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ABSTRACT

Previous studies have revealed that compression therapy has a significant effect on
relieving soreness following exercise-induced delayed onset muscle soreness. However, there
is a lack of information about this intervention during strenuous exercise. Therefore, the
purpose of this study is to examine the application of tissue flossing (compression technique)
during plyometric exercise for the prevention of knee extensor delayed onset muscle soreness.
Eighteen low-active healthy young male adults (aged 18-25 years) were randomly assigned to
equally sized groups for either tissue flossing (TF) (n=9) or non-tissue flossing intervention
(CON) (n=9) during plyometric exercise. Participants engaged in 100 drop-jumps to induce
muscle soreness. Pain scale reports and peak torque of knee extensor were collected before
exercise and then after exercise at 1, 24, 48, 72, and 96 hours during the recovery phase.
Analyzing the data by performing the Friedman test and Wilcoxon’s signed rank test revealed
no statistically significant difference between the two groups with respect to indirect indices
of muscle soreness throughout the study (P > 0.05). In conclusion, the application of tissue
flossing during plyometric exercise for the prevention of delayed onset muscle soreness is
either better or no worse than without flossing. Clinical trial reg. no. TCTR2019091105,
clinicaltrials.in.th
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1. Introduction physical activity level when exercising

An individual's soreness severity is vigorously, will have their muscles fatigue
influenced by several factors. A previous easier than those with a moderate or high
study found that individuals with a lower physical activity level [1]. Delayed-onset
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muscle soreness (DOMS) is considered a
common sports injury due to overexertion
[2]. The signs and symptoms of DOMS may
include dull pain, tenderness, stiffness,
swelling, and decreased strength of the
exercised muscles, usually resulting from
the destruction of ultrastructural
components of the muscle fibers, cell
membranes, and  sarcomeres. This
eventually leads to an inflammatory
response and results in the perception of
pain and soreness, hence, DOMS is a
symptom of exercise-related muscle pain
developing after intense and unaccustomed
exercise; this pain will usually peak at
around 24 to 72 hours and eventually
disappears 5-7 days post exercise [3].
Therefore, exercised muscles should receive
proper treatment in order to prevent further
injuries resulting from overtraining, and to
reduce stress in other tissues that
compensate for the initial soreness [4].
There are various methods for relieving the
signs and symptoms of muscle soreness
such as low intensity exercise, cryotherapy,
heat therapy, electrotherapy, massage
therapy, myofascial release, and stretching
which have shown insufficient evidence for
their effectiveness [5, 19]. However, these
methods are commonly provided by
physical therapists to individuals suffering
from DOMS.

Compression therapy has long been
shown to be an effective intervention in
relieving DOMS [6-8, 19]. Previous studies
have revealed that the compression force
provided from compression garments helped
to reduce muscle fatigue, modulated the
decline in muscle strength, and accelerated
recovery by supporting and realigning
muscle fibers to be closer to their normal
condition during exercise sessions, or even
in the recovery period [9-10]. Tissue
flossing is one type of compression
technique used to treat DOMS; it involves
wrapping a thick rubber band around the
muscle or joint and then performing some
active movements (AROM) for a short
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period of 1-3 minutes during compression
[11]. Previously, this method was
introduced to improve the immediate (short-
term) performance on range of motion in
those with musculoskeletal disorders.
Nowadays, tissue flossing is becoming a
popular practice amongst athletes used to
improve  sports  injury  prevention,
performance, and rehabilitation [11].

In the literature, to the best of the
knowledge of the authors, research on the
effects of tissue flossing on DOMS using a
flossing-band (elastic band) is limited to
only two studies. Megan et al. (2014) [12]
found that tissue flossing by band, applied
after high intensity eccentric resistance
exercise, resulted in a significant increase in
knee extensor peak torque during the
recovery period. The other of the two
studies, Prill et al. (2019) [13], found a
significantly lower level of perceived
soreness of those in the flossing group,
compared to those in the non-flossing group
post exercise, and suggested that tissue
flossing appears to be an effective approach
to treating DOMS. The evidence suggests
that the application of compression therapy
(tissue flossing) applied after exercise has a
significant effect on DOMS; in addition,
compression therapy is commonly practiced
by many physical therapists during the acute
phase of rehabilitation, when an individual
has injured a muscle, ligament, or tendon.

