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Abstract

The objective of this pilot study was to examine and compare immediate effects of traditional ankle
taping (TAT) and Mulligan ankle taping (MAT) on ankle inversion during quick lateral cutting
movements. This study was a pilot crossover randomised controlled trial in a laboratory setting. 12
healthy collegiate male students (age 21.8 £ 0.5 years, body mass index 22.6 + 1.8) received the two
different taping techniques in a random order. A six-camera Vicon motion-analysis system and one
force plate were used to assess peak ankle inversion angle and moment, and performance of the
repetitive quick lateral cutting movement task before and after interventions. Neither of the two
groups showed significant change after taping applications compared to the baselines in any outcome
measure. Mean changes in all outcome measure were not significantly different between the two
interventions groups. In conclusion, the application of TAT or MAT might not immediately change
ankle inversion kinematics or Kinetics, or performance of quick lateral cutting movements of healthy

young male adults.
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Introduction

Lateral ankle sprain (LAS) is one of the most common acute
injuries in many weight-bearing sports, such as basketball,
football and volleyball [1]. This injury has a high recurrence
rate, which can make injured athletes vulnerable to chronic
problems [2]. Following LAS, 10-30% of athletes are reported
to have persistent symptoms or reinjuries [3]. It has been
reported that individuals with chronic ankle instability may
suffer from pain, diminished neuromuscular control, muscle
weakness, impaired joint position sense and compromised
performance during functional movements [4]. These physical
impairments can prevent athletes with chronic ankle instability
from full recovery and return to sports. Due to its high
prevalence and recurrence rate, its economic seems to be
substantially large [1]. Therefore, prevention of LAS is an
important issue in the field of clinical sports science.

The pathophysiology of LAS involves sprain or complete
rupture of anterior talofibular ligament and/or calcaneofibular
ligament (2002). These ligaments can be mechanically
stretched and damaged through excessive inversion of the ankle
joint [5]. This excessive ankle inversion is often induced during
quick lateral cutting movements in sports participation [6,7].
Recent evidence suggests that there may be a positional shift of
fibula among patients with subacute LAS or chronic ankle
instability. Some studies found that fibula tended to be
positioned anteriorly after injuries [8,9]. Although the
mechanism of the positional alteration as pathophysiology of
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LAS is still elusive, these findings became a rationale of some
treatment strategies, which aims to correct the fibular positional
change, and improve pain and ankle range of motions among
patients with LAS [10,11]. Since the positional change is
thought to be a primary pathology to be corrected, it is
described as ‘positional fault’ by its advocates [8,9].

Prophylactic taping techniques are commonly performed for
athletes before sports events in order to prevent LAS. The most
conventional technique involves stirrups with horseshoe and
heel locks to restrict both talocrural and subtalar motions,
particularly inversion [12]. This traditional ankle taping
technique (TAT) is based on a straightforward mechanistic idea
regarding the pathophysiology of LAS, and has been reported
to be effective to prevent LAS [13]. Despite its clinical
effectiveness, few data exist to help us understand how TAT
can act to control ankle inversion kinematics and kinetics
during dynamic activities, such as lateral cutting movements
and running [14]. Mulligan ankle taping (MAT), another kind
of taping technique is applied to shift the fibula to the
posterosuperior direction. This taping technique is based on the
positional fault theory as mentioned the above, and has been
reported to be potentially effective to prevent LAS in basketball
[11,15]. To date, there has been no study comparing the
immediate effects of these two taping methods on ankle
kinematics and kinetics during quick lateral cutting
movements.

The purpose of this study was to examine and compare
immediate effects of the two different types of taping
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techniques on ankle inversion kinematics and kinetics during
quick lateral cutting movements. We also aimed to establish a
protocol for testing through this pilot study. Secondary
outcome measure was a performance of the cutting movement
task. It was hypothesised that TAT would be more effective to
restrict ankle inversion movements and moment, based on its
apparent mechanical advantage.

