (2) animal studies; (3)
published as conference processing.

2.3. Data Extraction and Quality Assessment. The following
pieces of information were extracted from each article:
the demographic characteristic of patients, type of study,
description of both experimental and control interventions,
duration of trial period, and outcome measure. Two authors
independently extracted the date and disagreement was
resolved by discussion with the third author.

The methodological quality was assessed using the
Downs and Black’s Quality Index which has well-established
validity for both randomized and nonrandomized studies
[25].The Downs and Black’s Quality Index has five subscales:
(1) clear description of some characteristic; (2) external
validity; (3) internal validity; (4) selection bias; and (5) power,
which consists of 27 items. The item in power scored 0 to
5 and one item in description scored 0 to 2, and the other
items scored 0 or 1; the total score was 32 points. A score
of 23 or higher indicates good-quality article with low risk
of bias, a score between 22 and 13 indicates medium-quality
article with moderate risk of bias, and a score of 12 or lower
represents a poor-quality article with high risk of bias. Two
reviewers independently assess the quality of article and the
disagreements were resolved by the discussion.

3. Results

3.1. Study Selection. We obtained 71 articles initially, of which
13 articles were excluded for duplication and 47 records
were excluded after reading the title and abstracts. After in-
depth screening of the remaining 11 articles, two studies were
eliminated owing to unpublished conference reports [26, 27].
Finally, 9 articles (6 studies) were selected in this review

(Figure 1). Six articles (three RCTs) [16–19, 22, 23], one quasi-
RCT [24], and two single group pre-post studies [20, 21] were
included.

3.2. Participants. The characteristics of 9 (6 studies) articles
are given in Table 1. In all studies, 372 subjects were involved;
the number of participants in intervention and control group
ranged from 11 to 125. The duration of KOA ware required at
least 6months in three studies [19, 23, 24]; only one study had
clear description about the duration of KOA [16]. Although
theKOAduration of subjects in other two studies has no clear
description, they showed consequence in certain symptoms,
for example, pain [21, 22]. The mean age of subjects varied
from 51 to 71 years. The subjects gender of four studies was
all females [19–21, 24]; in one study, the number of males was
about half of the females [16], and in other studies the number
of males was almost equal to that of females [23].

3.3. Quality Assessment. The consequence of quality assess-
ment about the 9 articles (6 studies) is present in Table 2. In
view of their score, one of them is considered as good-quality
trials (Downs and Black’s Quality Index of 23 or higher)
[19], seven of them are medium-quality articles (Downs and
Black’s Quality Index between 22 and 13) [16–18, 20–22, 24],
and one trial was poor-quality article (Downs and Black’s
Quality Index of 12 or lower) [23].

3.4. Intervention Characteristics. Among included studies,
three of them had control group which does conventional
exercise during the experimental time [16, 19, 24], but the
control group does yoga exercise similar to yoga group after
8 weeks in one study [19]. In another study, both groups were
treated with EMG biofeedback, knee muscle strengthening
exercises, and Transcutaneous Electrical Nerve Stimulation
(TENS), and the yoga group received additionally Iyengar
yoga [23]. Two other studies did not have control group
[20, 21].

The yoga group received yoga exercise for 8 weeks in
three studies [20, 23, 24]. The experiment time is 20 weeks
in one study, but the comparison between two groups just
took 8 weeks [19]. 12-week yoga exercise was applied in other
two studies [16, 21]. Almost every study had 3-4 sessions
per week with each session varying from 60 to 90 minutes.
The type of yoga practice in three studies all consisted of
asana (movement), pranayama (breathing), and meditation
(relaxation) [16, 19, 24], and the type of yoga practiced in
other two studies just had asana (movement) [20, 23]; the
last study did not mention the yoga type but described the
subjects posture when doing yoga exercise [21].

4. Outcomes

4.1. Pain. Two outcome measurements were used to test the
pain change in five studies [19–21, 23, 24].

4.1.1. Western Ontario and McMaster Universities OA Index
Scale (LK Scale 3.1) (WOMAC). Two studies used WOMAC
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Figure 1: Search strategy and flow chart for this review.

as an outcome measure to assess the effects of yoga exercise
on pain relief for people with KOA [19, 20]. In Kolasinski
et al., the pre- and postintervention scores had significantly
improved in pain after 8 weeks of yoga exercise. In Cheung
et al. [19], the between-group differences at 8 weeks were
significant for pain.Therewas significant difference in pain in
both 4 to 8 weeks’ yoga group and 4 to 20 weeks’ yoga group
[19].

4.1.2. Visual Analog Scale (VAS). Four studies used VAS
assessed pain in people with KOA [16, 21, 23, 24]. In Ebnezar
et al. [16], there was a significant difference in pain both
within (𝑝 < 0.001) and between groups (𝑝 < 0.001) after
the 3-month yoga intervention combined with physiotherapy
with higher effect size in the yoga group than in the control
group (therapeutic exercise with physiotherapy). In Nambi

and Shah, yoga group showed a more reduced VAS (56.83%)
than control group (38.15%) after 8 weeks of intervention.
And the pre- and postintervention ratings of VAS score
showed a statistically significant reduction of pain intensity
in yoga group compared with control group (𝑝 < 0.05) [23].
In Brenneman et al. [21], the pre- and postintervention scores
had a significant improvement in pain after 12 weeks of yoga-
based exercise, and inGhasemi et al. [24] no significant differ-
ences were detected in pain between the 8-week yoga group
and the control group (home-based activities); however, the
pre-post scores showed a significant difference in the yoga
group but not in the control group.

4.2. Mobility. Three studies assessed mobility in many ways
[16, 20]. In Ebnezar et al. [16], there was a significant
difference in walking time within (𝑝 < 0.001) and between



4 Evidence-Based Complementary and Alternative Medicine

Table 1: Characteristics of included studies in this review.
(a)

Study Study
design

Number of
Participants

Analyzed
number of
participants

Duration of KOA (yrs) Age of the participants
(mean ± SD)

Gender
(F/M)

Ebnezar et
al., 2012 [16] RCT Y/C = 125/125 Y/C = 118/117 <1 yr/1-2 yrs/>2 yrs = 121/79/50 Y/C = 59.56 ± 9.54/59.42 ±

10.66 174/76

Ebnezar et
al., 2012 [17] RCT Y/C = 125/125 Y/C = 118/117 <1 yr/1-2 yrs/>2 yrs = 121/79/50 Y/C = 59.56 ± 8.18/59.42 ±

10.66 174/76

Ebnezar and
Yogitha, 2012
[18]

RCT Y/C = 125/125 Y/C = 118/117 Unclear Y/C = 59.6 ± 8.2/59.4 ± 10.7 Unclear

Cheung et al.,
2014 [19] RCT Y/C = 18/18 Y/C = 18/18 At least 6 months Y/C = 71.9 ± 2.7/71.9 ± 3.1 All females

Kolasinski et
al., 2005 [20]

Single
group
pre-post
study

Y = 11 Y = 7 At least 6 months Y = 58.6 ± 8.6 All females

Brenneman
et al., 2015
[21]

Single
group
pre-post
study

Y = 45 Y = 39 Unclear Y = 60.3 ± 6.5 All females

Ebnezar et
al., 2012 [22] RCT Y/C = 125/125 Y/C = 118/117 <1 yr/1-2 yrs/>2 yrs = 121/79/50 Y/C = 59.6 ± 8.2/59.4 ± 10.7 174/76

Nambi and
Shah, 2013
[23]

RCT Y/C = 15/15 Y/C = 15/15 At least 6 months Y/C = 52 ± 5/54 ± 4 13/17

Ghasemi et
al., 2013 [24] Quasi-RCT Y/C = 15/15 Y/C = 11/14 Unclear Y/C = 51 ± 8.9/53.11 ± 10.9 All females

(b)

Study Comparison
Intervention

Intervention of
control group Intervention of yoga group Yoga therapy practice Main outcomes Time point

Ebnezar et
al., 2012 [16]

Yoga + PT
versus PT

PT (20
minutes/day/2

weeks)
Practices (40
minutes/day)

Home practice (12
weeks)

Compliance (once/3
days)

Weekly review
(once/week/12

weeks)

PT (20 minutes/day/2
weeks)

Integrated yoga therapy (40
minutes/day/2 weeks)

Integrated yoga therapy (40
minutes/day/10 weeks)

Yogic sukshma
vyayamas

Relaxation techniques
Asanas (physical

postures)
Pranayama
Meditation
Lectures and
counseling

Walking pain
Walking time

(50m)
WOMAC

Sign: active range
of movements
Sign: tenderness
Sign: swelling
Sign: crepitus

14 weeks

Ebnezar et
al., 2012 [17]

Yoga + PT
versus PT

PT (20
minutes/day/2

weeks)
Practices (40
minutes/day; 6
days/week)

Home practice (12
weeks)

Compliance (once/3
days)

Weekly review
(once/week/12

weeks)

PT (20 minutes/day/2
weeks)

Integrated yoga therapy (40
minutes/day/2 weeks)

Integrated yoga therapy (40
minutes/day/10 weeks)

Yogic sukshma
vyayamas

Relaxation techniques
Asanas (physical

postures)
Pranayama
Meditation
Lectures and
counseling

QOL (SF-36) 14 weeks
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(b) Continued.

