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Abstract
Introduction Tai Chi has been shown to have significant benefits in improving muscle strength, balance, and quality of life. 
The purpose of this study was to design a sitting or lying Tai Chi model with a better playing posture that is easier to play, 
and with greater exercise efficiency for stroke patients.
Methods Eighteen stroke patients were recruited (> 6 months post-stroke; modified Rankin Scale: 2–4). The Direction-
Oriented Motion and Short-Sitting and Lying Tai Chi (DOM-SSLTC) model was composed of nine typical Yang-style Tai 
Chi forms. All the subjects received 12 practice sessions (90 min per session) led by a Tai Chi master, and performed the 
DOM-SSLTC for 60 min per day for 3 months at home. The characteristics of the exercise patterns were quantified using 
a Tai Chi master’s motions. National Institutes of Health Stroke Scale, Modified Ashworth Scale, Modified Rankin Scale, 
Barthel Index, muscle endurance, and psychological evaluations were used to evaluate the effect of the Tai Chi exercise 
program on the stroke patients.
Results The results showed that the rectus femoris and sternocleidomastoid muscles had larger contractions and also had 
larger trunk flexion in the deep breath with one leg stretched Tai Chi pattern. The 18 stroke patients had significantly 
decreased Depression Questionnaire scores and improvements in muscle power of knee stretching and sitting up after training.
Conclusion This newly developed Tai Chi model with one leg stretched allowed the stroke patients to practice with more 
intensive exercise, and resulted in improvements in muscle power and depression scale after 3 months exercise.
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1 Introduction

Tai Chi is composed of physical motions integrated with 
deep chest and diaphragmatic breathing with the aim 
of creating harmony between the body and mind in a 
mind–body exercise called internal mental energy (Qi) [1]. 
Although the exercise intensity of Tai Chi is considered to 
be mild to moderate, it has been shown to have benefits in 
improving physical activity and muscular strength [2, 3], 
balance [4–6], health-related quality of life (QOL) [1, 7], 
cognition [8, 9], and psychological well-being [10–12]. 
Tai Chi has also been shown to be safe and effective in 
improving neurologic [4], orthopedic, and cancer-specific 
QOL [13], for stroke patients [14–17], and in patients with 
many other chronic medical diseases [1, 10]. Tai Chi Yoga 
has been shown to have beneficial effects on the brain, 
including a significantly thicker cortex in the hemisphere 
in neuroscience studies [18, 19] which can aid in recovery 
from neurological injuries such as in stroke patients. How-
ever, most of these studies have applied a Tai Chi stance 
that may not be safe or suitable for people with movement 
disabilities.

Sitting Tai Chi has been shown to have beneficial effects 
in the elderly and disabled, and sitting Tai Chi training for 
12 weeks has been reported to improve dynamic sitting 
balance and handgrip strength in patients with spinal cord 
injuries [20]. In addition, Cheung et al. reported improve-
ments in shoulder joint flexibility and muscle strength 
after a 15-week, 30-session Tai Chi training program in 
sedentary individuals with lower limb disabilities [21]. 
Furthermore, Barlew et  al. reported greatly improved 
movements and independence in terms of humiliation, 
frustration, loss and humility in 10 wheelchair-bound indi-
viduals after an 8-week session of sitting Tai Chi [22]. 
Stroke patients have high rates of morbidity, mortality, and 
disability, and sitting Tai Chi or even lying Tai Chi may 
help them to achieve a higher QOL. Two previous studies 
investigated sitting Tai Chi in stroke patients and reported 
improvements in symptoms of depression [23], eye-hand 
coordination, weight shift and reaching a distance [24].