However, there is insufficient
evidence-based management strategies for
tissue flossing during plyometric exercise to
treat DOMS and there is no published data
to support the application of tissue flossing
as a prevention strategy. Due to it being
simple, low-cost, and convenient to be
applied during exercise, tissue flossing may
not be worse than no effect or even better
than other compression techniques. These
practical benefits might be some possible
reasons for using flossing for preventing and
attenuating muscle soreness after exercise.
We hypothesized that performing tissue
flossing in tandem with a drop-jumping
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exercise will protect knee extensor muscles
from DOMS more than performing drop-
jumps without tissue flossing. To test this
hypothesis, we compared these 2
interventions using an exercise-induced
muscle damage (EIMD) protocol.

The aim of this study is to examine
the application of tissue flossing during
plyometric exercise and its effectiveness in
preventing DOMS in the knee extensors of
study participants.

2. Materials and Methods
2.1 Participants

Eighteen low-active healthy young
male adults (aged 18-25 years) volunteered
to participate in this study. All participants
were randomly selected from the population
of Thammasat University students (Rangsit
campus). The inclusion criteria were as
follows: 1) a body mass index between 18.5
- 22.9 kg/m?, 2) a total score of physical
activity MET minutes per week of < 600 as
guantified by the Global Physical Activity
Questionnaire (GPAQ), 3) participants must
answer ‘no’ to all questions in the Physical
Activity Readiness Questionnaire (PAR-Q)
and 4) no experience with lower-limb
strength training for the past 6 months. The
exclusion criteria were as follows: 1)
participants have a cardiovascular disease,
2) participants have a musculoskeletal
pathology that may impair their ability to
perform the plyometric drop-jump exercise,
3) participants have a dermal pathology of a
lower-limb and 4) participants have a rubber
or latex allergy. To reduce the influence of
confounding variables, any participant who
experienced relief from the signs and
symptoms of muscle soreness during the
recovery period was removed from the data
analysis according to the withdrawal
criteria.

2.2 Experimental design

This study was designed as a
randomized, controlled, and double-blind
study. The experimental protocol was
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approved by the human research ethics
committee of Thammasat University No. 3
(COA No. 066/2561). Informed consent was
collected from participants. Eligible
participants who met the inclusion criteria
were randomly assigned by simple random
sampling (SRS) using a lottery method,
forming two equally sized groups: a tissue
flossing (TF, n=9) group, and a non-tissue
flossing group (CON, n=9), as shown in Fig.
1. Investigators responsible for recording
study outcomes were blind to participant
group allocation. All participants were
instructed to complete all the testing
parameters for 5 days. First day visiting,
pre-assessments were conducted as follows:
1) characteristics of participants (age,
weight, height, BMI, and physical activity
level), 2) pain scale, and 3) peak torque of
knee extensor. After completing the pre-
assessment, participants performed the
plyometric exercise (drop-jumps) to induce
muscle soreness.  Reassessments were
conducted at 1-hour post-exercise. For days
2-5, each participant had to return at the
same time 4 days in a row to repeat the
reassessment procedures every 24, 48, 72,
and 96 hours.

Participants enrolled (n =18,

Random assigned to
TF or CON intervention

(TF,n=9 (CON, n=9

Lost to follow
up=0

Lost to follow
up=0

Analysed -9 Analysed -9

Fig. 1. Consort flow diagram of enrolled
participants in a randomized controlled trial.
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2.3 Pain scale

Perceived sensation of DOMS was
measured by self-assessment on a visual
analogue scale of 100 millimeters during
performance of an unweighted squat [14]. It
has been shown that a visual analogue scale
is a valid and reliable tool for measuring
pain [15]. Due to self-reported outcomes
and the blinding of the participants, the
same investigator must also be blinded [13].
All participants were instructed to bend their
knees close to 90 degrees from an upright
standing position and hold for at least 5
seconds. The participants then marked their
level of pain on a visual analogue scale. All
participants produced six values for their
perceived DOMS throughout the study. All
data were recorded and prepared for
analysis.

