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Abstract

Introduction. Tissue flossing is increasingly popular among sportspersons for enhanced flexibility in both prehabilitation and
rehabilitation programs. Nevertheless, there is a lack of evidence about this compression technique during stretching intervention. The purpose of this study was to determine the immediate effects of tissue flossing during active isolated stretching
on hamstring flexibility.
Methods. Overall, 16 healthy young male adults (aged 18–25 years) of low to moderate activity were randomly allocated to
the tissue flossing or non-tissue flossing group during hamstring active isolated stretching intervention. The participants stretched
the hamstring by performing 3 sets of 10 repetitions. Traditional sit-and-reach, back saver sit-and-reach, active knee extension,
and passive knee extension tests were conducted before and instantly after stretching.
Results. After the stretching intervention, the results revealed that the back saver sit-and-reach and passive knee extension
tests resulted in a statistically significant improvement in both groups (p < 0.05). On comparing the effects of these 2 interventions, the results indicated that the tissue flossing group had a statistically significantly higher score of the traditional sit-and-reach
test than the non-tissue flossing group (p < 0.05).
Conclusions. The application of tissue flossing as a compression strategy during hamstring active isolated stretching has a significant effect on the traditional sit-and-reach test and tends to be better or not worse than stretching without flossing on overall
hamstring flexibility.
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Introduction
Stretching is a type of physical activity used in both prehabilitation and rehabilitation programs for athletes, healthy
person, patients, or individual who suffer from sports-related
or work-related injuries, such as muscle strain, muscle spasm,
myofascial trigger point, and muscle tightness due to muscle
overuse [1–3]. Flexibility can be described as the ability to
move all body parts and joints freely without causing any pain
or restriction through its full range of motion (ROM). Besides,
flexibility is an essential component of health-related, and especially skill-related, physical fitness for everyone [4].
An individual’s flexibility depends upon several factors.
A previous study showed that in a person with a sedentary lifestyle, with low activity levels, flexibility can decline to a higher
extent than in people leading a physically active lifestyle.
During periods of prolonged inactivity, e.g. sitting for a long
time during study hours in the same position, muscle fibres
may shorten and tighten up [5, 6]. Research of muscular flexibility, especially that of hamstring, found that the loss of flexibility within muscle fibres might increase the risk of injury since
muscles are unable to withstand the raised tensile force
during muscle lengthening or contracting of a particular movement [7]. Moreover, the proportion of hamstring tightness was
observed to be as high as 54% in people with lower flexibility,
especially in males with low activity. Besides, there is a high
correlation between muscle flexibility and injury rate, which
is around 1.6 times higher than in those with normal muscle
length [7]. Muscle tightness is also commonly a reason for