Although our previous model of stance Tai Chi was 
well designed, it was still limited by complications of 
lower limb motion and weight shift [22, 25]. We showed 
that it could be performed by healthy persons and stroke 
patients with no significant or slight disabilities (Modified 
Rankin Scale (MRS) 1 & 2), however it is not appropri-
ate for patients with moderate and moderately severe dis-
abilities (MRS 3 & 4), especially those with gait and bal-
ance disorders, wheelchair users, and bedridden patients. 
Two recent review articles investigated the use of Tai Chi 
in stroke rehabilitation programs, and found that Tai Chi 
appeared to be beneficial for stroke rehabilitation, but that 

it was important to assess the safety and effect of the Tai 
Chi model before such use [26]. The significant heteroge-
neity in previous studies may be due to the various types 
of Tai Chi styles [27]. Guo pushed for the introduction of 
wheelchair Tai Chi at the Beijing Olympics/Paralympics 
Cultural Festival in 2008, and since then wheelchair Tai 
Chi has gained considerable popularity as a fitness pro-
gram in China for people with disabilities [28]. However, 
this model does not stretch the legs, and it may constrain 
trunk motion and reduce the intensity of exercise. Stretch-
ing the leg when playing standing Tai Chi provide a larger 
stability base [29], and this may provide more stability to 
allow for a larger range of motions during playing sitting 
Tai Chi, especially for stroke patients. A higher intensity 
of exercise is more efficient [30]. Moreover, the torso of a 
stroke patient is usually not so much affected compared to 
the upper and lower extremities and trunk exercises could 
enhance the balance performance post stroke [31]. There-
fore, if the Tai Chi exercise involves more trunk move-
ments, it will be able to train and improve the core ability 
of the trunk and accelerate the recovery of the patient.

In this study, we present a Direction-Oriented Motion 
Short-Sitting and Lying Tai Chi (DOM-SSLTC) model 
which we developed for stroke patients and patients with 
disabilities that can be used as a standard form of Tai Chi for 
related research. We also aimed to confirm the superiority 
of the physical motion and muscle activity of the DOM-
SSLTC with regards to stretching one leg when playing Tai 
Chi compared to a previous sitting Tai Chi model without 
leg activity.

2  Methods

2.1  Study Participants

A Tai Chi master with over 20 years of experience in Tai 
Chi and over 10 years teaching in the community designed 
the DOM-SSLTC model. This master also had experience 
teaching Tai Chi to stroke patients. He demonstrated the 
DOM-SSLTC model with three different exercise patterns in 
sitting positions. These motions were compared to evaluate 
mechanical differences in kinesiology and muscle activation 
that could help to elucidate differences in exercise intensity 
and benefits between the three modes. This also helped to 
establish a safe and easy-to-learn larger range of trunk and 
limb motions in the sitting Tai Chi model that could also be 
applied in a lying position.

This greater range of body movement and increased mus-
cle contraction in the Tai Chi pattern demonstrated by the 
master was then applied to stroke patients. Between October 
2014 and June 2015, 18 stroke patients, the segment spastic-
ity ranged from MAS 2–4, (13 males and 5 females; 15 of 
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whom had an ischemic stroke and 3 a hemorrhagic stroke; 
mean age: 60.0 ± 12.5 years; height: 164.3 ± 7.5 cm; weight: 
68.0 ± 10.2 kg) were enrolled from the neurology and reha-
bilitation outpatient clinics at E-DA Hospital in Kaohsiung, 
Taiwan, for the patient-based DOM-SSLTC model. None 
of them had ever performed Tai Chi before. Their dis-
ability status was based on their MRS score, including a 
score of 2 (6/18), 3 (4/18), and 4 (8/18). All of the patients 
were aged ≥ 43 years and all had post-stroke disabilities of 
the limbs for longer than 6 months. In addition, all of the 
patients were free of major cardiac and respiratory medi-
cal diseases, and none had any contraindications for doing 
Tai Chi exercises. The Institutional Review Board of our 
hospital approved this study, and all of the participants gave 
written informed consent before participating in the study.

