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Talus stabilization taping (TST) can be utilized to stabilize posteriorly 
glide of the talus and allows active ankle dorsiflexion movement during 
walking. The purpose of this study was to compare the effects of ankle 
kinesio taping with those of TST on ankle dorsiflexion passive range of 
motion, static balance, the Timed Up and Go test, and the fall risk in pa-
tients with chronic stroke and limited ankle dorsiflexion. Participants 
were randomized into the kinesio taping (n= 11) and TST groups (n= 11). 
Both groups were applied the appropriate taping and were asked to 
walk on the treadmill for 10 min. The ankle dorsiflexion passive range of 
motion, static balance ability, Timed Up and Go test, and fall risk were 

assessed in all participants before and after the intervention. The TST 
group showed greater improvement than the ankle kinesio taping group 
in all outcomes measured (P< 0.05). Furthermore, both groups had sig-
nificantly decreased in the Timed Up and Go results (P< 0.05). This study 
shows that TST improves functional ability of the ankles of patients with 
chronic stroke in comparison to the kinesio taping method.

Keywords: Stroke, Ankle range of motion, Balance, Fall, Kinesio taping, 
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INTRODUCTION

Stroke patients require long-term treatment and often experi-
ence difficulties in daily activities (Carandang et al., 2006). Limit-
ed ankle dorsiflexion passive range of motion (DF-PROM) is a 
common impairment for people with chronic stroke, which leads 
to impaired balance and increased fall risk in standing or gait (An 
and Jo, 2017; Kluding and Santos, 2008; Yarkony and Sahgal, 
1987). Furthermore, limited ankle DF-PROM results in difficul-
ties in weight transfer toward the paretic lower limb during both 
standing or gait in patients with stroke (Dickstein et al., 1984; 
Kluding and Santos, 2008).

Various interventions, such as kinesio taping (KT), nonelastic 
taping, and talocrural joint mobilization have been used to im-
prove balance ability and gait functions in individual patients with 
stroke (An and Jo, 2017; Nam et al., 2015; Rojhani-Shirazi et al., 

2015). KT has been used as a rehabilitation program for pain re-
lief, muscle strength enhancement, to correct joint positions, to 
control joint instability, improve posture alignment, increase pro-
prioception, and to increase range of motion (ROM).

Recent studies have reported that talus stabilization taping 
(TST) can help restore normal accessory motion in cases of people 
with limited ankle dorsiflexion ROM (Kang et al., 2014; Yoon et 
al., 2014). TST provides the posterior talar glide and allows active 
ankle dorsiflexion movement in a weight-bearing position during 
walking (Mau and Baker, 2014; Yoon et al., 2014). Evidence on 
the use of ankle joint mobilization techniques in stroke patients 
is limited, although researchers have found that talocrural joint 
mobilization can be useful for improving the balance ability in 
patients with chronic stroke (An and Jo, 2017) and TST has been 
recommended to improve ankle DF-PROM and gait functions 
in cases of people with limited ankle dorsiflexion (Yoon et al., 
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2014).
Although TST increases ankle DF-PROM and weight shift 

ability in individuals with limited ankle dorsiflexion, to date it 
appears that the usefulness of TST in patients with chronic stroke 
has not been investigated. Therefore, the purpose of this study is 
to compare the immediate effects of a TST with those of ankle KT 
on ankle DF-PROM, static balance ability, Timed Up and Go 
(TUG) test, and fall risk in patients with chronic stroke.

