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Purpose: The purpose of this study is to find out how gait training with shoulder-back assistive device affects dynamic and static bal-
ance, gait of patients with stroke and to help improve body alignment, balance, and gait ability in stroke patients.

Methods: Measurements were taken of the 20 subjects before intervention without shoulder-back assistive device, after intervention
with device, and follow up after an hour compared. Berg balance scale used to evaluate dynamic balance; wii balance board was used to
measure static balance; and gait ability were measured by timed up and go test and 10-meter walk test. To analyze the results, a one-
way repeated measures analysis of variance was implemented to compare the measurements.

Results: The results showed that, after wearing the shoulder-back assistive device, the subjects' dynamic balance statistically significant-
ly improved; no statistically significant difference was observed in static balance, although their balance ability was enhanced; and their
increase in gait ability was statistically significant.

Conclusion: This study proved that gait training combined with a shoulder-back assistive device positively impacted dynamic and static

balance, gait of patients with stroke.
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INTRODUCTION

Stroke is an irreversible neurological injury caused by impaired blood flow
to a localized area of the brain, resulting in a combination of neurological
disorders, including sensory deficits, motor impairment, cognitive impair-
ment, and speech impairment, depending on the location and extent of
the brain lesion." In addition, trunk muscles are damaged, which affects
body alignment and balance.” Normal body alignment is necessary for
stroke patients to perform independent activities and activities of daily liv-
ing? However, their overall motor control is reduced and their body align-
ment is asymmetrical, which affects their balance and walking ability.*

In stroke patients, abnormal body alignment leads to increased postur-
al sway when shifting weight and difficulty maintaining a stable position
within the ground plane.” These problems with body alignment can lead
to poor balance and negatively impact functional activities. Abnormal

body alignment also contributes to leg length discrepancies and asym-

metrical pelvic tilt.* Asymmetries on both sides of the body, such as exces-
sive trunk curvature and scoliosis, interfere with normal weight transfer
and postural responses, and affect limb movement patterns. The trunk
muscles that stabilize the spine also guide limb alignment, creating trunk
stability.” Once trunk stabilization is established, activity in the pelvis,
lower back, hip joints, and abdominal muscles is coordinated to help move
the limbs.* On the other hand, if the asymmetrical posture persists, it leads
to shortening of muscles and soft tissues and deterioration of antagonist
muscles, both on the paralyzed side and on the non-paralyzed side.’

To prevent these secondary deformities, foot orthoses, arm orthoses,
etc. are applied to stroke patients."” By reducing pressure on the shoulders
and neck, upper extremity bracing reduces the load on the joints and
muscles of the upper extremity and promotes proper alignment of the up-
per extremity. Studies have also shown the use of figure-of-eight shoulder
braces to improve muscle activity, respiratory function, and reduce plantar

pressure.” In addition, the effectiveness of spinal braces has been studied
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in patients with low back pain, but there is still a lack of research on the ef-
fects of applying shoulder and back braces to stroke patients on body
alignment and balance and gait in stroke patients.

Patients with stroke experience a combination of functional impair-
ments, including balance and gait disorders, that reduce their ability to
walk, make it difficult to perform complex movements, and limit their
ability to perform activities of daily living independently."” These balance
and gait problems interfere with agile activities and make it difficult to re-
act quickly in environments with stairs, inclines, and uneven surfaces."
This can be a barrier to performing activities of daily living, limiting over-
all socialization." Balance, gait, and activities of daily living are closely
correlated with body alignment, and trunk control is an important factor
influencing the prognosis of rehabilitation in stroke patients."” However,
even though many studies have discussed the need to improve body con-
trol after stroke, there is a lack of research analyzing the impact of body
alignment on balance and gait."®

Although there are many treatments for body alignment in clinical
practice, there is a lack of studies that have analyzed the effects of applying
body alignment tools to gait training on body alignment, balance, and gait
in stroke patients. In this study, we applied a shoulder-back orthosis to
stroke patients and compared the results before, after, and when the or-
thosis was removed to determine the effects of applying a shoulder-back

orthosis to stroke patients clinically on body alignment, balance, and gait.

