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Abstract  
Tissue flossing aims to improve range of motion (ROM), reduce 
pain, and enhance injury prevention. However, evidence is lack-
ing regarding its effects. Therefore, this study examined the ef-
fects of flossing on hamstring muscles function in comparison to 
dynamic stretching (DS). Seventeen healthy young men ([mean ± 
SD] age, 23.2 ± 1.1 years; height, 1.72 ± 0.08 m; body mass, 63.5 
± 9.3 kg) volunteered as subjects in this randomized crossover 
trial. The subjects received flossing, DS, and control interventions 
in random order at least 1 week apart to eliminate the influence 
of the previous intervention. Flossing involved passive twisting 
and active movement using a floss band (Sanctband COMPRE 
Floss Blueberry, Sanct Japan Co., Ltd.). DS was performed for 4 
minutes in 30-second sets consisting of 15 repetitions of 2 sec-
onds stretching. The following were measured before and after 
each intervention: straight leg raise (SLR) test, passive knee ex-
tension (KE) test, passive torque, passive stiffness, fascicle length 
in the biceps femoris long head as an indication of hamstring mus-
cles flexibility, and maximal isometric knee flexion contraction, 
maximal eccentric knee extension/flexion contraction, rate of 
force development, and muscle activity. Flossing yielded signifi-
cant improvements in the SLR test (mean difference in post-in-
tervention changes between interventions: 5.4°, percentage 
change from pre- to post-value: 13.4%, p = 0.004), passive KE 
test (6.2°, 4.5%, p < 0.001), passive torque at end-ROM (3.8 Nm, 
4.7%, p = 0.03), and maximal eccentric knee flexion contraction 
(14.9% body weight, 8.2%, p = 0.03) than control. Moreover, 
flossing yielded 2.1-fold greater improvements in the passive KE 
test (3.8°, 4.5%, p = 0.03) and yielded significant improvements 
in the maximal eccentric knee extension contraction (29.9% body 
weight, 13.8%, p = 0.02) than DS. Therefore, flossing on ham-
string muscles is more beneficial than DS with respect to increas-
ing ROM and muscle exertion.  
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Introduction 
 
Tissue flossing is a new method that aims to improve range 
of motion (ROM), reduce pain, prevent injury, or enhance 
early return to competition in athletes. Tissue flossing in-
volves passive twisting and active movement with a joint 
or muscle tightly wrapped by a floss band made from nat-
ural rubber, which is then removed within 2 minutes. This 
technique was popularized by the book written by Starrett 
and Cordoza (2013), who proposed that fascial shearing 
and  occlusion  of  blood to the muscle are the mechanisms  

that underlie flossing. Furthermore, the compression and 
movement of flossing on a joint or muscle alter the rela-
tionship of the fascia with the neuromusculoskeletal sys-
tem, which allows the fascia to stretch and move freely 
(Starrett and Cordoza, 2013). However, few reports sup-
port the alleged mechanisms that underlie the effectiveness 
of flossing. 

Despite a lack of empirical evidence, tissue flossing 
is widely performed among athletes because of its subjec-
tive benefits on ROM and alleviating muscle pain. A pre-
vious study suggested that flossing on the ankle joint can 
increase dorsiflexion ROM and single-leg jump velocity in 
recreational athletes (Driller et al., 2017a; Driller and Over-
mayer, 2017b). In contrast, another crossover trial only in-
dicated limited support for the use of tissue flossing to im-
prove ankle ROM, countermovement jumping, and sprint-
ing performance up to 30 minutes post-application in elite 
rugby union athletes (Mills et al., 2019). Therefore, alt-
hough flossing might increase ankle ROM, few studies 
have reported its effectiveness on the ROM of joints or 
muscles other than the ankle joint. 

Limited joint mobility and decreased muscle flexi-
bility are common problems in clinical situations and ath-
letic settings, and flexibility is important for both the pre-
vention and rehabilitation of musculoskeletal injuries 
(Shadmehr et al., 2009). Lack of hamstring muscles flexi-
bility might also result in major muscle imbalances, which 
predispose the individual to muscle injuries, patellar tendi-
nopathy, patellofemoral pain, hamstring strain, and the de-
velopment of low back pain (Heiderscheit et al., 2010; 
Lankhorst et al., 2013; Sadler et al., 2017; Van der Worp 
et al., 2011). Furthermore, soccer players with reduced 
hamstring muscles flexibility are more likely to develop 
hamstring injuries (Witvrouw et al., 2003). Therefore, to 
prevent hamstring strain, traditional stretching exercises 
such as static stretching, dynamic stretching (DS), ballistic 
stretching, or proprioceptive neuromuscular facilitation 
stretching is recommended prior to engaging in exercise or 
sports activities (Thacker et al., 2004). Several studies 
showed that DS improves ROM, muscle power, jump 
height, and sprint time (Mizuno, 2017; Perrier et al., 2011). 
DS has recently been recommended as a component of 
warm-up exercises prior to engaging in athletic activities 
(Behm et al., 2016; Perrier et al., 2011). Of note, the effec-
tiveness of flossing on flexibility has not yet been com-
pared with classical stretching methods. Therefore, in order 
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to establish whether flossing is effective for injury preven-
tion in athletes, it is crucial to examine its effects on ham-
string muscles function. We hypothesized that flossing on 
the hamstring muscles would improve ROM and muscle 
exertion due to mechanical or sensory aspects. 