Methods

Participants

An ethical approval was achieved from an ethical committee at
Tokyo University of Technology before the commencement of
the experiments (registration number: E16HS-032). Subjects
were recruited from undergraduate physiotherapy students at
Tokyo University of Technology. Inclusion criteria were: (1)
healthy men aged over 20 years, (2) no history of ankle injury
in the last one year, (3) no history of ankle surgery, (4) no
significant ankle laxity and (5) no pain during quick lateral
cutting with maximal effort. Significant ankle laxity, implying
grade-1l LAS in the past, was identified through two
orthopaedic tests, including talar tilt test and anterior drawer
test [16]. Excessive movements in ankle inversion and anterior
glide of talus were regarded as positive in the two manual
examinations respectively. The screening procedures were
administered by the same physiotherapist (KM), who had
completed Masters degree in musculoskeletal and sports
physiotherapy. Before participation, all subjects were informed
of the aims and risks of the study and gave written informed
consent.

Measures

A six-camera Vicon motion-analysis system and Vicon Nexus
software version 1.7.1 (Vicon, UK) were utilised to evaluate
and process the kinematic and kinetic data of the participants.
A camera frequency was set at 100 Hz. In testing sessions, a
total of 35 reflective markers (1.4-cm diameter) were attached
at bony landmarks of the whole body, based on the Plug-In-
Gait model (Vicon, UK) (see Figure 1). Participants were
instructed to wear only non-reflective firm-fitting elastic short
pants. All the tasks were performed barefoot. The raw data of
marker positions were digitally filtered with a fourth order
low-pass Butterworth filter with 6 Hz cut-off frequency. The
motion-analysis system was operated by the same
physiotherapist (KM).
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Figure 1. Assessment of the quick lateral cutting movement task
using VICON.

Before the commencement of the trial, participants were
instructed to shave the lower one third of their shin to optimise
the contact of the tape and skin. In first experimental sessions,
anthropometric measurements were conducted. After all
markers were positioned on the given bony landmarks, subjects
performed quick lateral cutting once with maximal efforts to
familiarise themselves with the task. It also served the purpose
as a warm-up. In the task, subjects were instructed to repeat
side steps as quickly as possible over three horizontal lines for
10 seconds (see Figure 2). The lines were set with white
adhesive tapes (Nitto, Japan) with one-metre distance from
each other (see Figure 2). Participants started the lateral cutting
task to the right side immediately after the assessor’s verbal
cue “ready, go”, and then stopped after another cue “stop” 10
seconds later. Both verbal cues were spoken in Japanese
language by the same assessor (KM). The line on the right side
was set on a single force plate (BP400600-2000; AMTI, USA)
to measure the ground reaction force during weight bearing of
dominant feet (see Figure 1 and 2). Kinematic and kinetic data
was extracted from initial foot contact to toe-off of every step
on the dominant side during the 10-second measurement
period. Mean values for peak ankle inversion angle and peak
ankle inversion moment were calculated subsequently.
Furthermore, the number of lines crossed over by subjects in
10 seconds were manually counted to assess the performance
of the task.
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Figure 2. Stepping manner in the task.

Following the warm-ups, subjects rested on a chair with back
rest for six minutes. After subjects performed the task as the
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baseline assessment, they randomly received either TAT or
MAT applications. Non-elastic white and blue tape (3.8 cm
width) was used for all interventions (Nitto, Japan). TAT
consisted of one anchor, three stirups with horseshoe, figure six
and reverse figure six, heel lock and reverse heel lock, and one
anchor on top of them (Figure 3). MAT was administered as
suggested by advocates of Mulligan techniques to facilitate
posterosuperior glide of fibula (Figure 3) [11]. In the
application of MAT, tapes were also applied on heels to ensure
the comparability between two different taping techniques and
eliminate its effects on ankle kinematics and kinetics (Figure
3). Taping techniques were applied for both legs in a long-
sitting position. It took six minutes for the physiotherapist
(KM) to complete TAT for both sides, whereas four minutes in
MAT. After MAT applications, subjects were told to rest for
another two minutes in the long-sitting position. After the
application of taping, quick lateral cutting movements were
assessed in the same manner as the baseline measurements.