low back pain and eventually leads to alteration of lumbopelvic rhythm and spinal alignment [7]. Many clinical observations have suggested that hamstring tightness influences
lumbar pelvic rhythm [8].
Choosing a technique or principle of stretching is usually
based on the interest, expertise, and experience of the therapists [9]. There are various methods aimed at improving
muscle flexibility, such as active, passive, ballistic, dynamic
stretching, and proprioceptive neuromuscular facilitation techniques. Proprioceptive neuromuscular facilitation has been
well-documented to improve muscle flexibility and increase
ROM in healthy individuals [10]. Contrarily, an active stretching technique is more commonly used in sport and clinic, as
well as in home-based exercise owing to its simplicity. Most
therapists usually prescribe active stretching and self-stretching as a home program in order to maximize the clinical outcomes and desired goals.
Active isolated stretching (AIS) is a specific program for
improving flexibility [11]. During AIS, the agonist muscle allows the relaxation of the antagonist via the reciprocal inhibition reflex and causes the muscles (antagonist) to relax without inducing tension within muscles. However, each stretch
must not hold for more than 2 seconds [12]. Movement during stretching must be carefully monitored in order to prevent
activation of the stretch reflex [11, 12]. Vernetta-Santana et al.
[13] indicated that AIS was effective in improving hamstring
flexibility and ROM in healthy individuals.
Tissue flossing is becoming a popular strategy in sports
medicine and sports physical therapy [14]. This compres-
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sion technique was introduced in the past few years to promote the short-term effects on increasing ROM in individuals
suffering from musculoskeletal disorders. For the technique,
a thick rubber band is wrapped around the muscle or joint,
and then an active movement is performed within 1–3 minutes [15]. Previous studies revealed that the tissue flossing
band applied to the ankle joint had a significant effect on dorsiflexion and plantarflexion ROM and improved single-leg
jump performance [15, 16]. Plocker et al. [17] investigated the
effects of tissue flossing on muscle power and upper extremity
ROM but found that there were no significant effects. They
discussed that in the scapulothoracic region, the tissue flossing band was unable to cover its all areas. Contrarily, Kiefer
et al. [18] implied that the perceptions of flexibility increased
more with compression band therapy, which indicated a psychological, but not substantial, increase in shoulder flexion.
To date, there are insufficient evidence-based management strategies for tissue flossing with equivocal findings on
ROM, and there is no evidence for the effect of tissue flossing during AIS on human hamstring flexibility. AIS and tissue
flossing techniques involve active ROM of a particular joint,
but a tissue flossing band adds an extra compression to
muscles or joints during specific movements. This combination technique is similar to what therapists experienced when
applying tension in the area of tenderness, fibrosis, or adhesion in muscles during the active release technique [9].
This study hypothesized that AIS with tissue flossing would
increase hamstring flexibility more than that AIS without tissue flossing, so those techniques were compared. Therefore,
this study aimed to examine the immediate effects of tissue
flossing as a compression strategy during AIS on hamstring
flexibility.

Subjects and methods
Participants
Participants were recruited from Thammasat University
students (Rangsit campus). The G*Power software, version
3.1.9.4 (Germany) was used to estimate the sample size. The
calculations were based on data from a study by George et al.
[9], who investigated hamstring flexibility after the active release technique. The alpha level of 0.05, power of 0.95, and
effect size of 0.75 were used. The minimum requirement was
26 subjects after calculation. Unfortunately, because of the
COVID-19 pandemic in Thailand, we could recruit just 16 participants. The inclusion criteria involved no flexibility training
within the previous 6 months, not having limited knee extension more than 20° during the active knee extension (AKE)
test, body mass index of 18.5–22.9 kg/m2 [19, 20], and the
total scores of physical activity MET-minutes per week lower
than 3000 as determined with the Global Physical Activity
Questionnaire. The participants provided a ‘no’ answer to all
questions in the Physical Activity Readiness Questionnaire.
In terms of health, subjects were excluded if they had known
cardiovascular diseases, pathologies or histories of injury of
lower extremities or spine, dermal pathologies of the lower
limbs, or allergy to the rubber band or latex. The participants
were informed about the experimental protocol.

Experimental design

62

A randomized control trial was performed. The participants were randomly allocated by using the method of lottery
(simple random sampling) to groups of tissue flossing (TF)
(n = 9) or non-tissue flossing (NTF) (n = 7) intervention, as
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Figure 1. CONSORT flow chart of the randomized controlled trial

shown in Figure 1. Before conducting the assessment, for the
determination of leg dominance, the preferred leg for kicking a ball towards a target was defined as a dominant leg in
this experiment [21]. Baseline assessments were conducted
as follows: (1) characteristics of the participants (age, weight,
height, body mass index, and physical activity level); (2) sitand-reach test (traditional and back saver variations); and
(3) knee extension test (AKE and passive knee extension
[PKE]). After the completion of pre-assessments, all subjects
performed hamstring AIS, either with or without tissue flossing applied to hamstring muscles, depending on the experimental condition. Post-intervention assessments were conducted instantly after stretching, similar to pre-intervention
assessments. The investigator responsible for recording the
study outcome measures was blinded to participant group
allocation. Before the baseline assessment session, all individuals were instructed to abstain from any muscle relaxant
agents, vigorous exercises, alcohol, energy drinks, or caffeine
for at least 48 hours and from drinking for at least 30 minutes
before the test and during the test.