Accordingly, this study examined the effects of 
flossing on hamstring muscles function in comparison with 
DS, which is commonly performed for injury prevention 
before exercise.  

 
Methods 
 
Subjects 
Seventeen healthy young men ([mean ± SD] age, 23.2 ± 
1.1 years; height, 1.72 ± 0.08 m; and body mass, 63.5 ± 9.3 
kg) who were not involved in competitive sports or regular 
resistance, aerobic, or flexibility training volunteered to 
participate. Subjects who had latex allergy; hypertension 
(i.e., resting systolic blood pressure > 160 mmHg or dias-
tolic blood pressure > 100 mmHg); venous thrombotic dis-
ease; heart disease; respiratory disease; or apparent neuro-
logical, orthopedic, dermatitis, or neuromuscular problems 
in their lower legs were excluded. All subjects were in-
formed of the benefits and risks of the study and provided 
written informed consent before participation. The subject 
allowed to use his likeness in the Figures. This study was 
approved by our institutional ethics committee (no. 2019–
013) and was conducted in accordance with the principles 
of the Declaration of Helsinki. 

 
Study procedure and measurements 
This study was a randomized crossover trial with three 
phases. Each subject performed three interventions—floss-
ing, DS, and control—on three separate days, with a wash-
out period of at least 1 week between interventions to elim-
inate the influence of the previous intervention. The sub-
jects were randomized to a sequence of interventions based 
on a random table generated in Excel (2013, Microsoft, 
USA).  

Flossing involved passive twisting and active knee 
flexion movement with the lower leg tightly wrapped with 
a floss band made from natural rubber (Sanctband 
COMPRE Floss Blueberry; 5.1 cm × 3.5 m; Sanct Japan 
Co., Ltd.). DS involved four 30-second sets of consisting 
of 15 repetitions of 2 seconds of stretching with 20 seconds 
of rest in between sets. The control involved only active 
knee flexion movement using the same method as that in 
the flossing intervention. All measurements were made be-
fore and after each intervention. All measurements and in-
terventions were performed on the hamstring muscles of 
the dominant leg (i.e., the leg subjects used to kick a ball) 
for unilateral evaluation in order to ensure consistency in 
data collection among subjects (Hicks et al., 2016). All 
measurements were performed in an environment at room 
temperature of 24.9 ± 0.3°C and 62.8 ± 6.6% humidity. 

 
Straight leg raise test 
The passive straight leg raise (SLR) test was employed as 
an indication of hamstring muscles flexibility. The subject 
was placed in the supine position on an examination bed 
with the legs straight, and the non-tested leg was stabilized 

with inelastic straps to avoid compensatory movements. 
The subject was stabilized and instructed to remain relaxed 
and not offer any voluntary muscle contractions. Body 
markers were attached to the acromion, greater trochanter, 
and lateral epicondyle of the femur as well as the fibular 
malleolus of the dominant leg. The experimenter raised the 
subject’s leg, with the subject’s knee being passively ex-
tended, until the height where the subject felt a strong but 
tolerable stretch (i.e., slightly before the occurrence of 
pain) (Brusco et al., 2018). With the hip maximally flexed, 
the lower leg and foot were photographed from the same 
height and parallel to the non-tested leg of the subject. The 
hip flexion ROM in the obtained image was calculated us-
ing ImageJ (version 1.46r, NIH). This procedure was re-
peated three times, and the average of all three measure-
ments was recorded. 

 
Passive knee extension test 
The passive knee extension (KE) test was employed as an 
indication of hamstring muscles flexibility (Hopper et al., 
2005). The subject was placed in the supine position on an 
examination bed with both the hip and knee positioned in 
90° of flexion, and the non-tested leg was stabilized with 
inelastic straps to avoid compensatory movements. Hip 
flexion was maintained by a stationary board on the distal 
thigh. The subject was stabilized and instructed to remain 
relaxed and to not offer any voluntary muscle contractions. 
Body markers were attached to the greater trochanter and 
lateral epicondyle of the femur as well as the fibular mal-
leolus of the dominant leg. The experimenter extended the 
knee until maximal stretch within the tolerance of the ham-
string muscles, with the ipsilateral hip remaining in 90° of 
flexion (Reurink et al., 2013). With the hip maximally 
flexed, the lower leg and foot were photographed from the 
same height and parallel to the non-tested leg of the sub-
ject. Hip flexion ROM was calculated from the obtained 
image by ImageJ. This procedure was repeated three times, 
and the average of all three measures was recorded.  

 
 

 
 

 
 

Figure 1. Passive torque test using an isokinetic dynamome-
ter. (A) Starting position with both the hip and knee posi-
tioned in 110° of flexion. (B) The knee is passively extended at 
an angular velocity of 5°/s from 110° of knee flexion to the 
point of maximum knee extension just before the subjective 
onset of pain. 
 
