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ABSTRACT

Objectives: Previous results from our laboratory suggest taatd flossing results in
increased ankle range of motion (ROM) and jump grerdnce 5-minutes following

application. However, the time-course of such bighef yet to be examined.
Design: Parallel group design.

Setting: University laboratory.

Participants: 69 recreational athletes (32 male/37 female).

Main Outcome Measures: Participants performed a weight-bearing lunge (@48LT),

a counter-movement jump (CMJ) and a 15m sprint(f@BRINT) pre and up to 45-mins
post application of a floss band to both ankles@BIS) or without flossing of the ankle
joints (CON).

Results: There was a significant intervention x time intg@n in favour of FLOSS

when compared to CON for the WBLT (p < 0.05). Thessults were associated with
trivial to small effect sizes at all time point&Small, but non-significant (p > 0.05)

benefits were seen for FLOSS when compared to GDKKJ force (mean £90%ClI: 89
+101 N) and 15m SPRINT times (-0.06 £0.04 s) atnlbs post.

Conclusion: There is a trend towards a benefit for the us#ost bands applied to the
ankle joint to improve ROM, jump and sprint perfa@mee in recreational athletes for up

to 45-minutes following their application.

Keywords: flossbands, mobility bands, vascular occlusion, ischemic pre-conditioning,
ROM
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INTRODUCTION

Tissue flossing involves the wrapping of a thicklvar band around a joint or muscle,
which may partially occlude blood-flow. In a praeti setting, it is often applied while
concomitantly performing range of motion (ROM) tastor 1-3 minutes (Driller &
Overmayer, 2017, Plocker et al. 2015). The mechanismvolved with tissue flossing
using a floss band may be similar to that of isdeepreconditioning or blood-flow
restriction training, whereby reperfusion of bldodthe occluded area may be associated
with subsequent increases in growth hormone anecleatamine responses, enhanced
muscle force and contractility and increased edficly of excitation-contraction coupling
in the muscles (Reeves et al., 2006; Takarada,e&2G00 Lawson & Downey, 1993 Pang
et al., 1995). Previous results from our laboratewoyld support the use of tissue flossing
on ankle ROM and single-leg jumping performancedareational athletes (Driller &
Overmayer, 2017), however, the time-course assatiaith such benefits is yet to be
investigated.

Our previous study investigated the use of flossdbapplied to one ankle joint (with the
other ankle acting as the control) on dorsiflexama plantarflexion ROM and subsequent
single-leg vertical jump performance in 52 recrea athletes (Driller & Overmayer,
2017). Results showed significant improvements lINROM measures (dorsiflexion,
plantarflexion and a weight-bearing lunge test\wadl as single-leg jump performance
following the application of a floss band to an i@ge pressure of 182 £ 38 mmHg for ~2
minutes. Tissue flossing was associated sithll but statistically significant (p < 0.05)
improvements for the dorsiflexion (~6%), weight-beg lunge test (~14%) and jump
velocity tests (~6%) when compared to the contgg) b-minutes after removing the floss
band. While this was a somewhat novel finding, fnactical application of such a
technique is still limited by the fact that thettewere only performed a short time after
removal of the bands, posing the questions of homg Ithe benefits may last for.
Furthermore, performance results in this study vierged to a jump test, which may not
be applicable to all sports. To the authors knogggdther than our previous work, the
only other study to have investigated the usessiue flossing in an acute setting was by

Plocker et al. (2015). This study investigated effect of applying floss bands to both
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shoulders in 17 male athletes. The study reporods towards improvements (non-
significant) in shoulder ROM, but not for upper-fogpower (bench-press) when
compared to the control trial. Given the resultgto$ study are limited to a published
conference proceeding, it is difficult to ascertdie exact protocols, including the
pressure applied by the floss-band and the duraiter which the measures were
performed.

It is relatively uncertain as to how long the pbksibenefits of tissue flossing may last,
with limited information available to practitionerBor example, it is unknown if this
technique would be useful to incorporate into anvap before exercise, if the benefits
only last for ~5-minutes. Therefore, given the tigkly novel technique of tissue flossing
is currently lacking in the research literaturepiessome positive findings in preliminary
studies, the modality clearly requires further agsb. The aim of the current study was to
expand that of our previous work and investigate tise of tissue flossing on ankle
(talocrural joint) ROM, jumping and sprinting pemieance at different time points

following the application of the floss bands innestional athletes.

