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Background

Chronic ankle instability (CAI) commonly develops after recurrent ankle sprains and is
associated with deficits in proprioception and dynamic balance. Sports taping (ST) is
frequently used to enhance joint stability but may restrict movement. Dynamic taping
(DT) is a novel alternative elastic taping technique designed to provide support without
restricting functional motion.

Purpose

To compare the immediate effects of DT and ST on dynamic balance and proprioception
in recreational athletes with CAI

Study Design

Single-blind randomized controlled trial.

Methods

Twenty-eight participants with CAI were randomly assigned to either a DT group (n = 14)
or an ST group (n = 14). Outcomes included joint position sense error (reproduction of
angle measured using a smartphone App) and dynamic balance (assessed using the
single-leg multiple hop stabilization test). Measurements were obtained before and 15
min after taping. A mixed-design, repeated-measures 2-way analysis of variance was
used for statistical analysis.

Results

Both groups exhibited significant improvements in joint position sense error over time (p
< 0.05), with no significant group x time interaction (F (1,26) = 0.85, p = 0.366, n* = 0.03).
A significant group x time interaction was observed in dynamic balance (F (1,26) = 20.42,
p < 0.001, n? = 0.44), indicating that DT may enhance dynamic balance relative to ST.

Conclusions

DT may enhance dynamic balance more than ST does, although both taping methods
improve proprioception in individuals with CAI. However, these findings should be
interpreted with caution, as the sample size was small and the assessment was conducted
over a short period.

a Corresponding author:
Hsiao-Yun Chang
E-mail: yun1130@ntsu.edu.tw
Address: Department of Athletic Training and Health, National Taiwan Sport University, No. 250, Wenhua 1st Rd., Guishan Dist.,
Taoyuan City 333325, Taiwan
Tel: 886-3-3283201#2503



https://orcid.org/0000-0002-8470-566X
https://doi.org/10.26603/001c.163298
mailto:yun1130@ntsu.edu.tw
https://doi.org/10.26603/001c.163298

Effects of Dynamic Taping on Dynamic Balance and Proprioception in Recreational Athletes with Chronic ...

Levels of Evidence
Level 2

INTRODUCTION

Ankle sprains are among the most common injuries in
sports. A systematic review estimated that the incidence of
ankle sprains is approximately 0.72 to 13.6 per 1000 ath-
letic exposure hours.! Another epidemiological study re-
ported that the rate of ankle sprains between the ages of
15 and 19 years is 7.2 per 1000 exposure hours.2 Between
80% and 90% of all ankle sprains are lateral ankle sprains
(LASs).35 In addition, 80% of individuals who experience
LASs experience recurrent injury, and 75% of individuals
who experience recurrent ankle sprains develop chronic an-
kle instability (CAI).3-5 CAI can be differentiated into func-
tional and mechanical ankle instability. LASs cause im-
paired movement and neuromuscular control deficits in
patients with ankle proprioception and exemplify func-
tional ankle instability. By contrast, tissue structure in-
juries, such as ankle ligament laxity, exemplify mechanical
ankle instability. Both types of ankle instability often occur
in individuals with CAL®

Athletes with CAI typically protect their ankles with
sports tape (ST), which can increase the stability of the an-
kle joint but limits range of motion and performance.” A
study reported that beyond increasing the stability of the
ankle joint, ST was not associated with superior perfor-
mance on the Star Excursion Balance Test.8 By contrast,
elastic tape can stretch and enable athletes to move freely.?
Two types of elastic taping methods are commonly used
in sports settings: kinesiology taping and dynamic taping
(DT). Kinesiology taping has been extensively studied since
the mid-2010s. Several authors have reported that Kine-
siology taping stimulates skin receptors,!0 improves pro-
prioception,!! increases ankle mobility,1%13 and enhances
posture control.14 However, kinesiology taping does not
provide ankle support and stabilization.!> Moreover, al-
though kinesiology taping can enhance postural control
in simple balance tasks, a study suggested that it has a
nonsignificant effect on postural control and stabilization
in difficult balance tasks.1® This indicates that kinesiology
taping can improve proprioception of the ankle joint and
slightly influence postural control but does not clearly sup-
port or protect the ankle joint.

