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Abstract

Background: Talus taping may be an effective physiotherapeutic treatment for equinus (passive
dorsiflexion range of motion <10°). However, the time-course effects of this intervention are

unknown.

Methods: Sixteen healthy participants (mean age 28.3+8 years) were recruited. Participants’ ankles
were randomly assigned to control and intervention conditions. Baseline measures of dorsiflexion
range of motion were taken in both ankles using the weight-bearing lunge test. The intervention
ankle had talus tape applied, which remained in place for 48 hours during normal functional
activities. To determine the time-course effects, dorsiflexion range of motion was reassessed in the
control and intervention ankles immediately following removal of the tape (at 48 hours) and again 5

days later, on day 7.

Findings: Dorsiflexion range of motion in the taped intervention ankle increased significantly

between the baseline and 48-hour measures. However, when reassessed at day 7, participants’



dorsiflexion ranges of motion had returned to baseline levels. There were no significant differences

in the control ankle across all three measures.

Conclusions: Applying talus tape for 48 hours during normal functional activities results in

immediate but not long-lasting changes in dorsiflexion range of motion.

KEY WORDS

Dorsiflexion range of motion, Equinus, Talus taping

Introduction

Equinus is a condition commonly defined as <10° passive dorsiflexion (DF) range of motion
(ROM) (Root et al, 1977) at the ankle. Its aetiologies include: genetic inheritance (Sobel et al, 1997);
ageing (Grimston et al, 1993); diabetes mellitus (Zimny et al, 2004); immobility following lower-
extremity injury (Kerkhoffs et al, 2001); and neurological impairment (Peng et al, 2011). While
equinus may not observably impact an individual’s functional capacity (Moseley et al, 2001), its
presence may result in compensatory pathomechanics (Burnfield and Perry, 2010; Macrum et al,
2012), which can increase an individual’s susceptibility to lower-extremity injuries, including: ankle
sprain (Terada et al, 2013); plantar fasciitis (Riddle et al, 2003); Achilles tendinitis; stress fractures;
shin splints (Wilder and Sethi, 2004); iliotibial band syndrome (Neely, 1998); patellofemoral
syndrome (Dill et al, 2014); patellar tendinopathy (Malliaras et al, 2006); and anterior cruciate
ligament tear (Fong et al, 2011). As such, addressing modifiable deficiencies in DF ROM is a priority

for physiotherapists seeking to attenuate lower-extremity injury risk factors (Terada et al, 2013).

DF occurs predominately at the talocrural (tibiotalar) joint, and to a lesser extent at the
subtalar joint (Valderrabano et al, 2006). During DF, the convex talus glides posteriorly on the

concave ankle mortise formed by the tibia and fibula heads (Sammarco et al, 1973). Limitations in
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the posterior glide of the talus, secondary to insufficient soft tissue extensibility and/or osseous
restrictions (Tiberio, 1988), may result in equinus. Sahrmann (2011) described a ‘talus taping’
intervention to address restricted posterior glide of the talus. The intervention applies an anterior—
posterior stabilising force to the talus during tibial advancement over a fixed foot. Sahrmann
hypothesised that this would enhance the posterior glide of the talus, resulting in increased tibial

advancement and, therefore, DF ROM.

Four published studies have reported significant increases in DF ROM following a talus
taping intervention (Kang et al, 2013; 2014; Yoon et al, 2014a; 2014b); however, none have
investigated the time-course effects of the intervention. As such, it is currently unknown whether
the observed increases in ROM are transient or longer lasting. Further, participants performed
controlled activities in a laboratory with the tape applied for 5-10 minutes. While to the authors’
knowledge there are no published guidelines stating the optimum duration for which
physiotherapeutic tape should be applied, tape is commonly applied for 24—48 hours during normal

functional activities. As such, the generalisability of existing research findings is limited.

Given this, the objectives of this study were twofold. First, we sought to identify the effect
that the application of talus tape for 48 hours during normal functional activities has on DF ROM.
Second, we aimed to determine whether any changes in DF ROM persisted until 5 days post
removal (study day 7). These findings will help inform clinical reasoning for physiotherapists

managing patients presenting with equinus.

