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| Abstract |

PURPOSE: Stroke patients have reduced balance ability
due to a lack of motion in the ankle joint. Elastic taping assists
movement, and joint mobilization, a form of passive
movement, enhances mobility. The purpose of this study was
to determine the immediate effects on balance ability after
anterior-to-posterior (A-P) talocrural joint mobilization
combined with elastic taping in stroke patients.

METHODS: Twenty stroke patients were divided into two
groups: a joint mobilization with taping group (experimental
group, n=10) and an elastic taping only group (control group,
n=10). The experimental group underwent anteroposterior
mobilization of the talus and elastic tape was applied to the calf
and tibialis anterior muscles. The control group had elastic
tape applied. Dynamic balanced abilities were assessed by
using the BioRescue system. After 30 minutes of intervention,

the forward, backward, left side, and right side sway areas
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(mm’) were measured.

RESULTS: Only the experimental group showed a
significant increase in forward sway area after intervention.
However, no significant differences were detected between
the two groups.

CONCLUSION: This study shows that A-P talocrural joint
mobilization combined with elastic taping has a positive
effect, producing an immediate increase in the forward
balance ability of stroke patients. However, this study did not
examine joint mobilization alone. In subsequent studies, it is
necessary to examine the effect of joint mobilization only on

balance in stroke patients.
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I. Introduction

Stroke patients can have various ankle-related symptoms
including weakness of the tibialis anterior, spasticity of
the gastrocnemius (Lin et al., 2006), and asymmetry and
thickening of the anterior talofibular ligament (Yildizgoren
et al., 2017). Such ankle impairment leads to a lack of
ability to modify ankle strategies, decreases ankle

proprioception, and results in tibialis anterior and calf
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muscle imbalance (Oliveira et al., 2008).

Ankle joint mobilization has recently been used as an
intervention for stroke patients with poor balance, and
elastic taping has been used as an effective treatment
method for supporting the ankle joint (An and Jo, 2017;
Kim and Lee, 2018; Koseoglu et al., 2017; Park, 2017).

Joint mobilization, an orthopedic manual physical
therapy method for producing passive movement, has a
neurophysiological pain-reducing effect and a mechanical
effect that directly increases joint movement. Maitland’s
joint mobilization uses a basic concept, referred to as the
brick wall theory, that provides an evidence-based approach
to the relationship between the theoretical background and
clinical symptoms (Hengenveld and Banks, 2005).
Anterior-to-posterior (A-P) talocrural joint mobilization
changes talus translation and increases the dorsiflexion
range of motion (ROM) (Landrum et al., 2008). A-P ankle
joint mobilization applied to the ankle of the stroke patient
has been shown to be effective in restoring balance ability,
as indicated by increased dorsiflexion ROM, plantar flexor
strength, and stability limits (An and Jo, 2017).

Elastic tape applied to the stroke patients can support
muscle function and joint structure, as well as provide
proprioceptive feedback (Jaraczewska and Long, 2006).
Elastic tape attached to the tibialis anterior can improve
the lower extremity function, ambulation capacity, gait,
and reduce spasticity of motor recovery (Koseoglu et al.,
2017). Calf muscle taping can reduce sway amount and
sway velocity in the anteroposterior plane (Cortesi et al.,
2011). Furthermore, such taping has few side effects, can
be used simultaneously with other interventions, and has
a carryover effect when applied along with therapeutic
exercises, which can prolong the therapeutic effect (Park,
2017).

The effects of joint mobilization and taping on
pulmonary function and chest expansion (Park et al., 2017),
as well as on wrist range of motion (ROM), spasticity,
and strength of stroke patients (Park and Youn, 2017) have

been demonstrated.

Despite the advantages of these therapeutic approaches,
few studies have been conducted to determine balance
ability changes resulting from simultaneous joint
mobilization and elastic taping. Decreased balance and gait
are the most serious problems encountered by stroke
patients and are essential prerequisites for walking
(Middleton et al., 2017). This study investigated a combined
orthopedic manual physical therapy method for
rehabilitation of stroke patients, and the results indicated
that there was a difference in balance ability of stroke
patients between applying A-P talocrural joint mobilization

with elastic taping and elastic taping alone.

I, Methods

1. Participants

The present study included 20 patients diagnosed with
stroke and admitted to a rehabilitation hospital in
Gyeonggi-do, Korea. The selection criteria were: stroke
>6 months and <24 months, a score =24 in the Korean
version of the Mini-Mental State Examination (Kang et
al,, 1997), a passive dorsiflexion ROM =0° (Norkin and
White, 2009), an Ashworth scale grade of <2 (Bohannon
and Smith, 1987), ability to stand alone for =30 s, and
hypomobility indicated by a talus A-P glide test (Denegar
et al., 2002). Patients with a history of skin disease or
orthopedic surgery on an ankle joint were excluded from
the study. The 20 subjects were divided into two groups
(n = 10): the experiment group underwent joint mobilization
and elastic taping and the control group (n = 10) underwent
taping alone. The general characteristics of the study
subjects are summarized in Table 1. All subjects voluntarily
signed the study consent forms. The study was approved
by the Committee on Bioethics of Yong-in University
(2-1040966-AB-N-01-20-1803-HSR-098-2).