Study Comparison
Intervention

Intervention of
control group Intervention of yoga group Yoga therapy practice Main outcomes Time point

Ebnezar and
Yogitha,
2012 [18]

Yoga + PT
versus PT

PT (20
minutes/day/2

weeks)
Practices (40
minutes/day)

Home practice (12
weeks)

Compliance (once/3
days)

Weekly review
(once/week/12

weeks)

PT (20 minutes/day/2
weeks)

Integrated yoga therapy (40
minutes/day/2 weeks)

Integrated yoga therapy (40
minutes/day/10 weeks)

Yogic sukshma
vyayamas

Relaxation techniques
Asanas (physical

postures)
Pranayama
Meditation
Lectures and
counseling

Walking pain
WOMAC

Sign: tenderness
Sign: early

morning stiffness

14 weeks

Cheung et
al., 2014 [19]

Yoga versus
Usual care (8

weeks)
Preyoga

intervention
versus postyoga
intervention (8

weeks–20
weeks)

Another program (8
weeks)

Hatha yoga
intervention (8–20

weeks)

Hatha yoga (60
minutes/week/8 weeks)
Home practice yoga (30

minutes/time; 4
times/week)

Asanas
Pranas

Meditation

WOMAC
SPPB
PSQI

QOL (SF-12 &
Cantril

Self-Anchoring
Ladder)

20 weeks

Kolasinski
et al., 2005
[20]

Yoga versus
control (no
specific
exercise)

Modified Iyengar yoga
(90-minute classes/week/8

weeks)
Asanas

WOMAC
AIMS2
GA

Psychological
subsets

Physician Global
Assessment

50-foot walk time

8 weeks

Brenneman
et al., 2015
[21]

Yoga versus
control (no
specific
exercise)

Yoga (60
minutes/sessions/3

sessions/week/12 weeks)
Unclear

VAS
KOOS

Fitness and peak
KAM

Strength
Mobility

performance

12 weeks

Ebnezar et
al., 2012 [22]

Yoga + PT
versus PT

PT (20
minutes/day/2

weeks)
Practices (40
minutes/day)

Home practice (12
weeks)

Compliance (once/3
days)

Weekly review
(once/week/12

weeks)

PT (20 minutes/day/2
weeks)

Integrated yoga therapy (40
minutes/day/2 weeks)

Integrated yoga therapy (40
minutes/day/10 weeks)

Yogic sukshma
vyayamas

Relaxation techniques
Asanas (physical

postures)
Pranayama
Meditation
Lectures and
Counseling

Anxiety scores
Resting pain
Sign: early

morning stiffness

14 weeks

Nambi and
Shah, 2013
[23]

Yoga + EMG
biofeedback +

Knee
strengthening

exercise + TENS
versus EMG
biofeedback +

Knee
strengthening

exercise + TENS

EMG biofeedback (3
times/week/8 weeks)
Knee strengthening

exercise (3
times/week/8 weeks)

TENS (20
minutes/time/3
times/week)

Iyengar yoga (90
minutes/session, 3

times/week/8 weeks)
EMG biofeedback (3
times/week/8 weeks)
Knee strengthening

exercise (3 times/week/8
weeks)

TENS (20 minutes/time/3
times/week)

Asanas VAS
WOMAC 8 weeks
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(b) Continued.

Study Comparison
Intervention

Intervention of
control group Intervention of yoga group Yoga therapy practice Main outcomes Time point

Ghasemi et
al., 2013 [24]

Yoga versus
ordinary daily

activities

Ordinary daily
activities

Hatha yoga (60
minutes/session, 3

times/week/8 weeks)

Asana (movement)
Pranayama
(breathing)
Meditation
(relaxation)

VAS
KOOS 8 weeks

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index (lower scores = better state); SPPB: Short Physical Performance Battery (higher
scores = better state); QOS: quality of sleep; QOL: quality of life; PSQI: Pittsburgh Sleep Quality Index (lower scores = better state); SF-12: Health Related Short
Form 12 (higher scores = better state); PCS: physical component summary; MCS: mental component summary; Cantril current and 5 years (higher scores =
better state); AIMS2: Arthritis Impact Measurement Scale 2; GA: Global Assessment; ADL: Activities of Daily Life; VAS: Visual Analog Scale; KOOS: Knee
Injury and Osteoarthritis Outcome Scale; KAM: knee adduction moment; PT: physiotherapy; EMG: electromyography.

the groups (𝑝 < 0.001) after 12 weeks of intervention with
higher effect size in the yoga than in the control group. But in
Kolasinski et al. [20], the 50-foot walk time was unchanged
after 8 weeks of yoga exercise. In Brenneman et al. [21],
a Six-Minute Walk Test (6MWT), a 30-second chair stand
test (30 s CST), and a stair-climbing protocol were used to
assesse mobility; the pre- and postintervention scores had a
significant improvement when measured with 6MWT (𝑝 <
0.001) and 30 s CST (𝑝 = 0.006) after 12 weeks of yoga
intervention, but no significant change could be detected in
stair-climbing protocol.

4.3. Quality of Life. Four studies assessed the quality of life
(QOL) as an outcome [17, 19, 21, 24]. Two of them applied
Knee Injury and Osteoarthritis Outcome Scale (KOOS) [21,
24]; in Brenneman et al. [21], the pre- and postintervention
scores had a significant improvement in QOL after 12 weeks
of yoga exercise (𝑝 < 0.001), and in Ghasemi et al. [24] the
pre- and postintervention scores had a significant difference
in QOL in the yoga group (𝑝 < 0.05), but there was no
significant difference between the control group and yoga
group. In Ebnezar et al., Short Form 36 (SF-36) was used to
assess QOL [17]; between and within group differences were
highly significant on all domains of the SF-36 (𝑝 < 0.001)
with better improvement in the yoga group than the control
group on 15th day and 90th day. And in Cheung et al. they
used Short Form Health Survey (SF-12) and Cantril Self-
Anchoring Ladder to assess QOL; the Cantril Self-Anchoring
Ladder could assess QOL both in “current” times and “in 5
years” times [19]; there was no significant difference between
yoga and control group in QOL after 8 weeks of intervention
in view of this two assessment scales. During intervention
in yoga group, the Cantril Self-Anchoring Ladder “QOL
current” scores significantly improved between 4 and 8 weeks
(𝑝 = 0.045), but for “QOL in 5 years” the changes were not
significant. No significant improvement was noted in SF-12
over time.

5. Discussion

The purpose of this review is to evaluate the effect of yoga
on pain, mobility, and QOL in people with KOA. Although
majority of these studies seem to exhibit a favorable effect

after yoga intervention, there are still some inconsistent
findings in this review.

5.1. Pain. Pain is a major symptom for osteoarthritis [1]. The
cushioning between joints-cartilage wears away and muscle
weakness is considered themajor cause of pain and disability.
Yoga have been proved to be a positive effect in pain relief
in all included studies, which provide some evidence to
support the application of yoga as an alternative therapeutic
modality in pain management of patients with KOA. Some
studies demonstrated that people will achieve better muscle
strength and stamina as well as steadiness and flexibility after
yoga exercise [28, 29], and, in our included studies, some
benefits related to physical functions, like range of motion,
and arthritis symptom can be found after yoga intervention,
which partly explain the effect on pain relief. The experience
of pain is also a psychological phenomenonwhich has several
additional central processes including affective, behavioral,
and cognitive factors [30]. However, outcome related to
psychological issue is hard to discuss in our included articles.
Yoga is considered to be an aerobic exercise combined with
breathing training and relaxation therapy and it may have
positive effects on pain relief in a comprehensive way, not
just in physical but also psychological aspects, so a broaden
assessment system for yoga is needed to be established in
future studies.

5.2. Mobility. The symptoms of KOA, like pain and stiffness,
can cause a series of consequences, such as limited ambula-
tion, and worsen quality of life [1]. Yoga exercise had been
proved to relieve pain and strengthen muscle strength where
both support the fact that yoga may have positive effect on
mobility.

Our review show that yoga has positive effect on mobility
in two studies [16, 21], but not in Kolasinski et al. [20]. One
possible explanation is that the duration of yoga intervention
in Kolasinski et al. [20] is not long enough (8 weeks). Also a
possible situation is that Kolasinski et al. relatively have larger
bias for small sample size (only seven analyzed case). From
available evidence [16, 21], 12 weeks of yoga in combination
with physical therapy may help improve the short-distance
mobility.

Subjects in Kolasinski et al. reported that they had height-
ened awareness of how they were positioning their bodies
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in space after yoga intervention [20]. And it seems to improve
balance ability to some degree, similar to previous article
which reported that yoga had positive effect on balance in
people with stroke [8]. But only one study in this review
had assessed the balance [19], in which balance ability did
not have significant improvement after yoga intervention,
but it had a positive effect on repeated chair stands, which
means yoga may have positive effects on balance in people
with KOA; the most common yoga protocol is 40–90 min-
utes/session, lasting for at least 8 weeks. But more studies are
needed to prove that.

5.3. Quality of Life. In addition to a lot of disturbing symp-
toms that KOA have, the most important thing is that it
greatly affects the quality of life of patients with KOA [1].
Quality of life (QOL) is getting more attention to social life
[31] and yoga has been proved to have positive effect on
Health Related Quality of Life (HRQOL) [7].

The present systematic review showed that yoga inter-
vention has positive effect on QOL based on three studies
[17, 21, 24], but Cheung et al. [19] reported an inconsistent
result inQOL.However, we think the outcomemeasure about
QOLmay havemore accurate results if it narrows toHRQOL,
which has more reliability in ending change about patients.
It seems that yoga have short-term effect on QOL of KOA
patients, but more and high quality studies are needed in
terms of long-term effects.

In addition to the physical health we discussed above,
we believe that the mental health also have a great impact
on QOL. Previous studies showed that yoga has positive
effect on depression, anxiety, and stress reducing [32, 33].
In our included articles, only Kolasinski and colleagues had
description on mental health. It had been assessed using
Arthritis Impact Measurement Scale 2 (AIMS 2). Only the
AIMS2 Affect Component showed a statistically significant
improvement which means yoga may have positive effects
on mental health in people with KOA, but more studies and
concern are needed for the outcomes of yoga for KOA in
mental health.

Yogamay be a safe and tolerable exercise for patients with
KOA since no studies reported adverse event both during and
after yoga intervention.

6. Limitations

Three limitations could be found in this systematic review.
First, we would not conduct quantitative research by per-
forming a meta-analysis because of the heterogeneity of the
studies and missing data of some important outcomes. Sec-
ond, excluded non-English language studies and unpublished
articles and conference processingmay result in bias.Thirdly,
just small amount of RCTswere focused on this area andwere
included in this review; the lower quality of the studies will
limit the power of drawing any conclusion.

7. Conclusion

This systematic review showed that yoga has positive effect
on pain relief on people with KOA with good evidence.

A relative long period (12 weeks) of yoga intervention may
help to improve the short-distance mobility in patients with
KOA. More RCTs with high quality and larger sample size
are needed. Further work will be needed to address the
mechanisms of yoga effect on KOA people and more specific
outcomes are needed to concern psychological issues.
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Health disparities (HD) continue to persist in the United States which underscores the importance of using low-cost, accessible,
evidence-based strategies that can improve health outcomes, especially for chronic conditions that are prevalent amongunderserved
minority populations. Complementary/integrative health modalities, particularly self-administered mind-body practices (MBP),
can be extremely useful in reducingHDbecause they are intrinsically patient-centered and they empower patients to actively engage
in self-care of health and self-management of symptoms. Interprofessional healthcare providers and patients can engage in powerful
partnerships that encompass self-administered MBP to improve health. This is a call to action for interprofessional researchers
to engage in high-quality research regarding efficacy and cost-effectiveness of self-administered MBP, for practitioners to engage
patients in self-administered MBP for health promotion, disease prevention, and symptom management, and for healthcare
institutions to integrate self-administered MBP into conventional health practices to reduce HD in their communities.