2.2  Design of the Sitting and Lying Tai Chi Model

Our newly designed DOM-SSLTC model was based on the 
DOM-BSSTC model [25]. The four main motion directions 
(forward–backward, rotational, lateral, and up–down) used 
the nine movements of Yang-style Tai Chi. The model was 
composed of two basic postures: Gong Bu (Fig. 1a–j), a 
bow-shaped sitting posture with one leg stretched; and Ma 
Bu (Fig. 1k–r), a horse riding posture with the legs flexed. 
The sitting Tai Chi model was intended for those with gait 
and balance disorders, wheelchair users, and bedridden 
patients. The lying Tai Chi model was intended for those 
who could not maintain their upper body in an erect position 
and those who wanted to play Tai Chi when lying in bed.

Some modifications from the previous stance model were 
made for playing Tai Chi in the sitting or lying position. The 
“Kick Upward with Foot” (Fig. 1o) movement was added 
instead of separating the foot [24]. The Beginning (Fig. 1b) 
and Closing (Fig. 1q–r) movements and the “Step Back 
Whirl Arms” movements were also added to the upward-
downward motions (Fig. 1m–r) to facilitate playing Tai Chi 
in sitting and lying positions.

Technical limitations of performing Tai Chi in sitting and 
lying positions include restrictions in leg, waist, and trunk 
motion. Therefore, we designed the characteristic motions so 
that each movement could be completed in only two steps. 
First, the upper trunk motion was performed with both arms 
starting at the beginning movement. In the Gong Bu posture, 
the stretched leg and Dan Tien (lower abdomen) co-con-
tractions were then performed (Fig. 1a–j). The lower trunk 
motion was started after slight Dan Tien contraction in the 
Ma Bu posture (Fig. 1k–r), after which the arms, leg and 
trunk could easily perform any motion of each movement. 
While playing Tai Chi, a practitioner has to control their 
mind to lead the motion and adjust their breathing according 
to the Tai Chi motion sequence.

The DOM-SSLTC model was designed based on three 
exercise patterns, including natural breathing with the legs 
flexed (M1) similar to a previous sitting Tai Chi posture 
[28], deep breathing with the legs flexed (M2), and deep 
breathing with one leg stretched (M3). For the stroke 
patients with hemiparesis with high spasticity, the Tai Chi 
model was modified so that the affected limbs were placed 
on and directed by the healthy arms which allowed these 
patients to play in the same manner as healthy practitioners 
(Fig. 2). The motion of the affected limbs when playing Tai 
Chi depended on the degree of segment spasticity (MAS 
2–4) and its active movement ability. Therefore, when a 
handicapped forearm was placed on a healthy forearm to 
maintain the posture, the healthy arm could at any prona-
tion/supination posture hold the stroke forearm depending 
on the patient’s weakness, and the motion of the arm was 
mainly led by the shoulder under abdominal contraction 
and deep breathing to stabilize the trunk. Stretching of the 
handicapped lower leg also depended on the weakness and 
spasticity of the patient.

Only one leg stretching exercise was used in the DOM-
SSLTC model (in Gong Bu movements) with almost no foot 
movements or weight shift, making it much easier to learn 
and play at any position and place. All of the movements 
were performed on both sides (right and left hand side), with 
each movement repeated several times before changing to 
another movement. While playing this model, the motion 
range, speed, and loading could be controlled freely by natu-
ral breathing or appropriate deep breathing, or a combination 
of natural and deep breathing patterns, depending on the 
physical, mental, and mood conditions. This Tai Chi model, 
with a combination of any exercise pattern (M1–M3), was 
comfortable and enjoyable for the patients in any situation. 
It could also prevent dizziness due to overly deep inspiration 
and expiration.