Subjects and methods

A single-blinded, within-subject pilot study was conducted to investigate the time-course
effects of talus taping on DF ROM. A convenience sample of 20 volunteers (11 males and nine

females) was recruited from St George's, University of London (SGUL) by public noticeboard
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advertisements and following announcements at preregistration physiotherapy lectures. The
exclusion criteria were lower-extremity injury within the previous 6 months, previous fracture or
dislocation of the ankle, history of chronic instability of the ankle, hypermobility, a known
neurological disorder and any condition that would contraindicate taping. All subjects gave
informed consent before participating. The Faculty of Health, Social Care and Education, Kingston
University and SGUL granted ethical approval for this study. This study was conducted in
accordance with the principles of the Helsinki Declaration. Subjects’ anonymity and confidentiality

were assured.

Subjects reported to the SGUL physiotherapy laboratory on three occasions over 7 days. At
visit 1, a true random number generator was used to determine the control and intervention ankle
for each participant. Assessors were blinded to this allocation. Baseline measures of DF ROM were
taken on both ankles using a weight-bearing lunge test (WBLT), which has previously been reported
to produce high intra-rater reliability (Powden et al, 2015). The left ankle was measured first in all
subjects. To ensure any taping residues/marks were concealed from assessors, Stockinets (FLA
Orthopaedics, Inc, Florida, USA) were used to cover both ankles. The WBLT was performed as
previously described by Bennell et al (1998). The same two investigators assessed the WBLT across
all trials. All subsequent measures of DF ROM were performed in an identical fashion. Following
completion of baseline testing, the participant’s intervention ankle was taped. Each participant lay
supine on a plinth with his or her ankles and feet unsupported and asked to perform maximum
passive plantar flexion. Fixing tape was applied without pressure from the anterior talus passing
inferiorly to the medial and lateral malleoli and attaching to the plantar surface of the calcaneus. A
strip of zinc oxide tape was applied over the fixing tape with an anterior-to-posterior force on the
talus. A single study investigator performed all taping. Advice was given not to submerge the tape

in water and an information sheet regarding adverse events was supplied to each participant. The
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tape remained in place for 48 hours while the participant performed his or her normal activities of
daily living. No intervention was performed on the control ankle. Approximately 48 hours after visit
1, the participant returned to the testing facilities for tape removal and a second measure of DF
ROM in the intervention and control ankles. The final study visit and DF ROM measurements were
completed 5 days later (test day 7). A 7-day timeframe was chosen to reflect a typical gap between

treatment sessions.

To determine whether there was a statistically significant interaction between the two
independent variables (taping and time), two-way repeated measures analysis of variance was
used. All data were checked for normality before statistical comparison with the Kolmogorov—
Smirnov and Shapiro—Wilk tests. Data were also tested for sphericity with Mauchly’s test. To detect
simple main effects in post hoc tests, related t-tests for relevant group comparisons were used with
Bonferroni corrections. Statistical analysis was performed with IBM SPSS statistics desktop V22.0

for Mac OS (SPSS, Inc, Chicago, IL, USA). Statistical significance was considered at P<0.05.

Findings

Of the 20 volunteers, three were lost to follow-up and one was excluded due to significant
deviation from the protocol. As such, 16 subjects (eight men and eight women) with a mean age of

28.3+8 years completed the trial.

The mean DF ROM scores and SDs for each condition can be found in Table 1.

Table 1. Dorsiflexion range of motion for control and intervention ankles

Baseline (cm) | 48 hours (cm) | 7 days (cm)
Intervention ankle (mean + SD) | 14.4+2.9 15.5+3.1* 14.3+2.6
Control ankle (mean * SD) 13.8+2.3 14.1+2.3 13.8+2.4

*P=0.003 between baseline and 48 hours; P=0.001 between 48 hours and 7 days



Kolmogorov-Smirnov and Shapiro—Wilk tests of normality indicated that all data were
significantly normal. Mauchly’s test of sphericity indicated that the assumption of sphericity was
not violated in this sample. Consequently, all parametric assumptions to perform an analysis of

variance were met.