1. Introduction

Racial/ethnic health disparities (HD) or inequalities in access
to healthcare and in quality of healthcare are well docu-
mented across a range of health conditions, services, and set-
tings in the United States [1]. Despite widespread awareness
and recommendations regarding the importance of increas-
ing access and culturally appropriate health delivery systems,
HD continue to persist. Health disparities are defined by
the Institute of Medicine (IOM) as differences in the quality
of healthcare due to racial or ethnic differences, typically
due to discrimination at the patient-provider level or at the
level of health systems [2]. Although HD also can be defined
more broadly as being due to disadvantages which occur
beyond racial/ethnic status such as socioeconomic status,
gender, age, disability, environment, and geographic location
[3], this paper is focused in scope on addressing racial/ethnic
minority-based HD. Immediate, creative, accessible, cost-
effective solutions that are interprofessional in nature and

that complement other on-going efforts are greatly needed for
addressing HD.

The use of complementary/integrative health practices
may provide a creative, accessible, cost-effective solu-
tion to complement other on-going efforts for addressing
HD. As a subcategory of complementary/integrative health
approaches, self-administered mind-body practices (MBP)
typically involve an initial education or training session by
a clinician or trainer after which patients continue using
them on their own as needed or on a regular schedule. For
example, a patient is taught a simple breathing technique
to enhance relaxation when feeling anxious and the patient
then practices the technique on his/her own as needed. Self-
administered MBP include a variety of practices such as
yoga, tai chi, qi gong, meditation/mindfulness, progressive
relaxation, guided imagery, and sensory-therapies (e.g., art,
music, play, aroma, and similar therapies) [4, 5]. MBP have
been shown to enhance resilience to stress, improve symptom
management, and maintain health in various populations
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[4]. When MBP are self-administered and do not require
regular treatment from or payment to a clinician/specialist,
these practices may provide a cost-effective method for
empowering patients to promote and maintain health and/or
self-manage disease symptoms [6, 7]. Self-administeredMBP
may be relevant for decreasing the incidence and sequelae
of disparity-related biopsychosocial stress in underserved
minority populations who have limited resources yet high
levels of stress vulnerability and related morbidity and mor-
tality.

The sources of disparities in the healthcare system are
typically attributed to multilevel factors (e.g., those which
occur at the patient level, the provider level, and the care-
system level) and the use of multilevel strategies is recom-
mended in order to addressHDand improve health outcomes
[2]. As such, we propose an interprofessional multilevel
solution based on the integration of complementary health
practices into conventional health settings, particularly the
teaching and recommending of self-administered MBP by
healthcare providers to patients with the goal of enhancing
stress resilience and improving health. The goal of this paper
is to describe the current use of complementary/integrative
approaches in the United States, to discuss how MBP can be
based upon patient-centered interprofessional collaboration,
and to propose that self-administered MBP may be powerful
tool for addressing provider level factors (e.g., enhancing
patient-provider partnerships) and system-level factors (e.g.,
addressing limitations in healthcare access) to ultimately
reduce HD in racial/ethnic minority populations [2].

2. Use of Complementary/Integrative
Approaches

The popularity of complementary/integrative health ap-
proaches, such asMBP, by consumers has grown substantially
over the last decade. Approximately 34–36% of the US
population has used at least one complementary approach
in the prior two years [8–10], with the most common ther-
apies including natural products, relaxation and breathing
exercises, meditation, yoga, and massage. Data from the 2012
National Health Information Survey (NHIS) suggests that
approximately 33.2% of the population in the United States
uses some form of complementary health approach and the
most commonly stated reasons for use of these approaches
are for pain management and stress relief [9]. Approximately
9.5% of the US population uses a mind-body complementary
health approach, such as yoga, chiropractic manipulation,
meditation, and massage therapy [9]. Hispanics and non-
Hispanic Blacks constitute 41.3% of all complementary health
practice users (22% by Hispanics; 19.3% by non-Hispanic
Blacks) [9]. Of particular interest for HD researchers, NHIS
data suggests that 5.4% of the US population or 12.3 million
use complementary approaches as alternative therapies to
conventional medications in order to save money [11]. The
people who do so are more likely to be Hispanic (6.9%), be
uninsured (11.9%), and have an income below the federal
poverty line (7.6%) [11]. Further, a substantial percentage

of the population (47.6%) does not inform their healthcare
providers about use of these approaches [12].

Many factors likely influence the use of complemen-
tary/integrative approach byminority populationswhich face
HD. First, individuals may have past experiences in which
conventional medical care did not meet specific needs, was
inaccessible, orwas cost-prohibitive; thus the individuals turn
to complementary approaches for symptom management
or health maintenance [10, 13, 14]. Second, there may be a
community-wide historic inherent distrust of conventional
healthcare providers or institutions (e.g., Tuskegee Syphilis
Study) or a history of overt negative experiences with con-
ventional healthcare. For example, data from the National
Survey of Midlife Development in the United States of Black
adults suggest that a history of racial discrimination, even in
nonmedical contexts, is associated with a higher likelihood
of using complementary approaches as a means of healthcare
[15]. A third motivation for turning to complementary
approaches includes the desire to embrace practices which
avoid conventional treatment-related side effects [16]. Fourth
and finally, many racial and ethnic groups have long used
complementary/integrative health approaches as part of their
holistic culturally based understanding of health [16]. Of
importance, NHIS data suggest that non-Hispanic White
adults are more likely to choose complementary approaches
which are provider-based, such as chiropracticmanipulation,
massage, and acupuncture, whereas non-White adults are
more likely to choose self-administered therapies, such as
relaxation practices, yoga, meditation, and tai chi [10].

3. Interprofessional Approach

An interprofessional approach to healthcare delivery has
received attention as a means to improve patient-centered
care. An interprofessional approach entails the collaboration
of professionals from different disciplines, working and
communicating with each other, providing knowledge and
skills, to augment and support the contributions of others
and optimize patient care [17]. The IOM report, The Future
of Nursing: Leading Change, Advancing Health, strategically
called for and initiated amovement towards transforming the
healthcare system to integrate interprofessional collaboration
and coordination as the standard of care [18].

MBP lends itself for an interprofessional collaboration
and can be integrated into any system of care. Healthcare
professionals including physicians, nurses, psychologists,
social workers, and other therapists can work together to
teach or recommend self-administered MBP as needed. In
fact, nurses, nurse practitioners, and therapists are strategi-
cally positioned to coordinate or educate patients on self-
administered MBP. Interprofessional teams are positioned to
connect a multitude of providers and promote a collaborative
practice that hinges on each profession recognizing and
utilizing each other’s expertise to provide an effective patient-
centered care.
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4. Self-Administered MBP:
Patient and Provider Level

Given that ethnic and racial minority populations tend to
choose self-administered therapies, it is relevant to explore
how these MBPmay enhance health. Self-administeredMBP
are focused on the integration of the mind-body to affect
physical and mental functioning, enhance stress resilience,
and promote overall health [4]. There are a wide variety
of self-administered MBP, yet most of them share basic,
easily accessible processes for achieving relaxation, enhanced
attention, and mindful awareness. In self-administered MBP,
breathing and gentle physical movement are paired with
focused attention and mindfulness (or present moment
awareness) [19]. Clinical trials evaluating various forms of
self-administered MBP, including relaxation practices, yoga,
tai chi, andmeditation, have been shown to help various pop-
ulations maintain health through self-regulation and stress
resilience [20–22]. Further, self-administered MBP may help
participants manage acute or chronic conditions. In partic-
ular, trials of yoga, tai chi, and mindfulness meditation have
been shown to decrease physical andpsychological symptoms
associated with the following conditions: depression [23–25],
hypertension [26], cardiometabolic conditions [27], chronic
inflammatory conditions [28, 29], PTSD [30], menopause
[31], chronic pain [32–35], and substance abuse [36], among
others.

The process of self-administration of a MBP allows
patients to self-manage an illness or maintain health. Self-
management of health or illness is based upon the patient’s
active participation in healthy self-care activities [37]. This
act of self-administration and self-management can be an
incredibly empowering experience for the patient, partic-
ularly when the efforts are supported by their health-
care providers [38, 39]. Self-management approaches have
successfully helped patient address many chronic diseases
[37, 38, 40, 41]. We contend that self-administration of a
MBP might be a key component of health or illness self-
management.

Healthcare providers may incorporate information about
self-administeredMBP into clinical practice inmultipleways.
First, providers may wish to refer patients to community
resources, web-based resources, or printed literature about
MBP. Second, providers who are personally familiar with
MBP and are comfortable with the content may provide
informal teaching and education during patient interactions.
Third, providers may offer more formalized sessions or
workshops during which patients may learn about self-
administered MBP; this may require formal institutional
support of MBP, addressed in the next section.

With basic training, healthcare providers can be in an
excellent position to educate on and encourage the use of
basic self-administered MBP for enhancing stress resilience
and health. Unfortunately, many healthcare providers have
not received formal training about complementary/integra-
tive health practices during their educational experiences;
however many are seeking out resources for their own self-
care or to enhance their patient care [22, 42]. Increasingly,
nursing and medical schools are incorporating information

about complementary/integrative approaches into curricula
[43, 44] and continuing education programs opportuni-
ties are available for practicing clinicians. However, edu-
cational opportunities for healthcare providers about self-
administered MBP should become more available because,
given simple tools, healthcare providers may quickly and
easily teach or refer MBP to patients who would benefit from
enhanced self-care and improvements in physical andmental
health [45]. Providers may find that partnering with patients
in this way could create powerful health promoting patient-
provider relationships as well as help alleviate issues of alien-
ation and mistrust in racially and ethnically diverse under-
served populations, potentially leading to greater engagement
in self-management of health and illness in these populations.

5. Self-Administered MBP: Health System and
Policy Levels

At the health system level, limitations on access to care,
including limited availability of facilities or services in cer-
tain areas and limited time available for patients to see
healthcare providers, are important contributors to HD.
These circumstances present an important opportunity for
engaging underserved populations in self-care. Healthcare
providers and healthcare systems may consider the low cost
of brief education sessions and encouragement regarding self-
administered MBP to enhance the health of populations in
need, particularly when other resources are limited. In order
to do so, policies that support and encourage the use of
MBP are required. Financial incentives should be available
to reduce barriers to therapies which may be beneficial
to patients and to enhance the time available for patient-
provider communication about these therapies [2]. In those
conditions for which evidence is building that MBP can
improve health outcomes, discussed above, payment policies
should be developed to support provider facilitation forMBP
among patient populations.