2.4 Peak torque of knee extensor

Muscle strength was assessed using
an isokinetic dynamometer Biodex system 3
(Biodex Inc., Shirley, NY, USA). The same
experienced investigator conducted all
testing parameters and was blind to the
participant group allocation. Before and
after isokinetic testing, all participants were
instructed to engage in self-active stretching
of their quadriceps femoris, hamstring, and
gastrocnemius muscles to warm-up and
prevent further injuries. lIsokinetic angular
velocity was set at 60°/ s for all
measurements. Range of motion was set
between 0° and 80° with a total range of
motion of 80 degrees from knee flexion to
knee extension [14, 16]. Testing was
conducted for both quadriceps and
hamstring groups simultaneously only in the
dominant leg. Appropriate calibration and
gravity correction were performed prior to
each testing session [16]. The total testing
sets of isokinetic data were a-6 repetitions
with submaximal effort and a-4 repetitions
with maximal effort with a one-minute rest
between sets. Verbal, visual, and auditory
information were given to each participant
during testing. The coefficient of variation
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(CV) of the four maximal trials must have
been lower than 15%. All participants
produced six values of isokinetic data
throughout the study. All data were then
recorded and processed for analysis.

2.5 Application of tissue flossing

Only the participants in the tissue
flossing group received the application of
tissue flossing during plyometric exercise,
coming from the same experienced physical
therapist. A blinding of the physical
therapist was not practical, because the
therapist needed to know on which limb he
had to apply tissue flossing. The dominant
thigh of each participant was measured from
the greater trochanter to the Ilateral
epicondyle of the femur, with a standard
measuring tape, and was then divided into 3
parts (upper, middle, and lower thigh) [17].
The compression was implemented using a
Flossband (Sanctband Active & Sanctuary
Health Sdn. Bhd, Perak, Malaysia) with a
length of 2.1-meters, a width of 5-
centimeters, and a thickness of 1.3-
millimeters. The intervention used in this
study was a modified version of one from a
previous study, done by wrapping the band
around the middle thigh from distal to
proximal with a stretch of about 50% of the
band’ s maximum stretch. The band was
then stretched and exerted compressive
force (Interface pressure) on the quadriceps
femoris. The therapist reduced the stretch to
about 25% of band’s maximum stretching
while wrapping around the hamstring. The
flossing band was wrapped around the
middle thigh in a circular fashion during
upright standing by overlapping less than
half of the underneath band width. This
applied method aimed only to support the
whole quadriceps femoris muscle as much
as possible during exercise and does not
typically cause any blood-flow
occlusion/restriction, similar to what was
found in general knee support compression
sleeve bandages as shown in Fig. 2.
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2.6 Exercise-induced muscle soreness [14]

Prior to the exercise session, the same
investigator explained and demonstrated the
plyometric drop-jump protocol to every
participant. After it was fully understood,
the same investigator monitored and
mastered all steps during the exercise
protocol individually. Participants were
asked to wear proper sport shoes to reduce
load impacted on knee joints. The exercise
started with participants standing on a 0.6-
meter box, then placing their leading foot
slightly outside of the box edge, then
dropping down onto the athletic synthetic
rubber floor with both feet touching the
ground while the knees bend close to 90
degrees (to activate the knee extensor
muscle) and then immediately jumping
vertically back up into the air as high as
possible. Participants were allowed to swing
their arms backward, forward, and upward
during the jump. Participants were
monitored while completing 10 sets of 10
drop-jumps with 10-seconds of rest between
each jump and 1-minute of rest between
each set. All participants were asked to
perform this strenuous exercise during the
first day only.

Fig. 2. Tissue flossing band covered around the
middle thigh during plyometric exercise.

All participants were instructed to
maintain their personal life style and dietary
habits but were seriously asked not to use
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any type of DOMS recovery strategy such
as muscle relaxants, oral medications,
massage, cold compression/immersion,
exercise, or sore muscle stretching in order
to prevent the occurrence of confounding
factors in the recovery period. Before the
experimental testing session, all participants
were instructed to abstain from vigorous
exercise and consumption of alcohol, energy
drinks, or caffeine for at least 48 hours prior
to testing, and not to drink for at least 30
minutes prior to, and during, the test.