MATERIALS AND METHODS

Subjects
A pilot test was performed on four volunteers to determine the 

number of chronic stroke patients required for this study. A power 
analysis was performed using the G-power software (G-power 
software 3.1.2; Franz Faul, University of Kiel, Kiel, Germany) to 
achieve a significant power of 0.80, the effect size of 1.26, and α 
level of 0.05. The results of the power analysis showed that this 
study would require nine patients with chronic stroke per group. 
The present study involved 22 patients with stroke from Young-
dungpo hospital, Seoul who volunteered to participate in this 
study. The inclusion criteria were as follows: (a) diagnosis of hemi-
plegia due to hemorrhagic or ischemic stroke (>6 months post-
stroke); (b) independent gait possible over 10 m without assistive 
devices; (c) minimum score of 24 on the Korean Mini-Mental 
State Examination; (d) spasticity in a lower affected side ankle 
(modified Ashworth scale ≥1), (e) less than 8° of ankle DF-
PROM on the affected side. The exclusion criteria were a history 
of surgery in the lower extremities, fractures, hip and knee flexion 

contracture and contraindications for ankle joint mobilization. 
Before the study, all participants were informed of the purpose 
and procedure of the study, in accordance with the ethical stan-
dards of the Declaration of Helsinki. Only those who voluntarily 
signed informed consent form were enrolled as subjects.

Experimental procedure
A randomized controlled study design was used. Participants 

were randomly assigned to either the ankle KT (n=11) or TST 
(n=11) group. The participant characteristics and outcomes (ankle 
DF-PROM, static balance ability, TUG test, and fall risk) measures 
were assessed by two examiners who were blinded to the task of 
participant intervention and study hypotheses. Before measuring 
the baseline data, participants rested in a chair for at least 5 min. 
The ankle KT and TST were applied 10 min after the baseline 
measurements were made. Another experienced KT certified phys-
ical therapist applied two types of taping to the affected side ankle. 
Before the tape application, the skin surface was removed of hair 
and cleansed. For the ankle KT used standard 5 cm 3NS TEX (TS 
Co., LTD, Seoul, Korea) was used and applied in accordance with 
Kase’s methods (Yazici et al., 2015). The first taping began from 
the dorsum of the foot and was attached to the anterior aspect of 
the tibia. The second taping was attached with the maximum 
length of the tape, about 10 cm above the lateral malleolus from 
the sole of the foot. The third taping began from the anterior of 
the ankle and was attached to the posterior aspect of the ankle 
with the maximum length of the tape from the lateral side of the 
ankle (Fig. 1A). The ankle TST was applied with rigid strapping 
tape (37-mm width, Mueller M tape) using maximal force with 

Fig. 1. Application of ankle kinesio taping method (A) and talus-stabilizing taping method (B).
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the piece of tape. Each participant placed the ankle of the affected 
side on the chair and advanced the tibia over the foot via knee 
flexion, then, the tape was attached to the plantar surface of the 
calcaneus through the medial and lateral sides of the talus (Yoon 
et al., 2014) (Fig. 1B). After applying each of the two taping 
types, the participants performed a walk at a comfortable speed on 
the treadmill for 10 min to familiarize themselves with the two 
conditions. Immediately following the removal of the tape after 
the treadmill walking, a 5-min resting period was allowed and 
the post data collection began.

Outcome measurements
Dependent variables were as follows: ankle DF-PROM, static 

balance ability, TUG test, and fall risk. Ankle DF-PROM was 
measured using a 20-cm standard goniometer after flex of the 
knee to 90° in the prone position. The central axis of the goniom-
eter was placed on the lateral malleolus. The stationary arm of the 
goniometer was placed parallel to the lateral side of the fifth meta-
tarsal bone and the moving arm was placed parallel to the center 
of the fibular head. One examiner applied force to the plantar sur-
face of the forefoot and midfoot in the direction of dorsiflexion 
until further movement was firmly restricted. A second examiner 
confirmed the ankle DF-PROM. The static balance ability and 
fall risk were measured using the Biodex Balance System SD (Bio-
dex Medical Systems, Inc., Shirley, NY, USA) that enables the de-
vice to serve as an objective assessment of balance ability. This sys-
tem uses a circular platform which is free to move in the anterior-
posterior and medial-lateral axes simultaneously and measures the 
degree of tilt in each axis, providing an average sway score. For 
the static balance ability measures, the stability index is measured 
as the angular excursion of a patient’s center of gravity and mea-
surements were run for 30 sec. For fall risk measures, the results 
included an overall stability index score. Based on the results of 
the previous study (Cakar et al., 2010), level 12 was chosen as the 
appropriate level to perform for all test participants and was per-
formed for 20 sec. A high score indicates a lot of movement and 
poor balance. The TUG test records the time taken to stand up 
from a 50-cm height chair, walk 3 m and turn around a block, 
walk back to the chair, and sit down. All measurements were re-
peated 3 times, and the mean value was calculated.