2. Measurements methods and device
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Table 1. Subject Characteristics

Classification Experimental group (n=10) Control group (n=10) P
Gender (male/female) 8/2 6/4 329
Paretic side (left/right) 8/2 5/5 .160

Disease duration (month) 11.30+2.45” 10.80+2.86 .680

Age (years) 60.10£9.12 63.30+7.95 414

Weight (kg) 69.6£9.51 68.4£10.93 796

K-MMSE” (point) 27.00+.81 26.60+1.07 361
MAS® (point) 86+.77 8375 73
Dorsiflexion ROM” (degree) 6.36+3.34 5.33£3.72 274

“Values are meansSD

YK-MMSE: Korean-mini-mental state examination
“MAS: Modified Ashworth scale

9Dorsiflexion ROM: Dorsiflexion range of motion

1) Balance ability

In this study, dynamic balance ability was assessed by
using a BioRescue system (AP1153, SyCoMORe, France).
During assessment, subjects were instructed to pose with
their feet on the force plate and move their center of gravity
in the direction of randomly assigned arrows on the
computer screen. Forward, backward, and left and right
sides sway areas (mm’) were determined. Subjects were
allowed to have a computer monitor on the front. Subjects
were instructed to follow the arrows on the screen and
move the center of pressure to a point as far as possible
from the start position. The subject maintains that balance
position while the arrow is displayed and then returns to
the start position when the arrow disappears. When an arrow
in another direction appears, the same procedure is
followed. The test-retest reliability of the limits of stability
test results obtained from the BioRescue system is reported
to be high (ICC=.78-.91, Chien et al., 2007; Liston and
Brouwer, 1996; ICC=.84, Song and Park, 2016).

3. Experimental design

1) A-P talocrural joint mobilization

Five sets of A-P talocrural joint mobilization were

Fig. 1. A-P talocrural joint mobilization position

performed for 2 min followed by a 1 min rest period (15
min total) were applied to the experimental group. Prior
to intervention, the subjects flexed the knee joint 90° while
lying on their stomach, and the researcher then applied
A-P mobilization to the grade III paralyzed talus
(Hengenveld and Banks, 2005) (Fig. 1).

2) Elastic taping

Taping was performed by applying elastic tapes
(Kinesiology 3NS Tape, TS, Korea) to the paretic side
of the calf muscle and tibialis anterior muscle of the patients

in both groups. First, calf muscle taping was performed



94 | J Korean Soc Phys Med Vol. 13, No. 3

Fig. 3. Tibialis anterior muscle tape placement

on subjects in a prone position with the knee joint flexed
and the ankle joint neutralized. One end of the tape was
attached to the plantar surface of the heel, and the other
end was the first of the calf (Fig. 2). During application,
the tape was stretched by 50-75% prior to attachment to
the Achilles tendon area. The ends and ends of the tape
did not apply stretch (Cortesi et al., 2011). Second, tibialis
anterior muscle taping was performed with the subject in
the supine position. The tape was attached to paretic leg
from the region of the origin to area of the insertion of

tibialis anterior muscle (Koseoglu et al., 2017) (Fig. 3).

4, Statistical Analysis

In this study, the Kolmogorov-Smirnov test was used

to determine normality. Descriptive statistics were used
for assessment of the general characteristics of the subjects.
The paired t-test was used to assess differences in the effects
of intervention within each group, and the independent t-test
was used to assess differences between groups. For
statistical analyses, Statistical Package for the Social
Sciences Version 21.0 (SPSS Inc, Chicago, IL, USA) was
used with the significance level of alpha set at .05.

I, Results

1, Comparison of balance ability before and after
intervention
No significant differences were detected among all of
the variables in the control group (p>.05), but forward sway
area was significantly increased in the experimental group
(p<.05). No significant differences were detected between
the two groups (p>.05) (Table 2).

IV, Discussion

Stroke patients exhibit increased postural sway, which
is associated with falls (Song et al., 2010). Balanced
rehabilitation after stroke is important because the quality
of life is reduced in stroke patients who have experienced
falls (Song et al., 2010; Lee and Park, 2016). This study
was conducted to evaluate the effect of ankle joint
mobilization and lower leg elastic taping on balance ability
in stroke patients with hypomobility of the ankle joint.
The results of this study indicated there were no significant
changes in any of the balance variables in the elastic tape
only (control) group. In contrast, there was a significant
increase in the forward sway area of the combined A-P
joint mobilization and elastic taping (experimental) group.
However, there was no significant difference in sway
amounts between the two groups.