DT is an elastic taping method developed by Australian
physiotherapist Ryan Kendrick.17-19 DT has distinct appli-
cations from those of kinesiology taping and is based on
biomechanical principles. Notably, DT can be stretched in
multiple directions, in contrast to kinesiology tape, which
stretches only in one direction, and has high elasticity sim-
ilar to a rubber band. Kendrick demonstrated that DT can
manage load by modifying movement patterns and func-
tions. Its strong elasticity also enables the body to absorb
external loads and assists in force generation to minimize
stress.17-20

Pawik et al. studied changes in postural stability on a
stable surface in patients with Grade I and II inversion an-
kle sprains whose ankles had been taped using DT.17 The

patients were enrolled in the acute or subacute phase of an-
kle sprain and were assessed for balance in a standing posi-
tion with eyes open or closed and in the presence of visual
feedback. The results revealed that the patients did not ex-
hibit significant improvements in certain balance parame-
ters in tests on a stable surface with eyes open or closed
eyes.!7 However, that study was limited to patients with
acute or subacute ankle sprain and did not examine DT in
patients with CAI, and the balance assessment was a static
evaluation on a stable surface rather than a dynamic bal-
ance (DB) test. Lim and Park compared the effect of Kinesio
tape and DT on static and DB in individuals with asympto-
matic flexible flatfoot.1® Twenty-two participants were re-
cruited to complete the Y-Balance test (YBT) and a 30-s
standing test barefoot while the center of pressure (COP)
was measured. The results revealed that the scores on the
YBT significantly increased after the application of DT rel-
ative to no taping and of kinesiology tape relative to no
taping, whereas the difference in COP during static stand-
ing between the three conditions was nonsignificant. How-
ever, these results may not be generalizable to patients with
CAIL. Addressing this gap, Kodesh et al. examined the ef-
fects of DT on balance control in individuals with CAI21
In their experiment, the single-limb stance test with eyes
open and closed was conducted before, 10 min and 24 h af-
ter DT was applied over the gastrocnemius muscle. The re-
sults revealed that DT enhanced balance control. However,
Kodesh et al. did not assess DB, which indicates stability
and balance during sports activities. Accordingly, whether
DT improves DB in individuals with CAI remains unclear.
Therefore, the purpose of this study was to compare the im-
mediate effects of DT and ST on dynamic balance and pro-
prioception in recreational athletes with CAIL

METHODS

STUDY DESIGN

This study adopted a pretest-posttest comparative design.
The sample size estimation was conducted using GPower
3.0 software (Heinrich Heine University, Germany). The au-
thors calculated the sample size using a repeated-measures
analysis of variance (ANOVA) with between-group factors
and the following parameters: two-tailed test, effect size f
= 0.5, power = 0.8, and o = .05. Accounting for a 10% with-
drawal rate, this study determined that a sample size of 28
participants was required (14 per group).

PARTICIPANTS

This study screened 28 recreational athletes with chronic
ankle instability by using the Cumberland Ankle Instability
Tool (CAIT) and randomly divided them into two groups: an
ST group (n = 14) and DT group (n = 14). The inclusion cri-
teria were (1) having had at least one ankle sprain and hav-
ing a CAIT score of <25 points,22 (2) not having other mus-
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culoskeletal injuries or surgery on the lower extremities in
the three months before the experiment, and (3) engaging
in physical activities for at least two hours twice a week.
The exclusion criteria were (1) having experienced a frac-
ture of the lower limbs or undergone surgical treatment, or
(2) having neurological deficits or vestibular system deficits
that rendered performing the experimental procedures im-
possible. All participants were familiarized with the exper-
imental procedure and associated risks and provided writ-
ten informed consent before the experiment commenced.
The protocol of this study was approved by the Institutional
Review Board of Fu Jen Catholic University in Taiwan (IRB
No.: C109054).

