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Abstract
Background People with Alzheimer’s disease (AD) can have deteriorated walking and impaired postural-balance control, 
which increases the risk of falls. Tai chi (TC) can improve fitness and balance in elderly people. To facilitate TC learning, 
we developed the Simplified Tai Chi 6-Form Apparatus (STC6FA).
Methods This case-controlled study enrolled 26 elderly people with mild-to-moderate AD. Over 8 weeks, the TC group 
(TCGr) of 11 elderly people with AD completed a training course for the STC6FA. Another 10 older adults with matched 
age, height, and severity of dementia were assigned to the control group (CGr). Balance function was measured using a 
SMART Balance Master (NeuroCom International Inc., OR, USA). The parameters were evaluated three times during the 
training course, at weeks 0, 4, and 8.
Results The balance of both the TCGr and CGr improved significantly. A rhythmic forward–backward shift test revealed 
more improvement in the TCGr than in the CGr.
Conclusion STC6FA training can improve balance and may reduce backward falls in elderly people with mild-to-moderate 
AD.

Keywords Dementia · Equilibrium · Falls · Frail elderly people · Tai chi

JEL Classification I100 Health · General

1 Introduction

Taiwan’s population is aging, as are those of many other 
countries. The percentage of Taiwanese people at and over 
65 years old was 13.86% in June 2017 [1]. Approximately 

35–40% of people aged 65 years and older experience fall 
injuries every year. The risk of being seriously injured in 
a fall increases with age. Injuries can occur in 5–15% of 
fall incidents in elderly people [2]. The risk factors for fall-
related injuries include multiple medical illnesses, cognitive 
impairments, neuromuscular impairments, balance and gait 
disorders, depression, functional decline, multiple drug use, 
and environmental hazards [3, 4].

Changes in gait performance have been associated with 
increased fall risk in elderly people, especially during dual-
task gait changes (e.g., when a person stops walking while 
speaking) [5]. Impairment of gait is found to be one of the 
most consistent predictors of falls and a prevalent feature in 
elderly people with cognitive impairment.

People with Alzheimer’s disease (AD) have been 
observed to have deteriorated walking and impaired pos-
tural-balance control early in the course of the disease [6]. 
Difficulty with postural control has been linked to a decline 
in cognitive and sensorimotor function related to the disease 
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because gait control requires cognition, particularly the exec-
utive functions required for planning and working memory 
while performing a more complex gait task [7]. In patients 
with moderate-to-severe AD, prominent disequilibrium, 
short steps, and shuffling are common disorders, including 
start-and-turn hesitation during walking [8]. These motor 
signs have been associated with an increased risk of falls. 
People with AD were found to have a three-fold increased 
risk of falls and two-fold increased risk of fractures over 
cognitively intact elderly people [9].

Physical exercise has been proven to benefit elderly 
people in terms of mobility, physical function, and fall pre-
vention [10]. Exercise is also recommended for managing 
dementia. Evidence shows that regular physical activity is 
positively associated with minimizing cognitive decline in 
elderly people [11]. Regular exercise has been associated 
with a relatively low rate of decline in the activities of daily 
living in nursing home residents with AD [12]. However, 
elderly people may experience great difficulty when attempt-
ing to exercise regularly in their communities due to low 
motivation and a lack of social support. In Taiwan, com-
mercial fitness centers usually reject elderly clients. Thus, 
elderly people often lack safe environments with exercise 
devices that would enable them to maintain a regular exer-
cise habit.

Tai chi (TC), also known as tai chi chuan, is a Chinese 
conditioning exercise suitable for elderly people and even 
for patients with chronic disease. Basic TC exercise is com-
posed of a series of graceful motions linked together as a 
flowing sequence in which the body is continuously shifting 
from one foot to the other with a low center of gravity. TC 
is also a mind–body exercise. Practicing TC can train peo-
ple to perform dual-task activities because the practitioner’s 
eye focuses on the leading arm and the mind focuses on the 
breath and movement sequences. Our previous studies have 
proven that TC can improve fitness, balance, and hand–eye 
coordination in elderly people [13–15].