Another systems-level strategy for encouraging the use
of MBP is to encourage its use and target providers in
facilities where underserved minority patients are likely to
seek care. For example, community-based health centers
might introduce key concepts of MBP in structured classes
and provide resources for individuals to self-administer the
MBP in the future. It has been reported that as many
as two-thirds of community health centers are already
actively using complementary/integrative approaches [46]
and numerous academic medical centers have incorporated
integrative health into healthcare and educational programs
[45, 47]. Therefore, models exist and should be replicated
by interprofessional groups interested in incorporating self-
administered MBP therapies into community health centers
and academic medical centers.

Certainly, large-scale research studies are required to ana-
lyze implementation costs into health systems and to evaluate
cost versus benefits for various therapies. However, numerous
high-quality studies report that complementary/integrative
health therapies may be cost-effective and even provide cost-
savings to institutions [6, 48]. For example, the systematic
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review of economic evaluations by Herman and colleagues
(2012) suggests that, in high-quality studies which compared
a complementary therapy with usual care, approximately
30% of cost-effectiveness comparisons showed cost-savings,
as opposed to only 9% of economic comparisons across
allopathic therapies [6]. At a research and policy level, inno-
vative research questions and designs that foster a better
understanding of the impact of historical and sociopolitical
contributors on psychosocial risk factors, health disparities,
and health outcomes are needed. Priority should be given to
high-quality research on complementary/integrative health
therapies that have some demonstrated intervention efficacy
with high potential benefits and that focus on highly preva-
lent conditions that cause great burdens of suffering [45].

6. Summary

Wepropose that self-administeredMBP therapies can be use-
ful in reducing HD and call interprofessional providers and
researchers to engage in this important area of research and
practice. Continued HD in the United States underscore the
significance of encouraging the use of simple, low-cost, highly
accessible, evidence-based strategies that can improve health
outcomes, particularly for health promotion and prevention
of chronic conditions that are prevalent among underserved
minority populations. While the focus of this paper has been
on HD in racial and ethnic minorities, we recognize that
HD exist in any group that experiences greater morbidity
and mortality as a result of disadvantage or discrimination
and believe research is warranted regarding how MBP may
provide opportunities to decrease HD along multiple other
dimensions, such as income, education, gender, disability,
and insurance status [49]. Although research is required to
more fully evaluate efficacy, efficiency, and cost-savings of
using complementary/integrative health therapies, the pre-
liminary evidence suggests that the use of self-administered
MBP in underserved populations is highly relevant.

The integration of MBP into daily life and care practices
may require a shift in perspective for healthcare providers
and patients. However, the goal of reducing and ultimately
eliminating HD requires that healthcare providers, patients,
and policy-makers creatively work together on health pro-
motion, disease prevention, and symptom management.
Discussions of the potential benefits and basic techniques
of MBP along with the provision of conventional healthcare
are well within the scope of practice for interprofessional
healthcare providers. Given the right tools, patients can
engage in powerful partnerships with their care providers
and healthcare systems that encompass self-care practices to
improve quality of life and health.
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Purpose. To conduct a meta-analysis and systematic review examining whether Tai Chi Chuan could have mental and physical
benefits for patients with knee osteoarthritis. Methods. MEDLINE, PUBMED, EMBASE, and CINAHL databases were searched
for relevant studies. Data of the studies were collected, and outcomes were classified using the International Classification of
Functioning, Disability, and Health model. Effect sizes of the mental and physical components were determined, along with the
recommendation grades of Philadelphia Panel Classification System for Tai Chi Chuan on knee osteoarthritis. Results. Eleven
studies were selected and retrieved from the databases. The results of meta-analysis revealed that the effects of Tai Chi Chuan
were observed for physical components in the body functions and structures domain. The effects favoring Tai Chi Chuan were
observed in the physical component in the activities and participation domain. Insufficient data was included in the meta-analysis
of the mental component. Conclusions. The review revealed that Tai Chi Chuan had beneficial outcomes for patients with knee
osteoarthritis. The evidence-based results represented that it had small-to-moderate effects on body functions and structures,
activities, and participation of physical component. However, there was insufficient evidence to support that Tai Chi Chuan had
beneficial mental effect.

1. Introduction

The worldwide elderly population was increasing consider-
ably while the prevalence of knee osteoarthritis is increasing
among the older adults [1]. Knee osteoarthritis symptoms
include joint pain, inflammation, and swelling [2]. Joint dis-
comfort can impede the ability of the older adults to engage
in daily and functional activities [1]. Conservative treatments
for knee osteoarthritis often involve physical therapy, weight
control, and therapeutic exercise [2]. Therapeutic exercise,
a widely accepted treatment approach, increases the muscle

strength of the thighs, thereby enhancing joint stability and
reducing cartilage loss in the knee [3]. Selecting an appro-
priate form of therapeutic exercise is vital for treating and
preventing knee osteoarthritis because high-impact or heavy-
load exercises may exacerbate knee osteoarthritis.

Approximately 18% and 27% of male and female older
adults suffered from knee osteoarthritis, respectively [4].
Previous study demonstrated that depression had positive
correlation with the physical impairment and disability, and
the patients with knee osteoarthritis were inclined to feel
depressed compared to healthy people [5]. They had high
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depressedmood and anxiety, because of worrying over worse
physical functions and discomfortable symptoms of knee
osteoarthritis. The older adults worried at these symptoms
and searched for more complementary therapies. Tai Chi
Chuan, which is a traditional Chinese martial art, is a com-
mon type of palliative low-impact and aerobic exercise [6].
Because it emphasizes body relaxation, rhythmic breathing,
and slow motion, Tai Chi Chuan can be appropriate for
the older adults intending to perform therapeutic exercise
[7]. The results of previous studies had shown that Tai Chi
Chuan could improve the balance ability, muscle strength,
and cardiopulmonary function for osteoarthritis patients [7,
8] and relieve psychological problems such as depression,
anxiety, and tension [9]. Thus, selecting therapeutic exercise
appropriate for treating knee osteoarthritis is of interest to the
older adults.

Being a palliative therapeutic exercise technique, Tai Chi
Chuan includes mind-body exercises and is considered
appropriate for older adults [6]. To the best of our knowledge,
previous studies of systematic review focused on the evidence
to support the effects of Tai Chi Chuan on pain relief and
physical function improvement in the patients with knee
osteoarthritis [10, 11]. However, empirical medical evidence
supporting the efficacy of Tai Chi Chuan in treating knee
osteoarthritis was scant, and its mental and physical effects
have not been confirmed. In the present study, a systematic
review was conducted using a comprehensive meta-analysis
for exploring themental and physical effects of Tai Chi Chuan
when managing knee osteoarthritis.

2. Methods

2.1. Search Strategy. Published articles were searched and
related to Tai Chi Chuan and osteoarthritis in theMEDLINE,
PUBMED, EMBASE, and CINAHL databases by using “Tai
Chi,” “Tai Chi Chuan,” “Tai Ji,” “knee osteoarthritis,” and
“osteoarthritis” as the keywords. Inclusion criteria were that
the experimental design was a randomized control trial; the
experimental and control groups comprised people prac-
ticing and not practicing Tai Chi Chuan, respectively; the
participants were clinically diagnosed with knee osteoarthri-
tis (i.e., clinical and radiographic evidence of osteoarthri-
tis); and the articles were published in international jour-
nals. Two investigators, each with more than 10 years of
professional experience in sports medicine, screened and
identified the articles which satisfied the criteria. The Jadad
Quality Score was used to assess the quality of the articles.
The scale comprised five items: whether the experiment
was randomized, whether the randomization method was
appropriate, whether the participants received blind tests,
whether the evaluators conducted blind tests, and whether
participant dropouts were recorded [12]. The highest score
was 5, indicating the highest quality study. The recruited
articles were recorded by the published year, first authors,
participant number, movement type, duration and frequency
of Tai Chi Chuan practice, and the assessments and outcomes
after the intervention. By referring to the International
Classification of Functioning, Disability, and Health (ICF),
which developed by the World Health Organization in 2001,

the assessments for the outcomes of Tai Chi Chuan in treating
knee osteoarthritis were classified into two domains: body
functions and structures as well as activities and participation
[13]. Mental and physical components of the assessments
were also categorized, respectively [13].

2.2. Data Collection and Meta-Analysis. Meta-analysis was
conducted to evaluate the effects of Tai Chi Chuan. Various
effects of Tai Chi Chuan were assessed to determine the out-
comes. The extracted data were outcomes in terms of means
and standard deviations in the experimental and control
groups, which were then used to estimate the standardized
mean differences (SMDs) and 95% confidence intervals (CIs)
to determine the effect size of Tai Chi Chuan. A subgroup
analysis for the individual effect size of the outcome variables
was performed on the extracted data by using the MedCalc
software (MedCalc, Mariakerke, Belgium). Publication bias
was determined using Rosenthal’s file drawer method, and
the fail-safe number was observed to be higher than the tol-
erance level.𝑄 statistic test was used to analyze homogeneity
or heterogeneity of the extracted data. The effects of various
assessment outcomes were categorized into subgroups by
using ICF. The effect sizes were characterized using the
method developed by Cohen, and values of 0.2–0.5, 0.5–0.8,
and >0.8 were considered small, moderate, and large effect
sizes, respectively. Finally, the Philadelphia Panel Classifica-
tion System was used to analyze the recommendation grades
of the evaluated efficacies [14].

3. Results

3.1. Quantity and Quality of the Articles. After searching the
databases, 68 articles were collected; however, 28 review,
2 cross-sectional study, and 1 study protocol articles were
excluded (Figure 1). After excluding 20 articles not related
to Tai Chi Chuan and osteoarthritis, 17 experimental articles
regarding the effects of Tai Chi Chuan on knee osteoarthri-
tis were retrieved. Among these, 6 articles were excluded
because participants had osteoarthritis of the hip or other
joints, a control group was not included, and outcome data
was not reported. Finally, 11 articles were analyzed [15–25].
The recruited articles were published from 2003 to 2015 year,
and had high quality scores of 3–5 (Table 1).

