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Abstract: This study aimed to investigate the effects of trunk stability training based on visual
feedback on trunk stability, balance, and upper limb function in patients with stroke. Twenty-eight
patients with chronic stroke were randomly assigned to either a trunk support group (n = 14) or
a trunk restraint group (n = 14) that practiced upper limb training with trunk support and trunk
restraint, respectively, based on visual feedback for 30 min per day, three times per week, for 4 weeks.
The postural assessment scale for stroke (PASS) was used to assess the stability of patients, and the
functional reaching test (FRT) was performed to assess balance. To assess upper extremity function, a
range of motion (ROM) test, manual muscle testing (MMT), and Fugl–Meyer assessment-upper limb
(FMA-upper limb) were performed. Consequently, both groups showed significant differences before
and after training in the PASS, FRT, shoulder flexion ROM, triceps brachii MMT, and FMA-upper
limb (p < 0.05), while the trunk support group showed more significant improvements than the
trunk restraint group in the PASS, FRT, and FMA-upper limb (p < 0.05). Trunk support-based upper
limb training effectively improved trunk stability, balance, and upper limb function and is beneficial
as an upper limb training method. Providing trunk support is more effective than restricting the
trunk; trunk support-based upper limb training is expected to promote voluntary participation when
combined with visual feedback.

Keywords: visual feedback; trunk stability; upper limb function

1. Introduction

Approximately 66% of patients with stroke suffer from impairments in daily life due
to impaired function and movement of the upper limbs [1]. Regaining the optimal level of
use of the damaged upper limbs is important, as upper limb function is essential for daily
life activities [2]. Although strength exercises [3], task-oriented practice [4], and upper
limb training using robots [5] have been used to address upper limb function problems
in patients with stroke, these interventions do not provide the patient with instantaneous
corrective information about movement errors during training [6]. Visual feedback-based
upper extremity training is often used as a method for correcting movement errors [7].

Among various intervention methods, visual feedback-based upper extremity training
can help improve balance and induce interest in rehabilitation in patients with stroke [8].
During visual feedback, the mirror neurons are activated when we observe behavior,
resulting in forming a new neural pathway in the primary motor cortex when following
the motion [9]. Therefore, if the information is provided using visual feedback when
performing a movement, it may benefit the patients [8]. However, if good information
is provided and the patient cannot accommodate it, the performance will be adversely
affected [6]. Patients with stroke have a markedly low level of intrinsic feedback during
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exercise; therefore, if excessive external feedback is provided, they may use excessive
and unnecessary movement when performing the action. Therefore, patients with a low
capacity to accommodate feedback effect should be provided with a device to support their
capacity [9].

When the function of the upper limbs of stroke patients decreases, it becomes difficult
to perform movements to reach the target [10]. For the upper extremity to reach the target,
the shoulder and elbow should be stretched to increase the length of the arm’s leverage,
and the center of gravity of the arm should be dislocated from the center of gravity of the
body [11]. To achieve this, trunk stability is needed for maintaining balance and posture
while moving the upper extremity [12]. However, stroke patients have reduced trunk
stability, resulting in the upper extremity being unable to reach the target, compensation
for flexion, rotation of the trunk to compensate for insufficient distances, and reduced
circumstances in which the shoulders and elbows can vary in length [13]. Decreased trunk
stability in stroke patients is also a problem when performing upper extremity training
with visual feedback [14]. This indicates that the intrinsic feedback ability to learn exercise
is low and methods should be presented to aid the body's stability when applying visual
feedback [6].

Since the lack of trunk stability is one of the representative problems of patients with
stroke, many previous studies have focused on training the upper body using restraint [10]
or support [11]. Both methods are intended to palliate the compensatory actions that occur
during the reaching motion as the system collapses after a stroke [10,11]. In previous
studies that assessed intervention methods, inter-body restraint-based training had a
significant effect on active shoulder flexion and inter-body displacement reduction in
the reaching exercise; however, it did not show a significant difference concerning upper
limb function [10]. In one study, training using trunk support was found to improve
the functioning of the proximal region as opposed to that of the upper extremity, but
quantifying the improvement in the upper extremity function test was challenging [11].
Both types of interventions affected trunk stability, but there was no significant difference
in their effect on upper limb function. Moreover, it is insufficient to provide the ability to
substantially improve upper extremity function. In addition, visual feedback is useful for
inducing voluntary participation [8].

Therefore, this study aimed to investigate the effects of trunk stability training based
on visual feedback on trunk stability, balance, and upper limb function in patients with
stroke. Additionally, to determine an effective method of providing trunk stability, we
compared the differences between trunk support-based and trunk restraint-based upper
limb training.

