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| Abstract |

PURPOSE: The purpose of this study was to examine the
immediate changes in the weight-bearing ankle dorsiflexion
range of motion (ROM) and the dynamic balance in
asymptomatic subjects using the modified Star Excursion
Balance Test (SEBT) after ankle balance taping (ABT) and
placebo ABT with kinesiology tape

METHODS: A total of 23 active participants (11 men, 12
women) volunteered for this study. Ankle flexibility was
assessed using the weight-bearing lunge test, and dynamic
balance was assessed using the modified SEBT. Participants
were asked to respond to questions regarding their perception
of stability, reassurance, and confidence when performing
modified SEBT.

RESULTS: The weight-bearing ankle dorsiflexion ROM
did not show a significant decrease after real ABT or placebo
ABT compared to the ROM prior to ABT. The anterior,

posterolateral, and posteromedial reach distances of SEBT
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did not increase significantly after real ABT or placebo ABT
compared to the distances prior to ABT. However, the
participants’perception of stability, reassurance, and
confidence, when performing SEBT with real ABT, was
increased compared to that during the control trial.

CONCLUSION: This study showed that although real
ABT did not immediately improve the reach distances in the
3 directions during modified SEBT, it improved the
participants’perception of stability, reassurance, and confidence

without decreasing weight-bearing ankle dorsiflexion ROM.
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I. Introduction

Ankle injuries are common during recreational activities
and sports (Bell et al, 2011) and 85% of these injuries
are ankle sprains (Liu and Nguyen, 1999). Recurrence rates
of ankle sprains are high (Janssen et al, 2014), and
recurrence may cause chronic ankle instability, peroneal
tendon pathology, anterior ankle impingement, and

osteoarthritis, requiring prolonged therapy (Sugimoto et al,
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2009). Therefore, prevention of ankle sprain recurrence is
the primary focus of treatment (Sawkins et al, 2007).
Generally, ankle taping using non-elastic tape or bracing
is used as a means of preventing further ankle injury
(Janssen and Kamper, 2013). Taping provides mechanical
support to the ankle (Kemler et al, 2011) by restricting
ankle ROM (Bunch et al, 1985) and by improving
proprioception (Kemler et al, 2011). However, some studies
conducted previously on the functional performance effects
of ankle taping using non-elastic tape or various braces
have shown that it interferes with normal function (Metcalfe
et al, 1997).

Kinesiology taping (KT), using elastic tape, is now
increasingly applied to treat a variety of neuromuscular
(Yasukawa et al, 2006; Cortesi et al, 2011), sports-related
(Merino et al, 2011; Lee and Yoo, 2012c), and orthopedic
conditions (Kaya et al, 2011; Garcia-Muro et al, 2010).
Previously conducted studies have shown that KT improves
blood flow and lymph circulation (Kase et al, 2003),
improves proprioception by stimulating cutaneous
mechanoreceptors (Murray and Husk, 2001; Chang et al,
2010), assists muscle function (Cortesi et al, 2011; Huang
et al, 2011) relieves pain (Kaya et al, 2011; Garcia-Muro
et al, 2010; Hwang-Bo and Lee, 2011; Lee and Yoo, 2012c),
and aids the mechanical effects required for correction of
misalignment of the pelvis (Lee and Yoo, 2012a; Lee et
al, 2011) and the shoulder (Lee and Yoo, 2012b).

Postural balance is a necessary component of daily and
sport activities (Bell et al, 2011) In addition, limitation
of ankle ROM affects daily activities such as running,
walking, squatting, and stair climbing (Green et al, 2001).
However, the effects of ABT, with kinesiology tape, on
the ankle ROM and the dynamic balance of asymptomatic
subjects have not been studied sufficiently. Therefore, the
purpose of this study was to investigate the changes in
the weight-bearing ankle dorsiflexion ROM and the
dynamic balance of asymptomatic subjects after application

of different types of ABT using kinesiology tape.