METHODS

1. Subjects

This study was conducted on 20 patients diagnosed with stroke at Hospi-
tal D in Daegu, who were fully informed of the purpose and methods be-
fore participating in the study and agreed to participate voluntarily. The
selection criteria for this study were: first, patients diagnosed with stroke
within 2 years of onset; second, patients without orthopedic or internal
diseases and visual field defects; third, patients with a score of 24 or more
on the Korean version of the Mini-Mental State Examination; fourth, pa-
tients who understood the purpose of the study and agreed to participate
in the study; and fifth, patients who could walk more than 10 meters with-
out the help of a therapist or the use of tools. We excluded patients with bi-
lateral paralysis, cerebellar disease, visual field defects, or those who were

unable to communicate (Table 1).
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Table 1. General characteristics of subjects (n=20)
Subjects

Age (years) 59.6£13.3

Time since stroke (month) 13.1+8.1

Gender (male/female) 10/10

Paretic side (left/right) 11/9

Height (cm) 163.0£9.4

Weight (kg) 61.2+135

Values represent as mean+SD.

2. Experimental methods

1) Interventions

The pre-intervention test measures balance and walking ability before us-
ing the shoulder-back brace. Then, in a seated position in a chair, the
shoulder-back orthosis strap is placed on the shoulder, and the strap is ad-
justed to fit the patient’s body so that the bend of thoracic is extended and
the shoulder is retracted, and the orthosis is secured to the patient’s body.
Before the post-intervention test, the patient is asked to sit and stand 10
times and walk 40 meters while wearing the orthosis to allow the patient
to acclimate to the shoulder-back orthosis (Figure 1A, B). The follow-up

test was performed Thour after the shoulder-back orthosis was removed.

(1) Balance

The Berg Balance Scale (BBS) was used to assess the dynamic balance of
the subjects. To assess static balance, we used Balancia (Mintosys, Korea),
a measurement tool that analyzes center of pressure (COP) information
using a Wii balance board in a standing position. Participants were asked
to stand on the balance board with both feet and keep their arms in a re-
laxed position. They were asked to keep their eyes open and focus on a
15cm dot drawn 3 meters in front of them to prevent gaze-induced body
movements. Measurements were taken after the patient had climbed onto
the machine, stabilized in a stable position, and started when ready, with
three 30-second repetitions. The variables used in this study were: sway
distance, calculated by summing all the movements of the center of pres-
sure about the X and Y axes; sway speed, calculated by dividing the sway
distance of the center of pressure by the time; sway area, calculated by
drawing an ellipse around the center to assess the spatial aspect of balance;
and weight distribution on the paretic side.”" The interpretation of the
results is that the longer the sway distance, the faster the sway speed, the
larger the sway area, and the lower the weight distribution on the paretic

side, the more impaired the balance ability.
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Figure 1. The picture of Intervention methods with shoulder-back assistive device. (A) Sit to stand with shoulder-back assistive device. (B) 40m gait

training with shoulder-back assistive device.

(2) Gait

To evaluate the walking ability, the time taken for the stand-up and walk
test (TUG test) was calculated and the corresponding distance was divid-
ed by the time taken to obtain the walking speed using the 10-meter walk
test.

3. Statistical analysis

Statistical analysis of the measured data was performed using the SPSS
version 26.0 (IBM Inc., Chicago, IL, USA) statistical program with three
replicate measurements of pre-intervention, post-intervention, and follow-
up with the removal of assistive devices in the same group, and the analy-
sis of the study results was performed using a one-way repeated measures
analysis of variance for time-to-time comparisons. The statistical signifi-

cance level was set at a= 0.05.

RESULTS

1. Comparison of balance abilities

The BBS to compare dynamic balance ability showed a significant in-
crease of 8.24 points from pre-intervention to post-intervention and 6.65
points from pre-intervention to follow-up (p <0.05), and a significant de-
crease of 1.6 points from post-intervention to follow-up (p <0.05). The
comparison of sway distance for static balance showed a decrease of

1.48cm after the intervention with assistive devices compared to before
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the intervention (p>0.05). There was an increase of 0.35cm at follow-up
compared to pre-intervention, but a decrease of 1.13cm at follow-up com-
pared to pre-intervention (p>0.05). Improvement in balance ability was
evidenced by a decrease of 0.05cm/s when comparing pre-intervention
and post-intervention sway speeds, and an increase of 0.01cm/s when
comparing post-intervention and follow-up speeds, but a decrease of 0.04
cm/s when comparing pre-intervention and follow-up speeds (p> 0.05).
When comparing the sway area, there was a decrease of 0.79cm? after
the intervention compared to before the intervention, a decrease of
0.15cm? from the pre-intervention to the follow-up, and a significant in-
crease of 0.64cm? at the follow-up (p <0.05). When comparing the weight
distribution on the paralyzed side, the weight distribution on the para-
lyzed side increased significantly by 4.49% after the intervention com-
pared to before the intervention (p<0.05), and the weight distribution on
the paralyzed side increased by 1.32% at the follow-up compared to before
the intervention, but the difference was not significant (p> 0.05)(Table 2).

