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| Abstract |

PURPOSE: This study examined the effects of treadmill
training with taping on the affected ankle joint on the gait and
balancing ability in patients with sub-acute stroke.

METHODS: Nineteen patients with sub-acute hemiplegic
stroke in a rehabilitation hospital were assigned randomly to
either the experimental group (n=10), who received treadmill
training with taping on the affected ankle joint or the control
group (n=9), who received general treadmill training. All
participants performed 60 min of comprehensive rehabilitation
therapy (five sessions per week for four weeks). Each group
received treadmill training with or without taping on the
affected ankle joint for 20 min (three sessions per week for
four weeks). The gait and balancing ability were measured
before and after the four-week training.

RESULTS: Post-training scores of 10-meter walk test (10
MWT), timed up and go (TUG) test, and center of pressure
(COP) path length and velocity for the experimental group
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increased significantly compared to that pre-training (p <.05).
The experimental group showed a larger decrease in the 10
MWT and TUG test than the control group (-3.5 s vs. -1.01
s, p<.05;-4.9svs.-1.7 s, p <.05; respectively)
CONCLUSION: Treadmill training with taping on the
affected ankle joint might improve the gait and balancing
ability of stroke patients and is considered a more effective
method for improving gait and balancing ability than the
method of general treadmill training.
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I. Introduction

Stroke is a disease that causes functional impairment
in the body due to a sudden interruption of blood supply
to the blood vessels in the brain [1]. The main physical
impairments caused by stroke show a reduced walking
function and reduced balance ability [2]. When maintaining
walking and standing postures, stroke patients develop a
weight-bearing imbalance that supports 61-80% of their
total body weight on the non-paralyzed side [3]. To
compensate for this, stroke patients move excessively in
the lower extremity joint on the non-paraplegic side. More

energy may be required for walking than a normal person
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[4,5].

The ankle joint is a major joint that provides weight-
bearing function and proprioceptive feedback for postural
control during standing and walking [6,7]. Paralysis caused
by stroke mainly deforms the ankle joint on the paralyzed
side into plantar flexion and inversion [8,9]. Deformation
of the ankle joint on the paralyzed side is a major factor
in increasing the weight bearing on the non-affected side
and decreasing the walking speed [10,11]. Various
intervention methods such as passive range of motion
exercise, active assistance exercise, resistance exercise,
ankle joint orthosis, and taping have been performed to
minimize or correct the deformity of the ankle joint on
the paralyzed side [12-15]. Ankle joint taping was effective
in activating the tibialis anterior and calf muscles on the
paralyzed side of stroke patients [16], and it is reported
to be effective in improving the balance and walking ability
by promoting proprioception in the ankle joint [17]. In
addition, taping applied to the ankle joint was reported
to be effective in stabilizing the stance phase of the
paralyzed foot [18].

Treadmill training is a major intervention method
generally used to improve the gait function in patients with
subacute or chronic stroke [19]. Treadmill training
effectively improves the gait speed and endurance in stroke
patients [20]. This training was reported to effectively
reduce weight-bearing imbalances by increasing the stance
period of the paralyzed lower extremity and reducing the
increased energy consumption caused by abnormal gait
patterns [21].

Most of these studies that investigated the effect of
taping on stroke patients have investigated the effect of
taping while walking on the ground or in a static standing
posture [22,23]. Although treadmill training in previous
studies was as effective in improving the gait and balance
ability of stroke patients as the ground gait training [19,20],
studies on the effect of taping applied directly during

treadmill training are insufficient. Therefore, this study

examined the effect of taping applied during treadmill
training, which is generally performed to improve the
walking function and balance ability of stroke patients.

This study hypothesized that treadmill training with
taping applied to the paralyzed ankle joint would be more
effective in improving the gait function and balance ability
of subacute stroke patients than treadmill training

conducted without taping.