2. Materials and Methods
2.1. Subjects

We initially selected 32 patients diagnosed with chronic stroke and admitted to a
rehabilitation hospital in Seoul. They all signed a consent form after the procedure and
purpose of the study were explained. The selection criteria were as follows: onset of stroke
6 months before the study, able to sit on a wheelchair for more than 30 min, able to follow
simple instructions of the researcher (Korean version of mini-mental state exam 21 scores
or more), and a modified Ashworth scale (MAS) score ≤2 to minimize the possibility of
natural recovery. The exclusion criteria were as follows: the presence of an orthopedic
disease affecting the cardiovascular system and upper extremities, visual impairments
and visual field defects, and recent participation in similar studies. Participation could
be withdrawn at any time during the study. This study was conducted with the approval
of the Research Institutional Review Board of Sahmyook University (approval number:
2–7001793-AB-N-012018022HR). The objectives and procedures used in the study were
fully understood by the subjects. This study upheld the ethical principles of the Declaration
of Helsinki.
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2.2. Experimental Procedure

Before recruiting participants for this study, we performed a power analysis using
G*Power version 3.1.9.7 (Heinrich-Heine Universität, Düsseldorf, Germany); an overall
effect size index of 0.53 was obtained for all the outcome measures, with a probability of
0.05, to minimize type II errors (power of 80%). Because the estimated target sample size
was 30, we recruited 32 participants undergoing rehabilitation and physical therapy after a
stroke. After the screening test, two patients were excluded: one with a Korean mini-mental
state examination (K-MMSE) score <21 and another with a low condition. The stability,
balance, and upper limb function of the trunk were measured by a preliminary test. The
30 participants were randomly divided into two groups: the trunk support-based (n = 15)
and trunk restraint-based upper limb training (n = 15) groups. Both groups performed
training for 30 min a day, three times a week, for 4 weeks.

Those who were unable to participate in the experiment or whose participation rate
was <80% because of discharge and personal reasons were excluded from the final study.
In the trunk support group, one discharged patient discontinued, and in the trunk restraint
group, one patient discontinued for personal reasons; thus, 14 patients participated in each
group. Therefore, 28 participants were included in the final study. After completing the
experiment, trunk stability, balance, and upper extremity function were measured in both
groups using the same measurement tools as in the pre-test (Figure 1).
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2.3. Training Program

This study was conducted by a physical therapist with more than 3 years of experience,
and a training program was designed by the same therapist. To minimize errors that may
occur in the experimental process, the patients were educated and allowed to familiarize
themselves with the tools, measurement method, and training program before starting
the experiment.
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Both groups underwent sensory-motor active rehabilitation training (SMART) of the
arm [15] with real-time feedback on upper limb exercise, provided using a camera. For
real-time feedback, the participants sat on chairs and watched a 27-inch screen installed
2 m in front of them. A motion-observation screen and a real-time feedback screen were
displayed on one monitor simultaneously at the participants’ eye level. The participants
exercised in a sitting position, and the chair height was adjusted according to the knee
flexed at 100◦ [16]. A webcam was placed in front of the participants so that they could
see the feedback in real time. The experimenter took pictures of the participants using a
camera and checked the appearance on the monitor to correct the posture. A total of 15 sets
were performed on the sagittal plane, 10 times, with the affected upper limb reaching out
for 1 min. One minute of rest after one set was allowed to minimize the occurrence of pain
due to repetitive movements and to minimize the participation of the lower extremities
to compensate for the excessive use of the upper extremity muscles. Before training the
subjects, verbal directive cues were given, such as “Reach out your arm according to the
movement observed on the screen” and “Follow the instructions as you modify the way
you reach out your arm”. The experiment was conducted 30 times a day, three times
a week, for 4 weeks.

In the trunk support group, upper limb support was provided using a table. The
height of the table was adjusted to the patient’s shoulder flexion at 90◦ after confirming
that the shoulder joint was not restricted. In the trunk restraint group, the patients were
immobilized using restraint straps after confirming that the shoulder joint was not restricted
(Figure 2).
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2.4. Outcome Measures

Trunk stability tests were performed using the postural assessment scale for stroke
(PASS). The PASS is a tool used for evaluating the ability of patients with stroke to perform
posture control using the Fugl–Meyer balance scale. In addition, it is a useful clinical tool
for diagnosing the patient’s condition, as it can be evaluated simply by making evaluation
items difficult to apply to patients with posture control disorders. The test–retest reliability
of the evaluation tool was good with an intraclass correlation coefficient (ICC) of 0.88–0.98,
and the interrater reliability was good with an ICC of 0.77–0.99 [17]. The stroke posture
evaluation scale included three basic postures, lying, sitting, and standing, using a total
of 12 items comprising of five items for posture maintenance and seven items for posture
change; a minimum of 0 to a maximum of 3 points could be earned for each item, resulting
in a total of 36 points.