2.3  Characteristics of the DOM‑SSLTC Model

Upper trunk motion with deep breathing and chest expan-
sion as preparation for the initial arm motion of each 
movement: Both arm motions started with deep breath-
ing and chest expansion as the “Beginning movement” 
(Fig. 1b) to facilitate motion of the arms in any movement 
during the sitting and lying posture.
Lower trunk motion fixation with deep expiration and 
lower abdominal contraction as preparation for the final 
motion of each movement: In the Gong Bu posture, the 
leg was stretched to enhance the Dan Tien co-contraction 
and increase the forward–backward motion of the trunk. 
After the Dan Tien contraction, the arms and trunk could 
easily and smoothly be moved at the same time in the 
final motion of each movement (Fig. 1d–e, g, j).
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Complete each movement in only two steps: The first 
motion was the upper trunk and the second motion was 
the lower trunk. Each movement was easy to remember 
and practice (Figs. 1, 2).
Deep breathing to enhance trunk motion and coordinate 
limb motion: Playing Tai Chi uses an inner breathing 
force to drive muscle force. Proper breathing plays an 
important role in coordinating the breathing with physi-
cal motion and its fitness value. Chest expansion with 

deep nasal inhalation was performed to prepare for the 
starting motion, followed by natural mouth exhalation 
and relaxed during the motion, and the final posture of 
each movement was completed with slow deep mouth 
exhalation [32].
Nearly the same techniques in sitting and lying positions: 
The lying model could be practiced while sitting on a 
chair with the trunk and head touching a wall, just as in a 
relaxed lying posture on the floor.

Fig. 1  Sitting posture with one leg stretched exercise pattern. Starting 
from the beginning movement (a, b) and then going into two sitting 
postures, Gong Bu (b–j) and Ma Bu (k–r). The “Grasp Sparrow’s 
Tail” is in the forward–backward direction (c–e), and “Parting Wild 
Horse’s Mane” (f, g) and “Single Whip” (h–j) are for the rotational 

motion in the Gong Bu posture. The lateral motion “Cloud Hand”(k, 
l), and up/down motion of the leg includes “Step Back Whirl Arm” 
(m, n), “Golden Rooster Standing” with “Kick with Right Foot” (o), 
and finally returning to the “beginning movement” (p), and “Closing 
of Tai Chi” (q, r) in the Ma Bu posture
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2.4  Interventions

All of the patients received a total of 12 practice sessions once 
a week (90 min per session) led by a Tai Chi master to ensure 
a uniform technique and consistent experience at our hospital. 
The group practice started with 5 min warm up, 20 min of Tai 
Chi exercise three times with 20 min rest between, and then 
5 min of cooling down exercise. During the 20 min of Tai Chi 
exercise, the stroke patients would perform each movement 
three times from the “Beginning movement” to the “Closing 
of Tai Chi” as one set, and they performed five 5 sets in total. 
At home, the patients performed the DOM-SSLTC model for 
60 min per day (three sessions of 20 min each) for 3 months. 
Family members were encouraged to practice together with 
the patient to assist and help them to remember the various 
motions of the Tai Chi movements. A diary was also recorded 
by the patients or family members. A research assistant called 
each patient twice a week to encourage them and confirm that 
they were actually practicing at home.

2.5  Outcome Measurements

2.5.1  Comparison of Kinesiology and Muscle Activation 
in Three Tai Chi Modes

To compare differences in the three kinds of sitting Tai Chi 
exercise patterns, the motions of a Tai Chi master in the four 
movement directions were recorded. The center of gravity 
(COG) transition and trunk motion (motion of the trunk rela-
tive to the pelvis) during the Tai Chi movement and mus-
cle activation were then quantified. A chair was placed in 
the direction of the laboratory coordinate system, in which 
the x-axis represented the anterior–posterior direction of 
the chair, the y-axis represented the medial–lateral direc-
tion, and the z-axis represented the vertical direction. The 
same reflective markers as used in previous studies were 
attached to record body movements for analysis while play-
ing Tai Chi [25], and were captured using a motion capture 
system (Qualisys™, Sweden) at a 200-Hz sampling rate. 