3.2. Intervention Programs. In the experimental groups, 12–
31 movements of Sun-style form and 10–24 movements of
Yang-style form were adopted; however, Lee et al. [18] used
an unnamed 18-movement form of Tai Chi Chuan (Table 1).
Furthermore, 40–65-min training sessions of Tai Chi Chuan
classwere conducted over 1–4 times eachweek for 6–24weeks
in all experimental groups. The control groups did not have
Tai Chi Chuan programs but received education classes or
telephone interviews for the same duration along with the
experimental groups. The contents of the education classes
and telephone interviews were related to healthy diets, exer-
cise benefits, and the managements of knee osteoarthritis.
By contrast, in 2 studies conducted by Song et al. [15] and
Lee et al. [18], the control group did not receive any form of
intervention.
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Articles excluded with reasons:

Not relevant to Tai Chi and osteoarthritis (20)

Articles screened in MEDLINE, PUBMED, EMBASE,
and CINAHL databases electronic databases (n = 68)

Review study (n = 28)

Cross-sectional study (n = 2)

Study protocol (n = 1)

Experimental articles retrieved for evaluation (n = 17)

Articles excluded with reasons:
Participants had hip or other joints, osteoarthritis (n = 3)

No control group (n = 2)

All articles retrieved for detailed evaluation (n = 12)

Articles included in our review (n = 11)

Articles excluded with the reason that outcome
(n = 1)data was not reported

Figure 1: Flow diagram of article search.

3.3. Effects onMental and Physical Components. According to
the ICF model [13], the assessment methods of the selected
articles were classified into the following four categories.

3.3.1. Mental Component in the Body Functions and Structures
Domain. A 28-item motivation scale for health behaviors
was used to assess perceived self-efficacy, benefits, barriers,
and emotional salience [17]. The 5-point self-efficacy scores
were also used for assessments [20]. The 60-point Center for
Epidemiologic Studies Depression Index and 30-point mini-
mental state examination were used to evaluate cognitive and
emotional impairment [20, 23].

3.3.2. Physical Component in the Body Functions and Struc-
tures Domain. The 10-point visual analog scale and 35-
point knee pain scale of Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) were used to
assess the severity of pain during knee movement [15–21, 23,
24]. A verbal descriptive pain scale specific for older adults
with cognitive impairment to assess pain-related behaviors
during functional activities was also used [25]. The active
range of motion for knee movement was assessed through
goniometry [16], and the flexibility of the affected knee joint
was assessed using the knee stiffness scale ofWOMAC [15–21,
24]. An isokinetic dynamometer (Cybex 770, Lumex, USA)
was used to measure the knee flexor and extensor strength
and endurance at the speeds of 60∘/s and 180∘/s [15, 22].
Bone mineral density was measured using dual-energy X-ray

absorptiometry (GE Lunar PIXImus, Lunar Co., West Indian
Federation) [22]. The factors affecting knee joint loading,
such as body weight and body mass index (BMI), were also
recorded [15, 20, 21, 24].

3.3.3. Mental Component in the Activities and Participation
Domain. The 25-item scale for health behaviors comprised
the variables of health responsibility, exercise, diet behavior,
stress management, and smoking habits [17]. Mental compo-
nent of the 36-item Short Form Health Survey (SF-36) was
used to assess the mental health [18, 20].

3.3.4. Physical Component in the Activities and Participa-
tion Domain. Cardiovascular functioning test [15], 6-minute
walk test [18, 20, 21, 24], stair climb test [21, 24], sit-to-
stand test [20, 23], and timed-up-and-go test [23, 24] were
performed to assess physical performance. As the symp-
toms subsided, the motion frequency and time consumption
decreased.Thephysical function scale ofWOMAC [15, 16, 18–
21, 23, 24], physical health component of SF-36 [18, 20], and
Physical Activity Scale for the Elderly [24] were used to assess
physical activity. Furthermore, the Survey of Activities and
Fear of Falling in the Elderly was also used to assess the
frequency of falling [19, 22].

3.4. Review Results of Studies. Analyses of all the included
articles revealed that the WOMAC scale scores signifi-
cantly decreased after Tai Chi Chuan intervention (Table 2),
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Song et al. (2007) [17]
Lee et al. (2009) [18]
Song et al. (2009) [19]
Ni et al. (2010) [21]
Wortley et al. (2013) [24]
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41
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Figure 2: Effect of Tai Chi Chuan on physical component in body functions and structures domain.

suggesting that the symptoms and physical function of knee
osteoarthritis were improved. Wang et al. [20] and Brismée
et al. [16] reported that Tai Chi Chuan intervention signifi-
cantly improved pain assessment results of the experimental
group compared with those of the control group. Regarding
functional activities and participation, stair climb test [21,
24], timed-up-and-go test [23, 24], and sit-to-stand test
[20, 23] scores improved significantly after Tai Chi Chuan
intervention in the experimental group compared with those
in the control group. Song et al. [19, 22] also reported that
the scores of the Survey of Activities and Fear of Falling
in the Elderly improved significantly after Tai Chi Chuan
intervention. Some studies showed that BMI and bodyweight
decreased significantly in the experimental group [15, 20, 24].
In addition, Wang et al. [20] and Lee et al. [18] revealed
that Tai Chi Chuan yielded significant improvements in the
physical and mental health components of the SF-36 in the
experimental group compared with that in the control group.

3.5. Results of Meta-Analysis. In the meta-analysis, the pub-
lication bias did not influence the outcomes of data analysis
(fail-safe number = 189; tolerance level = 65). Insufficient data
was included in the meta-analysis of the mental component
in the body functions and structures as well as activities and
participation domains. The results of meta-analyses revealed
that the effects of Tai Chi Chuan were observed for physical
components in the body functions and structures domain:
WOMAC pain (total SMD = −0.41; 95% CI = −0.67 to
−0.74; and 𝑃heterogeneity < 0.05) and stiffness (total SMD
= −0.20; 95% CI = −0.45 to −0.05; and 𝑃heterogeneity <
0.05, Figure 2). Small effects were observed in the WOMAC

pain and stiffness scale scores among patients with knee
osteoarthritis practicing Tai Chi Chuan.The effects favouring
Tai Chi Chuan were observed in the physical component in
the activities and participation domain: WOMAC physical
function (total SMD = −0.16; 95% CI = −0.44 to −0.11;
and 𝑃heterogeneity = 0.14), 6-min walking test (total SMD =
−0.16; 95% CI = −1.23 to 0.90; and 𝑃heterogeneity < 0.05), stair
climb test (total SMD = −0.76; 95% CI = −1.34 to 0.15; and
𝑃heterogeneity < 0.05), and the Survey of Activities and Fear of
Falling in the Elderly (total SMD = −0.63; 95% CI = −0.98 to
−0.27; and 𝑃heterogeneity = 0.78, Figure 3); in other words, the
meta-analysis results indicated that, after the intervention of
Tai Chi Chuan, the patients with knee osteoarthritis showed
small-to-moderate effects in WOMAC physical function, 6-
min walking test, stair climb test, and Survey of Activities and
Fear of Falling in the Elderly. Weak evidence result indicated
the effects of Tai Chi Chuan for treating knee osteoarthritis
on the change in the mental component, because there was
insufficient data to perform a meta-analysis.

4. Discussion

4.1. Summary of Review Results. The current study revealed
that after 8-week to 6-month class training sessions of Tai
Chi Chuan, the patients with knee osteoarthritis exhibited
improvements in their physiological and psychological states
in 11 articles. Fransen et al. [26] indicated that short duration
(i.e., <10 weeks) class training of Tai Chi Chuan alleviates
knee osteoarthritis pain. By using 8-week class training of
Tai Chi Chuan, Lee et al. [18] demonstrated a nonsignificant
improvement in the WOMAC scores. Nevertheless, after the
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Authors (years) Subgroups SMD 95% CI SMD, 95% CI

Lee et al. (2009) [18]
Song et al. (2009) [19]
Ni et al. (2010) [21]
Wortley et al. (2013) [24]
Total 

WOMAC physical function
41
44
69
35
18

207

0.06

0.08

0.20

Lee et al. (2009) [18]
Ni et al. (2010) [21]
Wortley et al. (2013) [24]
Total 

44
35
18
97

0.84

SAFE
Song et al. (2009) [19]
Song et al. (2010) [22]
Total 

69
65

134

6-min walking test

Stair climb test
Ni et al. (2010) [21]
Wortley et al. (2013) [24]
Total

35
18
53

0.04

0 1 2
Favours Tai Chi Favours control

n

Test of homogeneity: Q = 6.83, df = 4, Pheterogeneity =

Test of homogeneity: Q = 0.07, df = 1, Pheterogeneity =

Test of homogeneity: Q = 3.88, df = 1, Pheterogeneity =

Test of homogeneity: Q = 11.29, df = 2, Pheterogeneity =

−0.42

−0.88

−0.16

−0.59

−0.83

−0.16

−0.68

−0.58

−0.63

−1.18

−0.74
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−1.93–−0.43
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Brismée et al. (2007) [16]
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0.003, I
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= 82%
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= 99%
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2
= 74%
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Figure 3: Effect of Tai Chi Chuan on physical component in the activities and participation domain.

class training, significant improvementswere observed on the
SF-36 and 6-min walking test scores, indicating that Tai Chi
Chuan caused potential improvements in muscle endurance.
Similar to endurance and aerobic exercises, Tai Chi Chuan
comprised rhythmic movements and emphasis on body
balance and coordination [19]. Tai Chi Chuan movements
involve several postures, such as slight knee bending, arms
below the shoulder level, forward or backward strides, and
turning around while shifting the center of gravity [17]. Tai
Chi Chuan was divided into at least five styles of Tai Chi
Chuan, which were Chen-style, Wu-style, W’u-style, Sun-
style, and Yang-style forms, according to Chinese martial art
styles. Considering the geography and physical conditions of
elderly participants, scholars had designedTaiChiChuan sets
comprising 10–31movements, the basic components of which
resemble moves used in the original styles. The motivation
and health behaviors of the elderly can improve by practicing
Tai Chi Chuan styles comprising numerous movements [17].
In addition, the muscle strength of lower extremity as well
as balance and coordination abilities of patients with knee
osteoarthritis could be improved, and the mental capacity of
the older adults can be enhanced [18, 20]. By contrast, Tai
Chi Chuan set comprising relatively few movements are easy
for the elderly to learn, thereby reducing their frustration of
failure in learning.The study results of Brismée et al. [16] also
indicated that elderly participants practicing 10movements of

Tai Chi Chuan exhibited a high level of acceptance and their
dropout rates were low. In addition, Tai Chi Chuan was set
as a few movement patterns, which consumed relatively less
time during each cycle of the training, specifically for older
adults [16]. Therefore, the number of cycles and duration
of Tai Chi Chuan must be increased to achieve the positive
effects, which is similar to effects of endurance and aerobic
exercises. The effect of this factor should be considered when
using Tai Chi Chuan as a therapeutic exercise.