METHODS

Participants

69 recreational athletes (32 male / 37 female, #e8D; age: 19 + 2 years) volunteered
to participate in the current study. Participanteevrecruited through a University sport
science under-graduate program. All participantsewmrticipating in regular physical
exercise sessions (~3 times per week) and werdrveelower-limb injuries (hip, knee
or ankle) that may have affected their ability g¥fprm the jump or sprint tests. Written
informed consent was obtained from each particjpamd ethical approval was obtained

from the Human Research Ethics Committee of th&tuni®n.
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Experimental Design

Participants were randomly split into two groups; experimental group (FLOSS, n =
38) or a control group (CON, n = 31). Participaaitended a sport science laboratory for
a single testing session. Prior to any testingi@pants performed a standardized warm-
up consisting of a 5-minute jog and dynamic strescfe.g. one-leg standing knee flexion,
bodyweight calf-raises, bodyweight squats, bodyiMeigountermovement jumps).
Following the pre tests, researchers applied asfloand (Life Flossbands, Sydney,
Australia), to both ankles of participants in tH&OSS group. Post tests (5, 15, 30 and 45
minutes) were then performed in the same ordehagite tests. The order of tests for all
participants were as follows: the weight bearingge test (WBLT), the counter-
movement jump test (CMJ) and the 15m sprint teBR(ISIT). Performance tests were
selected as they are applicable to most team-spodscause minimal fatigue when re-
measured multiple times with adequate recovery.pAtticipants were familiar with the

testing protocols, but none had experienced tilegsing before taking part in the study.

Methodology

Weight-bearing lunge test (WBLT)

The WBLT was performed as a measure of dorsiflexamge of motion on both right

and left legs (Driller & Overmayer, 2017). Measush was made using the tape
measure from the tip of their big toe to the wiallcentimeters. The weight-bearing lunge
test (WBLT) is a functional and reliable method itairectly assess dorsiflexion by

measuring the maximal advancement of the tibia dverrear foot in a weight-bearing

position (Bennell et al., 1998). Previous invedtigs have reported robust inter-tester
and intra-tester reliability associated with thesemsment of WBLT performance in

healthy adults, with high levels of test-retestatality demonstrated (standard error of
measurement = 1.1°, 95% CI = 2.2) (Bennell et1&I98).

Counter-movement jump test (CMJ)
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Data regarding the peak force (N) during a counteement jump were measured using
a forceplate. Countermovement jumps were perforemetithe best of three attempts at
each time point, determined by peak force (N), warded and used for subsequent
analysis. Participants performed three maximal GMiith ~3 seconds between each
jump. Two force plates (PASCO PS 2142, Rosevilla, OSA) were used to measure
peak force (PF) at a sample rate of 500Hz. Eaahdtarted with the subjects standing on
top of the force plates with their knees fully exded and their hands on their hips to
eliminate the influence of arm swing (Cormack, NawtMcGuigan, & Doyle, 2008).
Participants were then instructed to descend telfasslected countermovement depth
and to jump as high and quickly as possible (Secena., 2015).

Sorint test (SPRINT)

The straight-line sprint test was performed indamrsa wooden-surface basketball court.
During each trial, participants were asked to s@squickly as possible over 15m. Dual-
beam electronic timing gates (Speedlight TT, Swiérformance, Lismore, Australia)
were positioned each 5m in order to obtain 5m, Hom 15m split times. Participants
began each sprint from a standing position withrtfrent foot 0.50 m behind the first
timing gate (Buchheit, Simpson, Peltola, & Mendeaiflaviueva, 2012). Time was
measured to the nearest 0.01 second, with thestdstes obtained from two trials at each

time point (pre, 5, 15, 30, 45 mins post) useddter analysis.