I, Methods

1, Participants

This preliminary experimental study was conducted on
subacute patients with an onset period of fewer than six
months hospitalized at Da Vinci Hospital in Daejeon
Metropolitan City. The inclusion criteria were as follows.
Those with less than six months of stroke onset, a score
of 24 or higher on the MMSE-K (Korean version of
mini-mental status examination)[24], those who can walk
more than 10 m independently with or without a walking
aid, those who understand the purpose of the study and
provided written consent form. The exclusion criteria were
as follows. Those with a history of surgery on the lower
extremities, high skin sensitivity or skin diseases, those
who complained of pain during dorsiflexion of the ankle
joint, and those with a modified Ashworth Scale >2.

Of the 45 subacute stroke patients, 19 were finally
selected according to the selection and exclusion criteria.
The purpose and procedure of this study were explained
to the subjects verbally. All 19 subjects consented
voluntarily to participate in the experiment. This study was
conducted under the approval of the Research Ethics
Committee of Daejeon University (IRB No. 1040647-
202104-HR-004-03).

Nineteen subjects were assigned randomly into two
groups through a lottery process: 10 subjects (male 5 and
female 5; mean age 57.00 + 7.67 years) in the experimental
group who performed treadmill training with taping applied



Effect of Treadmill Training with Ankle Joint Taping on Gait Function and Balance Ability in Patients with
Subacute Stroke: A Randomized, Controlled, Preliminary Trial | 23

to the ankle joint and 9 subjects (male 5 and female 4;
mean age 58.55 + 17.89 years) in the control group who

received treadmill training without applying taping.

2. Intervention

A treadmill (Fitex-5080, Fitex Ind., Gyeonggi-do,
Korea) with easy speed control was used for gait training.
All subjects underwent comprehensive rehabilitation,
which included the joint range of motion exercise, muscle
strength exercise, balance training, and gait training for
60 minutes, five times a week, for a total of four weeks.
In addition, treadmill walking training with ankle taping
or treadmill walking without ankle taping was performed

for 20 minutes, three times a week, for four weeks.

1) Experimental group (aping treadmill-training group)

For taping treadmill training, kinesio tape (Benefact tape,
Sigmax, Japan) was used for ankle taping. Kinesio tape
is used widely to stabilize the ankle joint during static
standing or walking in stroke patients [25]. In this study,
the tape was attached to the peroneus tertius, peroneus
longus, tibialis anterior, and extensor hallucis longus, which
are used widely for ankle joint stability in stroke patients
[26,22]. One physical therapist with three years of clinical
experience applied the tape at the position where the muscle
was maximally elongated. To attach the tape to the peroneus
tertius, one end of the tape was fixed to the 5th metatarsal
on the paralyzed side with the ankle joint supinated, and
was attached to the fibular 1/3 area along the direction
of the muscle fiber running. To attach the tape to the
peroneus longus, one end was fixed to the base of the
first metatarsal with the ankle joint supinated, and was
attached to the lateral process of fibular along the direction
of the muscle fiber running. To attach the tape to the tibialis
anterior, one end was fixed between the big toe and the
index toe on the paralyzed side with the ankle joint pronated
and was attached to the outside of the knee along the
direction of the muscle fiber running. To attach the tape

to the extensor digitorum longus, one end of the tape was

Peroneus terti

Peroneus longts 4

B

Tibialis anterior

Fig. 1. Taping position applied to the ankle joint on the
paralyzed side of a stroke patient.

divided into four parts, and the tape was applied from the
second to fifth toe on the paralyzed side to the fibular
2/3 area (Fig. 1). With kinesio tape attached to the four
muscles, each participant was trained to walk on a treadmill
for 20 minutes. A physical therapist with three years of
clinical experience blinded to the purpose of this study
applied treadmill training to each subject. Treadmill
walking speed was applied by checking the condition of
each participant on the day before the intervention.
Treadmill training speed was applied at the level of Borg
scale level 10 to 12 (comfortable speed) [27]. The training
was immediately stopped if the subject complained of
fatigue during treadmill training; training was resumed after

sufficient rest.

2) Control group (general treadmill training group)
General treadmill training without taping was carried
out for the same time as the gait training of the experimental
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group, and the treadmill speed was also performed at a
comfortable speed in the same manner as in the

experimental group.