Lam et al. reported that a simplified form of TC improved 
the cognitive function of elderly participants as well as 
their coordinated-cognitive integration of attention, volun-
tary motor actions, and postural control [16]. TC practice 
demands constant concentration, coordination, and integra-
tion of the motor and language systems. A recent meta-anal-
ysis found that TC has a positive effect on people with mild 
cognitive impairment who are at risk of cognitive decline 
[17]. Another meta-analysis showed that TC has beneficial 
effects on depression, anxiety, general stress management, 
and exercise self-efficacy [18]. Therefore, TC seems to be 
a promising exercise intervention for elderly people with 
AD. However, attention and executive impairment are fre-
quently found to be associated with physiological aging and 
dementia [19]. Therefore, it is not easy for people with AD 
to learn TC and practice by themselves. To counter this, 

we developed the Simplified Tai Chi 6-Form Apparatus 
(STC6FA) to provide a simple method of learning TC. We 
performed clinical assessments on healthy elderly people 
and stroke patients who were using the STC6FA. We found 
that the STC6FA is easy to use for healthy elderly people 
and even for stroke patients; in addition, the apparatus is 
safe and yields satisfactory results [20]. In this study, we 
examined the effects of using the STC6FA on the balance 
of elderly people with mild-to-moderate AD.

2  Methods

2.1  Participants

The protocol used in this study was reviewed and approved 
by the Institutional Review Board of Chang Gung Memo-
rial Hospital, Taiwan (IRB No. 103-5846C). The clinical 
trial registry number was NCT02978768. Participants with 
AD exhibiting mild-to-moderate cognitive impairment were 
recruited from the Dementia Center of Chang Gung Memo-
rial Hospital from May 2012 to December 2013.

Identification and diagnosis of AD was performed at our 
memory clinic according to the standard protocol of the 
National Institute of Neurological and Communicative Dis-
orders and Stroke and the AD and Related Disorders Asso-
ciation [21]. The Mini-Mental State Examination (MMSE) 
and Clinical Dementia Rating (CDR) scale are critical parts 
of the diagnostic protocol [22]. The inclusion criteria were 
patients with mild-to-moderate AD (CDR ≤ 2), who could 
follow clearly administered orders. Those with heart dis-
ease, lung disease, a bone problem (e.g., history of fracture, 
knee or hip joint replacement, or amputation), a neurologi-
cal disorder (e.g., cerebrovascular disease, parkinsonism), 
or contraindication for moderate-intensity exercise training 
were excluded.

2.2  Simplified Tai Chi 6‑Form Apparatus

These six forms of TC were jointly developed by a TC mas-
ter and a physician who practiced TC (Patent of Taiwan 
I333862, I333863, I333864, I330537, I335827).

(a) Start up form: preparation to warm up the mind and 
body for exercise (Fig. 1).

(b) Cloud hand form: shift body weight from side to side 
with upper and lower limbs moving in the same direc-
tion (Fig. 2).

(c) Opening and closing the hands: chest expansion using 
the arms and hands; expand the chest from midline to 
sideline (Fig. 3).

(d) TC palm: shift body weight from front to back by hand 
manipulation with a ball (Fig. 4).
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(e) Oblique flying form: move body up and down; move 
upper and lower limbs in a cross direction with a side-
to-side movement (Fig. 5).

(f) Rooster standing on one leg: stand on one leg with a 
raised arm for balance (Fig. 6).

2.3  Intervention

A total of 26 elderly persons with AD and mild-to-mod-
erate dementia were enrolled. All of the participants were 
community dwellers who were arranged into a TC group 
(TCGr) and a control group (CGr) according to the timing 
of their recruitment (the first 13 patients were the TCGr and 
the remainder were the CGr). Because of changes in their 
physical condition, five participants were unable to finish 
the study (one participant fell at home and fractured a bone, 
one experienced a vertigo attack, and three others could not 
maintain the weekly schedule). In the TCGr, nine partici-
pants were mild AD and two were moderate; in the CGr, 
all participants were mild AD. The 11 elderly participants 
with AD completed the training course for the STC6FA for 
8 weeks, two times per week, and 45 min per session. The 
6-form TC was originally designed by Professor Lan, who 
was a silver medalist in the Asian Games. Each mild-to-mod-
erate AD patient was guided by a designated instructor to 