TAPING APPLICATION

ST. In this study, Mueller MTape 1.5 in x 13.7 m (Mueller
Sports Medicine, Inc., United States) was used to tape the
participants’ ankle joints. Before taping, a skin wrap was
used to cover the foot and ankle joints. After the upper part
of the ankle joint and the forefoot were anchored, a pre-
determined taping technique (horseshoe, stirrup, figure-
eight, or lock-heel) was applied (Figure 1).23 These taping
techniques limited ankle range of motion and provided in-
creased stability to the injured ankle.

DT. The ankle DT technique used in this study followed
the method indicated in the official DT teaching video
(Supplemental Video). All taping personnel had obtained
DT Levels 1 and 2 International certifications. All partic-
ipants were seated during taping. First, the participants
were asked to maintain the foot dorsiflexed and everted.
Tape was applied from the dorsal side of the first toe across
the foot and ankle joint at an oblique 30° to 45° angle to
the lateral malleolus, after which the tape was wrapped
across the heel. The participants were subsequently asked
to maintain the sole of the foot in plantar flexion in the val-
gus position as tape was applied from the lateral malleolus
to the heel and wrapped around the bottom of the calca-
neus. The participants next pointed the sole of the foot in
the direction of the heel in a neutral posture as the tape was
wrapped from the outside of the foot to the talus, and the
final anchor point was placed on the medial malleolus close
to the calf side (Figure 2).

OUTCOME MEASUREMENTS

Baseline evaluations involved demographic assessments,
medical histories, and a physical examination. To mitigate
fatigue after DB had been tested, this study assessed the
proprioceptive joint position sense error before the single-
leg multiple hop stabilization test. The measurement se-
quence after the taping was identical. The outcome vari-
ables were assessed before tape application and 15 min
after tape application.

PROPRIOCEPTIVE ERROR OF JOINT POSITION SENSE
MEASUREMENTZ4

At the beginning of the measurement of proprioceptive
joint position sense error, the participants sat with the knee

joint at 90° flexion and the ankle hanging naturally (Figure
3). Before assessing the joint position sense error, the re-
searcher used a mobile phone with a G-pro Goniometer app
to establish the range of motion of the ankle joint at a dis-
tance of 1.5 m between the mobile phone and the partic-
ipants. During the measurement, four color markers were
placed on the lateral side of the leg at the fibular head, lat-
eral malleolus, head of the fifth metatarsal bone, and lateral
side of the foot in the line connecting the fibular head to
the lateral malleolus of the ankle. The researcher asked the
participants to dorsiflex or plantarflex the foot with eyes
closed, after which the angle was calculated using a mo-
bile phone app. The participants practiced moving the an-
kle joint to the specified test angle and were asked to re-
member this position. The specified test angle was set at
50% of full ankle range of motion (ROM), which was calcu-
lated as the sum of plantarflexion plus dorsiflexion active
ROM established before the joint position sense error mea-
surement. The participants performed three practice trials.
After the practice trials had been completed, joint posi-
tion sense error was assessed for three trials, and the av-
erage of those three trials was calculated as the final re-
sult value. During the measurements, the participants were
blindfolded and wore headphones that played white noise
to ensure that no visual or vestibular cues biased the mea-
surements. Before the formal measurements, test-retest re-
liability was established; the intraclass correlation coeffi-
cient was 0.940.