Passive torque and stiffness 
Passive torque was used as an index of flexibility of the 
hamstring muscle–tendon unit (Samukawa et al., 2011). 
The  passive torque produced by the hamstring muscles 
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during passive knee extension was measured by an isoki-
netic dynamometer (Cybex Norm, Medica Co., Ltd., Ja-
pan). The subject was seated on a seat with an attached iso-
kinetic dynamometer and a wedge-shaped cushion inserted 
between their trunk and the backrest (Figure 1). The sub-
ject’s chest, pelvis, and right thigh were stabilized with in-
elastic straps. The knee joint was aligned with the axis of 
rotation of the isokinetic dynamometer, and the lever arm 
attachment was placed just proximal to the medial malleo-
lus and stabilized with inelastic straps. Next, the knee was 
passively extended at an angular velocity of 5°/s starting 
from 110° of flexion to the angle of maximum knee exten-
sion just before the subjective onset of pain. Stretching at 
5°/s was used, because reflexive muscle contraction does 
not occur at this velocity (Gajdosik et al., 1996). The sub-
ject was instructed to remain relaxed and to not voluntarily 
resist while the dynamometer extended their knee at 5°/s 
across three repetitions (Duhig et al., 2019).  

Passive knee flexion torque was analyzed at knee 
extension angles of −90° and −10°, and at end-ROM. Elec-
tromyography (EMG) was used to confirm that long head 
of the biceps femoris (BFlh) and semitendinosus (ST) did 
not contract during this passive knee extension. Skin prep-
aration and electrode placement for the BFlh and ST fol-
lowed the SENIAM guidelines (Hermens et al., 2000). 
Electrode position was carefully mapped using a transpar-
ent sheet to ensure the replication of positioning for post-
intervention testing. The onset of muscle contraction was 
determined when the root mean square exceeded the sum 
of the mean and three standard deviations (SDs) for 200 ms 
when the muscle appeared to be relaxed just before the start 
of the passive torque test (Kang et al., 2012). Passive stiff-
ness was calculated as the slope of the regression line (us-
ing the least-squares method) of the torque–angle relation-
ship between 50% and 100% of the maximum knee exten-
sion angle (Kataura et al., 2017). The calculated knee ex-
tension angle range was defined as the angle from the 50% 
maximum knee extension angle to the pre-intervention 
maximum knee extension angle. The averages of the three 
values were recorded. 

 
Fascicle length  
The subject was placed in the prone position with the mus-
cles in a relaxed state. Three longitudinal images of the 
muscle belly of the BFlh were obtained by B-mode ultra-
sonography (HI VISION Avius; Hitachi Aloka Medical Ja-
pan, Tokyo, Japan) using a high-resolution linear probe at 
8.0 MHz (EUP-L65; Hitachi Aloka Medical Japan). The 
fascicle length of the BFlh was estimated using ImageJ, 
and the average of the three estimates was recorded. Fasci-
cle length was determined as the length of the fascicle path 
between the superficial and deep aponeurosis. The outlined 
fascicle between the aponeuroses is presented in absolute 
terms (in mm). Because the fascicles were not entirely vis-
ible in the probe’s field of view, length was estimated using 
the following equation (Guilhem et al., 2011):  
 

Fascicle length = visible fascicle length + h / sin (pennation 
angle). 

where “visible fascicle length” is  the  length of fascicle visible in the      

sonographic image, h is the distance between the intersection point  
of the end of the visible fascicle and the edge of the image and the 
deep aponeurosis of the BFlh, and “pennation angle” is the angle be-
tween the fascicle and its superficial aponeurosis. 

 
Maximal isometric voluntary contraction of knee flex-
ion and rate of force development  
Maximal isometric voluntary contraction (MIVC) of knee 
flexion was measured in the same position as that used to 
measure passive torque, with both the hip and knee posi-
tioned in 90° of flexion (Samukawa et al., 2011). MIVC 
was maintained for 3 seconds with the instruction, “as fast 
and hard as possible,” and measured twice with a 1-minute 
rest between the two measurements. The rate of force de-
velopment (RFD) reflects the ability to rapidly increase 
muscle force after the onset of an explosive voluntary con-
traction (Rodríguez-Rosell et al., 2018). The RFD was de-
termined as the slope of the torque–time curve over time 
intervals of 0–50, 0–100, 0–150, and 0–200 ms relative to 
the onset of muscle contraction during the MIVC test. The 
onset of muscle contraction was defined as the time when 
the moment curve exceeded the baseline moment by 2.5% 
of the MIVC (Aagaard et al., 2002). The sampling rate for 
torque measurement was 1000 Hz. The average of the two 
MIVC or RFD values was recorded. 

 
Maximal eccentric voluntary knee extension/flexion 
contraction 
Maximal eccentric voluntary knee extension/flexion con-
traction was measured in the same position as that used to 
measure MIVC. The subject was instructed to maximally 
resist the isokinetic action of the dynamometer that forci-
bly moved the knee joint from 10° to 90° of flexion and 
then in reverse from 90° to 10° of flexion (Figure 1). Max-
imal eccentric voluntary knee extension/flexion contrac-
tion was calculated according to the peak moment obtained 
between 10° and 90° knee flexion angles (0° indicates full 
knee extension). The subject received strong verbal en-
couragement to generate maximal force. The subject per-
formed two maximal eccentric voluntary knee exten-
sion/flexion contractions at an angular velocity of 60°/s 
with a 1-minute rest between the two contractions. The av-
erage of the two values was recorded. 