Sit-and-reach test [9, 22]
The sit-and-reach test consisted of the traditional and
back saver sit-and-reach. For the traditional sit-and-reach test,
all participants were asked to sit on the ground with both feet
straight against a measuring box, and both palms were facing
downward. The subjects were asked to bend forward as far
as possible, holding the stretch for 2 seconds during each
attempt. In turn, the back sit-and-reach test was conducted
to assess the flexibility of the dominant leg separately. The
individuals were asked to bend the non-dominant leg so that
the plantar surface of the foot remained flat on the ground.
The dominant leg was fully extended, the foot was against
the end of the measuring box, both hands were placed on
the top of the ruler, and a slow forward bend was performed
along the measuring board [23]. The same investigator recorded the length of the participant’s reach. The investigator did
not know the participant group allocation. Overall, 3 trials of
measurements were recorded with a 1-minute within-trial
resting period and a 2-minute rest between the 2 tests. The
data were averaged among trials for the data analysis.

Active and passive knee extension test
AKE and PKE tests were used to assess ROM during terminal knee extension and hamstring muscle length. All par-
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ticipants were positioned on a table without a pillow underneath the head. The dominant leg was flexed in the 90/90
position. The thigh was placed in contact with the stabilizing
bar at the distal anterior surface of the lower thigh. The same
investigator confirmed 90° of hip flexion and knee flexion with
a goniometer before the testing session [24]. The inclinometer
(model 12-1056, Fabrication Enterprises, White Plains, NY,
USA) was positioned at the anterior tibial boundary halfway
between the inferior pole of the patella and the line between
the malleoli [25, 26]. This position was marked with a permanent pen for the post-intervention test, which indicated the
amount of knee extension ROM, also reflecting the hamstring
muscle length. The pelvis and non-dominant thigh were fixed
by using a strap to prevent posterior pelvic tilt during the
knee extension movement [25]. For the AKE test, the participants were then asked to actively extend the knee while
maintaining contact with the stabilizing bar. They performed
3 trials with a 1-minute rest between trials. The average was
used for data analysis. Likewise, in the PKE test, the same
investigator passively extended the knee to the end of the
range, at which point the knee angle was measured via
a bubble inclinometer [27]. The investigator then conducted
3 trials with a 1-minute rest between them and a 2-minute
rest between the difference test. The average was used for
data analysis. All data were then recorded and served for
analysis.

Application of tissue flossing
The dominant thigh of each participant in the TF group
was measured from greater trochanter to lateral epicondyle
of the femur with a standard measuring tape as divided into
3 parts: upper, middle, and lower thigh, and indicated with
a marker [28]. The tissue flossing band was implemented by
using a Flossband (Sanctband Active & Sanctuary Health Sdn
Bhd, Chemor, Malaysia) with a length of 2.1 m, width of 5 cm,
and thickness of 1.3 mm. This method was modified and applied in a previous study by Prill et al. [14] by wrapping around
the thigh from distal to proximal with a stretch of about 50%
of the band’s maximum stretch. The band was then stretched
and exerted a compressive force on the hamstring muscle.
The therapist again reduced the stretch to about 25% of the
band’s maximum stretch when wrapping around the quadriceps femoris muscle. The tissue flossing band was wrapped
around the lower, middle, and upper thigh during stretching
and was removed instantly in the rest period between the sets.
The method is to increase the deep tension to most of the
hamstring musculatures during the AIS technique. Therefore,
the tension was stimulating the compression force by the
therapist’s hand (manual therapy) of active release technique
but by using elastic recoil instead.