ensure the movements were performed accurately. Another 
10 elderly persons with AD were selected for the CGr and 
led in stretching exercises instead of the STC6FA for the 
same 8-week schedule. The STC6FA was designed to create 
an athletic apparatus that is effective and simple for elderly 
people to use. Ideally, TC exercises, including major mus-
cle group exercises but excluding jumping exercises, can be 
selected to increase lung capacity, engage in joint range of 
motion, and achieve muscle flexibility. The aforementioned 
six gestures (starting TC, cloud hand, opening and closing 
the hand, TC palm, oblique flying, and rooster standing on 
one leg) were selected to design the STC6FA. The STC6FA 
was modified to try and avoid the confounding effect of 
limited memory in AD patients and ensure execution accu-
racy. The newly developed STC6FA has passed an intel-
lectual property office evaluation in Taiwan. The stretching 
exercises of the CGr include neck stretch, triceps stretch, 
shoulder stretch, shoulder circles, upper back extension, 
chest stretch, hip flexion, knee flexion, ankle plantar flexion, 
and step exercises (Fig. 7). All participants were guided by 
a qualified exercise instructor at each session. Compared 
with traditional TC training, the STC6FA makes learning 
TC movements easier, and thus provides elderly people with 
a chance to learn that they may not otherwise have. How-
ever, the STC6FA has only limited styles compared with 

Fig. 1  Starting Posture: commencing form. a Decomposition dia-
grams. b Design diagram for the Starting Posture. c Position your 
legs in the semi-squat posture. Stretch your arms out in front of you 
at an equal height to your shoulders. Move your legs, arms, and trunk 

simultaneously while maintaining natural breathing. The instrument 
depicted in the picture is designed to increase the leg stability, and 
enhance the strength of your waist muscles. d Product for the Starting 
Posture
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traditional TC, and it is not suitable for people who are too 
tall (above 95th percentile of male body height) or too short 
(below 5th percentile of female body height) as they are 
unable to fit the frame of the STC6FA.

2.4  Outcome Measurements

The changes in participants’ mental state and demen-
tia scores were measured respectively by the MMSE and 
Behavioral pathology in Alzheimer’s disease (BEHAVE-
AD) rating scale; participants’ depression scores were meas-
ured using the Cornell Scale for Depression in Dementia 
(CSDD); their balance was measured using a SMART Bal-
ance Master (NeuroCom International Inc., OR, USA). The 
measurements were taken three times during the training 
course, at weeks 0, 4, and 8. A flow diagram is shown in 
Fig. 8.

2.4.1  Balance Testing

A SMART Balance Master was employed to measure pos-
tural stability under defined conditions. The device consisted 
of two force plates, a visual enclosure, an overhead bar and 
safety harness, and computer hardware and software. The 

force plates were 0.229 × 0.457 m2 and rested on individual 
stands. The two force plates were supported by four force 
transducers (strain gauges) that were mounted symmetrically 
on a supporting center plate. The visual enclosure, which 
was composed of a wall covered with grey aluminum sheet-
ing and a small blue-dot pattern, enclosed the participant on 
three sides. A computer monitor was located approximately 
0.6 m in front of the participant at eye level. The machine 
had an overhead bar and harness to ensure the participant’s 
safety while the measurements were performed. A computer 
with a intel 486-series CPU ran the SMART Balance Master 
software. This entire system was automatically calibrated 
by an internal system. The force plate data were sampled 
at 100 Hz.

2.4.1.1 Static Postural Stability Test A sensory organi-
zation test (SOT) evaluated the participants for postural 
stability by using the following sequence: (1) eyes open 
and fixed on the support (EO); (2) eyes closed and fixed 
on the support (EC); (3) sway-referenced vision and fixed 
on the support (SV); (4) eyes open and sway-referenced 
support (SS); (5) eyes closed and sway-referenced sup-
port (ECSS); and (6) sway-referenced vision and support 
(SVSS). A complete protocol included two single trials of 

Fig. 2  Cloud Hand: wave hands like clouds. a Decomposition dia-
grams. b Design diagram for the Cloud Hand. The instrument 
depicted herein comprises two fixed and parallel curved bars. Place 
your hands on the beams and slide along them. Stand with your feet 
shoulder width apart and relax your shoulders. Raise one hand to the 
middle of your chest and place the other hand 3 cm below your belly 

button. Move your hands and torso left and right following your legs 
while maintaining natural breathing. The instrument is designed to 
increase the stability of your legs, assist in the sideward stretching of 
your torso and improve the strength of your waist muscles. c Product 
for the Cloud Hand
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EO and EC conditions and three consecutive trials for the 
remaining conditions. Each trial lasted 20 s. Before every 
trial, the participants were informed of the conditions, 
such as whether the test would be EO or EC and whether 
the visual surroundings or the floor would move.