 
Muscle activity 
Muscle activity was measured simultaneously with MIVC 
and maximal eccentric voluntary knee flexion contraction 
by an electromyographic apparatus (Free-EMG1000, BTS 
Bioengineering, Italy). Surface electrodes (SEN-12969, 
SparkFun Electronics, USA) were placed over the belly of 
the BFlh and ST of the dominant leg (20 mm inter-elec-
trode distance). The original low EMG signals processed 
using a band-pass filter at 20–500 Hz were amplified and 
collected at a sampling rate of 2000 Hz. The average EMG 
activity for 2 seconds within the middle 3 seconds of the 
maximum voluntary contraction was calculated according 
to the root mean square (RMS), and full-wave rectification 
was performed using a RMS smoothing algorithm with a 
window interval of 50 ms. The average of the two values 
was recorded. 
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Figure 2. Placement of the floss band on the hamstring mus-
cles. A contact pressure probe is placed on the anterior aspect 
of the thigh on the midpoint between the anterior superior 
iliac spine and patella. 

 

Intervention condition 
Flossing was performed with a floss band in accordance 
with the following procedure; the experimenter was in-
structed by a person with an “Easy Flossing Instructor 
Course Levels 1–6” certification. First, the subject placed 
their dominant leg forward in the standing position. Then, 
the floss band was wrapped but not tightly around the area 
just above the distal third between the anterior superior 
iliac spine (ASIS) and patella as an anchor. When the band 
was stretched to 1.5 times its natural length with main-
tained tension, the experimenter wrapped the thigh distally 
to proximally with 50% overlap of the previous part of the 
band (Figure 2).  

Next, the subject performed passive twisting of the 
wrapped part of the leg four times and active knee flexion 
20 times. The band was subsequently removed. This pro-
cess was performed within 2 minutes, followed by a 2-mi-
nute break, and repeated once more. The interface pressure 
between the skin and floss band was measured to assess the 
level of compression (in mmHg) achieved by the wrapping 
technique. A probe of a contact pressure-measuring device 
(AMI-3037–SB–SET AMI Techno Co., Ltd., Japan) was 
placed on the anterior aspect of the thigh on the midpoint 
between the ASIS and patella. 

For the DS intervention, the subject stood in the up-
right position and placed their dominant hand on the wall 
while placing their non-dominant hand on the ASIS of the 
dominant leg to fix the trunk and pelvis. The subject was 
instructed to actively flex their hip joints while maintaining 
the knees in extension once every 2 seconds such that their 
dominant hamstring muscles was stretched (Figure 3). The 
subject slowly practiced the motion five times and then 
performed 15 repetitions as quickly and powerfully as pos-
sible without bouncing and in synchrony with the rhythm 
of a digital metronome set to 30 beats/min (Yamaguchi and 
Ishii, 2005). The frequency or cadence of DS, which was 
maintained by a metronome, was approximately 1 second 
for hip flexion and 1 second for the return to the starting 
point (i.e., hip extension). This exercise emphasized 
achieving the greatest possible ROM and not the highest 
angular velocity. DS was performed for 4 minutes in 30-
second sets consisting of 15 repetitions of 2 seconds 
stretching with a 30-second rest period between sets. The 

subject was instructed to avoid over-stretching with mo-
mentum and to hold their trunk upright.  

In the control condition, the subject only performed the 
active knee flexion exercise used in the flossing condition 
(without the band) 20 times, followed by a 2-minute break 
and another 20 repetitions. 

 
Statistical analyses 
The sample size was calculated using G*Power (version 
3.1.9.2; University of Kiel, Kiel, Germany) to estimate the 
sample size required for this study (Faul et al., 2007).  

Using a two-tailed test of significance with a 0.05 
two-sided significance level, to achieve a power of 80%, it 
was estimated that a total of 17 subjects per group were 
required.  

To examine the pre-intervention differences among 
the intervention conditions, one-way, repeated-measures 
analysis of variance (ANOVA) or the Friedman test was 
performed. The differences of measurements post-inter-
ventions were assessed by analysis of covariance 
(ANCOVA), with the pre-intervention values as a covari-
ates. The Bonferroni post hoc test was performed if signif-
icance was detected. Effect size was calculated for each 
test using the Cohen’s d statistic. In addition, an effect size 
of 0.00–0.19 was considered as trivial, 0.20–0.49 as small, 
0.50–0.79 as medium, and > 0.80 as large (Cohen, 1988). 
All statistical analyses were performed using SPSS version 
26 (IBM, Japan). The level of statistical significance for all 
analyses was set at p < 0.05. 
 

 
 

 
 

 
 

Figure 3. Dynamic stretching procedure for hamstring mus-
cles. (A) The subject stands in the upright position, places 
their dominant hand on the wall, and places their non-domi-
nant hand on the anterior superior iliac spine the dominant 
leg to fix the trunk and pelvis. (B) The subject is then in-
structed to actively flex their hip joints while maintaining the 
knees in extension once every 2 seconds such that their domi-
nant hamstring muscles is stretched. 
 