Hamstring active isolated stretching [11, 12]
Before the stretching session, the investigator explained
and demonstrated the hamstring AIS technique to each participant. The subjects were positioned on a table as in the
hamstring flexibility test. However, only the dominant leg received an intervention to stretch the hamstring musculature.
Then, the individuals were instructed to extend their knee
actively as much as possible while relaxing plantar flexor
groups. Each stretch was held for no more than 2 seconds;
it was recommended to exhale on the stretch and inhale on
the release/relax [13]. The investigator then monitored and
mastered every movement during active hamstring stretching. The stretching consisted of 3 sets of 10 repetitions with

a 2-second rest between the repetitions and a 5-minute rest
between the sets. The inter-set rest periods increased from
the previous study because we needed more time to wrap
and unwrap the tissue flossing band in another area of the
thigh during stretching.

Statistical analysis
For the reliability of the test, the intraclass correlation statistic was used to determine intratester reliability with all measurement protocols. The intrarater agreement was 68% for
wrapping tissue flossing band and 92% for measuring ROM.
The distribution of the data was evaluated by using the Shapiro-Wilk test. Owing to the small sample size, the data were
not normally distributed. The Mann-Whitney U test served
to establish statistically significant differences between the
2 groups. The Wilcoxon signed-rank test was applied to determine whether there were any differences between preand post-intervention scores in the sit-and-reach, AKE, and
PKE tests. The SPSS program v. 21.0 (IBM SPSS Inc., Chicago, IL, USA) was used. Statistical significance was set at
p < 0.05 for all analyses.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the Ethics Committee Board of Thammasat
University No. 3 (COA No. 073/2561). The study has been
approved for registration in the Thai Clinical Trials Registry
(identification number: TCTR 20200601005).

Informed consent

Informed consent has been obtained from all individuals
included in this study.

Results
Characteristics of participants
There was no statistically significant difference between
the 2 groups concerning the characteristics of participants
(p > 0.05), as shown in Table 1.
Table 1. Characteristics of participants
Characteristics

TF group (n = 9) NTF group (n = 7)

Age (years)

20.33 ± 1.22

20.43 ± 0.97

Weight (kg)

62.11 ± 1.711

62.43 ± 2.448

171.56 ± 0.081

172.29 ± 2.168

Body mass index (kg/m )

20.93 ± 1.25

20.871 ± 1.46

GPAQ (MET-min/week)

570 ± 336.89

571.43 ± 414.06

Height (cm)
2

TF – tissue flossing, NTF – non-tissue flossing,
GPAQ – Global Physical Activity Questionnaire
Values are presented as a mean ± standard deviation.
No significant difference between the groups.

Sit-and-reach test
The traditional sit-and-reach test of the TF group showed
a statistically significant increase after stretching (p < 0.05).
The NTF group achieved some improvement after stretching
as well, although without a statistically significant difference
from baseline (p > 0.05). The results revealed that the TF
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Table 2. Changes of the variables of the sit-and-reach test and knee extension test after hamstring active isolated stretching
TF group (n = 9)
Variables

Before
stretch

After
stretch

NTF group (n = 7)
Mean
difference

Before
stretch

After
stretch

Mean
difference

p

(1) Traditional sit-and-reach test (cm)

–10.97 ± 6.17 –6.08 ± 6.20* 4.88 ± 4.71

–6.67 ± 5.70

–5.31 ± 5.64

1.36 ± 1.32 0.017#

(2) Back saver sit-and-reach test (cm)

–9.63 ± 6.20 –4.62 ± 5.79* 5.01 ± 2.89

–8.36 ± 6.09

–3.89 ± 5.86*

4.47 ± 2.66 0.791

(3) Active knee extension test (°)

46.18 ± 7.05 50.74 ± 3.10

47.14 ± 10.04

5.52 ± 8.70 0.916

(4) Passive knee extension test (°)

54.14 ± 6.64 63.11 ± 2.99* 8.96 ± 6.41 49.61 ± 9.14

4.55 ± 6.41 41.61 ± 10.78

56.14 ± 10.04* 6.52 ± 5.06 0.559

TF – tissue flossing, NTF – non-tissue flossing
Values are presented as mean ± standard deviation.
* p < 0.05, Wilcoxon signed-rank test; # p < 0.05, Mann-Whitney U test

group exhibited a greater mean change as compared with
the NTF group (p < 0.05).
The back saver sit-and-reach test of both groups showed
a statistically significant increase after stretching (p < 0.05).
However, the comparison between the 2 groups demonstrated no statistically significant difference (p > 0.05).