There was a significant interaction effect between the intervention and time (F(2, 30)=4.31;
P=0.023). To explore the interaction through simple main effects, post hoc repeated-measures t-
tests were carried out with Bonferroni corrections (a=0.05/5=0.01). For the treatment ankle, there
was a significant difference in DF ROM between baseline and 48-hour measures (t(15)=-3.59;
P=0.003) and between 48-hour and 7-day measures (t(15)=4.16; P=0.001). However, there was no
significant difference in DF ROM between baseline and 7-day measures (t(15)=0.744; P=0.911).
Within the control ankle, there was no significant difference between baseline and 48-hour

measures (t(15)=-1.66; P=0.117) or between 48-hour and 7-day measures (t(15)=1.06; P=0.307).

Discussion

The present study found that DF ROM increased significantly from baseline to 48 hours in
the taped treatment ankle but returned to baseline by day 7. In contrast, DF ROM did not
significantly differ across all three measures in the control ankle. This finding suggests that talus

taping achieves only transient increases in DF ROM.

Our finding that talus taping applied for 48 hours during normal functional activities
achieves immediate increases in DF ROM is consistent with previous research (Kang et al, 2013;
2014; Yoon et al, 2014a; 2014b) where the tape was applied for 5-10 minutes during controlled
activity. Despite these differences in intervention prescription, mean increases in DF ROM were
comparable. Previously published studies used goniometry (angles in degrees) to measure changes,

whereas we employed the WBLT (cm). Bennell and Colleagues (1998) proposed that every 1 cm
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measured in the WBLT equates to approximately 3.6° of ankle DF. As such, the mean 1.1 cm
difference observed between baseline and 48-hour measures in the present study would equate to
a 3.96° increase. This is comparable to results reported in previously published studies, where
immediate increases in DF ROM ranged from 4.11° to 6.22° (Kang et al, 2013; 2014; Yoon et al,
2014a; 2014b). Given this, we may infer that applying talus tape for 48 hours during normal
functional activities does not yield greater immediate improvements in DF ROM than its application
during 5-10 minutes of controlled activities. This finding suggests a ceiling effect that is reached
within 5 minutes is and not enhanced by prolonging the intervention. To the authors’ knowledge
there are no published guidelines, systematic reviews or well-controlled clinical trials for
physiotherapists to consult when determining the optimum duration for taping interventions. Our
finding suggests these are warranted, particularly in light of the anecdotal observation that

physiotherapists typically apply tape for 24—-48 hours during normal functional activities.

To the authors’ knowledge, this is the first study to investigate whether talus taping
achieves persistent changes in DF ROM, as measured 5 days after removal of the tape. We found a
non-significant difference between baseline and 7-day measures of DF ROM in the test ankle. This
result raises questions about the utility of talus taping in achieving long-lasting changes in DF ROM.
However, it remains unclear whether the use of talus taping as an adjunct to other treatment
modalities would yield more persistent changes in DF ROM. Furthermore, in some cases transient
changes in ROM may still be a valid clinical outcome, for example by providing a ‘window of
opportunity’ allowing patients to restore normal movement and thus prevent compensatory

pathomechanics that may perpetuate an injury.

Hypotheses for the mechanisms causing this study’s observed transient increases in DF ROM
may be categorised as biomechanical, neurophysiological and/or psychological. The biomechanical

paradigm proposes that increases in DF ROM are achieved through changes in arthrokinematics


file://///chenas03.cadmus.com/smartedit/Normalization/IN/INPROCESS/21
file://///chenas03.cadmus.com/smartedit/Normalization/IN/INPROCESS/22
file://///chenas03.cadmus.com/smartedit/Normalization/IN/INPROCESS/23
file://///chenas03.cadmus.com/smartedit/Normalization/IN/INPROCESS/24

secondary to the correction of a minor positional fault(s) (Vicenzino et al, 2007) and/or changing
the excursion of non-contractile tissues surrounding the ankle (Threkland, 1992). Both could inhibit
posterior glide of the talus and, therefore, reduce DF ROM. Given that our subjects had no history
of ankle injury within the previous 6 months and did not present with limitations in DF ROM, it
seems unlikely that the observed changes were secondary to the correction of a positional fault. A
more plausible biomechanical explanation is that the repeated load applied to the viscoelastic
tissues, providing passive stability to the talocurural joint, caused them to progressively deform
until a new resting length was achieved (Threkland, 1992). However, with the load being within the
elastic limits of the tissue, the tissue gradually returned to the original resting length once the load
was removed, hence the DF ROM returning to baseline at day 7. It would be interesting to
investigate the time-course effects of talus taping in individuals with known restrictions in DF ROM,

who may benefit from the correction of minor positional faults.