Results 
 
The demographic characteristics of the study subjects are 
shown in Table 1. All subjects were male and determined 
to be right-leg dominant. No subjects dropped out or were 
excluded from the study. The pre- and post-intervention 
values are shown in Table 2. There were significant main 
effects of the interventions on passive torque at −50°, −40°, 
and −30° pre-intervention (p = 0.02, 0.03, and 0.03, respec-
tively). The mean ± SD pressure applied during flossing 
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was 134.1 ± 10.2 mmHg. The subjects reported no adverse 
or musculoskeletal events due to flossing or DS. The EMG 
activities of the BFlh and ST during passive torque were < 
2% of maximum voluntary contraction, which confirmed 
the absence of any contribution of the contractile compo-
nent to passive torque. 
 
Table 1. Demographic characteristics (N = 17). Data are 
means ± SD (range).   

Age (years) 23.2 ± 1.1 (21.0-25.0) 
Height (m) 1.72 ± 0.08 (1.56-1.81) 
Weight (kg) 63.5 ± 9.3 (51.0-83.0) 
BMI (kg/m²) 21.5 ± 2.2 (18.7-27.7) 
Leg length (cm) 41.8 ± 2.3 (37.5-45.3) 
Thigh length (cm) 45.2 ± 11.7 (32.3-46.2) 
Leg length (cm) 87.1 ± 4.7 (76.7-93.2) 
Thigh circumference (cm) 52.2 ± 6.0 (45.1-66.1) 

        SD: standard deviation; BMI: body mass index 

 
The post-intervention changes among the three in-

terventions are shown in Table 3. There was a significant 
main effect of the interventions on the SLR test (F = 5.77, 
p = 0.01), the passive KE test (F = 10.4, p < 0.01), passive 
torque at end-ROM (F = 4.05, p = 0.02), and maximal ec-
centric voluntary knee extension/flexion contraction (F = 
4.38, p = 0.02 and F = 3.71, p = 0.03, respectively). The 
changes in the passive KE test results and maximal eccen-
tric voluntary knee extension contraction were signifi-
cantly greater after flossing than after DS (d = 0.54 and 

0.59, respectively; all p < 0.05). Furthermore, the changes 
in the SLR and passive KE test results as well as passive 
torque at end-ROM and maximal eccentric voluntary knee 
flexion contraction were significantly higher after flossing 
than the control (d = 0.18, 0.61, 0.73, and 0.56, respec-
tively; all p < 0.05). However, there were no significant 
differences post-intervention between DS and the control 
(p > 0.05). 
 
Discussion 
 
The present study examined the effects of flossing on ham-
string muscles function in comparison with DS. The results 
showed that compared to the control, flossing resulted sig-
nificantly greater increases in the SLR and passive KE test 
results as well as passive torque at end-ROM and maximal 
eccentric knee flexion contraction. In addition, compared 
to DS, flossing resulted in a 2.1-fold greater increase in 
passive KE test results and an increase in maximal eccen-
tric knee extension contraction. Therefore, flossing of the 
hamstring muscles is more beneficial than DS with respect 
to increasing ROM and muscle exertion. 

The findings of this study revealed that flossing of 
the hamstring muscles significantly enhanced SLR, passive 
KE test, passive torque at end-ROM, and maximal eccen-
tric knee flexion contraction. A previous study reported 
that  flossing  of  the ankle joint increased acute dorsiflex-
ion  ROM  and  single-leg jump performance (Driller and 

 
        Table 2. Pre- and post-intervention values. Values are presented as mean ± SD. 