Fig. 2  Sitting Tai Chi posture for a patient with left hemiparesis. The left disabled arm is placed on the right arm, with motion led by the right 
healthy arm. The beginning movement (a, b), “Grasp Sparrow’s Tail” (c–e), and “Cloud Hand” (f, g) 
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A 4th-order low-pass Butterworth filter with 6-Hz cut-off 
frequency was used to smooth the raw motion data. COG 
analysis was performed on a 12-segment model [33] using 
body segment parameters as described previously [34]. An 
electromyography (EMG) system (Trigno, DELSYS Inc., 
MA, USA) was used to measure muscle activation of the 
rectus abdominis, pectoralis major, rectus femoris, serra-
tus anterior and sternocleidomastoid at a sampling rate of 
800 Hz. The rectus abdominis and sternocleidomastoid mus-
cles were kept straight at the basic central column (trunk) 
and were mainly used for forward–backward motion. The 
rectus femoris muscle was also mainly used to make larger 
central column forward–backward motions, while the pec-
toralis major and serratus anterior muscles were used to 
keep the upper limbs in the holding a relaxed ball posture. 
The raw EMG data were band-pass filtered at 20–450 Hz, 
full wave rectified, and the root-mean-square of the signal 
was derived using a moving window of 125 ms. All muscle 
activation levels were normalized to maximal voluntary iso-
metric contractions (MVIC).

2.5.2  Effects of Tai Chi Exercise on the Stroke Patients

To assess the effects of the sitting and lying Tai Chi model 
on the stroke patients in terms of physical loading, mind, 
mood, and QOL after 3 months of exercise, the MRS, Modi-
fied Ashworth Scale (MAS), National Institutes of Health 
Stroke Scale (NIHSS), Barthel Index, psychology evalua-
tions using the Taiwanese Depression Questionnaire (TDQ; 
18 Questions), and muscle power of the knee extensors 
(MP1) and trunk flexors and rotators (MP2) muscles were 
evaluated. To avoid observation bias, all examinations and 
evaluations were performed by the same physician. The 
muscle endurance of the knee extensors was evaluated by 
alternately extending the knee from a natural sitting position 

to a fully extended position when sitting on a chair with back 
support. Trunk muscle endurance was tested via sit-ups with 
the knee bent and a pillow used to keep the chin in a neu-
tral position, with a hand alternately touching the opposite 
bent knee (Fig. 3). Repetitions of both motions measured for 
1 min were used as the muscle endurance score.

2.6  Statistical Analysis

The paired t test was used to compare the means of the fol-
lowing seven scores before and after the Tai Chi training 
program: TDQ, MRS, MAS, Barthel index, NIHSS, MP1, 
and MP2.

3  Results

3.1  Data of Kinesiology for the Three Kinds 
of Exercise Patterns

Comparing the three kinds of exercise patterns (M1: natural 
breathing with one leg flexed, M2: deep breathing with one 
leg flexed, and M3: deep breathing with one leg stretched) to 
the Tai Chi master during the sitting Tai Chi forward–back-
ward movement (Fig. 1a), larger trunk internal rotation and 
flexion were noted in M3 (Fig. 4). However, during rota-
tional movement (Fig. 1b), only a larger trunk flexion was 
found in M3 (Fig. 4). Among the three models of exercise 
pattern during the forward–backward and rotational move-
ments in sitting Tai Chi, there was almost no change in the 
position of the COG (Fig. 5). The three kinds of exercise 
patterns in lateral and up-down directions of Tai Chi move-
ments were similar to changes in trunk rotation and COG 
position.

Fig. 3  The test procedure of muscle power: a knee extensor b trunk flexor
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3.2  Muscle Contraction in the Three Kinds 
of Exercise Patterns

During the forward–backward and rotational movements in 
sitting Tai Chi, only the serratus anterior muscle had a large 
contraction in all three kinds of exercise patterns. Compar-
ing the three kinds of exercise patterns in the Tai Chi model, 
there were greater contractions in the rectus femoris, rectus 
abdominis and sternocleidomastoid muscles in the M3 pat-
tern during the forward–backward movement. Moreover, the 

rectus femoris and sternocleidomastoid muscles had larger 
activation in the M3 pattern during rotational movement 
(Table 1).