The potential neurophysiological effects of talus taping are seldom considered. This
paradigm hypothesises that talus tape might stimulate sensory receptors, which change the
afferent input to the central nervous system (MacGregor et al, 2005). Prolonged altered afferent
input from these receptors may lead to a change in motor neuron excitability, which could affect
osetokinematics (Franettovich et al, 2008). Indeed, Yoon et al (2013) found increased and
decreased activation of the gastrocnemius and tibialis anterior, respectively, during incline walking
with talus tape. Yet it is difficult to establish cause and effect for the reported changes in muscle
activity; tape-induced changes in muscle activation could be secondary to the biomechanical effects
detailed above, rather than through changes in afferent input to the central nervous system.
However, studies that applied tape with no theoretical biomechanical effects have reported
changes in muscle activation (Alexander et al, 2008), thus advocating a neurophysiological

component to our observed results. The proposed neurophysiological effects appear to be short-
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lived. Alexander et al (2008) found that applying a single strip of tape along the length of the triceps
surae reduced the excitability of motor neurons, as measured by the H reflex; however, motor
neuron inhibition ceased immediately upon removal of the tape. Kulkulka et al (1986) produced
similar results, finding that pressure applied on the Achilles tendon reduced soleus H reflex
amplitude, which returned to baseline within 5-10 seconds upon release of the pressure.
Therefore, it appears that motor neuron excitation/inhibition lasts for as long as the stimulus (in
this case, tape) is applied. In our study, there was an approximate 1-2-minute delay between
removing the tape and taking the 48-hour measure. If the observed changes in DF ROM were
neurophysiological in nature, given the elapsed time we might expect DF ROM to have already

returned to baseline levels.

The psychological paradigm arises from a study limitation: the majority (13/16, 81.25%) of
enrolled participants were undergraduate physiotherapy students. Participants were informed that
the study was investigating whether talus taping affects movement of the ankle. However, given
the sample population’s predominant occupation, it is unlikely that sufficient blinding to the study’s
dependent variable (DF ROM) was achieved. Participants’ expectations of the intervention might

have contributed to the observed changes in DF ROM (Bialosky et al, 2010).

Limitations and future research

The limitations of the current study may guide future research. The present study design did
not facilitate hypothetical testing of the potential mechanisms (biomechanical, neurophysiological
and psychological) causing the reported increases in DF ROM. Further research is required to
elucidate the exact mechanisms of this study’s observed transient increases in DF ROM. Second, we
recruited healthy volunteers with no known equinus (passive DF ROM <10°). It is possible that the

observed treatment effects would be different in participants presenting with equinus. However,
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comparable immediate increases in DF ROM were reported by prior studies (Kang et al, 2013; 2014;
Yoon et al, 2014a; 2014b) that had recruited volunteers with DF ROM <10°. Given that the
immediate effects of the taping intervention appear to be comparable between symptomatic and
asymptomatic volunteers, it seems plausible that any longer-term effects might also be
comparable. As such, we propose our findings are likely generalisable to patients with equinus.
Further, our recruitment of asymptomatic volunteers may explain why DF ROM reached statistical
significance at 48 hours, but was below the reported 1.9 cm intra-clinician minimal detectable

change (Malliaras et al, 2006).

Conclusion

In volunteers presenting with no restrictions in DF ROM, wearing talus tape for 48 hours
during normal functional activities results in immediate, but not persisting, changes in DF ROM. This
finding leads to questions about the clinical efficacy of talus taping. It is not known whether the use
of talus tape as an adjunct to other physiotherapeutic interventions might yield more persistent

treatment effects or whether persistent changes may be observed in participants with equinus.
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