Variable 
Pre-value Post-value 

Flossing DS Control Flossing DS Control 
SLR test (°) 66.6 ± 13.6 67.1 ± 12.9 70.0 ± 17.2 75.5 ± 12.9 72.7 ± 13.8 73.1 ± 14.3
Passive KE test (°) 155.5 ± 8.7 154.1 ± 10.9 155.4 ± 11.2 162.5 ± 8.6 157.4 ± 10.2 156.1 ± 11.9
Passive torque (Nm)                                                 
    at -90 ° 1.6 ± 1.0 0.9 ± 0.5 1.1 ± 0.9 0.9 ± 0.9 0.9 ± 0.8 0.9 ± 0.9 
 at -80 ° 3.4 ± 1.1 2.3 ± 1.1 2.8 ± 1.2 2.7 ± 1.0 2.2 ± 1.5 2.5 ± 0.9 
 at -70 ° 5.3 ± 1.3 4.2 ± 1.4 4.5 ± 1.4 4.4 ± 1.1 3.9 ± 1.6 4.2 ± 1.0 
 at -60 ° 7.2 ± 1.8 5.9 ± 1.7 6.1 ± 1.7 6.1 ± 1.4 5.7 ± 2.1 5.8 ± 1.2 
 at -50 ° 9.2 ± 2.5 7.5 ± 1.9 7.8 ± 1.9 7.7 ± 1.6 7.5 ± 2.6 7.4 ± 1.6 
 at -40 ° 11.4 ± 3.4 9.5 ± 2.3 9.6 ± 2.4 9.5 ± 2.0 9.2 ± 3.0 9.1 ± 2.1 
 at -30 ° 14.0 ± 4.6 11.5 ± 2.9 11.7 ± 3.1 11.5 ± 2.5 11.2 ± 3.6 11.1 ± 2.5 
 at -20 ° 17.8 ± 6.2 14.1 ± 3.3 14.6 ± 4.0 14.6 ± 3.2 13.8 ± 4.3 13.8 ± 3.3 
 at -10 ° 23.3 ± 8.5 18.4 ± 4.2 19.0 ± 5.3 19.4 ± 4.4 17.6 ± 5.4 18.0 ± 4.5 
 at end-ROM ° 30.8 ± 7.1 27.7 ± 5.2 28.6 ± 7.3 32.3 ± 7.3 26.9 ± 5.5 27.0 ± 7.1 
Passive stiffness (Nm/°) 0.4 ± 0.2 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 
Fascicle length (mm) 49.9 ± 20.7 54.2 ± 13.7 63.3 ± 23.1 51.8 ± 18.7 57.6 ± 18.8 58.3 ± 20.5
Maximal isometric knee flexion (%BW)  63.8 ± 22.3 67.6 ± 17.5 64.5 ± 17.4 66.3 ± 21.4 68.1 ± 17.7 59.9 ± 16.0
RFD (Nm/kg/s)                                                    
    0-50 msec 2.8 ± 1.2 2.7 ± 1.2 2.7 ± 1.1 2.7 ± 1.4 2.5 ± 1.2 2.4 ± 0.9 
 0-100 msec 3.0 ± 1.1 2.9 ± 1.0 2.8 ± 0.9 2.8 ± 1.2 2.7 ± 0.9 2.5 ± 0.8 
 0-150 msec 2.7 ± 1.0 2.6 ± 0.8 2.5 ± 0.8 2.6 ± 0.9 2.5 ± 0.8 2.2 ± 0.7 
 0-200 msec 2.3 ± 0.8 2.3 ± 0.7 2.2 ± 0.7 2.3 ± 0.8 2.2 ± 0.7 1.9 ± 0.6 
Maximal eccentric knee extension (%BW) 200.8 ± 54.1 197.3 ± 58.4 200.5 ± 44.1 228.6 ± 55.6 195.7 ± 55.3 206.7 ± 45.2
Maximal eccentric knee flexion (%BW) 114.8 ± 28.4 116.3 ± 26.9 112.2 ± 26.6 124.3 ± 32.0 116.8 ± 25.9 107.6 ± 27.6
Muscle activity (mv)               

BFlh in isometric contraction 0.2 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 
ST in isometric contraction 0.4 ± 0.1 0.4 ± 0.2 0.4 ± 0.1 0.4 ± 0.2 0.4 ± 0.2 0.4 ± 0.2 

 BFlh in eccentric contraction 0.3 ± 0.2 0.3 ± 0.2 0.3 ± 0.1 0.3 ± 0.2 0.3 ± 0.2 0.3 ± 0.1 
 ST in eccentric contraction 0.4 ± 0.2 0.4 ± 0.2 0.4 ± 0.1 0.4 ± 0.2 0.4 ± 0.3 0.4 ± 0.1 

DS: dynamic stretching; SLR: straight leg raise; KE: knee extension; ROM: range of motion; BW: body weight; RFD: rate of force development; 
BFlh: long head of biceps femoris; ST: semitendinosus. 
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Table 3. Differences in post-intervention changes between interventions. 

Variable Between-intervention differences # (95％ simultaneous CI) † Main effect 

Flossing vs DS ES Flossing vs Control ES DS vs Control ES F-value P-value
SLR test (°) 3.2 (-0.8 to 7.2) 0.21 5.4 (1.4 to 9.4)* 0.18 2.3 (-1.7 to 6.3) 0.02 5.77 0.01 
Passive KE test (°) 3.8 (0.3 to 7.2)* 0.54 6.2 (2.8 to 9.7)* 0.61 2.5 (-1.0 to 5.9) 0.11 10.40 < 0.01 
Passive torque (Nm)                                              
   at -90 ° -0.4 (-1.0 to 0.3) 0.03 -0.2 (-0.9 to 0.4) 0.03 0.2 (-0.5 to 0.8) 0.00 0.97 0.39 

at -80 ° -0.1 (-1.0 to 0.7) 0.42 -0.1 (-0.9 to 0.7) 0.29 0.0 (-0.8 to 0.8) 0.02 0.07 0.93 
at -70 ° -0.2 (-1.1 to 0.7) 0.31 -0.2 (-1.1 to 0.6) 0.20 0.0 (-0.9 to 0.8) 0.16 0.30 0.75 
at -60 ° -0.5 (-1.5 to 0.5) 0.21 -0.4 (-1.4 to 0.6) 0.19 0.1 (-0.9 to 1.0) 0.07 0.82 0.45 
at -50 ° -0.8 (-2.1 to 0.4) 0.10 -0.6 (-1.9 to 0.6) 0.18 0.2 (-1.0 to 1.4) 0.03 1.48 0.24 
at -40 ° -1.0 (-2.4 to 0.5) 0.10 -0.8 (-2.2 to 0.7) 0.19 0.2 (-1.2 to 1.6) 0.05 1.42 0.25 
at -30 ° -1.2 (-2.9 to 0.6) 0.09 -0.9 (-2.7 to 0.8) 0.15 0.2 (-1.5 to 1.9) 0.07 1.50 0.23 
at -20 ° -1.2 (-3.5 to 1.2) 0.22 -0.9 (-3.2 to 1.4) 0.25 0.3 (-2.0 to 2.5) 0.01 0.83 0.44 
at -10 ° -0.8 (-3.9 to 2.3) 0.37 -0.8 (-3.9 to 2.3) 0.33 0.0 (-3.0 to 2.9) 0.07 0.27 0.76 
at end-ROM ° 3.1 (-0.4 to 6.6) 0.84 3.8 (0.3 to 7.2)* 0.73 0.6 (-2.8 to 4.1) 0.02 4.05 0.02 