I. Materials and Methods

1. Participants

A total of 23 active participants (11 men, 12 women)
volunteered for this study. The participants were selected
according to the following criteria: (1) no history of fracture,
strain, or sprain of the ankle or lower extremity in the
6 months prior to formal testing, (2) the absence of cerebral
concussions, and vestibular disorders (Olmsted et al, 2002),
and (3) no limitation of hip, knee, and ankle joint ROM.
One male participant was excluded because of a history
of ankle fracture, in the 6 months prior to testing. The
demographic characteristics of the participants are
displayed in Table 1. Informed consent was obtained from

all participants prior to study participation.

Table 1. Baseline characteristics of the participants

(n=22)
mean = SD
Variable
Male (n=10) Female (n=12)
Age (years) 24.40 + 7.12* 21.92 £ 0.51
Height (cm) 174.50 + 4.40 161.83 + 3.71
Weight (kg) 66.95 + 6.83 63.50 £ 7.59

2. Measurements

1) Measurement of the weight-bearing lunge test

The weight-bearing lunge test can be used to assess
ankle dorsiflexion ROM and ankle flexibility (Jones et al,
2005). Bennell et al. (1998) described a testing protocol,
which involved the participants placing their foot
perpendicular to a wall and lunging their knee as much
as possible until the maximum range of ankle dorsiflexion
was reached without lifting the heel. At the maximum lunge
point, the rater measured the distance from the big toe

to the wall using a tapeline (Bennell et al, 1998) (Fig 1).
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Fig 1. Measurement of the weight-
bearing ankle dorsiflexion range
of motion of the left leg with
real ankle balance taping

2) Measurement of modified SEBT

The SEBT is an inexpensive, fast, and reliable test for
measuring dynamic balance (Hertel et al, 2000; Kinzey
and Armstrong, 1998). The 3 selected directions (anterior,
posteromedial, and posterolateral) of the SEBT (Coughlan
et al, 2012) were constructed using a 5 cm-wide adhesive
masking tape on hard tile floor.

The participants were asked to maintain a single-leg
stand in the center of a grid formed by 3 lines (Gribble
and Hertel, 2003), reach as far as possible, touch the line
with the reaching leg, and return to a double-leg stance
in the center (Gribble et al, 2012) (Fig 2). Each participant
practiced 6 trials in each of the 3 directions for each leg
before starting the formal experiment (Olmsted et al, 2002)
and performed 1 trial in each of the 3 directions to reduce
the learning effect. They made the reach in the 3 directions
in a clockwise order (Gribble and Hertel, 2003). The trials
were discarded and repeated if the participant (1) failed
to maintain 1 leg stance, (2) moved or lifted the stance
leg from the center grid, (3) did not touch down with the
reaching leg while maintaining the 1 leg stance, or (4)
failed to return the reaching leg to the center (Plisky et
al, 2006).

Fig 2. Performance of the Star Excursion
Balance Test with the right leg with
real ankle balance taping in the (A)
anterior, (B) posterolateral, and (C)
posteromedial directions

3) Perception of stability, reassurance, and confidence

Participants were asked to respond to questions
regarding their perception of stability, reassurance, and
confidence when performing modified SEBT compared to
that during the control trial (Sawkins et al, 2007).

4) Kinesiology tape application

The kinesiology tape (BB TAPE, WETAPE Co., Ltd,
Seoul, Korea) was applied with approximately 30-40%
stretch by a single physical therapist with over 10 years
of experience in kinesiology taping methods for each tape
condition. Before kinesiology taping, the participants sat
in a relaxed position. For the real ABT, the kinesiology
taping was carried out in 4 steps. The first strip of tape
was wrapped from the talus to the calcaneus (Fig 3A) with
the ankle in slight dorsiflexion. The second strip of tape
was applied from 5 cm above the medial malleolus going
over the lateral calcaneus to the outside of the instep (Fig
3B), with the ankle in slight inversion. The third strip of
tape was applied from 5 cm above the lateral malleolus
going over the medial calcaneus to the inside of the instep
(Fig 3C), with the ankle in slight eversion. The fourth strip
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of tape was applied over the area of the first tape, overlaying
100% of it to enhance the support to the ankle (Fig 3D),
with the ankle in slight dorsiflexion.