Active and passive knee extension test
The AKE test showed no statistically significant difference between baseline and post-intervention status in both
groups (p > 0.05). Moreover, there was no statistically significant difference between the 2 groups (p > 0.05).
The PKE test revealed a statically significant increase
after stretching in both groups (p < 0.05). It appeared to be
slightly higher in the TF group than in the NTF group. Nevertheless, there was no statistically significant difference between the 2 groups (p > 0.05). The mean and standard deviation of all variables related to hamstring flexibility are
presented in Table 2.

Discussion
The main findings revealed a statistically significant difference between the application of tissue flossing during
hamstring AIS and hamstring AIS alone in the traditional sitand-reach test. With insufficient evidence-based management strategies for a tissue flossing band for muscle flexibility, to our knowledge, this is the first study that determines
the benefit of using a tissue flossing band as a compression
strategy during active stretching. Hamstring flexibility increased by using AIS techniques may hypothetically reduce
sports-related and work-related injuries in healthy young male
adults of low to moderate activity [13].
A limited number of studies thus far have evaluated the
effects of compression strategy by using a tissue flossing
band (elastic band). The precise physiological mechanism
of flossing has not been well determined yet [29], but one of
the most promising mechanisms to this type of compression
technique may be related to the fascial shearing mechanism
[15, 16]. Another possible mechanism related to manual therapy is that flossing during AIS appears similar to the ‘pin and
stretch,’ the methodology of massage therapy, except that
AIS and active release technique involve an active rather than
passive movement provided by the physical therapist. Many
studies assumed that the mechanical pressure or interface
pressure caused by the elastic band might allow stretched
muscles to properly elongate or extend through decreasing
fascial viscoelasticity [15, 16, 29, 30].
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In both groups, PKE was found to be significantly increased from baseline, which is in line with the findings by
Vernetta-Santana et al. [13]. They observed that the AIS technique consisting of 4 sets of 12 repetitions applied for the
hamstring muscles was effective in improving both acute active ROM and acute passive ROM and caused no significant
changes in the peak isometric force of knee flexors. However, Costa et al. [31] indicated that quadriceps peak torque
at 60°/s and hamstring peak torque at 60°/s and 180°/s
started to decline immediately after completing static hamstring stretching. It may imply that AIS involves repetitions of
AKE movements superior to those observed in static hamstring stretching. Hence, quadriceps muscle fatigue may eventually limit the clarity of observing changes in the AKE test of
both groups. Moreover, there may be a frequent repetition
of AKE movements before, during, and after the stretch intervention in this study. Wang et al. [32] indicated that muscle
force and total work during knee extension were not affected
by the compression, despite the compression garment group
showed a lower electromyography amplitude of the quadriceps muscle to a greater extent than in the control group. It
should be mentioned that when the flossing band was applied during the stretching intervention, the floss band might
increase the rate of perceived exertion, which is typically
found in blood flow restriction training [33]. However, our applied method aimed only to compress all the hamstring musculature as much as possible during stretching, in a way similar
to that conducted by a well-trained, experienced physical
therapist during the active release technique or ‘pin and
stretch’ in manual therapy. The method does not intentionally
cause blood flow occlusion or restriction as observed in blood
flow restriction low-load resistance training [34]. Nonetheless, in our study, we believed that we relied on the fascial
shearing mechanism. Involuntarily, we might somehow rely
on blood flow restriction as well. This could be due to psychological factors alone or a combination of psychological and
physiological factors associated with compression band
therapy [18]. We then observed that external compression
provided from the tissue flossing band might have a significant effect on the PKE movement in the TF group, which
appeared to be slightly higher than in the NTF group. However, the rate of perceived exertion is beyond the scope of
this investigation. It can be supposed that passive ROM is
usually slightly higher than active ROM in most circumstances.