Application of floss band

A standard ankle-bandaging technique was used $garehers by applying the floss
band (Life Flossbands, Sydney, Australia) accolgingcross the transverse of the foot,
aligned with the distal head of the metatarsal$effoot. The wrap circulated around the
foot twice, followed by 3 wraps completed in a fig8 (to lateral malleolus, around the
achilles, to medial malleolus, towards the distehd of the  metatarsal, around the

bottom of the foot and back to the beginning) (Fegl). This bandaging technique is the
same as used previously (Driller & Overmayer, 200f)ce the floss bands were applied

to both ankles, in a seated position, participgmesformed an active ROM task -
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continuous repetitions of plantarflexion and ddesiion for two minutes (taken to the
extreme ranges of motion). Both the FLOSS and C@Npgp performed the active ROM
task, with the only difference between groups behegfloss band application. After two
minutes, the floss band was then removed and tiieipants were instructed to stand up

and walk around for one minute to allow for blotalf to return to the foot.

Figure 1 — The floss band ankle bandaging technigsed by researchers. Figure
obtained from Driller & Overmayer (2017).

Kikuhime pressure measurement

In a selection of participants (n = 12), interfawessure between the skin and the floss
band was measured to assess the level of comprgasimHg) achieved by the wrapping
technique. The Kikuhime pressure monitor (MediGrolelbourne, Australia) sensor
was placed on the anterior aspect of the tibialennidline between the lateral and
medial malleolus (Figure 2). The Kikuhime pressorenitor has been shown to be a
valid (ICC = 0.99, CV = 1.1%) and reliable (CV 9%) tool for use in the sport setting
(Brophy-Williams, Driller, Halson, Fell, & Shing,024). Mean pressure (= SD) applied
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by the floss band in the cohort of the study popota(n=12), as identified using the
Kikuhime pressure monitor, was 178 + 18 mmHg.

Statistical Analysis

Statistical analyses were performed using the sHiizdl Package for Social Science (V.
22.0, SPSS Inc., Chicago, IL). A two-way analysisvariance for repeated measures
(ANOVA) was performed to determine the effect offetient treatments (FLOSS or
CON) over time (pre, 5min, 15min, 30min and 45most) on all measured variables.
There were no outliers in the data, as assessatpgction of a boxplot and examination
of studentized residuals (greater than +3 SD) dhdada was normally distributed, as
determined by Shapiro-Wilk’s test (p > 0.05). Spdigr was assessed via the Mauchly’s
test for sphericity, and where violated (p < 0.0&)Greenhouse-Geisser correction
equation was used. Where significant treatmenttand interactions occurred, simple
main effects were run. An independent t-test waslus compare groups for pre-test
values. Descriptive statistics are shown as meassaadard deviations unless stated
otherwise. Standardized changes in the mean of easdisure were used to assess
magnitudes of effects and were calculated usinge@@sld and interpreted using
thresholds of 0.2, 0.5, 0.8 femall, moderate and large, respectively (Cohen, 1988). An
effect size of £0.2 was considered the smallestiwdrile effect with an effect size of
<0.2 considered to Weivial. The effect was deemeuiclear if its 90% confidence
interval overlapped the thresholds $omall positive and negative effects (Batterham &

Hopkins, 2006). Statistical significance was ¢et & 0.05 for all analyses.
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RESULTS

There were no significant differences between FL@8& CON groups for any of the

measured variables pre test (p > 0.05, Table 1).

There were no significant differences (p > 0.05ween right and left legs for the
WBLT, therefore the mean value from both sides doetbwas used for analysis. There
was a statistically significant interaction betweetervention and time for the WBLT (p
= 0.03, Table 1, Figure 1). However, this was ns$oaiated with any significant
differences between groups at all time pointsviag associated with a significant effect
over time between baseline and all time pointshan ELOSS group. These results were
associated withrivial effect sizes at all time pointsl £ 0.15-0.18), except for 5-mins
post, where there wassanall effect in favour of FLOSSA(= 0.20, Table 2).

There were no significant intervention and timeeiattions for CMJ force between
FLOSS and CON groups across time points (p = 0.Bbwever, there wersmall
benefits associated with FLOSS when compared to @0Ne 30-mind = 0.32) and 45-
min (d = 0.21) post time points (Table 2, Figure 1).