For the placebo ABT, the taping was carried out in
2 steps. The first strip of tape was applied from below
the lateral calcaneus to one-half of the lateral area of the
lower extremity (Fig 4A). The second strip of tape was

applied from below the medial malleolus to one-half of

the medial area of the lower extremity (Fig 4B).

Fig 3. Real ankle balance taping using kinesiology
tape; (A) the first tape was wrapped from
the talus to the both calcaneus; (B) the
second tape was applied from 5 cm above
the medial malleolus going over the lateral
calcaneus to the inside of the instep; (C) the
third tape was applied from 5 cm above the
lateral malleolus going over the medial
calcaneus to the outside of the instep; (D)
the fourth tape was laid over 100% of the
first tape for enhancement of ankle support

Fig 4. Placebo ankle balance taping using kinesiology
tape; (A) kinesiology taping for the medial
area of the left limb; (B) kinesiology taping for
the lateral area of the right limb

5) Procedure

The participants’ankles (both) were assessed under 3
conditions (no taping, real ABT using kinesiology tape,
and placebo ABT using kinesiology tape) at 1-week
intervals, in random order. An assistant, who was not
participating in the experiment, controlled the random
order. The weight-bearing ankle dorsiflexion ROM and the
dynamic balance (using the modified SEBT) were assessed
before and after each of the 3 conditions by a single physical

therapist with over 10 years of experience.

3. Data analysis

Statistical analyses were performed using the SPSS
software (version 18.0; SPSS, Chicago, IL, USA). The
one-way analysis of variance was used to analyze
immediate changes in the weight-bearing ankle dorsiflexion
ROM and the reach distances of the 3 selected directions
of SEBT on 1 within-subject factor (three conditions: no
taping, real ABT, and placebo ABT). A value of p < 0.05
was considered statistically significant.

An analysis of the participants’ perception of stability,
reassurance, and confidence during modified SEBT
compared to that during the control trial was performed.
The chi-square test was used to analyze the difference
between the proportions of each perception provided by

the participants for each of the ABT conditions.

II. Results

1. The weight-bearing ankle dorsiflexion ROM

There were no significant differences found in the
weight-bearing ankle dorsiflexion ROM among the 3
conditions (p>0.05) (Table 2).

2. The reach distances of the anterior,
posterolateral, and posteromedial directions

There were no significant differences in the reach
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Table 2. Comparison of the weight-bearing ankle dorsiflexion range of motion among the 3 conditions

(n=22)
mean+SD (Degrees)
Angle - P
No taping Placebo ABT Real ABT
Dominant 10.42+2.05 10.26+2.50 11.15£2.41 0.40
Nondominant 10.71+2.38 10.40+2.20 10.814+2.45 0.83
ABT : ankle balance taping
Table 3. Comparison of the reach distances in the 3 directions among the 3 conditions
(n=22)
) meantSD (cm)
Distance ; p
No taping Placebo ABT Real ABT
Anteriro (dominant) 70.77+4.97 71.63+4.90 7.82+4.96 0.81
Anterior (nondominant) 69.94+4.07 71.56+3.85 72.24+4.41 0.17
Posteromedial (dominant) 70.86+10.46 69.2549.17 73.60+8.88 0.32
Posteromedial(nondominant) 71.45+£10.09 72.25+8.03 76.47+8.97 0.15
Posterolateral (dominant) 68.82+12.29 72.91£10.85 73.78+12.08 0.33
Posterolateral (nondominant) 67.61+10.12 71.60£10.82 73.05+12.60 0.26
ABT : ankle balance taping
distances of the lower extremities in the anterior, 20- I Real ABT
. . . 2 JPlacebo ABT
posterolateral, and posteromedial directions among the 3 &
conditions (p>0.05) (Table 3). £
2 104
o
3. Perception of stability, reassurance, and confidence é
- N I I s
The real ABT and the placebo ABT influenced the o

participants’perception of stability, reassurance, and
confidence, when performing the modified SEBT (Fig 5).
The participants who underwent real ABT reported
improvement in stability (73%, N = 16), reassurance (68%,
N = 15), and confidence (68%, N = 15) when compared
to their perception of these factors during the control trial.
The participants who underwent placebo ABT also
reported improvement in stability (23%, N = 95),
reassurance (18%, N = 4), and confidence (14%, N =
3) when compared to their perception of these factors

during the control trial.