2.4.1.2 Dynamic Postural Stability Test The rhythmic 
weight-shift (RWS) test was performed by asking the 
test participants to shift their weight laterally (from left 
to right) or anteroposteriorly (from front to back) on the 
platform. The participants were instructed to follow a cue 
(a yellow sun) on a screen that moved between two end 
points (displayed as red lines). The cue moved at three 
speeds (slow, medium, and fast) corresponding to each 
directional condition. Verbal instructions and practice 
time were given to each participant. Transition times for 
the cue speeds were as follows: the slow cue speed was 

3  s, medium was 2  s, and fast was 1  s. All trials were 
assessed and scored.

2.5  Data Analysis

In the balance testing, the SMART Balance Master offered 
the following outcome measures for postural stability: (1) 
the equilibrium score was a measure of maximal stability, 
represented by a percentage on the SOT. A relatively high 
percentage represented reasonably stable postural balance 
(100% indicated little swing, and 0% indicated a loss of 
balance). (2) A measure of the center of pressure was rep-
resented by a velocity change in degrees per second on 
the RWS test: the higher the velocity was, the less stable 
the control was.

Fig. 3  Hand Opening and Closing: open and close hands in a semi-
squatting posture. a Decomposition diagrams. b Design diagram for 
the Hand Opening and Closing. The instrument depicted herein con-
sists of two spheres attached to a curved bar. Grab the spheres with 
your hands. Stand with your feet shoulder width apart. Adjust the 
range of activity according to the distance you can create between 
your feet in a semi-squatting posture.. Relax your shoulders, and 
clasp your hands, and position them in front of your nose. Stand firm 

and open and close your clasp (standing palm),and the opening dis-
tance should not exceed that of the inner shoulder. Inhale air into the 
lower Dantian as you open your clasp (feel your abdomen expand), 
and exhale as you close your clasp. This instrument increases the sta-
bility of your legs, trains your shoulder, and enhances the strength of 
your upper arm muscles. Repeated practice can improve pulmonary 
function. c Product for the Hand Opening and Closing
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2.6  Statistical Analysis

Nonparametric statistics were used to compare the differ-
ences in age, body weight, and body height between the two 
groups. A repeated-measures analysis of variance was used 
to compare the two groups in balance testing, vital capac-
ity, grip force, and body composition as well as MMSE, 
BEHAVE-AD, and CSDD scores. Data were expressed as 
means with standard deviations. Statistical significance 
was set at P < 0.05. SPSS version 22.0 (IBM Corporation, 
Armonk, NY, USA) was used to process the data.

3  Results

Participants in the TCGr had a mean age of 76.7 ± 11.0 years 
(n = 11), whereas the CGr participants had a mean age of 
76.8 ± 6.9 years (n = 10); the TCGr had MMSE scores of 
17.6 ± 7.4 and CDR scores of 0.8 ± 0.6, whereas the CGr had 
MMSE scores of 21.2 ± 4.2 and CDR scores of 0.9 ± 0.2. 

The TCGr comprised five men and six women, whereas the 
CGr comprised three men and seven women. As presented in 
Table 1, no significant differences existed in age, body height, 
or severity of dementia between the two groups, except that 
body weight in the TCGr was 63.3 ± 9.1 kg, whereas it was 
53.9 ± 6.4 kg in the CGr (P < 0.05).

The TCGr’s balance score on the SOT changed from 45.9 
± 21.7 to 54.7 ± 15.9 (P < 0.05), whereas the CGr’s score 
changed from 50.5 ± 10.3 to 55.9 ± 15.0 (P > 0.05). Regard-
ing the dynamic tests, the RWS test indicated a significant 
improvement in movement velocity and direction control in 
forward–backward movement relative to the CGr. MMSE 
revealed no significant improvement in both groups (Table 2).