Figure 3. Two types of taping interventions, TAT (left) and MAT
(right).

Two testing sessions were separated by 48 hours at least, in
order to minimise the effects of fatigue and delayed onset
muscle soreness in lower-limb muscles. Subjects were
instructed to refrain from alcohol intake for 24 hours before
testing sessions and not to participate in vigorous exercises for
48 hours before sessions. All testing sessions were conducted
in the same laboratory room at the same temperature of 24
degrees Celsius. A care was taken to ensure that all participants
received consistent taping applications, verbal instructions and
visual cues to minimise potential influences on arousal levels
of the subjects.

Design and procedures

This study was a crossover randomised controlled trial, in
which all eligible subjects completed two days of experiments
in a random order. This research design was chosen in order to
ensure as many participants as possible. A trial protocol was
registered in University Hospital Medical Information Clinical
Trials Registry (registration number: UMIN000025985) in
advance. Each experimental session consisted of a warm-up,
applications of TAT or MAT, and pre- and post-intervention
assessments of quick lateral cutting movements. Due to the
nature of the taping interventions, it was not possible to blind
participants or therapists. The same physiotherapist (KM)
performed both taping applications and assessments of the
task. After the inclusion of participants, they performed two
experiment sessions in a random order, which guaranteed the
allocation concealment [17].
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Statistical analysis

The results are presented as mean + standard deviation (SD)
values. The baseline data was utilised to calculate intraclass
correlation (ICC) and kappa statistics, and determine the
reliability of the outcome measures. ICC and kappa scores
were evaluated accordingly:<0.20 as slight, 0.21-0.40 as fair,
0.41-0.60 as moderate, 0.61-0.80 as substantial and 0.80<as
almost perfect [18]. A paired t-test was used to assess
differences between pre-test and post-test within each
condition, and differences between the two conditions.
Differences were considered to be statistically significant at
p<0.05. All statistical tests were conducted with SPSS (IBM,
USA). Hedges’ g and 95% confidence intervals (CI) were
calculated to determine within-group effect sizes [19]. Effect
size was categorised as large ( > 0.80), moderate > 0.50) or
small ( > 0.20) [20]. A post-hoc sample-size calculation was
performed using G-Power 3.1.9.2 (University of Dusseldorf,
Germany), where an alpha level was set at 0.05.

Results

The screening process is illustrated in Figure 4. As a result of
the screening, 12 healthy male collegiate students (age 21.8 +
0.5 years, body weight 65.5 = 7.8 kg, height 170.2 + 5.1 cm,
body mass index 22.6 + 1.8) met the inclusion criteria and
were recruited for this study. All participants were right leg
dominant. Current exercise habits of participants were varied;
twice per week (n=4), once per week (n=5), once per fortnight
(n=2) and none at the moment (n=3). AIll participants
completed both experimental sessions without any injuries and
there was no drop out. None of the subjects accidentally fell or
collapsed during the task.

| Potentially eligible participants (n=12) |

y

Screening process

|

| Eligible participants (n=12) |

I‘—| Random allocation

| MAT (n = 6} |

Figure 4. Flowchart of the study.

| TAT (n=6) |

At baseline, there was no significant difference in any outcome
measures between TAT and MAT groups (all p>0.33), which
guaranteed the baseline comparability of the two groups (refer
to Table 1). Further analysis of the baseline data proved
substantial to almost perfect reliability of the outcome
measures, with ICC being 0.75 and 0.90 for peak ankle
inversion angle and moment respectively.[18] The reliability to
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assess the overall performance was almost perfect with kappa
score of 0.95.

As a result of within-group comparisons, there was no
immediate significant change in any outcome measures in the
two groups (all p>0.37, refer to Table 1). Between-group
comparisons revealed no significant difference in the changes
in any outcome measures (all p>0.38).