3.3  Effect of Tai Chi Exercise in the 18 Stroke 
Patients

All 18 patients (100%) completed the DOM-SSLTC exercise 
program for 60 min every day for 3 months, which was con-
firmed by intensive phone contact with caregiver, patient, 

(a)

(b)

(c)

0 20 40 60 80 100
-30

-25

-20

-15

-10

-5

0
A

ng
le

 (d
eg

re
e)

Cycle (%)

 M1_For/Back
 M2_For/Back
 M3_For/Back
 M1_Rotational
 M2_Rotational
 M3_Rotational

0 20 40 60 80 100
-5

0

5

A
ng

le
 (d

eg
re

e)

Cycle (%)

 M1_For/Back
 M2_For/Back
 M3_For/Back
 M1_Rotational
 M2_Rotational
 M3_Rotational

0 20 40 60 80 100
-20
-15
-10
-5
0
5

10
15
20

A
ng

le
 (d

eg
re

e)

Cycle (%)

 M1_For/Back
 M2_For/Back
 M3_For/Back
 M1_Rotational
 M2_Rotational
 M3_Rotational

Fig. 4  Three trunk rotations: a extension(+)/flexion(−), b left(+)/
right(−) bending and c left(+)/right(−) rotation during forward–back-
ward and rotational sitting Tai Chi movement with the three kinds of 
exercise patterns (M1 natural breathing with the leg flexed; M2 deep 
breathing with the leg flexed; and M3 deep breathing with the leg 
stretched; For/Back: forward/backward). Every cycle is starting from 
the “beginning movement” (0%) and end at “Closing of Tai Chi” 
(100%)

(a)

(b)

(c)

0 20 40 60 80 100
980

1000

1020

1040

1060

P
os

iti
on

 (m
m

)

Cycle (%)

 M1_For/Back
 M2_For/Back
 M3_For/Back
 M1_Rotational
 M2_Rotational
 M3_Rotational

0 20 40 60 80 100
380

400

420

440

460

480

P
os

iti
on

 (m
m

)
Cycle (%)

 M1_For/Back
 M2_For/Back
 M3_For/Back
 M1_Rotational
 M2_Rotational
 M3_Rotational

0 20 40 60 80 100
680

700

720

740

P
os

iti
on

 (m
m

)

Cycle (%)

 M1_For/Back
 M2_For/Back
 M3_For/Back
 M1_Rotational
 M2_Rotational
 M3_Rotational

Fig. 5  The center of gravity (COG) movement in a posterior(+)/inte-
rior(−), b right(+)/left(−) and c superior(+)/inferior(−) rotation dur-
ing forward–backward and rotational sitting Tai Chi movements with 
three kinds of exercise patterns (M1 natural breathing with the leg 
flexed; M2 deep breathing with the leg flexed; and M3 deep breathing 
with the leg stretched; For/Back: forward/backward). Every cycle is 
starting from the “beginning movement” (0%) and end at “Closing of 
Tai Chi” (100%)



780 L.-H. Lee et al.

1 3

family members and diary records. The TDQ scores were 
significantly decreased after 3 months of Tai Chi exercise. 
In addition, the MP1 and MP2 scores showed significant 
improvements, however there were no significant changes 
in MRS, MAS, Barthel’s index, or NIHSS scores (Table 2).

4  Discussion

Several sitting Tai Chi models have been developed and 
studied [23, 24, 28]. Although most of these sitting Tai Chi 
models were derived from Yang’s style, we used certain dif-
ferent forms in this newly developed Tai Chi model. The 
principle of the design of this model was based on four main 
motion directions and used nine forms of Yang-style Tai Chi. 
Moreover, the deep breathing and leg stretched motion while 
playing sitting Tai Chi that are particularly emphasized in 
this model are not found in other models.