The functional reaching test (FRT) was conducted to evaluate the patients’ balance.
The FRT evaluates the limit of stability by measuring the maximum distance an individual
can reach forward while standing in a fixed position. The patients were instructed to stand
with their feet shoulder-distance apart, make a fist, and raise their arms up. After recording
the first point of the distal end of the 3rd metacarpal, the level of the bar was maintained
horizontally at the height of the shoulders in the starting position while maintaining the
level of the upper extremity for 5 s without losing balance. By measuring the difference
in the distance between the first and last points, the balance limits were measured appro-
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priately. When the FRT results were parametrized and analyzed, the retest reliability and
inter-test reliability were 0.987 and 0.983, respectively [18]. In this study, for convenience of
measurement, a scale was drawn and marked on the treatment room wall, and the average
value was obtained from three repeated measurements.

Upper limb function on the affected side was determined by the range of motion
(ROM) of the shoulder flexion joint, manual muscle test (MMT) of the triceps muscle, and
Fugl–Meyer assessment-upper limb (FMA-upper limb). The ROM of shoulder joint flexion
was recorded during movement. The test–retest reliability and inter-measurement reliabil-
ity were good with ICCs of 0.83 and 0.74, respectively [19]. Measurements were made using
a general goniometer, and motion accuracy was ensured by performing measurements
three times each, by the same examiner, and using the range in which the patients could
move by themselves. Therefore, the effect of changes in shoulder flexion on the stretching
motion was also reported.

The MMT is a six-point scale (0–5). It consists of a standardized test sequence, in-
structions for performing the test, and scores for each muscle. The test–retest reliability
and inter-measurement reliability were good with ICCs of 0.96 and 0.93, respectively [20].
The motion was measured three times to obtain an average value, and both pre- and
post-measurements were performed by the same examiner. For the hand to reach the
target, stretching motion of the elbow joint is required, and the strength of the upper
forearm muscle plays an important role in this regard [15]. Therefore, in this study, we also
examined the effect of stretching motion by observing the changes in the strength of the
triceps muscle.

The perfect score for the FMA is 100; the upper limbs are subdivided into the shoul-
der/elbow, wrist, and hand (finger), and the perfect score for the upper limbs is 66; the
lower limbs are subdivided into the hip, knee, and ankle, and the perfect score for the
lower limbs is 34. The reliability of the upper limb assessment was good, with an ICC of
0.99 [21]. The items of this evaluation scale were classified into three sections: 0 points indi-
cating no upper limb function, 1 point indicating partial function, and 2 points indicating
complete function.

2.5. Data Analysis

Data analysis was performed using SPSS ver. 19.0 (SPSS Inc., Chicago, IL, USA).
Data were presented as mean and standard deviation. According to the results of the
Shapiro–Wilk normality test, all items were normally distributed. The participants’ general
characteristics were presented as descriptive statistics. Independent t-tests were used
to compare the differences between the groups. A paired t-test was used to compare
within-group means. The significance level for all tests was set at 0.05.

3. Results

Table 1 shows the general characteristics and homogeneity test results of the study
subjects. There was no significant difference between the groups.

Table 1. General characteristics of participants (N = 28).

Characteristics Trunk Support
Group (n = 14)

Trunk Restraint Group
(n = 14) t p/x2

Sex (male/female) 12/2 12/2 0.000 1.000
Ages (years) 62.64 ± 9.24 65.93 ± 11.96 −0.813 0.579
Height (cm) 165.29 ± 7.46 170.93 ± 7.95 −1.935 0.946
Weight (kg) 64.71 ± 9.94 65.86 ± 11.41 −0.283 0.611

Affected side (left/right) 8/6 8/6 0.000 1.000
Post-stroke duration (months) 30.57 ± 15.47 29.43 ± 17.81 0.181 0.413

Body mass index 23.57 ± 2.25 22.36 ± 2.65 1.305 0.674
K-MMSE (score) 25.57 ± 3.54 26.50 ± 3.05 −0.742 0.626

Values are expressed as mean ± standard deviation; K-MMSE = Korean mini-mental state examination.
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3.1. Trunk Stability

The groups showed a significant difference between before and after training in the
PASS scores (p < 0.05), and there was a significant difference between pre-test and post-test
scores in the trunk support group than that in the trunk restraint group (p < 0.01) (Table 2).