2. Comparison of walking ability

On the TUG test, there was a significant decrease of 1.7 seconds post-inter-
vention compared to pre-intervention and 0.96 seconds from pre-interven-
tion to follow-up (p <0.05). In the 10-meter walk test, there was a signifi-
cant increase in speed of 0.04m/s from pre-intervention to post-interven-

tion and 0.06m/s from pre-intervention to follow-up (p < 0.05)(Table 3).
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Table 2. Comparison of balance ability among pre, post, and follow up test

JKPT

Pre Post F/U F p
DB BBS (score) 42.50+7.817° 50.75+4.52) 49.15+4.63 28.95 <0.001"
SB Path length (cm) 82.92+15.44 81.43+15.99 81.78+16.81 0.69 0.500
Velocity (cm/s) 2.76+0.51 2.71+0.53 2.72+0.56 0.71 0.500
Area 95% (cm?) 3.96+2.54 3.16+1.46" 3.80+1.67 259 0.090
Weight distribution (%) 47 69+3 35" 52.17+4.21" 49.01+3.51 7.68 <0.001*

Values represent as mean+ SD. DB: Dynamic balance, SB: Static balance, F/U: follow up. "p<0.05, *: Significant difference between pre and post, *: Significant difference be-
tween pre and F/U, % Significant difference between post and F/U, ”: Significant difference between post and F/U, ': Significant difference between pre and post, **: Signifi-

cant difference between post and F/U.

Table 3. Comparison of gait ability among pre, post, and follow up test

Pre Post F/U F p
TUG test (sec) 17.84+9.46"" 16.15£8.25 16.88+9.83 5.67 0.010"
10m walking test (m/s) 0.75+0.31% 0.79+0.30 0.80+0.34 6.60 <0.001"

Values represent as mean+SD. TUG: Timed up and go test, F/U: follow up. "p<0.05, ': Significant difference between pre and post, *: Significant difference between
pre and F/U, % Significant difference between pre and post, 7: Significant difference between pre and F/U.

DISCUSSION

This study aimed to investigate the effects of gait training with a shoulder-
back assistive device on the body alignment, balance, and gait of stroke
patients, and to compare the effects to verify whether the body alignment
of stroke patients can help their dynamic and static balance and gait. Spe-
cifically, the Shoulder-Back Brace is a strap orthosis that passes over the
subject’s spine between both armpits and both scapulae. In order to cor-
rect the position of the subject’s scapulae, we used adjustable retraction
straps to properly adjust to the width of each subject’s torso. We also
checked whether the thoracic vertebrae were sufficiently corrected and
fixed them in a comfortable state before conducting the experiment.
Among stroke patients, hemiparesis involves more use of the non-para-
lyzed side than the paralyzed side, resulting in muscle weakness in the up-
per and lower limbs of the paralyzed side,” Due to the muscle imbalance
between the paralyzed and non-paralyzed sides, the center of gravity of
the body is biased towards the non-paralyzed leg, resulting in an asym-
metrical posture. This makes it difficult for the patient to balance in a
standing position, causing problems with equilibrium responses and im-
pairing postural control.”” This impaired gait in stroke patients results in
kinematic gait asymmetry and increased energy expenditure,” making it
difficult to efficiently control walking speed even during short distances.”

Among the previous studies that investigated balance changes due to
postural alignment of trunk, we investigated the effect of posture adjust-
ment based on augmented reality on the balance ability of stroke patients

using the berg balance scale test and the timed up and go test and reported
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that posture adjustment was effective in improving balance ability.? Other
studies have used the trunk control test and the trunk disability scale to
examine the relationship between postural adjustment and balance and
functional activities in stroke patients and have reported significant corre-
lations between postural adjustment and balance.** They reported that the
application of a shoulder-back brace applied to the cervical and thoracic
helped to maintain the abnormal alignment of a person with a forward
head posture in a correct alignment. They also reported that the correct
alignment could restore muscle length in the surrounding muscles.”
These studies are like our findings that positive changes in body align-
ment in stroke patients improve balance.