In this context, a muscle weakness is likely to occur [35],
which might affect the agonist muscle (quadriceps muscle)
in our study. This might be relevant to the autogenic inhibition of knee extensors upon the development of high-tension
force within the muscles [36] during the period of compression and after tissue flossing band unwrapping (retention
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effect) or during the isometric contraction of the quadriceps
at the end range of knee extension.
The back saver sit-and-reach test results were significantly increased from baseline in both groups, as hamstring
AIS improved muscle flexibility. This test is comparable with
the traditional sit-and-reach test, but each leg is examined
separately. The participants were asked to bend the nondominant leg so that the plantar surface of the foot remained
flat on the ground, and the knee was flexed at 90° while the
hip was flexed at around 45°. Hence, the greater posterior
pelvic tilting in the back saver sit-and-reach test is presumably
relevant to the position of the contralateral hip (non-evaluated leg) and ultimately limits the forward bending movement
and increases compensation at the thoracic angle [23]. LópezMiñarro et al. [37] revealed that anterior pelvic tilt and lumbar
flexion increased while thoracic kyphosis decreased after
stretching when the traditional sit-and-reach test was executed. Since traditional sit-and-reach involves lumbopelvic
rhythm, increased hamstring flexibility results in increasing
the forward bending movement [38]. It can be assumed that
the compression force provided from the tissue flossing band
appeared to be similar to that observed in the active release
technique of the hamstring. Practically, to perform the active
release technique for the hamstring muscle, the therapist must
apply gentle pressure to the entire length of the hamstring
muscle, at the origin and insertion, to hip adductors and gluteal muscles while the leg is actively stretched in many positions [39].
The hamstring active release technique was developed
to decrease muscle tightness, modulate pain, and help the
hamstring recover to its best functions [9, 39]. Hence, the
muscles beneath the tissue flossing band were also compressed, but to a higher degree as compared with the gentle pressure applied by an experienced therapist. The AIS
technique, active release technique, and tissue flossing technique involve an active ROM. For this reason, in our study,
tissue flossing was applied as a compression strategy similar to compression from the therapist’s hand in the active
release technique using elastic recoil of the tissue flossing
band instead of the therapist’s hand and with active movements replicated by using the AIS technique. The participants with hamstring tightness were previously investigated
with the active release technique by Kage and Ratnam [39].
It was observed that the active release technique had a significant effect on the traditional sit-and-reach test and ROM.
George et al. [9] obtained similar results. They studied the
effects of the active release technique on hamstring flexibility
and found an improvement in the traditional sit-and-reach
test after the intervention. In line with our observations, a recent
study by Kaneda et al. [30] indicated that flossing applied to
hamstring muscles was more beneficial than dynamic stretching with respect to increasing ROM and muscle exertion.
We revealed that there was a statistically significant difference between the 2 groups in the traditional sit-and-reach
test when the tissue flossing band was implemented with
hamstring AIS.

Limitations
This study reveals the tissue flossing combined with hamstring AIS has a significant effect on the traditional sit-andreach test results. We acknowledge that there are some
limitations to our study. Firstly, the sample size was small.
A considerable variation in the individual response to the application of tissue flossing during the stretching intervention
may limit the clarity of the observed changes. With a larger

T. Kitsuksan, P. Earde
Tissue flossing during hamstring active isolated stretching

sample size, as well as a matched pairs parallel-group design based on hamstring flexibility, we might be able to find
a statistically significant difference between the 2 interventions in variables other than the traditional sit-and-reach test.
Secondly, we had no objective measure of the compression
achieved in our study for real-time measuring of the interface
pressure beneath the tissue flossing band. The consistency
of compression might vary in each individual. However, we
attempted to limit the potential variations in compression by
ensuring that all wrapping procedures were performed by
a single experienced investigator throughout the study.