4  Discussion

Aging is an issue of concern throughout the world. Dementia 
has been reported as increasing in incidence with age, with 
a prevalence of 5–8% for people aged 65 and over in the 

Fig. 4  Tai Chi Palm: Tai Chi round form. a Decomposition diagrams. 
b Design diagram for the Tai Chi Palm. This instrument features 
four spheres attached to one cross bar. For the movement focusing 
on the small sphere, first stand with your feet shoulder width apart. 
Next, hold the lower side of one small sphere with your palms in a 
similar manner to holding a basketball. Stably and slowly pull your 
palms away from the sphere, maintaining your posture with your eyes 
closed. For another movement, stand with your feet shoulder width 
apart again. Hold the small sphere on its lower and upper sides with 
your palms and rotate it lightly. Expand the rotation angle (180°–
270°) as you loosen your hold. When said angle reaches 270°, press 

the shoulder linked to the upper hand downward to complete the 
bending of the arm muscles, leg movements to an oblique step can be 
performed in conjunction to hold the big spheres with the arm mus-
cle exercise. For the movement that involves both the large and small 
spheres, grab the spheres to train the muscles of turning your palms 
with arms up and down. Spin the ball in a top-down direction and 
exhale when exerting your strength, after which loosen your palm as 
you push the sphere downward. This instrument increases the stabil-
ity of your legs and step, trains your shoulder joints, and improves the 
strength of your upper arm muscles. c Product for the Tai Chi Palm
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United States and of 5.5% for elderly people in Asia [23]. In 
elderly people with mild cognitive impairment, fall-related 
injuries are more likely to contribute to morbidity than in 
healthy elderly people [24].

Exercise intervention has been shown to be a promis-
ing treatment for elderly people with AD. Previous studies 
have used 12-month randomized control trials to examine 
the effect of resistance training on balance and muscle tone; 
these have shown that resistance training improved perfor-
mance on the Stroop test [25, 26]. Many studies, investigat-
ing the effects of exercise on elderly people with dementia 
have reported an improvement in global cognitive measures, 
suggesting that an improvement in cognition from regular 
exercise can be a valid and reliable result [16]. Aerobic 
exercise has potential benefits on cardiopulmonary fitness, 
single-task physical performance, dual-task performance, 
and exercise self-efficacy in community-dwelling patients 
with mild AD [27].

TC, a traditional Chinese style of mind–body exercise, 
was reported to be very effective for postural stability and 

fall prevention in elderly people over a relatively short 
period of practice, between 1 and 3 months [28]. TC prac-
tice demands constant concentration, coordination, and inte-
gration of the motor and language systems. The cognitive 
benefits may differ from those of stretching exercises, which 
require a lower level of cognitive demand during practice. 
Our previous study revealed that the TC group exhibited 
more improvements of visual attention (visual span). The 
improvement in visual attention appeared to be consist-
ent with findings that TC demands attention for specific 
postures and motor sequences [26]. Attention is integral 
to coordination among major cognitive abilities, and thus 
attention impairment is frequently found to be associated 
with physiological aging and dementia. Therefore, research-
ers should focus their effort on interventions that foster the 
visual span and that have the potential for cognitive preser-
vation. A study found that TC has positive effects on peo-
ple with mild cognitive impairment, a group that are at risk 
of cognitive decline [17]. TC also has beneficial effects on 
depression, anxiety, general stress management, and exercise 

Fig. 5  Oblique Flying: oblique arm and leg up and down alternately. 
a Decomposition diagrams. b Design diagram for the Starting Pos-
ture. This instrument comprises two upright bars that are curved 
inward; each is the length of a leg. This instrument increases the sta-
bility of your legs by alternating up and down in sideward. Grab the 
bars and move your palm up and down along it. Maintain your arms 
in a straight line while stretching your body sideways, raise your arms 

to stretch further as you bend your body. Push your left hand to the 
upper left and right hand to the lower right to work the trunk and arm 
muscles. Allow your head to move naturally by following your eyes 
focusing on your hands, positioning your feet to match the distance 
between your shoulders with adequate weight shift side by side sta-
bly. c Product for the Starting Posture
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self-efficacy [18]. Therefore, TC is likely a suitable exercise 
option for managing dementia.