2.7 Statistical analysis

Research data are shown as mean +
standard deviation for the pain scale
reporting and peak torque of knee extensor.
The Shapiro-Wilk test was used to analyze
the distribution of data. Due to the small
sample sizes, non-normal distribution of
dependent variables and all dependent
variables were measured at continuous level
on three or more different occasions, these
conditions may be appropriate for using a
non-parametric  test. Non-parametric
techniques are widely applicable and
acceptable for research in the health
sciences [25]. The Mann-Whitney U test
was then used to analyze any statistically
significant differences between the two
groups on characteristics of participants.
The Friedman test was used to identify
differences between and within the groups.
The Wilcoxon’ s signed rank test was used
for post-hoc analysis. Statistical analyses
were performed using the Statistical
Package for Social Science v. 19.0 (IBM
SPSS Inc., Chicago, IL, USA). Statistical
significance was set at p < 0.05 for all
analyses.

3. Results and Discussion
3.1 Characteristics of participants

Prior to the exercise-induced muscle
soreness, there was no statistically
significant difference between groups for
participant characteristics as shown in
Tablel.
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Table 1. Characteristics of participants.

Characteristic TF CON
(n=9) (n=9)
Age (Year) 20.78+1.09 20.44+0.88
Weight (kg) 64.67+7.23 66.67+5.66
Height (cm) 175.33+7.37 173.8945.78
BMI (kg/m?) 21.00+1.45 22.03+1.03
GPAQ 388.89+141.11 231.11+275.52

Values are presented as mean * standard deviation.
No significant difference between groups.
TF: Tissue flossing group, CON: Control group

3.2 Pain scale

Pain scale results for both groups
showed a statistically significant increase
after induced muscle soreness from before
exercise. The severity of soreness in both
groups started to rise at 1 hour and peaked
at around 48 hours then dropped close to
baseline at around 72 hours. Interestingly,
the soreness in the TF group appeared to be
lower than the CON group during the period
of 24-96 hours, mostly around 48 hours
after EIMD (Fig. 3); however, there was no
statistically significant difference in pain
scale reporting between the two groups
throughout the study.

Pain Scale

ness (centimeter)
@

Severty of Soren
~

Fig. 3. Change of pain scale after induced
muscle soreness (cm).

3.3 Knee extensor peak torque

Peak torque of knee extensor also
significantly decreased compared to pre-
exercise. Muscle strength started to decline
immediately after 1 hour and recovered at
around 72 hours (not completely recovered)
in a similar fashion throughout the study
period in both groups. However, the
strength loss in the TF group appeared to be
lower than the CON group between hours 1-
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96 (Fig. 4.); nevertheless, there was no
statistically significant difference of peak
torque between the two groups throughout

the study.
The main outcomes revealed that
there was no statistically significant

difference between the two groups at each
time point throughout the study period with
respect to indirect indices of muscle
soreness. Mean and standard deviation of
pain scale reporting and peak torque of knee
extensor of both groups are presented in
Table 2. With apparent absence of evidence-
based management strategies for band tissue
flossing for the prevention of DOMS, this
is, to our knowledge, the first study to
evaluate the efficacy of applying a modified
tissue flossing technique during exercise-
induced muscle soreness/damage.

Peak Torque

180

160 4

140 4

120

100

Peak Torque of Knee Extensor (N.m)

80

60

Pre 1Hr 24Hr

Tine
Fig. 4. Change of peak torque after induced
muscle soreness (N.m).

Our findings reveal that this type of
strenuous exercise eventually results in
DOMS, based on the pain scale data that
significantly increased, and the peak torque
of knee extensor which significantly
decreased after the performance of 100
plyometric drop-jumps. This protocol has
long been used to induce DOMS in many
studies [14, 17] but the true mechanism of
DOMS remains unknown. Currently, many
researchers hypothesize it to be the
ultrastructural damage to muscle cells which
leads to further protein degradation,
apoptosis, and local inflammatory response
[18].
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Table 2. Change of indirect indices of muscle soreness.