Tai Chi Chuan could improve the physical functions
of patients with osteoarthritis in terms of performance in
the 6-minute walking test, stair climb test, and balance
test [18, 20, 21]. Wortley et al. [24] revealed that Tai Chi
Chuan effectively improves aerobic capacity, based on 11%
and 12% increases in the stair climb test and timed-up-
and-go test, respectively. The results indicated that Tai Chi
Chuan can enhance the lower extremity muscle strength and
cardiopulmonary function. Ni et al. [21] indicated that Tai
Chi Chuan can increase the quadriceps muscle strength of
the patients with osteoarthritis; thus alleviating quadriceps
weakness was the main factor causing knee osteoarthritis.
Wang et al. [20] and Lee et al. [18] also reported that Tai Chi
Chuanwas a low-intensity and low-impact exercise and could
improve the motor functions of patients with osteoarthritis.
Song et al. [15, 22] investigated the effects of Tai Chi Chuan
on the strength and endurance of knee extensor and flexor
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muscles. They reported that Tai Chi Chuan enhanced the
knee extensor endurance of patients with knee osteoarthritis;
however, the difference in the strength of the knee extensor
and flexor muscles between the experimental and control
groups was nonsignificant. Tai Chi Chuan involved full-
weight-bearing movement, in which an individual applies
loading and uploading patterns in various directions [22]. In
addition, while maintaining core stability, shifting the center
of gravity requires the use of knee extensor endurance for
maintaining postural balance [20, 23]. Therefore, Tai Chi
Chuan could improve knee extensor endurance to manage
knee osteoarthritis.

Obesity could increase the severity of knee osteoarthritis,
and Tai Chi Chuan was beneficial for reducing the body
weight of patients with knee osteoarthritis. Ni et al. [21]
indicated that Tai Chi Chuan training produces effects similar
to those of aerobic sports. This is specifically because the
patients practicing Tai Chi Chuan engage in a wide range
of motions which involve large muscle groups, along with
calorie consumption as the metabolic rates of the body are
increased, thereby resulting in weight loss.These factors were
vital for relieving osteoarthritis-induced pain. Nevertheless,
Wang et al. [20] reported that no weight loss was observed
after patients with knee osteoarthritis practiced Tai Chi
Chuan. Nevertheless, the osteoarthritis-induced knee pain
was relieved. It indicated that weight loss was not the
mechanism through which Tai Chi Chuan training reduces
pain. A comparison revealed that the research design ofWang
et al. [20] comprised a 12-week, 10-movement Tai Chi Chuan
training, whereas that of Ni et al. [21] consisted of a 24-week,
24-movement training of Tai Chi Chuan. The difference in
training intensity and duration may have contributed to the
difference in the observed results and ultimately different
conclusions. Among the 11 studies examined, only Song et
al. [22] investigated the effects of Tai Chi Chuan training
on bone density. Tai Chi Chuan practice for 6–12 months
could slow bone density loss [27, 28]. By contrast, Song et
al. [22] observed that Tai Chi Chuan training lasting only
6 months also had similar effects on slowing bone density
loss. Tai Chi Chuan could reduce bone density loss because it
involves weight-bearing movement [29]. According toWolf ’s
law, Tai Chi Chuan involved changes in postures resulting in
forces similar to the foot-floor impact force generated while
walking [30]. When bones are subjected to pressure, bone
cell proliferation occurs, thereby reducing bone loss. Because
Tai Chi Chuan can improve the metabolism, patients must
continue Tai Chi Chuan for a longer duration. Specifically,
patients with knee osteoarthritismust practice Tai Chi Chuan
for at least 6 months to achieve considerable reduction in
bone loss.

4.2. Evidence on Physical and Mental Component Effects of
Tai Chi Chuan. The most crucial benefit of Tai Chi Chuan
training was the increase in quadriceps muscle strength, and
enhanced lower extremity strength can aid in preventing
or reducing daily function loss and deterioration in the
elderly [24]. Song et al. [22] also indicated that Tai Chi
Chuan can effectively decrease fear of falling during daily
functional activities of patients with knee osteoarthritis and

that the positive effects of Tai Chi Chuan were attributed to
increases in the muscle strength and endurance of the lower
extremity. Improved daily life functions enable the elderly to
readily interact with society, thereby enhancing self-efficacy
and social function [17, 20]. This indicated a high efficacy
of Tai Chi Chuan training in alleviating the psychological
symptoms and depression resulting from knee osteoarthritis.
Furthermore, patients with knee osteoarthritis were prone
to a high risk of falling because of knee deformation and
insufficient lower extremity muscle strength [19, 22]. By
enhancing the endurance of the quadriceps, Tai Chi Chuan
training could improve the posture control ability in the older
adults, thereby reducing the risk of falling [22]. Numerous
studies had confirmed that engaging in endurance sports can
reduce the risks of falling in the older adults, increase self-
care abilities, decrease mental illnesses, and increase social
interaction frequency. Tai Chi Chuan training had similar
effects to mind-body exercises [17, 20, 24, 25]. Furthermore,
Tai Chi Chuan is also a low-impact endurance exercise and
thus is appropriate for patients with knee osteoarthritis.
The results of meta-analyses revealed that Tai Chi Chuan
had small effect on the body functions and structures and
small-to-moderate effects on the activities and participation
domain of the physical component. Hence, on the basis of
the improvements in the physical component of patients
with knee osteoarthritis, a Philadelphia Panel Classification
System level B was assigned to Tai Chi Chuan because
of the significant improvements, with clinical significance,
observed after the intervention.

Knee osteoarthritis was an inflammation resulting from
knee degeneration, and knee cartilage damage may result
in knee inflammation and pain [31]. The results of our
meta-analysis indicated that Tai Chi Chuan could alleviate
osteoarthritis-induced pain. However, the mechanism of the
analgesic effectiveness of Tai Chi Chuan training remained
unknown. On the basis of their evidence-based results, Ben-
nell and Hinman [32] attributed the analgesic effectiveness to
Tai Chi Chuan being a low-impact exercise, which increased
lower extremity muscle strength. Tai Chi Chuan training
could improve cardiopulmonary capacity, balance ability, and
functional performances through increased muscle strength
of lower extremity [15, 18, 20, 21, 24]. A significant cor-
relation had been reported between weak lower extremity
muscle strength and the pain experienced by patients with
knee osteoarthritis [33]. Various subsequent assessments for
evaluating the mental effects of Tai Chi Chuan had shown
beneficial outcomes.Due to the lack of consistent assessments
and result data for meta-analysis, insufficient evidence indi-
cated that Tai Chi Chuan had mental component effects on
improvements in body functions and structures or activities
and participation domains for knee osteoarthritis.

Tai Chi Chuan was considered a form of mind and body
component that enables people to maintain the mind and
body balance [17, 20]. Subsequently, the functions of the
immune and autonomic nervous systems can be improved
and regulated, thereby achieving pain relief effects. Wang et
al. [20] reported that Tai Chi Chuan is a form of rhythmic
exercise, in which people achieve enhanced self-efficacy by
regulating breathing and sustaining mind and body balance.
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These findings can aid in disrupting the “pain cycle” expe-
rienced by patients with knee osteoarthritis. Currently, the
mechanism underlying the effects of Tai Chi Chuan training
on knee osteoarthritis had not been identified. However,
reduced pain enables patients to continue exercising, thereby
increasing muscle strength of lower extremity and improving
abilities of balance and coordination and functions of daily
life. At the psychological level, reduced pain was beneficial
for achieving emotional stability and a balanced mood [25].
Hence, although the exact mechanism underlying its knee
osteoarthritis pain reduction remains unknown, Tai Chi
Chuan had significant positive effects for alleviating knee
osteoarthritis symptoms. But there was insufficient data
performing a meta-analysis to support the mental effects. On
the basis of the mental component of participants with knee
osteoarthritis, Tai Chi Chuan was assigned a Philadelphia
Panel Classification System level C+ because of the significant
improvements, without clinical significance, observed after
the intervention.

4.3. Limitations and Suggestions for Future Research. This
study had some limitations in our review. In the subgroup
analysis, insufficient assessment items could be classified,
and, hence, the meta-analysis could be performed using only
a few studies. Although the various outcomes were presented
and analyzed in the subgroup, the effects may be influenced
by the data of few articles. Furthermore, a main limitation of
the subgroup analysis based on ICFmodel was that effects on
mental and components were not analyzed for lack of data in
the recruited articles. There are also several suggestions for
further investigations. First, the study results demonstrated
that Tai Chi Chuan training has significant physiological
and psychological effects on patients with knee osteoarthritis
because Tai Chi Chuan could reduce osteoarthritis-induced
pain and increase the quadriceps endurance. However,
the interaction of biomechanical mechanism of Tai Chi
Chuan and psychological outcomes of patients with knee
osteoarthritis has not been identified. Second, no studies
have explored exercise intensity, duration, and frequency
appropriate for patients with knee osteoarthritis. Because
of the long duration and complex movements involved in
Tai Chi Chuan, participant dropouts are common; therefore,
further studies on the need for exercise among older adults
are necessary. Finally, several of the 11 analyzed studies
included small sample sizes and limited long term follow-up
outcomes. Most studies are concerned with assessments of
Tai Chi Chuan in the physical component, but very few are
concerned with the assessments of the mental component.

5. Conclusions

In summary, Tai Chi Chuan had beneficial outcomes for
patients with knee osteoarthritis, that is, improving knee
extensor endurance, aerobic capacity, and body balance and
coordination and reducing the body weight and bone density
loss. Positive effects can be observed in the physical com-
ponent in body functions and structures as well as activities
and participation domains. There was insufficient evidence

to support that Tai Chi Chuan had beneficial mental effect on
patients with knee osteoarthritis, because of insufficient data
in the recruited articles. Consequently, future studies could
emphasize mental effects of Tai Chi in patients with knee
osteoarthritis. More studies with large samples and a long
term follow-up were also suggested to be conducted.
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Introduction. Patients with end-stage renal disease (ESRD) have poor physical performance and exercise capacity due to frequent
dialysis treatments. Tai Chi exercises can be very useful in the area of rehabilitation of people with ESRD. Objectives. The aim of
the study was to assess exercise capacity in ESRD patients participating in 6-month Tai Chi training. Patients and Methods. Twenty
dialysis patients from Wroclaw took part in the training; at the end of the project, 14 patients remained (age 69.2 ± 8.6 years). A
6-minute walk test (6MWT) and spiroergometry were performed at the beginning and after 6 months of training. Results. After
6 months of Tai Chi, significant improvements were recorded in mean distance in the 6MWT (387.89 versus 436.36m), rate of
perceived exertion (7.4 versus 4.7), and spiroergometry (8.71 versus 10.08min).Conclusions. In the ESRD patients taking part in Tai
Chi training, a definite improvement in exercise tolerance was recorded after the 6-month training. Tai Chi exercises conducted
on days without dialysis can be an effective and interesting form of rehabilitation for patients, offering them a chance for a better
quality of life and fewer falls and hospitalisations that are the result of it.

