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abstract
Decreased ankle range of motion (ROM) leads to many disorders, ranging in severity from gait

abnormalities to knee and pelvis injuries. Therefore, maintaining full ankle ROM is very important,
especially for athletes, for whom ankle ROM may affect their results during competitions. Medical
flossing is a technique used by physiotherapists to improve ROM. The aim of this review was to
investigate the effect of medical flossing on ankle ROM according to the results in previous studies.

The search was conducted with the following key words individually and/or in combinations: range of

motion, flossband, mobility bands, vascular occlusion, flossing bands, compression, voodoo floss, and
tack floss.
F
 rom the identified 5600 articles, only 4 studies were included in this systematic review. The results showed
that the mean difference in ROM after treatment was 1.20 cm (Hedge’s g = 0.31, p < 0.01, I2= 89%).

There is evidence showing that the application of flossing can be beneficial to increase the ROM.

Moreover, some of the studies confirmed a positive impact of flossing on jump performance;
nonetheless, data to confirm this effect in this review are insufficient.
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introduction 

Flexibility is the ability to move a joint through its full range of motion (ROM)
with control. A lack of mobility in one joint can lead to injuries and pain along the
kinetic chain [1]. By increasing ROM, we may be able to enhance performance
and reduce the risk of injury, and athletes should possess a level of flexibility
that is appropriate for their chosen activities [2]. Moreover, increased ROM
leads to improvements in vertical jumps [3]. Currently, there are many methods
available to acutely increase ROM, one of which is medical flossing, also
known as voodoo flossing [4]. It is assumed that the possible mechanisms of
improvements in ankle ROM due to flossing are connected with fascial shearing
and blood-flow restriction. Perhaps, this is a similar process to that of blood-flow
restriction training through which increased amounts of growth hormones and
catecholamine responses arise, increasing muscle forces and contractility and
the efficiency of excitation-contraction coupling in the muscles [5, 6]. Fascia
is a tough connective tissue that is present throughout the body in a threedimensional web from head to toe. Fasciae are ubiquitous, surrounding every
muscle, bone, nerve, blood vessel and organ at the cellular level. Generally, the
fascial system provides support, stability and cushioning. It is also important
for locomotion and dynamic flexibility due to muscle involvement, and it is
considered the main contributor to proprioception in the body [7, 8]. Fasciae play
the main role in movement coordination and muscle interaction. An insufficient
amount of flexible fasciae can lead to weakened muscles and poor muscular
biomechanics, which lead to a decreased ROM, altered structural alignment
and reduced endurance and motor coordination [9, 10]. Shearing caused by
rubber bands might decrease the stiffness of the fascia, the main effect of which
is an increase in ROM.
As mentioned above, flossing may have similar mechanisms to ischemic
preconditioning/blood-flow occlusion/restriction training. In addition to the
hormonal response it yields, ischemic preconditioning has been shown to
improve muscle contraction efficiency, possibly by increasing muscle forces
and contractility [11], and/or to improve the quality of excitation-contraction
coupling [12]. Flossing can be applied to any joint or muscle in the body. However,
because the ankle joint is important for walking, jumping and landing, most of
the previous studies have focused on the ankle. The ankle is a complex part of
the human body [13]. Proper biomechanical function of the ankle is required
for the lower extremities to function normally [14]. Changes in ROM can lead
to many dysfunctions, both in normal daily living, as ankle dorsiflexion (DF) is
required during walking [15], and during sport activities, as DF is an important
strategy used to absorb shock when landing after a jump [16, 17]; limitations
in the movement of the ankle lead to restricted knee flexion displacement
and knee valgus displacement during landing and squatting. All these issues
may contribute to increased anterior cruciate ligament (ACL) injury risk,
patellofemoral pain and other lower-limb injuries [17−22].
There is a limited amount of research on flossing, and no review articles have
been conducted. Kiefer et al. [23] assessed the effect of flossing on glenohumeral
flexion in child’s posture. The results showed that there were no significant
differences between the flossing and control groups; however, participants
indicated more significantly perceived benefits from the intervention in terms
of mobility. Moreover, the glenohumeral joint is considered difficult to wrap with
tape, unlike the ankle, which is the main point of interest in this field.
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Although an effect of flossing has been documented, it has not been determined how large impact can be expected with this method; therefore, the aim of
this study was to conduct a meta-analysis on the effects of flossing on aspects
of performance.

material and methods 
se arch strategies 

The review included studies that examined the effects of flossing on the ankle
range of motion. The articles in the Scopus, PubMed, PEDro and Google Scholar
databases were searched. The search took place in November 2019, and the
results were not restricted by dates. The databases were searched by using
the following keywords: range of motion, flossband, mobility bands, vascular
occlusion, flossing bands, compression, voodoo floss, and tack floss. These key
words were used individually and/or in combination.