Pain scale (cm)
Time TF CON p-value
(n=9) (n=9)
Pre 1.24£1.53 1.32+0.76 0.441
1Hr 5.21+0.76 5.30+2.56 0.953
t T
24 Hr 5.95+2.23 6.40+1.74 0.722
t t#
48 Hr 5.96+2.17 7.26+1.45 0.110
t P
72 Hr 4.07+£2.16 4.93+2.04 0.214
51 181
96 Hr 2.43+2.12 3.20£2.15 0.374
#81x #81x

Peak torque (N-m)

TF CON p-value
(n=9) (n=9)
149.90+16.51 150.12+22.97 0.859
124.83+21.49 106.60+24.28 0.139
T T
118.83+27.37 104.70+£20.44 0.214
T i
121.29+25.43 105.37+28.00 0.110
f
125.60+30.51 119.36+27.57 0.594
8%
141.59+27.89 136.07+28.93 0.767
#8ix #81x

Values are presented as mean + standard deviation. No significant difference between groups. TF, tissue flossing group; CON,
control group * Significant difference between groups (p < 0.05), T Significant difference to Pre (p < 0.05), # Significant
difference to 1 Hr (p < 0.05), § Significant difference to 24 Hr (p < 0.05), 1 Significant difference to 48 Hr (p < 0.05),

x Significant difference to 72 Hr (p < 0.05).

Pain scale data from both groups was
found to significantly increase from the pre-
exercise baseline, similar to previous
findings of Jakeman et al. (2017); they
found that the application of compression
garments applied to lower limbs after
completing this type of strenuous exercise
for 12 hours in young, moderately-active
females was shown to reduce the sensation
of soreness [14]. Compared to their results
(control versus control), participants in this
study had suffered from DOMS quite
intensely since inclusion criteria required
participants to be low-active. Due to the
limited number of studies thus far, the
results here provide valuable insight on the
effects of compression therapy using a floss
band during exercise. One of the most
promising mechanisms of this type of
compression technique may be related to a
well-known compression garment. In a
study by X. Valle et al, (2013) [8], research
was conducted to “ evaluate the use of a
compression garment as a prevention
strategy” during treadmill running with a
10% negative slope; it was found that the
damaged muscle of the protected thigh was
less injured than the non-protected thigh.
This  evidence indicated that the
“ compression garment is an effective
method to reduce the histological injury in
DOMS” [8]. The compression may help to
maintain tissue alignment, reduce muscle
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oscillation or vibration, muscle
displacement, space available for swelling,
muscular damage, and sensation of soreness
[10, 19]. This implies that compression
helps to support muscles during exercise,
reducing the strain on load bearing muscles
during contraction which may help to
reduce the impact of DOMS. These possible
mechanisms might also have indirect
benefits for perceived soreness since floss
bands may stimulate the afferent fibers of
skin receptors which are very sensitive to
tactile stimuli and further modulate the
sensitivity of nociceptors [20]. Furthermore,
compression therapy is commonly used in
the early phase of rehabilitation programs to
reduce inflammation and minimize bleeding
into muscles [3, 5, 7]. Additionally, wearing
a compression garment affects wvarious
perceptual responses and tends to be better
or at least not worse than no compression
[21]. However, considering immediate
responses to acute bouts of exercise, pain
scale data at 1 hour showed identical levels
of perceived soreness in both groups. This
finding may imply that tissue flossing's only
benefit is preventing muscle damage via a
tissue fascial shearing mechanism rather
than modulating or alleviating acute
soreness during exercise. As such, the
analysis revealed that there was no
significant difference between groups even
though the application of tissue flossing
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during exercise appeared to be slightly more
effective on reducing severity of soreness in
the recovery phase during 24 - 96 hours. It
can be assumed that the experience of pain
is highly subjective, depending on past
experiences of injury and varies largely
amongst individuals [22].