DYNAMIC BALANCE TEST (SINGLE-LEG MULTIPLE HOP
STABILIZATION TEST)2:2

The single-leg multiple hop stabilization test was used to
assess DB. The test used the standard functional perfor-
mance measurement of Reiman et al.26 Before testing, the
participants performed a standardized warm-up consisting
of 3 to 5 single-leg hopping exercises to familiarize them-
selves with the movement task without practicing on the
test markers. After the warm-up, the participants per-
formed consecutive single-leg hops across a predefined se-
quence of markers and were required to stabilize their po-
sition for 5 s after each landing. Performance was evaluated
based on two types of errors: (1) landing errors (eg, incor-
rect foot placement or loss of alignment) and (2) balance er-
rors (eg, loss of postural control or additional foot contact).
The total DB score was calculated using the following for-
mula:

DB = (number of landing errors x 10) + (number of bal-
ance errors x 3)

A lower score indicates superior DB.2526 Figure 4 il-
lustrates the test procedure. Before the formal measure-
ments, the test-retest reliability was established; the intra-
class correlation coefficient was 0.868.

STATISTICAL ANALYSES

The data were analyzed with IBM SPSS Statistics, version
25.0 (SPSS Inc., Chicago, IL, USA). The normality of the
distribution of all variables was verified using the Shapiro-
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Figure 1. Sports Taping Application Procedure: (a) Underwrap, (b) Anchor, (c) Stirrup, (d) Horseshoe, (e) Figure-

eight, and (f) Heel-lock.

Wilk test. The independent variables were the two taping
groups (DT and ST group). The dependent variables were
ankle joint position sense error and DB scores. The pre-
test scores were subtracted from the post-test scores, and
the result was divided by the pre-test scores and multiplied
by 100 to obtain the change between the pre-test and the
post-test. Group demographics were analyzed through an
independent-samples t-test. A repeated-measures 2-way
ANOVA was used to assess interaction effects with the tap-
ing method. Significance was set at o =.05.

RESULTS

Table 1 presents the demographic characteristics of the
participants. The CAIT score of all the participants was <25.

The demographic characteristics of the groups did not sig-
nificantly differ.

A significant interaction was observed between pretest
and posttest values and group in the DB scores (F = 20.42, p
<0.05, n% = 0.440), irrespective of landing error (F=111.61,
p < 0.05, n? = 0.309) and balance error (F = 8.845, p < 0.05,
n®=0.254). However, no significant differences were uncov-
ered with respect to joint position sense error (F = 0.847, p
=0.366, n* = 0.032; Table 2).

In the analysis of the pre-test and post-test values for
the two groups, both the joint position sense error and DB
scores significantly decreased, which indicated improve-
ment in both variables. The joint position sense error scores
were significantly reduced after the intervention in both
groups, whereas the DB score significantly decreased only
in the DT group (Table 3).
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Figure 2. Dynamic Taping Application Procedure: Tape is applied from the dorsal aspect of the first toe across
the foot and ankle toward the lateral malleolus, wrapped around the heel and calcaneus, and anchored near the
medial malleolus. (a) Lateral View, (b) Medial View, (c) Superior View. Please refer to Supplemental Video for full

taping demonstration.

>< Compare @

a4

~ Undo

Figure 3. Active ankle range of motion measurement: (a) Starting Position and (b) Ending Position

DISCUSSION

This study compared the effects of ST and DT on ankle pro-
prioception and DB. The results indicate that joint posi-
tion sense errors decreased in both taping groups, which
did not differ significantly in the pretest-posttest and inter-
group comparisons. A significant interaction was observed
between ST and DT and between the pretest and posttest
balance scores. These findings suggest that DT may be more
effective than ST in improving DB.

Taping on the skin can enhance proprioception, as the
present study’s findings demonstrated. After an ankle

sprain, proprioception is impaired. Individuals with CAI ex-
hibit greater ankle JPSEs than those without CAI do.27 In
a study on volleyball players with CAI, in addition to the
immediate effect of ankle sport taping on proprioception,
continual taping for two weeks and for two months also im-
proved proprioception.28 Furthermore, Parka et al. applied
DT on the shoulder and examined proprioception; after DT
was applied, shoulder joint proprioception was enhanced.2?
The present study compared the immediate effect of ST
and DT on the ankle joint, and the results indicated that
both tape groups exhibited significantly reduced joint posi-
tion sense errors compared with the pre-taping condition.
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Figure 4. Dynamic Balance Assessment using the Single-Leg Multiple Hop Stabilization Test: (a) Test Setup and
(b) Hopping Sequence