TC training can reduce balance impairments and falls 
in healthy elderly people and in patients with Parkinson 
disease [29]. However, only a few studies have focused 

on the effects of TC training on the balance of patients 
with AD, possibly because patients with AD are prone 
to exhibit impaired attention, which impedes learning 
ability. We developed the STC6FA to help AD patients 
overcome the obstacles of learning TC. The benefits of 
the STC6FA are that it is safe and simple to use, and it 
is suitable for patients or elderly people with mild cogni-
tive impairment. In this study, the SOT balance scores 
were significantly improved in the TCGr after 8 weeks 
of training. This finding suggests that TC has positive 
effects on static postural stability. We also found that 
the TCGr had better RWS score improvements than did 
the CGr in forward–backward movement. This finding 
suggests that the STC6FA can help patients with AD 
reduce balance impairment (especially backward dise-
quilibrium) both in terms of static and dynamic postural 
stability.

This study was limited because it was an equivalent-
control-group trial (i.e., not randomized), and thus it could 
not provide the same level of evidence that a randomized 
control trial could. The participants were limited to elderly 
people with mild-to-moderate AD. Therefore, the results 
cannot be generalized to all AD patients. Although we 
provide a free hospital-based day care center program, 
it is inconvenient for caregivers to send AD patients to 
our hospital, because AD patients rely on their caregivers 
for transportation. Therefore, recruitment of AD subjects 
for this study was difficult, and the number of cases may 
be insufficient to demonstrate statistical significance. The 
STC6FA is limited to six forms of TC; hence, the results 
of this study cannot indicate the effects of traditional TC 
practice. However, the STC6FA is a novel and simple-to-
use TC apparatus that is a worthwhile exercise interven-
tion with demonstrable beneficial effects on AD patients. 
The development and application of such apparatus could 
safely provide exercise for elderly people with some 
degree of dementia. The design of the STC6FA might be 
transferred to suitable sports equipment manufacturers for 
both indoor and outdoor use. Notably, the participants’ 
body weights did not match between the two groups. Thus, 
a case-matching study should be conducted in our future 
research.

In conclusion, elderly people with mild-to-moder-
ate dementia might experience benefits from using the 
STC6FA in TC training, because they can learn and 

Fig. 6  Gold Rooster Stance: push down and stand on one leg. a 
Decomposition diagrams. b Design diagram for the Starting Posture. 
This instrument features a total of six steps with an interval of 15 cm 
between each step. Each step is compatible with the length between 
the sole and the ankle (when a shoe is worn), and may be adjusted 
according to an individual’s height. Position your feet shoulder width 
apart, and extend one hand forward at shoulder height until it reaches 
the location of the upper legs. Maintain the interval between the 
index finger and thumb at the width of a quail’s egg. Slowly raise the 
knee at the side of your active hand to the height of the upper end of 
the upper leg, and withdraw the weight of your foot and hand from 
the instrument. Press the idle hand downward to maintain balance. 
Use the instrument to increase the stability of your legs, improve the 
strength of your leg muscles, and train your body balance. c Product 
for the Starting Posture
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perform TC without depending on their memories of 
martial arts practices. The STC6FA can significantly 
improve the balance control of AD patients. Improved 
balance may reduce the risk of backward falls and fall-
related injuries, which can compromise the mobility of 
AD patients. Therefore, STC6FA could be a promising 
exercise modality for supporting elderly people with 
AD.

Fig. 7  Stretching exercise of the control group

Fig. 8  Flow diagram of the 
experiment

Table 1  Results of demographic data and Clinical Dementia Rating 
Scale (CDR)

*p < 0.05

CGr (n = 10) TCGr (n = 11) p value

Age (years) 76.8 ± 6.9 76.7 ± 11.0 0.986
Body height (cm) 149.6 ± 8.4 155.8 ± 10.2 0.149
Body weight (kg) 53.9 ± 6.4 63.3 ± 9.1 0.013*
CDR 0.9 ± 0.2 0.8 ± 0.6 0.881
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