Knee extensor peak torque of both
groups was found to be significantly
decreased from pre-exercise levels, as
exercise induced muscle damage typically
resulted in an inflammatory response [7,
10]. Pain and swelling are often a source of
strength loss in an individual suffering from
DOMS [3]. The floss bands seemed to
create interface pressure to a higher degree
than the force that would be exerted by
compression garments. Consequently, the
application of tissue flossing during exercise
may help to support muscles and prevent
them from oscillation/ vibration so that the
muscles beneath the compression band were
also damaged, but to a lesser degree [18-
19]. As such, flossing bands may be used
for prevention during exercise as an
alternative strategy. Compression may help
to prevent influx of inflammatory mediators,
chemotaxis, and exudates result in a lower
intracellular ~ osmotic  pressure  that
eventually reduces the space available for
swelling and decreases the sensitivity of
nociceptors  to  inflammation  [13].
Furthermore, a previous study indicated that
increased leg volume during exercise can be
managed with compression [23]. It should
be mentioned that when the floss band was
applied during plyometric exercise, it could
protect the exercised muscles from fatigue
since acute muscle soreness is typically the
pain felt in muscles during and immediately
after strenuous exercise which is different
from DOMS. It was observed that during 1
hour post-exercise, both groups had the
same acute muscle soreness level, but the
control group showed significant increases
in strength loss as DOMS usually peaks at
around 24 to 72 hours. Thigh circumference
was beyond the scope of our investigation,
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but recognize that muscle swelling is
normally found in DOMS [3]. The floss
band that we used in our study was not able
to cover the entire surface of the quadriceps
femoris muscle, so we only wrapped at the
middle part aiming to cover the muscle
belly as much as possible. Therefor the
upper part and lower parts of the muscle
may be predisposed to injury more so than
in the middle; this experimental wrapping
technique may significantly lead to muscle
swelling above and below the covered area
[24]. But our results revealed that there was
no statistically significant difference
between the two groups on strength loss.
Nonetheless, a partial wrap of tissue
flossing tends to be better or at least not
worse than no wrapping. Muscle strength is
still a major component for recreation,
leisure, and sports activities of athletes.
Strength loss may increase their risk of
injury during training, resting, and recovery
[23].

While it appears that compression
therapy offers several potential benefits, we
acknowledge that there are some limitations
of our study. Firstly, we didn’t calculate the
sample size, nor did we account for the
anticipated number of dropouts so the
sample size is very small. We may have
included a disproportionate number of
participants which are outliers and
anomalies relative to the general population.
Hence, a large wvariation in individual
responses to the tissue flossing may
ultimately limit the clarity of observed
changes or results and proper statistical tests
used. With a larger sample size and a more
homogenous composition of participants by
using a matched pairs parallel group design
based on quadricep muscle strength we
might find a statistically significant
difference between the two groups.
Secondly, we had no objective measure of
the compression force achieved in our
study. It is possible, therefore, that we didn’t
achieve consistency of compression in each
individual. However, we made attempts to
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limit potential variations in compression
force by ensuring that all wrapping
procedures were performed by a single
experienced investigator throughout the
study. Finally, we could not completely
blind the two investigators responsible for
wrapping the tissue flossing band and
monitoring participants during the exercise
session but the investigators responsible for
recording study outcome measures were
completely blind to all participants and
other investigators in order to minimize
experimenter bias.

4. Conclusion

The application of a modified tissue
flossing technique as a compression strategy
during plyometric exercise on prevention of
DOMS is either better or not worse than no
flossing. Because it is simple, low-cost,
practical, and user-friendly, this sport device
might be an alternative way to prevent
DOMS. Further studies should focus on the
pressure force (interface pressure) as well as
band size, location, duration, and period of
application.

4.1 Clinical implications

- In prevention, treatment, and
rehabilitation of delayed-onset muscle
soreness (DOMS), compression therapy can
be used during and after exercise sessions.

- Tissue flossing may be an
innovative strategy for injury prevention,
through increasing range of motion (main
effect)y in  musculoskeletal  disorders
(MSDs).

- The application of a modified tissue
flossing technique as a compression strategy
during plyometric exercise on prevention of
delayed onset muscle soreness tends to be
better or not worse than no flossing.
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