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Abstract

Purpose: This study aims to investigate the effect of the Kinesio taping method on the balance ability and gait ability of
hemiplegic stroke patients by applying it to the lower extremities of the ankle on the affected side, addressing instability
and asymmetry by improving the stability of the muscles and ankle joint.

Methods: This study confirmed the general characteristics of hemiplegic patients diagnosed with stroke. Kinesio taping
was applied to the lower extremities of 15 subjects in the experimental group, and they performed mat and treadmill
exercises. In addition, basic mat and treadmill exercises were performed by the 15 subjects in the control group. The
exercise regimens were performed 18 times: three times a week for six weeks.

Results: In the paired-sample T-test used for within-group comparison of BBS, TUG and stance time on nonparetic side
value, there was a significant difference between pre- and post-test for experimental group. However, in the control
group, there was a statistically significant difference only in TUG. In the inter-group comparison, the experimental group
showed a statistically significant improvement in BBS, TUG and stance time on nonparetic side value compared to the
control group.

Conclusion: The experiment’s results demonstrate that the application of Kinesio taping-combined exercise provides
stability of the muscles and ankle joints of the lower extremities during walking by improving balance ability, and
improves overall gait stability by increasing the stance phase time of the affected side in hemiplegic stroke patients.
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1. Introduction

Stroke is a leading cause of death worldwide and one of the major diseases causing physical dysfunctions in adults.
According to Statistics Korea, the death rate due to stroke was 53.2 per 100,000 people, and stroke is the second leading
cause of death after cancer. Moreover, as a single organ disease, it is the number one cause of death. The incidence of
stroke in Korea is much higher than in other OECD countries, and this is expected to triple by 2030, due to the aging
Korean population. Therefore, effective stroke prevention and treatment programs are urgently required [1].

Stroke is defined as a syndrome with consciousness and motor disorders that causes blood circulation problems by
cutting off the blood supply to the brain. This happens when the blood flow to the brain is blocked or bleeding occurs
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due to damage to the blood vessels. Currently, about two-thirds of strokes develop in patients in the 60 years or older
age group, but it can develop at any age, including in young children. Stroke can be caused by hypertension, diabetes,
heart disease, and arteriosclerosis. The probability of stroke increases in people who have previously experienced a
stroke or have a family history of stroke. Common symptoms of stroke include hemiplegia, partial paralysis of the body,
and numbness and loss of sensation in parts of the body. Furthermore, stroke patients not only experience physical
disabilities, but also disorders in their cognitive, visual, language, and social abilities, and may show symptoms of
paralysis in parts of the body and impairment of motor ability that limits movement in their daily lives [2]. In addition,
stroke patients show problems in maintenance of postural alignment, voluntary movement, and motion control, due to
a combination of muscle weakness or muscle imbalance, and therefore, function ineffectively in physical activity. These
symptoms may appear mild or temporary in the early stage of stroke and then disappear. However, if these symptoms
are severe, a permanent disability, a decrease in physical function, and psychological depression are likely to occur [3].

Stroke is the most common neurological disease in the world, and among developed countries, it is the second most
common disease and a leading cause of disability in adults. In rare cases, some stroke patients may show normal gait
patterns, but most of them experience impaired gait. These limitations mainly occur on one side of the body, with the
left and right sides of the body divided into normal and affected sides. Weight bearing on the normal side increases
while weight bearing on the affected side decreases [4]. Furthermore, asymmetric postural alignment of the trunk and
legs in hemiplegic patients degrades the stability function of the proximal part of the lower extremities and the trunk,
making it impossible to perform the functions of normal and natural gait patterns. Hemiplegia, a common problem of
stroke, interferes with the symmetrical balance of the body because the patient uses the normal side more than the
affected side. Stroke patients support 30-40% of their total body weight on the affected side while walking. This causes
instability of body balance and postural control and leads to problems, such as a decrease in exercise and balance
abilities [5,6].

Stability of the lower extremities is required for good gait, and ankle stability, in particular, plays a key role during
walking. Kinesio taping can correct muscle function by fixing muscles and joints, correcting misalignment of joints, and
improving exercise performance by preventing secondary damage; therefore, relieving pain and improving muscle
strength, agility, muscular endurance, and flexibility. Moreover, it is used to improve body balance ability by controlling
postural balance. Kinesio taping, which involves attaching an elastic tape to a specific region, can be used in various
ways in daily life because it is relatively simple and easy to learn [7-9].

This study aims to investigate the effect of the Kinesio taping method on the balance ability and gait ability of hemiplegic
stroke patients by applying it to the lower extremities of the ankle on the affected side, addressing instability and
asymmetry by improving the stability of the muscles and ankle joint.