There were no statistically significant interacgdmetween interventions and time points
for 5m, 10m or 15m split times (p > 0.05) during BPRINT (Table 1). The differences
in 15m time between groups were associated swiddl effect sizes in favour of FLOSS
at all time pointsd = -0.21 to -0.27, Table 2).



Table 1 — Comparison of all pre and post measire$s, 30 and 45-minutes) for experimental (FLO&S) control (CON) groups.
Data presented mearsSD.” Represents significant difference to pre withinugr value (p < 0.05).

Pre 5-min Post 15-min Post 30-min Post 45-min Post

FLOSS CON FLOSS CON FLOSS CON FLOSS CON FLOSS CON
WBLT 4 " % %
i 80+36 83+33 97+37 8337  97+3 85+37 9743 84+35  96+3 82+37
(CN'\;” 1708 +381 1649 +454 1747+392 1624+477 17898 1668 +465 1803 +373 1609 £+552 1789 +422 816466
5-m SPRINT
oS 1144008 1144007 1154007 115+008 4®DO06 1.16+009 1154007 1.16+009 1.1%G6 1.16+0.08
%Soég)SPR'NT 1.96+013 1.99+0.14 1.96+012 200+0.15 5&®13 201+015 196+013 2024016 1.95% 2.02+0.15
%Sség)SPR'NT 271+022 276+024 267+019 278+023 8221 278+023 269+021 2.80+026 2692 2.81+023

10



Table 2 — Comparison of all post measures (5, 05r&1 45-minutes) to pre test values. Data predeageaw difference in values

(meanzx SD)with effect sizes for comparison between experiegiftLOSS) and control (CON) groups.

5-min Post 15-min Post 30-min Post 45-min Post
AFLOSS -ACON AFLOSS -ACON AFLOSS -ACON AFLOSS -ACON
Effect size Effect size Effect size Effect size
07403 06+0.4 07+05 07405
WBLT (cm) 0.20,9mall 0.15, Trivial 0.18, Trivial 0.18, Trivial
NI 69 + 67 56 + 70 135 + 148 89 +101
0.16, Trivial 0.13, Trivial 0.32,Small 0.21,Small
-0.02 +0.02 -0.02 +0.02 -0.03 +0.02 -0.03 +0.02
5-m SPRINT (secs) -0.23,Small -0.30,Smal -0.35.Smal -0.40,Smal
-0.01 +0.02 -0.02 +0.02 -0.03 +0.02 -0.03 +0.03
10-m SPRINT {secs) -0.09, Trivial -0.16, Trivial -0.19, Trivial -0.23, Small
-0.05 +0.03 -0.05 +0.03 -0.06 +0.03 -0.06 +0.04
15-m SPRINT (secs) -0.21,Small -0.23, Small -0.27,5mall -0.27,Small

11
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DISCUSSION

Findings from the current study would suggest thate is a trend towards a benefit
when using floss bands applied to the ankle joiat iinprove ankle ROM,
countermovement jump and 15m sprint performand@imecreational athletes for up to
45-minutes following their application. The flosara trial resulted in significant
treatment and time interaction when compared toctirerol trial for a weight-bearing
lunge test. At the final time point tested in therent study (45-mins post), the floss band
trial was associated withsaall effect in comparison to the control group for 15pmint
time. Small, but non-significant benefits were also seen for floss group when
compared to the control for countermovement jummkpéorce 45-minutes after
application of the floss bands. These results maye hsignificant applications for
practitioners considering the use of tissue flagsiia floss bands for injury prevention

and performance.

The results in the current study are in agreemaeiit wrevious research from our
laboratory (Driller & Overmayer, 2017), showing leéts to both ROM and jump
performance following the application of floss bard the ankle joint. The current study
extends these findings by showing possible ben#ditsprint performance and also by
highlighting benefits that last longer than the Bumes following application reported in
our previous study. While the mechanisms relatethéoimprovements have not been
measured in either of our studies, previous rebeargestigating other methods of
occlusion (e.g. tourniquets, blood pressure cufigye reported the physiological
responses. More specifically, Takarada et al. (R0@ported growth hormone and
norepinephrine levels were significantly increasdtér a tourniquet on the upper-leg
(~214mmHg) was released. It has been suggestedethaited norepinephrine is
associated with improved vertical jump ability (M&gs et al., 2014). Therefore, while
we can only speculate, it is possible that hormoesphonses following the release of the
floss bands (178 £ 18mmHg) in the current studylatcdwave contributed to enhanced
jump and sprint performance. The mechanisms rglatnincreased ankle ROM in the
FLOSS group are also relatively unknown, howeueis reasonable to assume that the