Table 1. Participant Characteristics (n = 28)

Demography ST Group (n=14) DT Group (n=14) F p-value
Age, years 21.07+1.20 20.50+0.65 1.15 0.135
Height, cm 168.21+10.10 169.21+9.84 018 0.779
Weight, kg 65.50+£16.96 66.28+20.11 051 0.912
CAIT score 16.92+3.02 20.50+3.74 .832 0.956
Exercise frequency(day/wk) 2.5+1.65 2.5+1.55 .028 1.00
Gender (male/Female) 717 717 -- -

NOTE: "= p < 0.05, Abbreviations: DT, dynamic taping. SD, standard deviation. ST, sports taping. CAIT, Cumberland Ankle Instability Tool.

Table 2. Joint Position Sense Error and Dynamic Balance Scores

ST group(n=14) DT group(n=14)
Pre-test Post-test Pre-test Post-test
(mean £ SD) (mean = SD) (mean = SD) (mean £ SD)
JPSE (degree) 6.64+4.11* 2.52+2.28* 5.40+3.07* 2.23+2.07*
DB score 81.20+21.15 76.21£19.97 87.38+25.83* 64.64+20.69*
Landing error 6.36+1.68 5.93+1.64 6.45+2.25* 4.75+1.85*
Balance error 5.87+1.87 5.64+2.05 7.62+2.85* 571+2.63*

NOTE: * = p < 0.05. The pre-test and post-test values differed significantly between the ST and DT groups. JPSE, joint position sense error. DB, dynamic balance.

The underlying mechanism may involve enhanced stimu- mits proprioceptive signals to the spinal cord and increases
lation of cutaneous receptors, particularly mechanorecep- the activation of motor neurons, which enhances the posi-
tors, that facilitate proprioceptive feedback. The skin trans-  tional sense of the ankle and feet.28:30 Because studies on
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Table 3. Results of Two-Way ANOVA With Mixed Repeated Measures
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Within-subject

Between-group

Interaction

(pre-post) (Group x Pre-Post)
Fi2,28) P n2 Power F P n2 Power F P n2 Power
JPSE 49.54 .000* 656 1.00 571 457 021 113 847 366 032 144
SDCE‘)reS 5257 .000* 669 1.00 091 765 003 060 20.42 .000* 440 992
t"::‘jr'”g 32.50 .000* 556 1.00 630 434 024 119 11.61 002" 309 906
Srar'sfce 14.44 001* 357 955 1.126 298 042 176 8.845 006" 254 817

NOTE: "= p < 0.05. DB, dynamic balance. JPSE, joint position sense error.
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ankle position sense with DT have yet to be conducted, this
study referenced studies that have been conducted using ki-
nesiology tape. Kinesiology tape has been demonstrated to
enhance joint position sense of the ankle joint and affect
the DB of individuals with CAI3! In a study on the shoul-
ders of healthy adults treated with kinesiology tape, the
results revealed that kinesiology tape benefitted proprio-
ception and neuromuscular control.32 Nevertheless, some
studies have reported that kinesiology tape does not signif-
icantly increase proprioception,33-35 This difference may be
attributable to differences in the health of the participants
in these studies. Although ST and DT differ, both methods
stimulate skin receptors, enhancing proprioception by re-
ducing proprioceptive errors.