Statistical analysis
PASW Statistics 18 software (SPSS, Chicago, IL, USA) was 

used for all statistical analyses. Normality of the data distribution 
was examined using the one-sample Kolmogorov–Smirnov test. 

Data are presented as mean±standard deviation. Baseline demo-
graphic variables were compared between the groups using an in-
dependent t-test for continuous data and the chi-square test of in-
dependence for categorical data. After the intervention, indepen-
dent t-tests were used to compare between-group means, and 
paired t-tests were used to compare within-group means. The ef-
fect sizes were calculated to determine meaningful changes be-
tween the groups; an effect size of P≤0.20 indicates a small 
change; 0.50 a moderate change; and 0.80 a large change (Cohen, 
1992). Statistical significance was set at P values of <0.05.

RESULTS

Physical characteristics are summarized in Table 1. Outcome 
measurements are presented in Table 2. No significant differences 
were observed between the groups in any of the measured baseline 
values. Following interventions, ankle DF-PROM was signifi-
cantly increased in the TST group compared to the KT group 
(P<0.001) and was also significantly increased relative to baseline 
values only in the TST group (P<0.001). Similarly, static balance 
ability was significantly decreased in the TST group compared to 
the KT group (P<0.001) and significantly decreased relative to 
baseline values only in the TST group (P<0.001). Additionally, 
the TUG results were significantly decreased in the TST group 
relative to the KT group (P<0.001). TUG decreased significantly 
compared to baseline values in both the KT (P=0.012) and TST 
group (P<0.001). Further, fall risk was significantly decreased in 
the TST group compared to the KT group (P<0.001) and was 
significantly decreased relative to baseline values in only the TST 
group (P<0.001).

Table 1. Clinical information of the patients with stroke

Characteristic Kinesio taping 
(n= 11)

Talus  
stabilization 

taping (n= 11)
P-value

Age (yr) 60.09± 4.50 59.9± 6.49 0.940
Height (cm) 167.45± 8.04 165.55± 7.06 0.561
Weight (kg) 64.27± 9.49 65.45± 9.61 0.775
Sex, male:female 8:3 7:4 0.647
Hemiplegic side, left:right 5:6 4:7 0.665
Type of stroke, ischemia:hemorrhag 4:7 6:5 0.392
Disease duration (month) 10.27± 2.72 9.82± 2.48 0.687
K-MMSE 26.09± 2.17 26.27± 2.15 0.845

Values are presented as mean± standard deviation or number.
K-MMSE, Korean version of Mini-Mental State Examination.
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DISCUSSION

The objective of this study was to compare the immediate effi-
cacy of TST and ankle KT therapy in improving ankle DF-
PROM, SBA, TUG test results, and fall risk in chronic stroke pa-
tients. The results indicated that the TST group demonstrated 
significant improvements in all of the measured parameters in 
comparison with baseline values while the KT group demonstrat-
ed significant improvement only in the TUG test result. The TST 
group demonstrated significantly improved results in ankle DF-
PROM, static balance ability, the TUG result, and fall risk in 
comparison to the KT group following completion of the inter-
vention. To the best of our knowledge, this is the first investiga-
tion to demonstrate both a TST intervention benefit and to com-
pare the differential effects of TST and ankle KT in chronic stroke 
patients.