fascial alterations during ROM exercises with trends applied and increased joint

14
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lubrication from blood reperfusion following bangbpdication could have increased

dorsiflexion at the talocrural joint, and improvie@ weight-bearing lunge test scores.

These results may have significant implications gaactitioners considering using this
technique during a warm-up prior to exercise. lndemkle dorsiflexion is an important
component in the absorption of lower limb load wheamding from a jump, as common
in most sports (Malliaras, Cook, & Kent, 2006). Reeld ankle ROM is also a risk factor
for the development of patellar tendinopathy andeotower-limb injuries in athletes
(Fong, Blackburn, Norcross, McGrath, & Padua, 2(Malliaras et al., 2006). Not only
has increased ankle ROM been shown to decreadiketibood of lower-limb injuries
(Fong et al., 2011; Griffin et al., 2006; Hewettaét 2005), but the potential performance
benefits to both team and individual athletes nlngstonsidered. Future research should
consider testing this technique in highly-trainethletes implementing cross-over
designs, utilizing sport specific tests and a raofysporting populations (e.g. team and
individual sports) and across different joints (e&kgee, hip, shoulder, elbow). Further
research may also include the use of tissue flggmia chronic setting (over a number of
weeks) prior to or during exercise sessions. Indpeiminary pilot work would suggest
that this may be effective for improving both ROMdaperformance. Bohlen et al.,
(2014) examined the effects of 14 days of bandsit@scombined with joint mobilization
and resistive exercise on plantar/dorsiflexionrgitk in five participants. Participants
performed lower limb exercises with floss bands lieppto one knee while the
contralateral leg acted as the control. Their tesslhowed that dorsiflexion peak torque
increased 22% in the treatment leg (p=0.06), whigge was no change in the control leg
after the 14-day period. Given jump and sprint @eniance were improved in the current
study up to 45-minutes following floss band apgima it could be speculated that
improving performance during training sessions theonic setting, may lead to greater
physiological adaptations, and therefore, perforcean

A limitation in the current study was the lack of ptacebo/sham condition. The
psychological advantage that may be associatedthétluse of band flossing can not be
discounted. However, the experimental interventrothis case is difficult to provide a

placebo condition for, therefore future studies ldoinvestigate different levels of

15
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pressure applied by the bands, in a cross-overgule®.g. <50mmHg, 100mmHg,
150mmHg, >200mmHg). This would allow for the optirpaessure of band flossing to
be determined, and also give greater insight ineodossible mechanisms, for example,
whether or not the benefits are likely to be asged with a blood-flow occlusion effect.
Another limitation of the current study was the giqoints used (up to 45-minutes post
application of the floss bands). While the resultauld suggest that sprint performance
had returned close to baseline values at 45-mimdssin the FLOSS group, it could be
argued that both jump performance and the weightibg lunge test were still above
baseline levels. Therefore, it may have been ugefelktend the time frame and repeat
these measures until they returned to baselineesalu

Conclusion

The current study adds further information to tektively novel technique of tissue
flossing to improve ROM and athletic performandeextends our previous work by
demonstrating that the potential acute benefitamblying floss bands to the ankle
(talocrural) joint for 2 minutes, may improve ROMmp and sprint performance for up
to 45-minutes after removing the bands. Futurearebeto determine whether these same

benefits are evident in highly-trained athleteswasranted.

16
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- Floss bands applied to the ankle for 2mins resulted in small improvements in ROM
- Floss bands resulted in small improvements in jump and sprint performance

- Beneficial effects of floss bands lasted up to 45 minutes following application

- Floss band use during a warm-up may reduce risk of injury and improve
performance

- This study extends our previous findings by including a time-course investigation
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