2. Material and methods

2.1. Subjects

This study involved 30 patients who were diagnosed with stroke and hospitalized at ] Hospital in C City. Hemiplegic
stroke patients without orthopedic disease in the trunk and both lower extremities, which could affect the treatment
effect, were selected. The patients provided informed consent after the contents and purpose of this study were
explained. In addition, the selected patients scored 21 or higher on the Korean Simple Mental State Discrimination Test
(MMSE-K), indicating they were able to communicate and had the cognitive ability to understand and carry out
instructions. They were then divided into an experimental group of 15 subjects and a control group of 15 subjects.

2.2, Study design

This study confirmed the general characteristics of hemiplegic patients diagnosed with stroke. Through random
assignment by number lottery, odd-numbered subjects were assigned to the experimental group, and even-numbered
subjects were assigned to the control group. Kinesio taping was applied to the lower extremities of 15 subjects in the
experimental group, and they performed mat and treadmill exercises. In addition, basic mat and treadmill exercises
were performed by the 15 subjects in the control group. The exercise regimens were performed 18 times: three times
a week for six weeks. The same evaluation sheet was used for every subject and a video was taken while the subjects
were walking. The data obtained through a pre-test before exercise and post-test after exercise were analyzed using the
SPSS/Windows (version 20.0) statistical analysis program.
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3. Evaluation method

3.1. Evaluation of balance ability

The balance ability was evaluated by measuring the dynamic balance ability using the Berg Balance Scale (BBS). The
BBS is used to clinically evaluate the balance ability of hemiplegic patients with geriatric disease or stroke in moving or
standing positions. The scale consists of 14 items, and each item is scored between 0 and 4, with a total score of 56. The
intra- and inter-rater reliability of this measurement tool were r=.99 and r=.98, respectively. Thus, it had high reliability
and internal validity in evaluating balance ability [10].

The evaluation items consist of; sit to stand, standing without assistance, sitting on their own without leaning, stand to
sit, moving, standing with eyes closed, standing with feet together, standing with arms outstretched, lifting objects off
the floor while standing, looking back over both shoulders while standing, turning 360 degrees, alternating feet on foot
while standing, standing unsupported with one foot in front of the other, and standing on one foot. The smaller the score
is from 56, the lower the patient's balance ability and the higher the risk of falls become.

3.2. Evaluation of gait ability

3.2.1. TUG (timed up & go test) and Dartfish Program

TUG is a test method that can quickly indicate motility and gait by measuring the time used to start from a sitting position
with arms on a chair with armrests, walk a distance of 3 m, come back, sit on the chair, and place arms on the armrests.
It is performed three times and the average time is recorded. According to the research, it takes less than 10 seconds
for adults with a normal sense of balance to perform TUG, and it takes 11 to 20 seconds for the frail elderly. If it takes
more than 20 seconds, the risk of functional motor impairment and falls increases. This test is a reliable tool with an
intra-rater reliability of 0.99 and an inter-rater reliability of 0.98 [11].

Another gait evaluation method, the Dartfish Program, was used after taking videos of subjects while they were walking.
Spatiotemporal analysis methods are widely used to analyze the gait characteristics of hemiplegic patients. Particularly
when a time factor is used, it has high clinical significance. The Dartfish Program was developed in 1998 by Dartfish, a
company based in Switzerland. It is a software program that analyzes and calculates the motion trajectory of a subject
using video recorded with software that observes and analyzes the movements of subjects of sports, biomechanics, and
exercise therapy. For video measurement, the measurement sites of the subject, including the greater trochanter, the
lateral epicondyle of the knee, the lateral malleolus of the ankle, and the metatarsophalangeal joint of the fifth toe, were
marked with stickers [12]. Then the subjects were instructed to walk 5 m twice with the usual gait and, while they were
walking, a video was recorded in the sagittal plane using a camera at a distance of 1 m [13].

4. Treatment methods

The experimental group performed the mat exercise first. The starting position was set by fixing and aligning the
subjects’ trunk position while they were lying down. Then after stretching the ankle and knee of the lower extremities,
the therapist actively assisted with the movement of flexion and extension at the lower extremities joint of the subject.
This exercise was performed for 10 minutes. In addition, an exercise of repeatedly sitting and standing on a chair,
inducing pelvic movement, was performed for 10 minutes.

After applying Kinesio taping to the lower extremities, a gait exercise was performed using a treadmill. The treadmill
was started at the minimum speed of 1 km/h and this was gradually increased up to 2 km/h to allow the subjects to
adapt themselves without experiencing difficulty in walking. For safety, during the treadmill exercise, a safety clip was
attached to the patient's clothes. The subjects were instructed to hold the left and right handles if they felt dizzy or lost
balance during exercise. This exercise was performed for 20 minutes, three days a week for six weeks, and the subjects
had a 2-3-minute rest between each exercise. The control group performed the same exercises as the experimental
group, but without taping of their lower extremities[14,15].