Table 2. Comparison of trunk stability (N = 28).

Trunk Stability Trunk Support Group
(n = 14)

Trunk Restraint Group
(n = 14) t p/x2

PASS (score)
Pre-test 25.29 ± 6.37 26.07 ± 4.74
Post-test 28.00 ± 5.60 27.36 ± 4.39
Pre-post 2.71 ± 1.20 1.29 ± 1.06 3.319 0.003

t (p) −8.432 (0.00) −4.500 (0.01)
Values are expressed as mean ± standard deviation; PASS = postural assessment scale for stroke.

3.2. Balance

The groups showed a significant difference between before and after training in the
FRT results (p < 0.001), and there was a significant difference between pre-test and post-test
scores in the trunk support group compared to that in the trunk restraint group (p < 0.01)
(Table 3).

Table 3. Comparison of balance (N = 28).

Balance Trunk Support Group (n
= 14)

Trunk Restraint Group
(n = 14) t p/x2

FRT (score)
Pre-test 14.80 ± 4.18 14.86 ± 3.85
Post-test 16.88 ± 4.00 16.00 ± 3.80
Pre-post 2.07 ± 0.83 1.13 ± 0.65 3.327 0.003

t (p) −9.356 (0.000) −6.456 (0.000)
Values are expressed as mean ± standard deviation; FRT = functional reaching test.

3.3. Upper Limb Function

The groups showed a significant difference between before and after training in the
ROM and MMT and FMA-upper limb scores (p < 0.05), and the trunk support group
showed more significant differences than the trunk restraint group in the FMA-upper limb
scores (p < 0.05) (Table 4).

Table 4. Comparison of upper limb function (N = 28).

Upper Limb Function Trunk Support Group
(n = 14)

Trunk Restraint Group
(n = 14) t p/x2

ROM (◦)
(shoulder flexion)

Pre-test 139.29 ± 25.50 138.21 ± 23.10
Post-test 142.14 ± 24.59 140.29 ± 21.19
Pre-post 2.86 ± 2.28 2.07 ± 2.12 0.942 0.355

t (p) −4.684 (0.000) −3.640 (0.03)

MMT (score)
(triceps brachii)

Pre-test 3.21 ± 1.29 3.46 ± 1.08
Post-test 3.67 ± 0.84 3.71 ± 0.91
Pre-post 0.46 ± 0.57 0.25 ± 0.32 1.221 0.233

t (p) −3.045 (0.009) −3.640 (0.03)

FMA-upper limb (score)
Pre-test 40.71 ± 12.95 44.57 ± 12.10
Post-test 44.71 ± 12.05 45.93 ± 11.44
Pre-post 4.00 ± 1.79 1.36 ± 1.21 4.577 0.000

t (p) −8.327 (0.00) −4.177 (0.01)
Values are expressed as mean ± standard deviation; ROM = range of motion; MMT = manual muscle test;
FMA-upper limb = Fugl–Meyer assessment-upper limb test.
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4. Discussion
4.1. Trunk Stability

In this study, a stroke posture scale was used to evaluate the changes in trunk stability.
The scores had increased by 2.71 points and 1.29 points in the trunk support and trunk
restraint groups, respectively. There was a statistically significant difference between the
groups (p < 0.05). Dai et al. [22] reported that the mean balancing exercise score had
increased from 12.88 points to 19.29 points with virtual rehabilitation and trunk stability-
based upper limb training, showing a significant difference. Wee et al. [10] reported
that when the upper limb reaches an object within its length, the shoulders and elbows
stretch, and the center of gravity of the arm deviates from the center of gravity of the body.
Therefore, to maintain posture, the trunk should be able to act as a device that maintains
stability while moving the arm [10]. Patients with stroke are unable to maintain trunk
stability and cannot prepare the body for disturbance to the outside; however, both groups
achieved trunk stability that assisted in maintaining posture and adapting to complex
visual feedback.

4.2. Balance

In this study, a functional upper limb stretch test and stroke posture scale were used
to assess the changes in balance. In the functional upper limb stretch test, the scores
of the trunk support and trunk restraint groups increased significantly from 14.80 cm
to 16.88 cm after the experiment and from 14.86 cm to 16.00 cm before the experiment,
respectively. When comparing the before and after training, the trunk support group
showed a significant increase (p < 0.05). Kalron et al. [23] used the functional stretch
test to evaluate the improvement in balance with virtual rehabilitation and reported a
significant increase from 30.4 cm to 34.8 cm. Aruin et al. [24] concluded that one must
adapt to environmental changes to maintain balance. It is important to have the physical
ability to maintain balance while moving. Kalron et al. [23] reported that the key factor in
maintaining balance is proper training according to the individual’s abilities. It is assumed
that stability helped control the excessive movement due to the visual feedback. If a patient
experiences improved function, it would lead to excessive movement, and the balancing
ability may decrease as the posture collapses.