4.1  Differences in Kinesiology and Muscle 
Contractions Between the Three Tai Chi Mode

The results revealed almost no differences in positional 
changes in COG in the three kinds of sitting Tai Chi 

exercise patterns in the forward–backward and rotational 
movements. EMG revealed milder muscle hyperactivity 
in the serratus anterior and sternocleidomastoid muscles 
in the deep breathing (M2) pattern than in the natural 
breathing exercise pattern (M1) (Table 1). Moreover, the 
DOM-SSLTC model with the deep breathing and one leg 
stretched exercise pattern (M3) resulted in greater trunk 
movement and muscle activation (Fig. 4 and Table 1). 
Both M2 and M3 resulted in greater physical activation 
of the legs and trunk compared to the previous sitting Tai 
Chi model with natural breathing (M1). The deep breath-
ing exercise pattern (M2 & M3) has also been shown to 
be more beneficial for mind–body control [1, 10–12, 32]. 
As such, the M3 pattern in the DOM-SSLTC model had 
larger generalized physical motion and increased exercise 
intensity in the various exercise patterns of Tai Chi. In 
addition, breathing control may have been easier with the 
larger movement.

There were also fewer weight shift movements in all three 
of the exercise patterns of the DOM-SSLTC model, thereby 
making the DOM-SSLTC model easier to learn. This may 
mean that the DOM-SSLTC model is easy and safe to play 
for hemiparesis stroke patients as there is no weight shift, 
thereby avoiding losing balance and falling due to the stance 
mainly being on the rear healthy leg (Supplement Fig. 4). 
If the patient had a better physical condition, the two steps 
of trunk motion could also easily be applied to the stance 
posture without weight shift. We found that without weight 
shift, the COG had less movement in the anterior–posterior 
direction than with weight shift in tradition stance Tai Chi 
[25], but with greater trunk rotation. After repeated practice, 
the practitioners could then add weight shift but without feet 
movement as in regular stance Tai Chi when performing the 
DOM-BSSTC stance model (Supplement Fig. 4).

The results also revealed significant improvements in leg 
and abdomen muscle activity and TDQ. These findings sup-
port the conclusions of a previous randomized controlled 
clinical trial of the QOL and mind–body therapy in stance 
and sitting Tai Chi [14, 16].

Table 1  Peak muscle activation 
in different types of sitting 
forward–backward and 
rotational Tai Chi movements 
(% MVC)

Rectus abdominis Pectoralis major Rectus femoris Serratus anterior Sterno-
cleidomas-
toid

Forward–backward
 M1 8.02 7.93 9.08 24.65 7.00
 M2 2.79 7.57 6.51 43.24 34.23
 M3 16.69 7.57 42.33 66.76 11.79

Rotational
 M1 15.32 7.46 16.57 58.55 12.74
 M2 17.51 7.67 17.20 53.13 16.88
 M3 5.54 8.27 37.6 51.75 28.18

Table 2  Effect of sitting and lying Tai Chi in the stroke patients in 
terms of physical loading, mind, mood, and quality of life after 
3 months of exercise (n = 18)

*Indicates a significant difference

Evaluated item Before training 
(mean [SD])

After training 
(mean [SD])

p-value

TDQ 11.61 (10.30) 6.06 (8.07) < 0.001*
MRS 2.61 (0.50) 2.44 (0.78) 0.187
MAS 1.83 (1.20) 1.83 (1.04) > 0.999
Barthel index 93.06 (10.45) 93.89 (10.51) 0.381
NIHSS 3.28 (1.97) 3.56 (1.76) 0.414
MP1 (reps/min) 38.22 (12.24) 56.50 (15.09) < 0.001*
MP2 (reps/min) 51.22 (16.24) 70.94 (15.43) < 0.001*
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4.2  Main Outcomes of the Stroke Patients After 
Practicing Sitting Tai Chi