s tudy selection 

The inclusion criteria for the studies in this review were as follows: the study
contained a research question regarding the influence of flossing on the ankle
range of motion; the ROM test was performed with the standard methodology,
with the results reported in cm; and the study was published in English. The
exclusion criteria were the text not in English, poor methodological design
or measured parameters.

q ualitative comparison 

Qualitative analyses were performed using RevMan version 5.3 (Copenhagen).
Weighted means was used to calculate the flossing effect among different
studies and e. Hedges’ g was consequently chosen for effect size. I2 was used
to assess heterogeneity.

results 

The search process is presented in Figure 1. In total, 5503 records were
identified with search keywords in the Scopus database, and 132 records were
identified from other sources. After the duplicate articles were removed, a
total of 5600 articles remained. After the abstracts were screened, 28 articles
remained, and 22 articles were excluded because they were not suitable for
a systematic review. The full texts of six articles were used to determine their
eligibility (Supplementary material 1), and two of them were not suitable for
qualitative comparison with other studies. In total, 4 records were included in
the meta-analysis. In total, those 4 documents involved 145 participants, where
all studies used weight-bearing lunge test (WLBT). One article was missing a
control group because it used a crossover design. The remaining study [24]
used the contralateral leg, which did not undergo the flossing treatment, for
comparison, or the participants attended another session to obtain control
group results.
Table 1 and Figure 2 show the main results of the included studies, where
all authors of these studies concluded that flossing increases the ankle range
of motion. Table 2 and Figure 3 show the reported changes in the included
studies. The weighted mean difference in ROM after treatment was 1.20 cm
www.balticsportscience.com
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(Hedge’s g = 0.31, CI [0.086, 0.529], Z = 2.719, p < 0.01, I2 = 89%). The
control groups did not show any differences between pre and post treatment.
The same result was confirmed in the two other studies, where one was a
single case and the other reported the increased ROM in degrees [25, 26]. The
jump performance increase has been reported in two studies performed by
Driller and one study performed by Mills [24, 27, 28]. In his first study Driller
measured jump height and velocity which makes it incomparable with the
other two studies, where peak force was measured during Counter Movement
Jump (CMJ). Results have shown 4 cm improvement in the jump height and
0.15 (m.s-1) jump velocity improvement [24]. In another Driller study, the
flossing impact on CMJ peak force was measured after application. Results
have shown increasing of the peak force in the following order: 69 ± 67N after
5 minutes (d = 0.16), 56 ± 70N after 15 minutes (d = 0.13), 135 ± 148N after
30 minutes (d = 0.32) and 89 ± 101N after 45 minutes (d = 0.21) [27]. Mills
also compared CMJ peak force pre and post values after 5 and 30 minutes,
which resulted in 90 ±117N (d = 0.28 ±0.45) improvement after 5 minutes
after floss application, and -37 ±77N (d =- 0.12 ±0.30). Overall, those results
showed a beneficial impact of flossing application on the jump performance.

Fig. 1. PRISMA flowchart of the search process

Table 1. Effects of flossing on ankle range of motion (cm)

References

n

Preflossing

Postflossing

Pre control

Post control

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Driller [24]

52

10.9 ± 6

12.7 ± 6.5

11.4 ± 6.7

11. 6 ± 6.5

Driller [27]

69

8.9 ± 3.6

9.7 ± 3.7

8.3 ± 3.3

8.3 ±3.7

Mills [28]

14

9.9 ± 3.4

10.3 ± 3.5

9.7 ± 4.0

10.1 ± 3.5

Ross [22] right leg

10

7±1.5

8.15 ± 1.5

-

-

Ross [22] left leg

10

6.7 ± 2.7

8.65 ± 2.03

-

-
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Fig. 2. Comparison of the preflossing and postflossing results

Table 2. Effects of flossing on ankle range of motion (cm)

Difference between

Effect size/

pre- and postflossing (cm)

confidence interval

1.8

0.29

References

n

Driller [24]

52

Driller [27]

69

0.8

0.2

Mills [28]

14

0.4

95% CI 0.01-0.18 cm

Ross [22] right leg

10

1.15

90% CI 0.5-1.8 cm

Ross [22] left leg

10

1.95

90% CI 0.5-1.2 cm

Weighted mean

1.20

Fig. 3. Comparison of all pre- and postflossing outcome measures
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discussion 