Passive stiffness (Nm/°) 0.0 (-0.6 to 0.1) 0.48 0.0 (-0.1 to 0.1) 0.36 0.0 (-0.0 to 0.1) 0.13 0.04 0.96 
Fascicle length (mm) -5.1(-11.4 to 21.6) 0.31 -4.4 (-12.7 to 21.5) 0.33 0.7(-17.5 to 16.0) 0.04 0.34 0.72 
Maximal isometric knee flexion (%BW)  1.2 (-8.7 to 11.1) 0.09 7.0 (-2.9 to 16.9) 0.34 5.8(-4.1 to 15.7) 0.49 1.77 0.18 
RFD (Nm/kg/s)                                                    
  0-50 msec 0.1 (-0.5 to 0.8) 0.17 0.3 (-0.4 to 0.9) 0.26 0.1 (-0.6 to 0.8) 0.10 0.44 0.65 

0-100 msec 0.1 (-0.4 to 0.6) 0.18 0.2 (-0.3 to 0.8) 0.36 0.1 (-0.4 to 0.6) 0.20 0.72 0.49 
0-150 msec 0.0 (-0.4 to 0.5) 0.13 0.2 (-0.2 to 0.7) 0.43 0.2 (-0.3 to 0.7) 0.33 0.96 0.39 
0-200 msec 0.1 (-0.3 to 0.5) 0.16 0.2 (-0.1 to 0.6) 0.47 0.2 (-0.2 to 0.6) 0.34 1.29 0.29 

Maximal eccentric knee extension (%BW) 29.9 (4.0 to 55.8)* 0.59 21.6 (-4.3 to 47.4) 0.43 -8.4 (-34.2 to 17.5) 0.22 4.38 0.02 
Maximal eccentric knee flexion (%BW) 9.4 (-4.4 to 23.1) 0.26 14.9 (1.2 to 28.6)* 0.56 5.5 (-8.2 to 19.3) 0.34 3.71 0.03 
Muscle activity (mv)                 

BFlh in isometric contraction 0.0 (-0.0 to 0.1) 0.11 0.0 (-0.0 to 0.1) 0.03 0.0 (-0.0 to 0.1) 0.17 1.05 0.36 
ST in isometric contraction -0.0 (-0.1 to 0.1) 0.16 0.0 (-0.1 to 0.1) 0.44 0.0 (-0.1 to 0.1) 0.27 0.14 0.87 
BFlh in eccentric contraction -0.0 (-0.1 to 0.0) 0.09 -0.0 (-0.1 to 0.0) 0.19 0.0 (-0.0 to 0.1) 0.08 0.16 0.86 
ST in eccentric contraction -0.0 (-0.1 to 0.1) 0.09 0.0 (-0.1 to 0.1) 0.24 0.0 (-0.1 to 0.1) 0.09 0.70 0.50 
* P < 0.05. CI: confidence interval; DS: dynamic stretching; ES: effect size using the Cohen’s d; SLR: straight leg raise; KE: knee extension; ROM: range of 
motion; BW: body weight; RFD: rate of force development; BFlh: long head of biceps femoris; ST: semitendinosus. # Mean differences in post-intervention 
changes between-intervention; † Pre-intervention values were included as covariates. Mean differences in post-intervention changes between-intervention. 

 
Overmayer, 2017b). Furthermore, another study reported 
that flossing of the gastrocnemius muscle increased acute 
dorsiflexion ROM (Kaneda et al., 2020). Although the 
band was wound on a different body part in the previous 
study, the effect of the increased ROM is consistent with 
the results of this study.  

The precise physiological mechanism(s) underlying 
flossing has not yet been determined. Previous studies sug-
gested that increases in muscle extensibility might be due 
to mechanical or sensory aspects (Weppler and Magnus-
son, 2010); sensory aspects include the modification of 
sensation, which is associated with pain threshold. In addi-
tion, Starrett and Cordoza (2013) proposed that the effects 
of flossing on muscle exertion and flexibility might include 
fascial shearing and obstruction of blood to the muscle. The 
fascia consist of multiple fibrous layers and collagenous 
connective tissues that surround and interpenetrate the 
skeletal muscle, joints, organs, nerves, and vascular beds 
(Stecco et al., 2013; Stecco and Schleip, 2016). The smooth 
sliding between the layers of fluid fascia allows muscles to 
contract or elongate (Klingler et al., 2014). Furthermore, 
fascia change from a solid gel-like state to a fluid solution-
like state in accordance with a decrease in fascial viscoe-
lasticity when energy in the form of heat or mechanical 
pressure (i.e., thixotropy) is applied (Cheatham et al., 
2015). A floss band provides intense mechanical pressure 
on the muscles, covering the limb from all directions owing 
to close skin contact. Muscle compression retains heat as-
sociated with the increase in intramuscular pressure and the 