Elastic taping applied to the ankle in stroke patients
for 24 hours has been reported to improve the displacement
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Table 2. Changes in the Dynamic Abilities of the Two Intervention Groups

Experimental group (n=10) Control group (n=10) P
, Before 1173.40£922.827 1502.90£1056.20 467
Forward sway area (mm°)
After 1266.70+£970.22 1529.30+£999.03 558
Change 93.30+113.12 26.40+225.06
P .028* 719
, Before 1042.90+782.56 1376.30+£1092. 58 443
Backward sway area (mm”)
After 1124.80+799.10 1403.80£1044.58 Sl
Change 81.90+125.37 27.50+164.73
)4 .069 610
) Before 1020.40+837.34 1656.80+1903.20 181
Paretic side swayarea (mm”)
After 1169.90+992.03 1803.201143.51 202
Change 149.50+307.28 146.40+344.95
)4 158 212
o ,  Before 1371.20£1505.80 1886.90+£1386.56 415
Non-paretic side swayarea (mm®)
After 1505.80+1544.29 2033.30+1292.48 Sl
Change 134.60+244.60 146.40+342.02
P 116 209

Walues are means+SD.

*Significant difference between before and after intervention in each group (p<.05).

#Significant difference between the experimental and control groups (p<.05).

Experimental group: A-P talocrural joint mobilization with elastic taping.

Control group: Elastic taping only.

of the COP (Rojhani-Shirazi et al., 2015). On the other
hand, a tape application time of 30 min did not improve
the gait of stroke patients (Park, 2017). The present study
applied elastic tape for only 30 min in order to reduce
interference with other therapies, and there were no
significant changes in sway results in the control group.
Therefore, application of tape for 30 min appears to be
insufficient for improving balance ability in stroke patients.

However, the experimental group, in which joint
mobilization and taping were combined, exhibited a
significant improvement in forward sway area. Passive joint
mobilization may have an effect on ROM enhancement
but has no effect on functional activity (Kluding and Zipp,
2004). Joint mobilization applied to the talus of stroke

patients has produced an increase in the forward area of

the LOS (An and Jo, 2017). Because A-P talocrural joint
mobilization is capable of correcting a positional defect
of the talus, it may increase the ankle dorsiflexion ROM
in ankle immobilization patients (Landrum et al., 2008).
Passive movements in joints can change viscoelasticity and
reflexive responses (Nuyens et al., 2002). Therefore,
repeated movements of the joint through joint mobilization
may result in a change in viscoelasticity (Nuyens et
al.,2002), which may reduce calf spasticity (Pérez Parra
and Henao Lema, 2011). However, those changes may be
the result of ankle joint correction (Landrum et al., 2008).
In addition, since calf muscle taping has been shown to
recover balance on the A-P plane (Cortesi et al., 2011),
it seems that the taping assisted in improving sway area

when moving in the forward direction.
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Compared to conventional therapy alone, conventional
joint mobilization therapy applied to the ankle joint is a
more effective intervention method for ankle kinetics and
weight-bearing ability (An and Jo, 2017). Several previous
studies have emphasized the importance of joint movement
in limiting ankle joint movements in stroke patients and
have demonstrated the effectiveness of joint movement in
balance and gait function (Kim and Lee, 2018). However,
in previous studies, joint mobilization was applied with
weight-bearing or as mobilization with movement (MWM)
(An and Jo, 2017; Kim and Lee, 2018). Because balance
decreases in stroke patients as the severity of the patient
condition increases (Tyson et al., 2006), MWM may be
difficult to apply in a weight-bearing state when the patient
lacks balance ability. Therefore, in cases where MWM is
inapplicable, A-P passive mobilization to be applied in the
lying-on-stomach position, similar to that in this study,
is recommended with elastic tape applied as an additional
measure.

There was no significant difference between the results
of the experimental and control groups in this study. Thus,
the study failed to show a difference between the two
intervention methods tested, perhaps because the
intervention period was immediate. Regardless, the
combination intervention did produce an increase in the
forward sway area.

A major limitation of this study was the small number
of subjects. In addition, the study did not investigate
whether the BioRescue system was effective in showing
an improvement in balance ability. Therefore, future study
should confirm its usefulness for both the dynamic and

static balance assessment.
V. Conclusion
The present study was conducted to investigate the effect

of a combination of A-P talocrural joint mobilization and

elastic taping on the balance ability of stroke patients.

Twenty stroke patients were recruited and divided into two
groups: joint mobilization with taping group (n = 10) and
elastic taping only group (n = 10). Joint mobilization with
taping improved forward sway area of the stroke patients.
However, there was no significant difference between the
two groups. In general, stroke patients exhibit a decrease
in balance ability. A-P talocrural joint mobilization
performed in the supine position is a passive movement,
thus it is safe to apply to stroke patients. In addition to
joint mobilization, elastic taping should be applied to assist

in restoring balance ability.
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