1. Introduction

Chronic kidney disease (CKD) is a common illness that
affects approximately 150 million people worldwide each
year. Furthermore, the number of patients with end-stage
CKD, when it becomes necessary to start dialysis, is quickly
growing. Currently, more than half of the patients included in
the dialysis programmes in Europe are people over the age of
65. The largest increase among all patients who qualified for
dialysis has been recorded in the 70+ age group. For example,
in 2012 in Poland, 64% of all qualified subjects were over the
age of 65.

An increase in morbidity is associated with the phe-
nomenon of prolonging average life expectancy and the

escalation of lifestyle diseases. Patients with CKD are bur-
dened with a number of comorbidities, such as diabetes and
cardiovascular diseases, which are often the cause of kidney
failure and, at the same time (cardiovascular events), are
responsible for their death. Poor physical performance pre-
dicts the high risk of mortality and cardiovascular events in
patients with CKD.

Progressive renal failure is often accompanied by an
unhealthy lifestyle, including a lack of regular physical activ-
ity.This contributes to a deterioration of functioning in every-
day life. The culmination of poor functioning in end-stage
renal failure occurswhen a patient requires renal replacement
therapy. It is estimated that, after each month of dialysis,
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the level of physical activity of people with end-stage renal
disease (ESRD) decreases by 3.4% [1]. Compared to healthy
subjects and patients with a milder form of the disease,
the level of exercise tolerance, exercise capacity, strength, and
endurance of those on dialysis are significantly reduced [2, 3].
It is estimated that the ability for physical exertion in patients
with ESRD is 60–65% compared to healthy individuals with
sedentary lifestyles [4, 5].

The introduction of physical training to a therapeutic pro-
cess of people with CKD is recommended regardless of the
severity of the disease. Recommendations of the Kidney Dis-
ease: Improving Global Outcomes (KDIGO) indicate a need
to introduce rehabilitation programmes based on the princi-
ples of cardiac training due to the high risk of cardiovascular
events [6]. Patients with ESRD are offered two possibilities of
supervised physical training: during dialysis treatments (the
first two hours or up until ultrafiltration at 2.5 l of fluids) and
on days without dialysis.

There is a lot of scientific evidence confirming the
effectiveness of regular physical exercise during and between
dialysis treatments [7–11]. Physical training performed at
least twice a week for 45–60minutes on average has an effect,
i.a., on improved aerobic capacity, reduced tissue insulin
resistance, and blood pressure, thereby modifying cardiovas-
cular risk factors [12]. Regular physical exercise also causes
hypertrophy of skeletal muscles (an increase of surface area
of type I and types IIa and IIx fibres in a cross section) [13],
improving muscle strength and power, lowering fatigability,
and causing an overall increase in physical functioning in
patients with ESRD [11, 14]. An improvement in physical
fitness significantly improves quality of life and daily func-
tioning [15].

Physical exercises performed on days without dialysis
offer more health benefits compared to training undertaken
during dialysis treatments [16]. On such days, patients gen-
erally feel better; they can perform free-range movements
at all levels and train in a standing position. An additional
benefit of these types of activities is their group character,
which improves social contact andmotivation to exercise and
maintains regularity. However, it requires constant supervi-
sion by a qualified physiotherapist and doctor during each
training unit. Because of the burden of coexisting comor-
bidities, there are programmes introduced with low (30–49%
of HRmax; 25–44% VO2max) to moderate (50–69% HRmax;
45–59% VO2max) intensity, which is gradually increased as
patients adapt to the exercise [17].

Tai Chi exercises have been very useful in the area of reha-
bilitation of people with ESRD. Because of their low intensity,
fluidity of movement, mindfulness, and diversity of forms,
they are considered safe and have many benefits in terms
of psychophysical aspects. The unquestionable advantage
of Chinese gymnastics is its relaxing nature, together with
breathing, overcoming the resistance of one’s own body, care-
fully shifting the center of gravity, and normalising muscle
tone, which are of great importance to people with ESRD due
to myopathy, renal osteodystrophy, and concomitant cardio-
vascular disorders [18]. The low intensity of Tai Chi exercises
is recommended for those leading a sedentary lifestyle,
people who are frail, and the elderly [19].

In the literature, there is little scientific information about
the effects of Tai Chi exercises on patients undergoing dialysis
[20–23], including only two investigations concerning Tai
Chi exercises on days without dialysis [21, 22]. Therefore, the
aim of the study was to assess the exercise capacity of patients
with end-stage renal failure participating in a six-month Tai
Chi training conducted on days without dialysis.

2. Methods

Studieswere performed in the Laboratory of Functional Stud-
ies at the Department of Physiotherapy of the University of
Physical Education in Wroclaw. Tai Chi training was under-
taken by twenty dialysis patients of the Clinic of Nephrol-
ogy and Transplantation Medicine at the Wroclaw Medical
University. All were residents of the city who met the follow-
ing inclusion criteria: end-stage renal failure, hemodialysis
therapy for at least six months prior to the commencement
of research, attending practitioner’s consent to participate in
training, and adequate dialysis therapy (dialysis adequacy
ratio 𝐾𝑡/𝑉 > 1.2: protein catabolic rate 0.8–1.4 g protein/kg
of body weight/day).The final analysis excluded patients who
died during the study, received a kidney transplant, did not
want to complete the questionnaire again, or attended fewer
than 36 training sessions (<75% of the training cycle). Lack
of cooperation (especially due to dementia) and absence of
written informed consent were other reasons for exclusion
from the study.

To participate in the study, patients were qualified by
a nephrologist and a cardiologist (see study flow chart,
Figure 1). The nephrologist’s permission to participate in
the study was based on the patient’s recent health status
and biochemistry results. Each patient was informed of the
voluntary nature of the study and of the option to withdraw
from the exercise training. To carry out the study, approval
from the Bioethics Committee of the University of Physical
Education in Wroclaw was obtained. All patients gave their
informed written consent to participate in the study. During
the study project, one patient died of pneumonia (high CRP,
WBC) and the death was not associated with participation in
Tai Chi training.

2.1. Outcome Measures. A personal questionnaire, six-
minute walk test (6MWT), and spiroergometry on a K4b2
by COSMED (Italy) ergospirometer were used in the study.
Each patient filled out a personal questionnaire once, before
the training. At the beginning (𝑡1) and after six months of
Tai Chi exercise training (𝑡2), a 6MWT and spiroergometry
were performed.

2.2. A Personal Questionnaire. The questionnaire consisted
of two parts and included both sociodemographic data (age,
gender, marital status, education, and number of years on
dialysis) and clinical data related to the disease (date of
diagnosis, date of commencement of dialysis, cause of renal
failure, and number of comorbidities).The first part was to be
filled by the patient and the other part by the staff based on
the medical history report.
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All dialysis patients from two dialysis centers in Wroclaw 

(I) Infection/progression of cancer
(II) Dementia

(III) Dialysis treatment less than 6 months 
(IV) Lack of willingness to participate in training
(V) Medical contraindications to exercise specified by a 

nephrologist/cardiologist

Lack of written consent despite a verbal declaration to 

Final number of patients who completed 6 months 

Enrollment

Analysis

Number of patients from Wroclaw starting training (n = 20)

Patients who qualified (no contraindications, verbal consent) (n = 30)

do so (n = 10)

(residents of Wroclaw) n = 75

of Tai Chi (n = 14)

Patients excluded from the study (n = 45) due to

Chi training
Death (n = 1) was not associated with participation in Tai(I)

(II) Not willing to participate in final tests (n = 3)
(III) Insufficient participation in Tai Chi training (n = 2)

Figure 1: The recruitment process towards the study group.

2.3. 6MWT. A 6MWT was performed in accordance with
the guidelines of the American Thoracic Society, that is,
along a 30m corridor under medical supervision [24]. The
respondent was asked to walk for six minutes at a pace that
they used daily. The study measured the distance covered
during the entire test. This test allowed for the assessment of
the levels of exercise tolerance and exercise capacity. Covering
a distance of 600–700m was considered satisfactory, while a
distance of fewer than 300m indicated a poor prognosis [24].
Before the test, the respondents were informed of the pos-
sibility of resting during the test in a standing or sitting
position (on chairs located along the corridor) when symp-
toms of exercise intolerance (dyspnoea, shortness of breath,
maximum pain of the lower extremities, general fatigue, etc.)
intensified.

In the case of severe symptoms of exercise intolerance
(dyspnoea, shortness of breath, dizziness, blurred vision,
sudden sweating, cyanosis, general weakness, and fatigue)

that did not subside despite a temporary rest in a sitting or
standing position, the test was discontinued immediately.

The test results consisted of a distance, measured in m
(with accuracy of 1m), and a level of subjective fatigue
according to the 10-point Borg scale (where 0 is no fatigue/
dyspnoea and 10 is extreme fatigue/shortness of breath).
Before beginning the test, immediately after it, and in the fifth
minute of restitution, as well as at a timewhen the respondent
was resting as a result of intensifying symptoms of exercise
intolerance, pulse rate measurements were taken at the radial
artery of the upper extremity without a fistula. In addition,
blood pressure readings were taken in a sitting position [24].

2.4. Spiroergometry. The test was performed using a k4b2
cardiopulmonary ergospirometer by COSMED (Italy), in line
with the protocol developed at Bartnet-Lab using the cycle-
ergometer by Kettler. The measurement of gas exchange
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during the exercise test (spiroergometry) is a sophisticated
measurement for assessing exercise capacity.

The exercise test was conducted in the form of a progres-
sive test. During the first minute of the test, resting param-
eters were recorded. The initial power load for both women
and men was 25W. Patients pedalled on the ergometer with
a frequency of revolutions of 60–90 rpm. In each subsequent
minute, the load was increased by 5W for women and 10W
for men.The test lasted until the patients refused to continue
or until the pedalling frequency dropped below 59 rpm.

After the completion of the test, for another three min-
utes, the ergospirometer registered the restitution parame-
ters.The following parameters were analysed: minute ventila-
tion VE (L/min), oxygen uptake VO2 (mL/min), and oxygen
uptake per kg of body weight VO2/kg (mL/min/kg). These
weremaximal values obtained in the progressivemaximal test
(largest values, averaged over 15-second intervals).