Conclusions
The application of a tissue flossing band as a compression
strategy in the hamstring AIS technique has a significant
effect on the traditional sit-and-reach test results. This compression technique is either better or not worse than that
without flossing in a stretching intervention for overall hamstring flexibility. The flossing band is simple and practicable
and may be used as a supplementary intervention to the
stretching routine in order to improve flexibility in individuals
suffering from hamstring tightness. Further studies should
focus on the pressure force, as well as long-term effects of
tissue flossing on flexibility and ROM. The investigators may
vary the tissue flossing band size, location, duration, and
period of application. Moreover, future research may investigate individuals with injuries of the lower limbs and/or the
spine. The results may be useful in clinical work with patients
after injuries.

Acknowledgments

We thank the Department of Physical Therapy, Faculty of
Allied Health Sciences, Thammasat University for providing
the research facility, equipment support, and contribution.
We are grateful to all the participants for their efforts and time
to participate in this research.

Disclosure statement

No author has any financial interest or received any financial benefit from this research.

Conflict of interest

The authors state no conflict of interest.

References

1. Page P. Current concepts in muscle stretching for exercise and rehabilitation. Int J Sports Phys Ther. 2012;
7(1):109–119.
2. McIsaac DI, Saunders C, Hladkowicz E, Bryson GL,
Forster AJ, Gagne S, et al. PREHAB study: a protocol for
a prospective randomised clinical trial of exercise therapy for people living with frailty having cancer surgery.
BMJ Open. 2018;8(6):e022057; doi: 10.1136/bmjopen2018-022057.
3. Amarowicz J, Warzecha M. Application of kinesiology
taping for pain management in oncologic patients. Adv
Rehab. 2020;34(2):32–41; doi: 10.5114/areh.2020.94516.
4. Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical
fitness in childhood and adolescence: a powerful marker
of health. Int J Obes. 2008;32(1):1–11; doi: 10.1038/
sj.ijo.0803774.
5. Karnati VNP, Mohammed AMA. Static versus PNF
stretching in hamstring flexibility – a comparative study.
Int J Physiother. 2015;2(3):513–517; doi: 10.15621/ijphy/2015/v2i3/67023.