4.3. Upper Limb Function

In this study, we attempted to increase the patients’ participation through visual
feedback and to determine how this method affected upper limb function. Bets et al. [25]
analyzed shoulder joint flexion in patients with stroke. In bending angles ranging from
60◦ to 120◦, the serratus anterior muscle was activated slowly as the lower trapezius and
infraspinatus muscles responded slowly, affecting the movement of the shoulder joint and
chest. If trunk stability is provided, inaccurate movements of the trunk are reduced, and
the visual feedback can enable self-correction, which can increase the ROM of the joint. In
this study, the ROM of the trunk support group increased by 2.86◦, and that of the trunk
restraint group increased by 2.07◦. The range of joint movements increased to more than
the angle of movement in the exercise program, and the shoulder joint movement range
increased through repetitive movements, thus increasing the angle of anterior flexion.

The strength of the triceps muscle plays an important role in reaching the target
position when performing stretch movements [15]. When the movement of the trunk
is improved by providing trunk stability during the same movement repetitively, the
movement will be smooth, causing the strengthening of the triceps. In this study, the
strength of the triceps muscle increased by 0.46 points in the trunk support group and by
0.25 points in the trunk restraint group. This suggests that the frequency of muscle use
increases as the burden on the trunk decreases, thus improving muscle strength.

In stroke patients, asymmetric activation of trunk muscles reduces the stability of the
body, and the decrease in trunk stability is largely associated with a decrease in balancing
ability [26]. The decrease in trunk stability makes it difficult to maintain posture and
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balance, which results in postural sway [27]. This trunk sway increases the incidence of
falls in stroke patients, as well as the fear of falls [28]. Stroke patients may experience
abnormal muscle tone to prevent trunk sway [29]. Muscle synergies have been identified
as components for various motor tasks in humans, including postural responses [30], lo-
comotion [31], hand shaping [32], isometric force generation in the upper extremity [33],
and reaching movements performed under different biomechanical constraints [34]. Specif-
ically, stroke is associated with the emergence of particularly strong coupling of elbow
flexion and shoulder antigravity torques and posture-dependent coupling between elbow
extension and shoulder adduction torques [35]. An increase in abnormal muscle tone in
the body can increase the flexor synergy pattern in stroke patients [36]. Thus, an increased
flexor synergy pattern in the upper extremity due to reduced trunk stability reduces upper
extremity function in stroke patients [10].

The FMA-upper limb provides an objective and comprehensive evaluation of the
movement components of the upper limbs [21]. In this study, the FMA-upper limb score
increased statistically by four points in the trunk support group and by 1.36 points in the
trunk restraint group. There was a statistically significant difference between the groups
(p < 0.05). Visual feedback induces spontaneous participation in upper limb function
and is assumed to have had a positive effect as the number of movements increased.
Houwink et al. [37] reported that tasks are performed smoothly if attention is reduced when
attempting to perform them. This suggests that when the upper extremity is supported,
the attention deployed to the affected area is reduced, and this seems to have a positive
effect as the complexity of the exercise reduces when the upper extremity is supported
against gravity.

This study has a number of limitations. First, there was a potential lack of statistical
power due to the small sample size. Therefore, our results cannot be generalized to the
entire stroke population. Future research should be performed using a larger sample
size. Second, we could not obtain follow-up effects of trunk stability training based
on visual feedback. Future work will examine clinical outcomes in a follow-up study.
Third, measuring changes in the timing of muscle activation for posture control can help
determine the changes in exercise learning [21]. In this study, muscle movement could not
be analyzed. These data should be analyzed, and future studies could examine the features
of various movements.

5. Conclusions

We found that upper limb training with trunk support and visual feedback supported
trunk stability, balance, and upper limb function. Improvements in trunk stability and
upper limb function were confirmed when the trunk support and trunk restraint groups
were compared. In this study, stability was provided using a desk, whereas restraint was
achieved by restraining the entire trunk using straps. Although restraining the entire trunk
eliminates unnecessary movement of the trunk, it can hinder the movement of the affected
side, thus preventing the upper limbs from moving in sync with the scapula and trunk.
Restraining the entire trunk prevents movement and limits the upper limbs. Based on the
results of this study, the support method was better than the restraint method in improving
the stability, balance, and upper extremity functions of the trunk. Trunk support training
can help improve voluntary participation with the help of visual feedback.
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