The Kinesio taping method used, following that suggested by Seo et al. (2017), involved applying a piece of 5cm wide
Kinesio tape, starting on the outer malleolus and covering the malleolus. In the same way, another piece of tape was
applied, starting on the outer malleolus, overlapping a third of the tape. An I-shaped tape was then applied, as if erecting
a pillar on the ankle, starting from the heel and covering the ankle in a U-shape. A second I-shaped tape was applied,
starting at the Achilles tendon and extending past the ankle bone in such a way that the two I-shaped tapes cross each
other. When attaching the tapes so that they cross each other, the ankle was in a stretched position [9].
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5. Statistical analysis method

The data obtained from the experiment were described by meantstandard deviation (Mean+SD), and statistical analysis
was performed using SPSS/Windows (version 20.0). An independent sample t-test was performed for differences in the
subjects’ general characteristics. A paired-sample t-test was performed to examine the effect of intra-group change in
each experimental and control group before and after the intervention. In addition, an independent sample t-test was
performed to compare the inter-group change of the experimental and control groups. The statistical significance level
was set to 0.05.

6. Results

6.1. General characteristics of subjects

The mean age of the subjects was 67.80+9.337 years for the experimental group and 67.67+6.543 years for the control
group. The mean weight of the subjects was 61.13+9.553kg for the experimental group and 64.07+6.193kg for the
control group. The mean height of the subjects was 161.00+8.726cm for the experimental group and 164.80+5.943cm
for the control group. The mean period of medical history was 28.27+11.087 months for the experimental group and
30.204£9.937 months for the control group. An independent sample t-test was performed for the subjects’ general
characteristics and the results are summarized in Table 1. Statistically significant differences were not found (p>0.05).
Therefore, the experimental and control groups were homogeneous.

Table 1 General characteristics of the subject

EG(n=15) CG(n=15) t p
Age (years) 67.80+£9.337 67.67£6.543 | -0.045 | 0.964
Weight(kg) 61.13+9.553 64.07+6.193 0.998 | 0.327
Height(cm) 161.00+8.726 | 164.80+5.943 | 1.394 | 0.174
Time since onset of stroke (months) | 28.27+11.087 30.20+9.937 0.913 | 0.619

6.2. Pre and post results of BBS by group

The experimental group showed a statistically significant difference in BBS with 34.266+3.692 before the experiment
and 38.733+3.369 after the experiment (p<.05). However, the control group did not show a statistically significant
difference with 35.733+3.654 before the experiment and 37.133+5.139 after the experiment (p>.05). In the inter-group
comparison, the experimental group showed a statistically significant improvement in balance ability compared to the
control group (p<.05).

Table 2 The comparison of BBS value for each group at pre-test and post-test

EG(n=15) CG(n=15) t p
pre | 34.266+3.692 | 35.733+3.654
post | 38.733+3.369 | 37.133+5.139
2.111 | 0.044*
t -7.429 -3.626
p 0.000* 0.106

BBS: Berg Balance Scale *: p <.05Results and discussion

6.3. Pre and post results of TUG by group

In the experimental group, the TUG showed a statistically significant difference with 36.634+13.804 before the
experiment and 31.160+13.594 after the experiment (p<.05). Furthermore, the control group also showed a statistically
significant difference with 37.333+£10.708 before the experiment and 35.666+10.641 after the experiment (p>.05). In
the inter-group comparison, the experimental group showed a statistically significant improvement in TUG compared
to the control group (p<.05).
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Table 3 The comparison of TUG value for each group at pre-test and post-test

EG(n=15) CG(n=15) t p
pre | 36.634+13.804 | 37.333+10.708

post | 31.160£13.594 | 35.666+10.641
t 3.623 5.801

p 0.000* 0.000*
TUG: timed up & go test *: p <.05

-2.246 | 0.033*

6.4. Pre and post results of stance time on nonparetic side value by group

The experimental group showed a statistically significant change in stance time on nonparetic side value from 1.42+.04
before the experiment to 1.20+.04 after the experiment (p<.05). However, the control group did not show a statistically
significant change with 1.50+.05 before the experiment and 1.42+.05 after the experiment (p>.05). In the inter-group
comparison, the experimental group showed a statistically significant improvement in gait ability compared to the
control group (p<.05).