Fig 5.

Stability Reassurance Confidence

Participants’perceptions of stability, reassurance,

and confidence in the 3 selected directions of
the Star Excursion Balance Test with real
ankle balance taping (black bars) and placebo
ankle balance taping (white bars). The y-axis
shows the number of positive responses in
stability, reassurance, and confidence, compared
to those during the control trial

4. The difference between the proportions of each

perception

The chi-square analysis showed a significant difference

between the proportions of each perception provided by
the participants for each of the ABT condition (all p <
0.01).
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IV. Discussions

The results of this study showed that the weight-bearing
ankle dorsiflexion ROM did not differ among the 3
conditions. The kinesiology tape used in this study has
an elasticity of 80% of its original length and allows free
movement in its range of elasticity (Kaya et al, 2011).
Although the performance of rigid adhesive tape was not
compared with that of the kinesiology tape in this study,
it is worthwhile to note that unlike the limitation of ROM
by ankle taping using rigid adhesive tape (Fumich et al,
1981; Bunch et al, 1985), the elasticity of kinesiology tape
allows free weight-bearing ankle dorsiflexion ROM.

The reach distances in the 3 selected directions during
the SEBT did not show any difference under the 3 different
conditions. The weight-bearing ankle dorsiflexion ROM
has been shown to contribute to anterior reach distance
in the SEBT in healthy subjects (Hoch et al, 2011).
However, there was no difference in the anterior reach
distance among the different conditions because there was
no difference among the weight-bearing ankle dorsiflexion
ROM among each of the 3 conditions. In addition, the
posteromedial and posterolateral reach distances in the
SEBT have been shown to be particularly associated with
the status of the hip musculature (Hubbard et al, 2007)
and hip and knee flexion ROM (Robinson and Gribble,
2008). However, there was no change in the reach distances
in these directions, among the 3 conditions, because the
participants of this study did not actually present with
problems of hip musculature and limitation of hip and knee
ROM. Although ABT did not produce immediate
improvement of dynamic balance, the flexibility allowed
by ABT did not cause a decrease in the reach distance
in the 3 directions during modified SEBT.

The elasticity of the kinesiology tape used in this study
may help to support joint structure (Jaraczewska and Long
2006; Lee and Yoo, 2011), and may stimulate the

proprioceptive and sensorimotor systems (Murray and

Husk, 2001; Chang et al, 2010). This study showed that
the participants’ perception of stability, reassurance, and
confidence on the modified SEBT test improved with ABT
when compared to that with no taping. This may be related
to the support, proprioceptive stimulation, and psychological
benefit offered by kinesiology taping. However, the role
of ABT in the prevention of ankle injury is merely
speculative and its assessment is beyond the scope of this
study. Further research is needed to ascertain its effect
on prevention of ankle injury.

The limitations of this study were as follows: (1) it
was difficult to standardize the results of weight-bearing
ankle dorsiflexion ROM and modified SEBT because the
participants” ankles were in a pain-free state; (2) the effects
of KT for weight-bearing ankle dorsiflexion ROM and
modified SEBT were not compared with those of traditional
rigid tape; (3) dynamic balance can be assessed using
various methods, and in this study, only SEBT was

administered.

V. Conclusion

This study showed that although real ABT did not
immediately improve the reach distances of the 3 selected
directions of SEBT in asymptomatic subjects, it improved
participants’ perception of stability, reassurance, and
confidence without decreasing the weight-bearing ankle
dorsiflexion ROM. Further studies are needed to investigate
the effect of ABT in preventing ankle injury and the clinical
effects of ABT in patients with ankle sprain or instability.
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