The results of the study showed a significant increase of 6.65 points in
the BBS, a measure of dynamic balance, when comparing post-interven-
tion and follow-up results. Although the scores decreased over time, a sig-
nificant increase of 6.65 points from pre-intervention to follow-up showed
improvement in dynamic balance. For stroke patients to maintain good
balance, they must be able to control body alignment, static balance, and
dynamic balance.”® Loss of balance interferes with activities of daily living,
reduces mobility, and increases the incidence of falls. Restoration of bal-
ance is important for daily activities such as standing, sitting, walking,
turning, and stair walking.” Improving dynamic balance through assis-
tive technology can help reduce the incidence of falls in stroke patients
and ultimately improve ambulation.

Variables related to the balance board have been widely used to assess
postural control through postural sway in the standing position and have

been used as a tool to assess static balance ability.*** There are many stud-
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ies that have measured sway distance, speed, and area to compare changes

in static balance with cognitive tasks.”**

In this study, sway distance,
speed, area, and weight distribution on the paretic side were measured to
compare changes in static balance with assistive devices. During the test
for static balance, the distance and speed of swaying decreased from pre-
intervention to post-intervention, and increased from post-intervention to
follow-up, but the difference was not significant. When comparing the
area of swaying, there was a decrease in the area after the intervention
compared to the pre-intervention, and a decrease in the area after the in-
tervention compared to the pre-intervention and follow-up. Reduced sway
area indicates improved static balance ability.¥ Sway distance, speed, and
area all improved in stroke patients’ static balance ability after intervention
with aids compared to pre-intervention, and although there was a de-
crease in ability at follow-up compared to pre-intervention, the overall im-
provement in ability compared to pre-intervention suggests that shoulder-
back aids have a positive effect on static balance in stroke patients. There
was a significant 4.49% increase in weight distribution on the paralyzed
side after the intervention compared to before the intervention, and a
1.32% increase at follow-up compared to before the intervention, but the
difference was not significant. Asymmetrical weight bearing is common
in stroke patients, with as much as 80% of total body weight supported on
the non-paralyzed side, creating postural imbalance.** Symmetrical
weight distribution has a significant impact on posture and balance con-
trol.” In stroke patients, paralyzed side weight distribution is reduced in
standing posture, leading to asymmetrical postural problems.*® Analysis
of weight distribution and center of gravity movement during trunk flex-
ion using a force plate in stroke patients and the general population
showed that the weight distribution to the paralyzed side was significantly
reduced in the patient group.”” This may be due to the fact that the inter-
vention with the assistive device reduced the trunk flexion of the subjects
and increased the weight distribution from the non-paralyzed side to the
paralyzed side.

The TUG test for gait showed a significant decrease from pre-interven-
tion to post-intervention and from pre-intervention to follow-up. The gait
test showed a significant increase in speed from pre-intervention to post-
intervention and from pre-intervention to follow-up. Previous studies
have shown that gait speed is the most significant and reliable factor in as-
sessing overall gait performance in stroke patients, and that as gait speed
increases, so does speed per minute.” Studies have shown that as balance
improves in stroke patients, gait speed increases and speed per minute in-

creases, which is consistent with the results of this study, which showed an
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increase in gait speed as balance improved.”

Based on the results of this study, we aimed to suggest an effective clini-
cal method for improving patients’ balance and walking ability in the re-
habilitation of stroke patients. The results showed that gait training with
shoulder and back aids influenced improving dynamic and static balance
and walking ability in stroke patients. Therefore, training with aids can
improve balance and walking ability in a faster time compared to training
without aids. However, this study was cross-sectional and focused only on
the immediate effects of the aids, and there was not enough time for mo-
tor learning of muscle activity, so patients may not have had time to adapt
to the changes in body alignment. In future studies, it is expected that
comparing the effects of interventions with more subjects and aids over a
longer period of time will provide a clearer picture of the effects of not

only external changes but also internal changes in the body.
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