3. Outcome Measures

In this study, the gait function and balance ability were
measured to compare the effects of treadmill training in
stroke patients. All measurements were taken by a physical
therapist with three years of clinical experience who did
not participate in the randomization of subjects in this study.
Gait function was measured by the walking speed and
walking endurance. The balance ability was measured by
dynamic and static balance ability. In both groups, the gait
function and balance ability were measured before treadmill
training and after four weeks of treadmill training. Each
measurement variable was measured three times to

calculate the average value.

1) Walking speed test

A 10 m walking speed test (10 MWT) was performed
to evaluate the walking speed. 10 MWT is a useful method
for evaluating the walking speed of stroke patients, and
has high reliability with inter- and intra-rater reliability
r=.95~96 [28,29]. In this study, the average time was
finally recorded by measuring three times for each

participant.

2) Walking endurance test

A three-minute gait test (3 MWT) was performed to
test the gait endurance. The three-minute gait test is a test
to measure gait endurance. In a straight-line distance of
30 m, the participant was asked to walk back and forth
as fast as possible for three minutes. It is a method of
measuring the number of round trips and the total distance
traveled. The 3 MWT showed high intra-measurement
reliability (ICC = .85 to .97) in measuring the walking
endurance in chronic stroke patients [30]. The examiner

informed the participant of the passage of time every minute

to reinforce the participant's gait concentration.

3) Dynamic balancing ability test

The timed up and go (TUG) test was performed to test
the dynamic balance ability. The TUG test is a method
of measuring the movement ability, which indicates
dynamic balance ability. This is a method of measuring
the time taken to sit on a chair 50 cm high and return
to the chair by going around a turning point at a distance
of 3 m. This test method showed high intra- and inter-rater
reliability [31]. In this study, the average time was recorded

after measuring three times.

4) Static balancing ability test

The static balance ability was measured using the
Balancia 2.0 program (Mintosys, Seoul, Korea). The
Balancia program collects information on the center of
pressure (COP) while a patient maintains a static standing
balance on the Nintendo Wii Balance Board (Nintendo,
Tokyo, Japan). The Wii Balance Board is 20.5 in.x13.2
in.x3.1 in. in size with a rectangular shape, and the COP
information is collected simultaneously through load cells
located at each corner and saved to a computer via a
Bluetooth connection. The path length and velocity (Vel
avg.) for X and Y of COP were analyzed in this study.
The test-retest reliability (ICC) of COP measurement
through the Balancia program is .66~.94, indicating high
reliability [32]. To evaluate the static balance ability, all
patients stood placed on the Wii Balance Board with their
feet shoulder-width apart, arms stretched out comfortably,
head facing forward, and eyes opened for 30 s. Investigators
who did not participate in the screening process of this
study evaluated the static balance ability and calculated

the average after three repeated measurements.

4, Data Treatment
All collected data were analyzed using the SPSS version
25.0 statistical program (IBM Corp., Armonk, NY, USA)
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Assessed for eligibility (n=45) |

Excluded (n=26)

Not meeting inclusion criteria

Randomized (n=19)

[ ) |

Allocated to the experimental group (n=10)

Received allocated intervention (n=10)

Lost to follow-up (n=0)

Analysed (n=10)

Follow-Up

Allocated to the control group (n=9)

Received allocated intervention (n=9)

Lost to follow-up (n=0)

Analysed (n=9)

Fig. 2. CONSORT diagram showing study flow.

Table 1. Demographic Characteristics of the Participants at the Baseline

Demographic Features Experimental Group (n = 10) Control Group (n = 9) X/t P
Gender (male/female) 5/5 5/4 .059  1.000
Age (years) 57.00 (7.67) 58.55 (17.89) 251 .805
Height (cm) 165.10 (7.78) 166.55 (9.90) 358 725
Weight (kg) 65.10 (9.59) 66.97 (11.36) 389 702
Paretic side (right/left) 6/4 4/5 460 .656
Onset duration (days) 84.80 (31.77) 110.33 (56.89) 1.225 237
Stroke type (infarction/hemorrhage) 4/6 6/3 1.351  .370
MMSE-K 27.50 (1.50) 28.33 (1.50) 1.205 245

Values are expressed frequency or mean (SD).