2.5. Tai Chi Training. The Tai Chi training was held twice a
week for 60 minutes for a period of six months (48 training
sessions). Training sessions took place at a gymnasium
in the Department of Physiotherapy of the University of
Physical Education in Wroclaw on days without dialysis,
under constant supervision of a certified Tai Chi specialist
and an attending practitioner. The Tai Chi 24-form Yang (24
forms of Beijing) was used in the training. The form 24 Tai
Chi Chuan of the Yang style was the most common form of
Tai Chi training, defined as a standardised form from Beijing
[25].

The intensity of classes increased gradually. For patients’
safety, a team of therapists were monitoring the limits per-
missible in cardiac rehabilitation concerning heart rate and
blood pressure, as defined by international standards [26].
In addition, the basic parameter determining the maximum
safe level of physical activity was the heart rate limit (HRmax),
which was determined individually for each patient during
the exercise stress test. An increase in the heart rate of up to
50% of HRmax in weeks 1–4, up to 60% of the rate in weeks
4–8, up to 70% in weeks 8–16, and up to 80% in weeks 16–24
was deemed safe. An allowable subjective submaximal fatigue
during training, not exceeding 7-8 points on a simplified 10-
point Borg scale, was also considered.

2.6. Statistical Analysis. A statistical description of the data
included the determination of mean values, standard devi-
ations, and a range of variations, that is, maximum and
minimum values in the distribution of a characteristic. The
normality of the distribution of analysed characteristics was
assessed using the Shapiro-Wilk test. The sexual dimorphism
of the age distribution was evaluated using Student’s 𝑡-test
for independent samples. Changes in the distribution of
characteristics as a result of the six-month Tai Chi training
were examined using Student’s 𝑡-test for dependent sam-
ples. Correlations were evaluated using Pearson’s correlation
coefficient (𝑟). The critical significance level was set at 𝛼 =
0.05. Statistical analysis was conducted using STATISTICA
10 software package by StatSoft.

Table 1: Baseline characteristics of the patients.

Baseline characteristics Total patients (%)
(𝑛 = 14)

Age
Mean (SD) 69.2 (8.6)
Range 55–83

Gender
Women 7 (50)
Men 7 (50)

Education
Primary and vocational 2 (14.3)
Secondary 8 (57.14)
Higher 4 (28.57)

Marital status
Married 7 (50)
Single people (widow(er), unmarried) 7 (50)
Cause of ESRD:
Nephropathy (diabetic + hypertensive) 6 (42.85)
Glomerulonephritis 5 (35.72)
ADPDK 2 (14.3)
Other 1 (7.14)

Disease duration (years)
Mean (SD) 11.5 (9.2)

Duration of dialysis (years)
Mean 7.2 (4.1)

Number of comorbidities
Mean (SD) 2.85 (2.1)

Comorbidities:
Hypertension 11
Diabetes 5
Cardiovascular disease (ischemic heart
disease, atrial fibrillation, TIA, stroke) 9

Peripheral artery disease 7
Degenerative joint disease 2
Other 6

3. Results

Twenty patients met the study criteria. At the end of the
research project, 14 patients remained (Figure 1). Their mean
age was 69.2 ± 8.6 years, including seven women and seven
men. The characteristics of the study group are shown in
Table 1.

The average distance achieved in the 6MWT test was
387.89m, which improved significantly after six months of
Tai Chi training (𝑃 = 0.019). There was also a decline in
subjective fatigue as a result of physical effort, which was
assessed using a 10-point Borg scale (𝑃 = 0.002) (Table 2).
Mean values of heart rate frequency and blood pressure did
not change significantly (Table 3).

The analysis of changes to the spiroergometric parameters
in response to a six-month cycle of Tai Chi showed a statisti-
cally significant prolongation of the exercise stress test regard-
ing time using a cycloergometer (𝑃 = 0.013). The remaining
parameters were not statistically significant (Table 4).
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Table 2: The changes in result of 6MWT after 6 months of Tai Chi training.

Variable Measurement Mean SD Mean change Student’s t-test
𝑡 𝑃

6MWT [m] 𝑡1 387.89 139.80 48.5 2.67 0.019a
𝑡2 436.36 186.49

Borg scale 𝑡1 7.4 0.7 2.7 8.80 0.002a
𝑡2 4.7 0.7

aP < 0.05; 𝑡1: before Tai Chi training; 𝑡2: after Tai Chi training.

Table 3: Effects of Tai Chi training on heart rate and blood pressure before and after 6MWT.

Variable Measurement Mean Mean change Student’s t-test
Before 6MWT After 6MWT 𝑡 𝑃

HR, bpm 𝑡1 79.1 89.3 10.2 0.18 0.857
𝑡2 78.7 88.4 9.6

SBP, mmHg 𝑡1 125.6 151.0 25.4 1.20 0.253
𝑡2 133.4 149.4 15.9

DBP, mmHg 𝑡1 74.9 85.5 10.6 1.19 0.257
𝑡2 77.9 84.6 6.7

aP < 0.05; DBP: diastolic blood pressure; HR: heart rate; SBP: systolic blood pressure; 𝑡1: before Tai Chi training; 𝑡2: after Tai Chi training.

Table 4: Changes of spiroergometry parameters after 6-month Tai Chi training.

Variable Measurement Mean SD Mean change Student’s t-test
𝑡 𝑃

Test time, min 𝑡1 8.71 2.76 1.37 2.89 0.013a
𝑡2 10.08 3.72

MET 𝑡1 4.34 1.53 0.35 1.72 0.109
𝑡2 4.69 1.90

VE, L/min 𝑡1 43.00 16.98 0.89 0.55 0.594
𝑡2 43.89 18.17

VO2, mL/min 𝑡1 1096.6 502.9 96.00 1.70 0.113
𝑡2 1192.6 609.8

VO2/kg, mL/min/kg 𝑡1 15.37 5.55 0.98 1.64 0.125
𝑡2 16.36 6.48

aP < 0.05; 𝑡1: before Tai Chi exercise training; 𝑡2: after Tai Chi exercise training; VE: minute ventilation; VO2: oxygen uptake; VO2/kg: oxygen uptake per kg
of body weight.

The analysis of the correlation showed a positive relation-
ship between the distance obtained in the 6MWT and VE,
VO2mL/min, and VO2/kg both prior to partaking in Tai Chi
exercises (𝑡1) and after six months of training (𝑡2) (Table 5).
The correlation of respondents’ ages with the 6MWT test
results and the spiroergometric variables was negative and
statistically insignificant.

4. Discussion

Thus far, only a few scientific reports confirmed the beneficial
effects of Tai Chi training among patients with ESRD. Positive
effects were confirmed in studies on physical fitness, muscu-
lar strength, balance and falls, cardiorespiratory parameters,
immune system efficacy, quality of sleep, and quality of life

[27–32]. However, the subject of Tai Chi training in kidney
diseases is still poorly understood.

The results obtained showed that, after six months of Tai
Chi training conducted on days without dialysis, the average
walking distance was lengthened by 12.5%.The improvement
applied to all respondents and was statistically significant,
as opposed to studies by Ling et al. [20], who evaluated,
among others, walking capacity of ESRD patients using the
6MWT.The improvement recorded over the average walking
distance in the 6MWT after three months of training was
only 4.1%. The reason could regard the unsupervised nature
of the proposed exercises (at home using a video), as well as
a shorter, three-month period of training [20].

The subjective feeling of fatigue following exercise was
reduced as a result of long-term, systematic Tai Chi training.
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Table 5: Pearson’s correlation of 6MWT with spiroergometry parameters before and after Tai Chi training.

6MWT VE, L/min VO2, mL/min VO2/kg, mL/min/kg
𝑡1 0.83a 0.78a 0.77a

𝑡2 0.87a 0.78a 0.83a
aSignificant Pearson’s correlation; 𝑟𝑘 (0.05) = 0.53; 𝑡1: before Tai Chi training; 𝑡2: after Tai Chi training; VE: minute ventilation; VO2: oxygen uptake; VO2/kg:
oxygen uptake per kg of body weight.

Prior to the six-month programme, the physical effort exerted
during the test was perceived as very hard; after Tai Chi
training, it was perceived as somewhat hard.This additionally
showed an increase in exercise tolerance among respondents.
This was also confirmed in the correlation analysis, which
indicated a significant relationship between distance covered
in the 6MWT test and exercise capacity. Therefore, the
longer the distance a patient covered, the greater the exercise
capacity. This was important for patients with ESRD and it
was reflected in the improvement in their quality of life and
daily functioning.

The evaluation of exercise capacity by means of spiroer-
gometry showed a significant increase in exercise stress test
time (by 1.37 minutes). The respiratory parameters examined
did not change significantly. This was probably because Tai
Chi training was a low-intensity exercise, which did not
significantly increase respiratory rate; thus, it only slightly
improved the respiratory component of exercise capacity.
Therefore, the main process of the body’s physiological
adaptation to physical activity must take place in the cardio-
vascular and muscular system.

Thus far, the effects of Tai Chi training on the level
of exercise capacity in dialysis patients were not analysed.
However,many studies conducted amongpeoplewith cardio-
vascular diseases, which often coexist in patients with ESRD,
confirmed the significant impact of long-term (over three
months) Tai Chi training on aerobic capacity, especially in
patients that had previously functioned at a very low level of
physical activity [28, 33].

It was worth noting that, in patients with ESRD, more
benefits were obtained when the training was performed on
days without dialysis, though it was burdened with a higher
percentage of resignation among participants (up to 50%)
[20]. Furthermore, Konstantinidou et al. (2002) confirmed
a greater effectiveness in improving exercise capacity among
people training on days without dialysis compared to training
performed during dialysis [16]. Also, in the present study, Tai
Chi training conducted on days without dialysis produced
measurable benefits. This method of rehabilitation seemed
to be more attractive and encouraging compared to training
during dialysis, while the group character of the activities
additionally motivated people to continue this form of train-
ing, thus improving the psychophysical condition of patients.

The obtained results require further research and verifi-
cation on a larger group of patients with ESRD. A control
group should also be introduced, which is a limitation of this
study. Nevertheless, even at this stage, it can be said that Tai
Chi training for six months significantly improves exercise
capacity and walking qualities and can be introduced into

the rehabilitation programmes of dialysis patients due to its
safe and effective form.

In conclusion, after six months of Tai Chi training, the
average 6MWT score and the time on a cycle-ergometer
significantly improved, which indicated a definite improve-
ment in exercise tolerance in all respondents. Tai Chi training
conducted on days without dialysis was an effective and
interesting form of rehabilitation for patients, providing a
chance for fewer falls and hospitalisations and a higher
quality of life.
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