resultant muscle contraction under compression, which can 
produce heat, potentially decreasing fascial viscoelasticity 
(Agostinucci, 2010). Therefore, heat or mechanical pres-
sure caused by flossing might allow muscles to easily elon-
gate by decreasing fascial viscoelasticity. In addition, the 
present results showing that flossing improved SLR and 
passive KE test results as well as passive torque at end-
ROM suggest that flossing increases stretch tolerance. 
Stretch tolerance, which is associated with pain threshold, 
is reported to increase with the augmentation of ROM and 
passive torque at end-ROM after DS (Iwata et al., 2019). 
Therefore, the effect of flossing might be similar to those 
of DS, which increases ROM by improving stretch toler-
ance. Transmission of the force caused by skin stretching 
might activate subcutaneous mechanoreceptors and modu-
late pain perception (Chen et al., 2018). Thus, skin stretch-
ing caused by the tension of flossing might activate subcu-
taneous mechanoreceptors and increase stretch tolerance. 
Furthermore, compression is likely to activate both cutane-
ous and muscle mechanoreceptors, which could modulate 
sensory feedback transmission and improve muscle power 
output (McNair and Heine, 1999). When muscle tempera-
ture increases due to increased blood circulation, the acti-
vation of metabolic activity and decreased fascial viscoe-
lasticity might result in smoother contraction and an in-
creased muscle contraction rate (Yamashita et al., 1992). 
The key difference between flossing and DS is that the for-
mer involves target muscle contraction under compression, 
while the latter involves antagonist muscle contraction of 
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the target muscle (Samukawa et al., 2011). The improve-
ment in joint ROM after DS might be involved stretch tol-
erance or reciprocity suppression rather than reduced stiff-
ness of the muscle–tendon unit (Mizuno, 2017; Samukawa 
et al., 2011). Thus, the increased ROM without a decrease 
in passive torque due to DS in this study might suggest that 
DS affects neuromuscular factors. Hence, the findings of 
this study provide insights into the mechanisms underlying 
the effect of flossing. 

The major clinical implication of the present study 
is that flossing of the hamstring muscles before exercise 
might be effective for preventing injury and increasing 
physical performance. Hamstring strain injuries are an im-
portant issue in modern sports and associated with various 
factors such as decreased muscle flexibility, maximal ec-
centric knee flexion contraction weakness, muscle fatigue, 
and a history hamstring strain injuries (Buckthorpe et al., 
2019). Considering this and the present findings showing 
that flossing increased the flexibility of the hamstring mus-
cles and maximal eccentric knee flexion contraction, floss-
ing of the hamstring muscles might help prevent hamstring 
strain injuries in sports. Furthermore, patellar tendonitis 
occurs most frequently in sports requiring repeated jump-
ing. The triggering factors for patellar tendonitis are 
thought to be the overuse of the patellar tendon, and condi-
tions such as decreased flexibility of the lower limbs, ec-
centric knee extension contraction weakness, and landing 
after jumping (Rosen et al., 2015; Van der Worp et al., 
2011). Eccentric knee extension training is reported to sig-
nificantly reduce tendon pain and improve function in ath-
letes with chronic painful patellar tendonitis (Jonsson and 
Alfredson, 2005). Therefore, flossing of the hamstring 
muscles might be more effective for preventing patellar 
tendonitis in sports than DS. 

This study has several limitations. First, the subjects 
were healthy, young, adult men, whereas flossing is typi-
cally used by athletes (Driller and Overmayer, 2017b). 
Athletes have high muscle thickness and physical function-
ing, and women have lower stiffness and hysteresis of ten-
don structures than men (Kubo et al., 2003). Therefore, 
flossing might yield different physical functioning out-
comes in athletes or women. Second, this study did not 
measure physiological parameters of the mechanisms of 
flossing, including fascial viscoelasticity and shearing 
(Starrett and Cordoza, 2013). Third, this study did not 
measure the long-term effects of flossing and physical per-
formance; instead, it focused on examining the acute ef-
fects of flossing on hamstring muscles function. The long-
term effects of flossing on joints and muscles other than the 
ankle are unclear. Therefore, further studies are required to 
examine the long-term effects of flossing, its effects on 
physical performance, and the physiological mechanisms 
of flossing (e.g., fascial viscoelasticity and neural factors) 
in athletes including women. 

 
Conclusion 
 
This study revealed that flossing of the hamstring muscles 
significantly increased SLR and passive KE test results, 

passive torque at end-ROM, and maximal eccentric knee 
flexion contraction. In addition, compared to DS, flossing 
resulted in 2.1-fold greater improvements in passive KE 
test results and an increase in maximal eccentric knee ex-
tension contraction, respectively. Flossing of the hamstring 
muscles is more beneficial than DS with respect to increas-
ing ROM and muscle exertion and, therefore, may lead to 
prevent injuries. 
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Key points 
 
 Effect of tissue flossing and dynamic stretching 

(DS) on hamstring muscles function was examined. 
 Flossing significantly increased straight leg raise, 

passive knee extension (KE), passive torque at end-
range of motion (ROM), and maximal eccentric 
knee flexion contraction. 

 Flossing showed significantly higher increases than 
DS in passive KE test by 2.1 times and maximal ec-
centric knee extension contraction. 

 Flossing on hamstring muscles is more beneficial 
than DS with respect to increasing ROM and muscle 
exertion. 
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