Experimental group, treadmill training with taping on the affected ankle joint; Control group, general treadmill training

MMSE-K, Korean version of the mini-mental status examination.

for Windows. An independent sample t-test and chi-square
test were performed to determine the group homogeneity
between the experimental and control groups. A Wilcoxon
signed-rank test was performed to compare the gait function
and balance ability before and after intervention for four
weeks in each group. The Mann-Whitney U-test was
performed to compare the change before and after the
intervention between the two groups. The statistical

significance level was set at .05

I, Results

Of the 20 subjects, one control patient was discharged
from the hospital during the intervention period. The
participants who completed the four-week intervention
were 10 in the experimental group and nine in the control
group (Fig. 2). Table 1 lists the general characteristics of
the 19 subjects, who finally completed the study. There

were no significant differences between the two groups
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Table 2. Pre- to Post-training Changes in Balance Variables in the Two Study Groups

Experimental Group (n = Control Group (n = 9) VA
Pre 15.56 + 8.14 17.28 + 9.61 -.245
Post 12.04 £ 6.19 1627 + 8.66 -1.388
10 MWT (m/sec) .

VA -2.803 -.059

A(post-pre) -3.52 + 3.07 -1.01 + 4.65 -2.123b

Pre 122.49 + 50.02 123.26 + 72.53 -.163

Post 135.33 + 64.44 128.17 + 68.05 -.408

3 MWD (m)

VA -1.580 -.533

A(post-pre) 12.83 £ 29.81 492 + 18.12 -.980

Pre 17.34 + 8.69 19.81 + 9.30 -816

Post 12.47 + 5.94 18.08 = 8.63 -1.470

TUG (m/sec) a

V4 -2.803 -533

A(post-pre) -4.86 + 4.44 -1.73 + 498 -1.715°

Pre 86.15 + 23.47 90.31 + 26.83 -327

COP path length Post 75.62 + 14.19 81.49 + 23.07 -.082
(mm) VA -2.191° -1.955°

A(post-pre) -10.53 + 13.94 -8.82 = 11.54 -.408

Pre 2.87 £ .78 297 + .85 -.245

COP path velocity Post 252 £ 47 272 £ .77 -.082
(cm/sec) V4 -2.191° -.889

A(post-pre) =35+ 47 =25 £ 42 =735

Values are expressed as the mean (£ SD)

Experimental group, treadmill training with taping on the affected ankle joint; Control group, general treadmill training

3 MWD, 3-minute walking distance; TUG, timed up and go test; COP, center of pressure.

“Significantly different (p < .05) from the pre-tests
bSigniﬁcantly different (p < .05) in gains between the two groups

regarding gender, paralysis side, cause of disease, age, onset
period, height, weight, and MMSE-K (p > .05).

Table 2 lists the changes in gait function and balance
ability before and after the training of the two groups.
In the experimental group, there was a significant
improvement in the 10 MWT, TUG test, COP path length,
and COP path velocity after training compared to that before
training (p < .05). In 10 MWT, it decreased by 3.5 (m/s)
compared to that before the intervention, and it decreased
by 4.9s in TUG. The COP path length decreased by .35

cm, and the COP path velocity decreased by 10.5 cm/s.
In the control group, there was a significant decrease in
the COP path velocity after training compared to that before
the intervention (p < .05). A comparison of changes in
gait function and balance ability before and after training
in the experimental group and the control group revealed
a significant difference between the 10 MWT and TUG
test (p < .05). The experimental group decreased more than
the control group: by 2.5 s in 10 MWT and 3.1 s in the
TUG test.
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IV, Discussion

This study compared the intervention effect of treadmill
training with ankle joint kinesio taping and treadmill
training without taping for adult patients with subacute
stroke. Treadmill training with taping showed significant
improvement after intervention in gait speed and static and
dynamic balance ability except for gait endurance. Furthermore,
there was a more significant improvement in the walking
speed and dynamic balance ability than in the control group.
These results are partially consistent with the hypothesis
of this study, which showed that the treadmill training
applied with taping is more effective than general gait
training.