Table 4 The comparison of stance time on nonparetic side value for each group at pre-test and post-test

EG(n=15) | CG(n=15) | t p
pre 1.42+.04 | 1.50+.05

post | 1.20+.04 1.42+.05

-4,137 | 0.000*
t 6.762 1.783
p 0.000* 0.196
*p<.05

7. Discussion

This study experimentally examined the effects of the Kinesio taping method on balance ability and gait ability, when
applied to the ankle of lower extremities of the affected side of hemiplegic patients diagnosed with stroke, and the
clinical usefulness of the Kinesio taping method. Stroke causes not only physical dysfunction but also cognitive
dysfunction, which reduces functional independence and lowers social participation and life satisfaction, resulting in
lower quality of life [16]. Moreover, stroke patients’ decreased sensory function makes it difficult for them to maintain
balance due to postural control, decreased joint movement ability, damage to proprioception, and weakening of muscle
strength. Such abnormal body balance has a significant impact on the ability of stroke patients to maintain normal gait
function and perform the activities of daily life, and it increases the risk of secondary damage, such as falls [17].

Balance disorders that increase the risk of falls interfere with stroke patients’ motor functions and return to daily

activities. Decreased balance ability interferes with independent gait by antagonizing contraction and relaxation of
lower extremity muscles and causing sensory and kinesthetic disturbances on the affected side in stroke patients [18].
Furthermore, two-thirds of patients with stroke showed a decrease in motor ability accompanied by impairment in gait,
and patients with lower extremity paralysis showed a decrease in walking speed due to problems with stance phase
time and stride length. Therefore, balance control ability is an important factor in the performance of activities of daily
living, and balance control learning is a basic goal of rehabilitation for stroke patients [19].

Taping is one of the methods used to help the body move by providing stability to the muscles and joints for balance
control. The functional taping method is used for the control of muscle imbalance and unstable posture in the treatment
and rehabilitation of motor injuries. Moreover, it shortens the treatment period of the injured area and prevents
secondary joint or muscle damage by reinforcing the skin or ligaments [20]. Taping increases the muscle area
transversely by stimulating the muscle spindle and tendon organs, and as the tape moves closer to the skin and tendon,
it compresses these regions. Muscle spindles or tendon organs are activated by the delicate compression action on the
muscles and tendons from above the skin, thus relieving muscle overtension, increasing muscle strength, and reducing
pain [21]. The ultimate goal of taping therapy is to support or protect the joints so that they can perform efficient and
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best functional movements. External support by taping provides joint stability through reinforcement of ligaments and
restriction of joint motion [22]. Previous studies reported that the taping effect on the gait of stroke patients stimulated
proprioception and affected the stance phase during gait, which in turn influenced the stride distance, step length, and
gait speed [7-9,13,20,23]. When the taping method was applied to the hip abductor muscle in 13 hemiplegic stroke
patients who walked with a cane, increases in the activation of the abductor muscle and gait speed were observed,
compared to general patients who walked with a cane. In another study, which investigated the effect of patellar taping
using electromyography (EMG) in 14 women with patellofemoral pain, the subjects showed a difference in the activity
of the vastus medialis muscle according to the position change when the vastus medialis and lateralis muscles were
activated [24].

This study performed mat exercise and treadmill walking exercises for experimental and control groups to improve
balance ability and gait ability. In addition, Kinesio taping was applied to the experimental group during exercise to
investigate changes in balance ability and gait ability. For the balance ability evaluation in this study, the experimental
and control groups were evaluated using BBS, which has high reliability and internal validity. In the experimental group,
the changes before and after exercise showed statistically significant differences (p<.05), but the control group did not
show statistically significant differences (p>.05). Furthermore, the inter-group comparison of changes showed a
statistically significant difference (p<.05).

The gait ability was evaluated using TUG, which is a reliable tool with an intra-rater reliability of 0.99 and an inter-rater
reliability of 0.98. The Dartfish Program, as a program to observe and analyze the movement of the subjects of exercise
therapy, was used to analyze the movement trajectory of the subjects using recorded videos to measure the time of the
stance phase and swing phase. Both experimental and control groups showed statistically significant differences in the
change of TUG before and after exercise (p<.05). The experimental group showed a statistically significant difference in
stance phase time (p<.05), whereas the control group did not show a statistically significant difference in stance phase
time (p<.05). The differences in change between the groups were statistically significant in BBS and TUG (p<.05).

The above results suggest that the Kinesio taping method used in this study can have a positive effect on balance ability
and gait ability in hemiplegic stroke patients. However, some considerations are required during treatment. The patient
may experience skin problems, erythema, and itching when Kinesio taping is applied. Furthermore, excessive pressure
felt by the patient should be avoided, the tape should not be applied for a long time, and the tape should be removed
immediately after exercise. The clinical relevance of the experimental results of this study should be evaluated in
another study. This study also has a few limitations: the number of subjects is small, it is difficult to generalize when
applying the intervention method, and it is difficult to predict the long-term treatment effect on stroke patients with a
6-week experiment.

8. Conclusion

The experiment’s results demonstrate that the application of Kinesio taping-combined exercise provides stability of the
muscles and ankle joints of the lower extremities during walking by improving balance ability, and improves overall
gait stability by increasing the stance phase time of the affected side in hemiplegic stroke patients.
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