Compared with the KT group, ankle DF-PROM significantly 
increased in the TST group by 53.5% after study intervention. 
Additionally, in the TST group, the DF-PROM significantly in-
creased by 37.6% after the TST intervention compared with base-
line. These results are consistent with those of previous studies (An 
and Jo, 2017; Kang et al., 2014). An and Jo (2017) reported sig-
nificant improvements in ankle DF-PROM, ankle strength, and 
weight-bearing ability following talocrural mobilization with 
movement application in patients with chronic stroke. Another 
recent study showed that ankle DF-PROM and heel-off time in 
the stance phase of gait were increased after walking with TST 
application in people with ankle limited DF-PROM (Kang et al., 
2014). Their ankle DF-PROM results were similar to those in the 
present study. Here, a weight-bearing TST facilitated the recovery 
of accessory movement in the ankle joint by the application of a 
gliding force to the talus posteriorly and may have enhanced the 
stretch force in the ankle plantar flexors during the repeated DF-
ROM walking (Kang et al., 2014; Vicenzino et al., 2006). In ad-

dition, the recovery of posterior talar glide contributes to the im-
provement of ankle dorsiflexion ROM (Vicenzino et al., 2006). 
For this reason, TST also seems to increase ankle DF-PROM com-
pared to KT. Thus, our results indicate that TST effectively in-
creases ankle DF-PROM.

After the completion of the study interventions, ankle static 
balance ability decreased in the TST group by 78.9% compared 
to the KT group. Additionally, in the TST group, the static bal-
ance ability significantly decreased by 72.7% after the TST inter-
vention compared with baseline. These results are consistent with 
those of previous studies (Kim and Lee, 2018; Park et al., 2019). 
Kim and Lee (2018) reported significant improvements in ankle 
ROM, static balance ability, TUG test, and dynamic gait index 
following weight-bearing-based mobilization with movement ap-
plication in patients with stroke. Park et al. (2019) applied ankle 
mobilization with movement in patients with chronic stroke, 
which produced significant improvements in static balance abili-
ty, Berg balance scale, and cadence compared with static calf mus-
cle stretching. In our study, static balance ability significantly im-
proved in the TST group compared to the KT group. Joint mobi-
lization is effectively helping the activity of mechanoreceptors in 
the capsule and ligaments, thereby improving ankle sensory out-
put (Hiller et al., 2006). Also, possible restoration of joint ar-
throkinematics after walking with TST could explain the joint 
position sense and postural control by changing the muscle activi-
ty around the ankle joint (Bae et al., 2015; Franettovich et al., 
2008). For this reason, TST also appears to improve static balance 
ability compared to KT.

After the trial protocol, the TUG results significantly decreased 
in the TST group by 77.1% compared with the KT group. Further, 
both groups demonstrated significant improvements in the TUG 
results following interventions, decreasing by 6.8% in the KT 
group and 37.2% in the TST group. These results are consistent 
with those of previous studies (Lee et al., 2017; Sheng et al., 2019). 

Table 2. Changes in the intervention in each group

Parameter
Kinesio taping (n= 11) Talus stabilization taping (n= 11)

Pretest Posttest Change score (CI) Effect size Pretest Posttest Change score (CI) Effect size

DF-PROM (°) 6.81± 0.77 7.26± 0.94 0.45 (0.16–1.05) 0.53 6.18± 0.97 9.91± 1.34* 3.73 (3.09–4.37)† 3.22
Static balance ability result (score) 0.9± 0.18 0.82± 0.15 -0.08 (-0.19 to 0.03) 0.48 0.95± 0.24 0.55± 0.13* -0.39 (-0.24 to 0.54)† 2.16
Timed Up and Go test results (score) 21.88± 2.45 20.49± 2.87 -1.4 (-2.41 to -0.38) * 0.52 22.54± 2.94 16.43± 2.21* -6.11 (-5.08 to -7.14)† 2.37
Fall risk (point) 3.78± 0.32 3.65± 0.46 -0.13 (-0.4 to 0.15) 0.33 3.89± 0.32 2.77± 0.46* -1.12 (-1.38 to -0.85)† 2.87