In the present study, both ST and DT reduced joint po-
sition sense errors and enhanced proprioception. However,
only DT improved the dynamic balance. That indicated the
proprioceptive improvement achieved through ST may have
been insufficient to induce effective changes in postural
control that influence DB. By contrast, DT enhanced both
proprioception and DB, reflected in landing error and bal-
ance error scores. This result suggests that ST can enhance
proprioceptive input by increasing sensory feedback on
body position and movement; it may not translate into im-
provements in DB or postural control. DB involves main-
taining stability during movement, whereas postural con-
trol involves maintaining stability while stationary; both
are influenced by factors other than proprioceptive input.25
As elastic tape may is more adaptable than ST when applied
to human skin it may stretch the skin and underlying fascial
tissue with body movements, thereby increasing proprio-
ceptive input. A previous study also showed that the elas-
tic tape improves a simple balance task (e.g., barefoot on a
hard floor with eyes open) and may slightly influence pos-
tural control.36 Therefore, although ST may enhance pro-
prioceptive awareness, its influence on overall balance and
postural stability warrants further evaluation in additional
interventions.

However, in athletes with CAI, both neuromuscular con-
trol and mechanical structures may be compromised, po-
tentially leading to positional faults.37-38 Authors who re-
ported that on lateral ankle radiographs, found that the
position of the talus was significantly more anterior in the
ankle with CAI than in the unaffected ankle.3” Therefore, if
the positional fault of the ankle with CAI can be corrected
or the ankle’s structure can be addressed, ankle stability
could be enhanced.!920 Consequently, it is possible that DT
applied to the ankle joint may have produced a stabiliz-
ing effect at the joint. DT also exhibits strong recoil and
elastic resistance, which assist the body in absorbing load
and help generate force to reduce stress. This stress reduc-
tion may modify faulty joint or movement patterns and en-
hance biomechanical efficiency.1920 For example, Lim and
Park applied DT in patients with asymptomatic flat foot and
assessed performance on the YBT.18 Their results revealed
that YBT scores significantly increased after the applica-
tion of DT compared with no tape. Lim and Park posited
that DT holds the foot more firmly than ST while not lim-
iting the ROM during the YBT. This result is consistent

with that of the present study. The unique elastic materials
used in DT provide resistance to structural faults through
their inherent elasticity and enhance proprioceptive feed-
back. This dual mechanism may be responsible for the ob-
served improvements in DB in the athletes with CAI in
this study. Studies have also explored the effects of DT on
postural control and neuromuscular function in individu-
als with ankle sprain or CAI It has been demonstrated that
DT may enhance balance and reduce postural sway in indi-
viduals with various musculoskeletal conditions (eg. ankle
sprain or CAI).17-21 In addition, evidence from studies on
elastic taping suggests that improvements in propriocep-
tion and sensorimotor control may contribute to enhanced
functional performance during dynamic tasks. These find-
ings suggest the potential of DT as a biomechanical and
neuromuscular intervention, although further high-quality
studies are required to verify its effectiveness. Future re-
search should investigate the application of DT with sub-
sequent assessment during more complex movements and
sport-specific tasks such as cutting maneuvers or shuttle
runs to evaluate its ability to enhance functional perfor-
mance and mitigate injury.

This study has several limitations. First, although the
sample size was determined using an a priori power analy-
sis, the paucity of participants may have limited the gen-
eralizability of the findings. In addition, the limited sample
size may have increased the risk of Type II error, particu-
larly for variables that did not significantly differ between
groups. Second, the results should be interpreted with cau-
tion and may not apply to populations other than recre-
ational athletes with CAI. Future studies with larger and
more diverse samples are required to enhance external va-
lidity. Third, this study only assessed immediate effects,
which may not reflect responses during prolonged physical
activity or training. Consequently, the persistence of im-
provements in proprioception and DB remains unclear. Fur-
thermore, the relationship between taping interventions
and injury was not evaluated in this study. Future longitu-
dinal and sport-specific studies are required to examine the
effects of DT during extended periods of activity, determine
whether its benefits are sustained over time, and investi-
gate its role in reducing injury incidence in athletes with
CAL

CONCLUSIONS

This study investigated the immediate effects of DT on ath-
letes with CAI relative to the effects of ST. The results re-
vealed that both DT and ST enhance proprioception, but
only DT improved the dynamic balance in individuals with
CAL
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