In the first quantitative systematic review of the flossing effect on the ankle
range of motion, the evidence shows a small beneficial effect of flossing.
Some of those papers reported few indicators; for instance, Driller and Mills
assessed countermovement jumps (CMJs) after flossing, and in both studies,
the outcomes yielded positive results. Based on these results, it can be assumed
that flossing improves jump performance; however, more research needs to
be conducted. Moreover, flossing can be applied to any part of the body that
has fascia, but for now, most of the articles have focused on the ankle. This
focus should be broadened, and new parts of the body should be explored to
discover the potential of flossing. A study made by Hodeaux was assessed the
impact of flossing application on the elbow ROM [29], and in another study
flossing was applied to the glenohumeral joint to assess its efficiency [23].
Since improvement in the ankle ROM at the 0.6 cm level was considered large
[30], the change in dorsiflexion measured with WBT at the 1.2 cm level can
be considered a large increase in ankle mobility. On the other hand, the most
significant limitation of this study is the differences in studies participants:
in two studies, they were recreational athletes; in another study, they were
professional athletes; and in the last study, the participants were individuals
free from lower extremity injuries for 3 months. However, we can assume that
flossing is beneficial to participants at different performance levels.
Driller et al. suggested the beneficial influence of flossing on the ankle ROM and
jump performance. In his first article, he assessed 52 recreational athletes by
using the WLBT, measuring ankle DF and plantar flexion (PF) with a goniometer
and measuring single vertical jump height and velocity with a Gymaware
device. The results showed a significant improvement in all test measures preto postintervention (p < 0.01) [24]. In his second study, 69 recreational athletes
performed the WBLT, countermovement jump (CMJ) and a 15 m sprint test
(SPRINT) before and up to 45 minutes after the application of the flossband to
both ankles (n = 38), and the control group did not receive flossing (n = 31). There
were significant differences (p > 0.05) between the FLOSS and CON groups in
the results for the WBLT, CMJ and 15 m sprint [27]. Stevenson et al. measured
the influence of flossing in 5 male recreational athletes. They used a goniometer
and the WBLT to obtain the results, which showed that DF significantly improved
in the flossing group compared with the control group [26].
A group of scientists from New Zealand determined the effect of flossing
in 14 professional male rugby union athletes (mean ± SD: age; 23.9 ± 2.7)
[28]. They applied flossing for two minutes to both ankles and performed the
same measurements without flossing on a separate day for the control data.
The WBLT, CMJ and 20-meter sprint were performed, and the outcomes were
assessed 5 minutes after and 30 minutes after application. The results showed
a small but non-significant (p > 0.05) benefit in the FLOSS group compared
with the CON group for the CMJ at 5 minutes post-intervention (d = 0.28)
and for sprinting for 10 meters (d = -0.45) and 15 meters (d = -0.24) at 30
minutes after the intervention [28]. Therefore, the results of flossing on jump
performance should be more clearly evaluated.
In a study performed by Reid et al. [30], improvement in the ankle ROM was
measured by the mobilization-with-movement (MWM) technique on talocrural
joints. Dorsiflexion was assessed using a weight-bearing lunge test. They used
www.balticsportscience.com
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a crossover design with randomized allocation to either a sham mobilization
group or the MWM technique group. The results showed that the change in
dorsiflexion following the MWM technique (0.63 ± 0.89 cm) was significantly
larger (p = 0.02) than the change following the sham technique (0.18 ± 0.35
cm). Vicenzino et al. [31] measured the changes in the posterior talar glide and
dorsiflexion of the ankle after mobilization with movement (MWM) in individuals
with recurrent ankle sprains. The results showed that both the weight-bearing
and non-weight-bearing MWMs significantly improved dorsiflexion by 26%
(p < 0.17) in a WBLT test. Dorsiflexion before treatment was 4.2 ± 1.6 cm for
weight-bearing WMWs and 4.3 ± 1.9 cm for non-weight-bearing MWMs, and
those after treatment were 4.8 ± 1.5 cm for WB_MWMs and 4.8 ± 1.5 cm for
NWB_MWMs, which yielded 0.6 cm of improvement for WB WMWs and 0.5 cm
of improvement for NWB_WMWs.
Weight Bearing Lunge Test (WBLT) is a very reliable test to measure the
dorsiflexion (DF) range of movement in the ankle joint [32]. It does not require
any tools, and the methodology is not complicated; therefore, it is a popular
choice among researchers to assess the ankle ROM.

conclusions 

After analyzing all the results and comparing flossing to other methods, it
can be assumed that flossing is a useful method to acutely increase ROM.
It can be used by physiotherapists during rehabilitation for individuals with
ankle ROM limitations and athletes as a part of warm-up, especially before
exercises that require a full ankle ROM, i.e., squats, CMJ. Moreover, it seems
to be a good technique for individuals who participate in sports that involve
jumping, e.g., volleyball and basketball; two studies proved that flossing could
improve jump performance.
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