Values are expressed as mean± standard deviation.
DF-PROM, dorsiflexion passive range of motion; CI, confidence interval.
Change score= posttest–pretest.
*P< 0.05, significant difference between pre- and postinterventions within the group. †P< 0.05, significant difference between the change scores between the groups.
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Sheng et al. (2019) demonstrated that ankle KT intervention sig-
nificantly improved 10-m walking test, TUG results, stride length, 
stance phase, and swing phase compared with baseline in patients 
with foot drop after stroke. Specifically, posterior talar glide with 
dorsiflexion ankle joint mobilization was shown to significantly 
increase ankle ROM, ankle strength, TUG results, and gait func-
tion compared with the placebo group in patients with stroke (Lee 
et al., 2017). Ankle KT might reduce the recruitment time to the 
dynamic ankle joint stabilizer muscles, ensure the proper posture 
of the foot, and improve the contact of the foot with the ground 
(Morris et al., 2013; Yazici et al., 2015). In the present study, TST 
may also improve postural control, ankle stability and proper foot 
positioning by the response of the ankle movement as was also 
shown in KT. In addition, TST is used to glide the talus posteri-
orly and allow ankle dorsiflexion during walking. In these proce-
dures, the foot was restored to normal ankle joint kinematics. This 
may have provided a greater stability force for the talus than KT 
does. As a result, TST also seems to improve TUG results com-
pared to KT.

Compared with the KT group, fall risk significantly decreased 
in the TST group by 88.4% after intervention and additionally 
decreased by 40.4% after the TST intervention compared with 
baseline. These results are consistent with those of previous stud-
ies (Mackintosh et al., 2006; Mecagni et al., 2000). Mackintosh et 
al. (2006) investigated the predictors associated falls poststroke 
and found that reduced balance ability, slower walking speed, and 
lack of activity may increase instances of falls and that balance and 
functional mobility training were needed. Mecagni et al. (2000) 
compared the relationship between balance measures and ankle 
ROM in community-dwelling elderly women and found that a 
relationship exists between ankle ROM and balance scores (0.29 
to 0.63.) and these results may indicate that ankle ROM contrib-
utes to the maintenance of balance. Their fall risk results were 
similar to those in the present study. Patients with stroke have 
shifted body weight in the less affected lower extremities and this 
asymmetrical posture leads to a decrease in balance ability and in-
crease fall risk (Cakar et al., 2010; Dickstein et al., 1984). In the 
present investigation, we suggest that walking with TST may 
improve ankle DF-PROM along with static and dynamic balance 
ability which may contribute to improvements in the fall risk by 
improving postural sway and proper foot position in the ankle 
joint when standing up. Also, TST under the weight-bearing con-
dition may have enhanced the stretch force in the ankle plantar 
flexors. Interventions to improve ankle ROM and balance may re-
duce the fall risk. For this reason, TST also seems to improve fall 

risk compared to KT. Thus, our results indicate that TST effec-
tively improves fall risk.

This study has several limitations. Firstly, this study did not in-
clude follow-up tests; therefore, the carryover effect of TST was 
not studied. Additional studies are needed to elucidate these ef-
fects. Secondly, this study measured ankle ROM only passively. 
Follow-up studies are needed to determine the changes in ankle 
ROM during functional activities. Finally, findings may not be 
generalized for all stroke patients, as our study was studied on 
stroke patients with minor or moderate physical impairment. Ad-
ditional studies are required to study these specific issues in more 
detail in the future. This study compared the effects of ankle KT 
and TST with respect to ankle DF-PROM, static balance ability, 
TUG test results, and fall risk in patients with chronic stroke. 
Our findings indicate that TST significantly improves ankle DF-
PROM, static balance ability, TUG test results, and fall risk com-
pared to the ankle KT group. In addition, both ankle KT and 
TST interventions significantly improved the TUG test results. 
Taken together, these findings will be the basis for the develop-
ment of novel therapeutic interventions and strategies for people 
with chronic stroke.
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