Jackson applied kinesio taping to the ankle joint for
stroke patients and performed static standing training on
a balance pad. As a result, kinesio taping improved the
balance ability by 24% compared to before training [33].
Choi et al. reported that when kinesio taping was applied
to the ankle joint on the paralyzed side of stroke patients,
the TUG test time decreased by 2.8 seconds and by .2
seconds at 10 MWT [22,34]. These results are similar to
the results in the present study in which ankle joint kinesio
taping treadmill training in this study reduced 10 MWT
and TUG tests significantly. Kim et al. reported that kinesio
taping applied to the ankle joint on the paretic side of
stroke patients increased the walking speed of stroke
patients [18]. These results support the results of this study
in that treadmill training with taping increased the walking
speed and dynamic balance ability more than general
treadmill training. Kim et al. reported that kinesio taping
used to immobilize the joints of stroke patients was
effective in muscle activation by stimulating the skin
receptors and gamma motor neuron sensitivity in the joint
area [18]. Therefore, kinesio taping applied to the ankle
joint in this study ultimately contributed to joint stabilization
by increasing the muscle activity in the paralyzed ankle

joint region.

The COP pathway distance and COP pathway velocity
during static standing posture maintenance are major
variables in estimating the effect of interventions on balance
ability in stroke patients [23]. In this study, the COP pathway
distance and COP pathway velocity were decreased
significantly in treadmill training with taping. This means
that treadmill training with taping is effective in improving
the static balance ability of stroke patients. This result is
because taping provided an environment in which
contraction of the tibialis anterior and peroneus muscles
occurred easily. The contraction of both muscles would
have had a positive effect on the normalization of COP
from heel strike to toe-off of the paralyzed foot [35]. This
effect is ultimately considered to have contributed to COP
stabilization when maintaining a static standing posture
[23]. Abian-Vicen et al. reported that kinesio taping applied
to the ankle joint while maintaining one-legged standing
in normal adults reduced the left-right movement distance
of the COP pathway by 3.2 cm more than when no taping
was applied [36]. Kwak reported that kinesio taping applied
to the tibialis anterior decreased the COP pathway distance
by 1.18 cm and the COP pathway velocity by .03 cm/s
when maintaining a static standing posture in stroke patients
[37]. These results support the current results because
treadmill training with taping reduced the COP pathway
distance and velocity of stroke patients.

This study had some limitations. First, this study is a
pilot study investigating the effects of kinesio taping on
gait function and balance ability during treadmill training
in stroke patients. Owing to the small number of study
subjects, the main intervention method of this study cannot
be generalized and applied. Second, this study was
conducted on subacute patients admitted to a rehabilitation
hospital. Considering the length of stay, this study had
no choice but to apply the four-week intervention period.
Hence, there are limitations in determining the long-term
effects of interventions. These limitations make it difficult

to generalize the results and apply them to treadmill training
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for stroke patients. On the other hand, this study will be
clinically meaningful in that it is the first study to examine
the effects of ankle joint taping during treadmill training,
which is generally performed to improve the walking
function and balance ability of stroke patients. In the future,
based on these results, it is expected that the most effective
taping method for improving the function of stroke patients
can be suggested by comparing the intervention effect

according to the taping type.

V. Conclusion

This study examined the effect of taping on the paralyzed
ankle joint during treadmill training on the gait function
and balance ability in subacute stroke patients. As a result,
treadmill training with taping improved the gait function
and balance ability of stroke patients. Taping was more
effective in improving the gait speed and dynamic balance
than general treadmill training. Therefore, taping the ankle
joint of the paralyzed side during treadmill training for
stroke patients is expected to be an effective intervention

for improving the gait and balance ability of stroke patients.
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