Within-group effect sizes were consistently small (all<0.20)
and 95% CI included the value of zero, which implied no
clinical significance of the effects (refer to Table 1). As a result
of a post-hoc calculation, it was estimated that the statistical
power ranged from 0.05 (performance in TAT group) to 0.28
(performance in MAT group).

Table 1. A comparison of peak ankle inversion angle and moment. Values for performance were described as median.

TAT (n=12) p Effect size MAT (n =12) p Effect size
Outcome measure

pre post pre post
Peak Inversion Angle [°] 54+3.3 50+34 0.45 0.09 48+3.3 44+39 0.47 0.1
[F;\les']‘ Inversion - Moment , 75, 54 0.72 £ 0.14 0.38 0.07 0.71£0.19 0.73 £ 0.19 0.62 -0.08
Performance [times] 22.5 22 0.67 0.04 22.5 21.5 0.53 -0.29

Discussion

To date, to the best of the authors’ knowledge, this study is the
only investigation examining the acute effects of TAT and
MAT on ankle inversion kinematics, kinetics, and performance
in quick lateral cutting movements. Although the current
evidence suggests that TAT can restrict passive ankle inversion
range of motion when it is measured in a static manner, it is
unclear whether it can control ankle inversion during dynamic
movements [14]. There is also no clear evidence whether the
application of any taping techniques can alter ankle inversion
kinetics or functional performance or not [14]. Although we
hypothesised that TAT might be more efficient to control ankle
inversion motion and moment due to its potential mechanical
advantage, the results of this research suggest that neither of
the taping interventions may produces no immediate positive
effect to restrict ankle inversion stress or enhance performance
in quick lateral cutting manoeuvres.

The efficacy of TAT to prevent LAS among sporting
population has been supported by recent systematic review [13,
21]. Considering its evidence-based effectiveness in clinical
sports settings, one potential reason why there was no
significant change in ankle inversion kinematics in this study
could be that TAT might mechanically control abrupt end-
range inversion only when accidental collapse or falls occur.
Otherwise, there might be another mechanism, where
applications of TAT can stimulate sensorimotor functions and
contribute to more muscular stability to restrict abrupt ankle
inversion. Unlike TAT, there is very limited evidence to
support the benefits of MAT to prevent LAS [15]. Considering
the evidence for the preventative effects of TAT for LAS, the
lack of positive findings in this study does not discourage the
use of TAT in sporting settings. The fact that there was no
change in ankle inversion may imply that TAT might be
effective to prevent LAS without compromising athletes’ ankle
movements and functional movements. In fact, neither of the
taping techniques affected the lateral cutting task positively or
negatively.
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Several methodological limitations in this research have to be
critically appraised. Firstly, we examined the effects of the two
taping techniques on healthy male subjects with various
exercise habits. Thus, the findings in this research have to be
cautiously applied to other populations, especially patients with
LAS or chronic ankle instability. It has to be also noted that the
data might differ when the same task is performed with shoes
on. Secondly, we are still uncertain about the effects of these
taping techniques in other movement tasks, such as hopping or
landing, which can also contribute to the onset of LAS in
sports settings. Thirdly, the inability to blind the therapist and
participants might have confounded the results. Lastly, post-
hoc sample size calculation revealed potential lack of
necessary samples to achieve statistical significance. This was
predictable due to the nature of the trial as a pilot study.
Additional investigations with larger sample sizes and better
statistical precisions are necessary. Given that effect sizes were
consistently small, however, it is questionable whether
collecting more samples would affect clinical significance or
not. Lastly, there was no accidental falls or collapse in the
experiments in this study. Thus, it is still not clear whether
these taping techniques are able to mechanically restrict ankle
inversion kinematics during accidental falls or collapse.

Conclusion

The application of TAT or MAT might not immediately change
ankle inversion kinematics or kinetics, or performance of quick
lateral cutting movements. Given the strength of evidence for
TAT and MAT, TAT can be used to prevent LAS without
compromising lateral cutting movement performance in sports
settings. Further studies with larger sample sizes are required
to investigate the effects of TAT and MAT on ankle kinematics
and kinetics of patients with LAS or chronic ankle instability.
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