After 3 months of sitting and lying Tai Chi exercises, the 
stroke patients had significantly lower TDQ scores. In 
addition, the muscle power of the knee extensor and trunk 
strength significantly improved after the training [1, 35]. 
Previous studies have also shown that Tai Chi exercise can 
reduce the rate of falls, improve balance ability and QOL 
of stroke patients [15, 17, 35]. However, there were no sig-
nificant changes in MRS, MAS, Barthel Index, or NIHSS 
score (Table 2). In addition, the baseline physical data of the 
patients with disabilities due to neurological sequelae did 
not significantly change, although the functional ability of 
muscle endurance and general mind–body condition signifi-
cantly improved [23]. When the stroke patients played the 
DOM-SSLTC model, they usually reached the intensity of 
“could talk but could not sing”, indicating that the exercise 
intensity was mild to moderate. Our muscle endurance data 
demonstrated that the DOM-SSLTC model was sufficient 
to strengthen the muscles of patients with disabilities. In 
addition, the TDQ results revealed that the DOM-SSLTC 
model was a good exercise tool for mind–body control and 
therapy [13–16].

4.3  The Key Points in Applying the Model in Stroke 
Patients

Three concerns with regards to this study should be clari-
fied. First, the stroke patients were physically affected by 
improper muscle tone and motor control ability, and they 
could not play the DOM-SSLTC model as well as the master. 
Even though each movement could be completed in only 
two steps, Tai Chi is a generalized physical exercise with 
harmonious balance between the body and mind under the 
guidance of internal mental energy (Qi) [1] for each move-
ment, and it still requires a Tai Chi master to complete and 
correctly perform. Second, the limbs of the stroke patients 
were weak and spastic [21], with a MAS score of 3–4. As 
such, they needed help to learn the formal symmetric move-
ments of the Tai Chi model. They also needed a Tai Chi 
master to modify some individualized motions according 
to their disability (Fig. 2). Finally, for the elderly and those 
with organic brain lesions and poor memory and mental 
responses, learning the generalized and variations of Tai Chi 
movements would be difficult. Hence, a master may also be 
needed to lead and do the exercises together with a caregiver.

4.4  Limitations of This Study

Since it is difficult to follow stroke patients after 6 months, 
a lack of control group for the randomized control trials 
and relatively small sample size of the participants are the 

apparent limitations of this study. Based on the guidelines 
for adult stroke rehabilitation and recovery from the Ameri-
can Heart Association/American Stroke Association, stroke 
patients may have little improvement in limb function with 
traditional treatment after 6 months [36]. Therefore, we 
believe that most of the improvements in the stroke patients 
were due to the Tai Chi exercise. In addition, comparisons 
of three different Tai Chi modes with a Tai Chi master may 
not be generalizable to stroke patients. In addition, assess-
ments of the outcomes only focused on the patients’ condi-
tion, muscle spasticity, overall severity, psychology condi-
tion, and daily activity ability, but did not evaluate cognitive 
ability or perceptive functions.

5  Conclusions

The DOM-SSTC model is performed mainly with one leg 
stretched with deep breathing for larger trunk motion to 
elicit greater muscle contraction. After 3 months of the Tai 
Chi exercise, the stroke patients had improvements in their 
psychological and physical conditions and muscle function 
that may have improved their quality of life.

The DOM-SSTC model is easy to learn and perform, and 
can be played with any or all of the three kinds of Tai Chi 
exercise patterns depending on the practitioner’s condition. 
The exercise intensity of this model can be applied to those 
with disabilities and healthy people, and can be performed 
safely and enjoyed at any time and place. It can also be used 
as a patient-based exercise model and as a mind–body ther-
apy model for healthy people when led by a Tai Chi master 
to improve the mind–body condition, QOL, and for studies 
on short courses of Tai Chi with sitting and lying positions 
in both disabled and healthy subjects.
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