65

T. Kitsuksan, P. Earde
Tissue flossing during hamstring active isolated stretching

66

6. Fatima G, Qamar MM, Ul Hassan J, Basharat A. Extended
sitting can cause hamstring tightness. Saudi J Sports Med.
2017;17(2):110–114; doi: 10.4103/sjsm.sjsm_5_17.
7. Heiderscheit BC, Sherry MA, Silder A, Chumanov ES,
Thelen DG. Hamstring strain injuries: recommendations
for diagnosis, rehabilitation, and injury prevention. J
Orthop Sports Phys Ther. 2010;40(2):67–81; doi: 10.2519/
jospt.2010.3047.
8. Reis FJJ, Ribeiro Macedo A. Influence of hamstring
tightness in pelvic, lumbar and trunk range of motion in
low back pain and asymptomatic volunteers during forward bending. Asian Spine J. 2015;9(4):535–540; doi:
10.4184/asj.2015.9.4.535.
9. George JW, Tunstall AC, Tepe RE, Skaggs CD. The effects of active release technique on hamstring flexibility:
a pilot study. J Manipulative Physiol Ther. 2006;29(3):
224–227; doi: 10.1016/j.jmpt.2006.01.008.
10. Yildirim MS, Ozyurek S, Tosun O, Uzer S, Gelecek N.
Comparison of effects of static, proprioceptive neuromuscular facilitation and Mulligan stretching on hip flexion range of motion: a randomized controlled trial. Biol
Sport. 2016;33(1):89–94; doi: 10.5604/20831862.1194
126.
11. Mattes AL. Active isolated stretching. J Bodyw Mov Ther.
1996;1(1):28–33; doi: 10.1016/S1360-8592(96)80012-X.
12. Mattes AL. Active isolated stretching: the Mattes method.
Sarasota: A.L. Mattes; 2000.
13. Vernetta-Santana M, Ariza-Vargas L, Robles-Fuentes A,
López-Bedoya J. Acute effect of active isolated stretching technique on range of motion and peak isometric
force. J Sports Med Phys Fitness. 2015;55(11):1299–1309.
14. Prill R, Schulz R, Michel S. Tissue flossing: a new shortterm compression therapy for reducing exercise-induced
delayed-onset muscle soreness. A randomized, controlled and double-blind pilot crossover trial. J Sports
Med Phys Fitness. 2019;59(5):861–867; doi: 10.23736/
S0022-4707.18.08701-7.
15. Driller MW, Overmayer RG. The effects of tissue flossing
on ankle range of motion and jump performance. Phys
Ther Sport. 2017;25:20–24; doi: 10.1016/j.ptsp.2016.
12.004.
16. Driller M, Mackay K, Mills B, Tavares F. Tissue flossing on
ankle range of motion, jump and sprint performance:
a follow-up study. Phys Ther Sport. 2017;28:29–33; doi:
10.1016/j.ptsp.2017.08.081.
17. Plocker D, Wahlquist B, Dittrich B. Effects of tissue flossing on upper extremity range of motion and power. Int
J Exerc Sci Conf Proc. 2015;12(1):37.
18. Kiefer BN, Lemarr KE, Enriquez CC, Tivener KA, Daniel T.
A pilot study: perceptual effects of the voodoo floss band
on glenohumeral flexibility. Int J Athl Ther Train. 2017;
22(4):29–33; doi: 10.1123/ijatt.2016-0093.
19. Patel JK, Hughes EA, Mackness MI, Vyas A, Cruickshank JK. Appropriate body-mass index for Asians.
Lancet. 2003;361(9351):85; doi: 10.1016/s0140-6736(03)
12150-2.
20. WHO Expert Consultation. Appropriate body-mass index
for Asian populations and its implications for policy and
intervention strategies. Lancet. 2004;363(9403):157–163;
doi: 10.1016/S0140-6736(03)15268-3. Erratum in: Lancet. 2004;363(9412):902.
21. Teo I, Thompson J, Neo YN, Lundie S, Munnoch DA.
Lower limb dominance and volume in healthy individuals. Lymphology. 2017;50(4):197–202.
22. Baltaci G, Un N, Tunay V, Besler A, Gerçeker S. Comparison of three different sit and reach tests for mea-

Physiother Quart 2022, 30(1)

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

surement of hamstring flexibility in female university students. Br J Sports Med. 2003;37(1):59–61; doi: 10.1136/
bjsm.37.1.59.
López-Miñarro PA, de Baranda Andújar PS, RodríguezGarcía PL. A comparison of the sit-and-reach test and the
back-saver sit-and-reach test in university students. J
Sports Sci Med. 2009;8(1):116–122.
Kang M-H, Jung D-H, An D-H, Yoo W-G, Oh J-S. Acute
effects of hamstring-stretching exercises on the kinematics of the lumbar spine and hip during stoop lifting.
J Back Musculoskelet Rehabil. 2013;26(3):329–336;
doi: 10.3233/BMR-130388.
Reurink G, Goudswaard GJ, Oomen HG, Moen MH,
Tol JL, Verhaar JAN, et al. Reliability of the active and
passive knee extension test in acute hamstring injuries.
Am J Sports Med. 2013;41(8):1757–1761; doi: 10.1177/
0363546513490650.
O’Sullivan K, Murray E, Sainsbury D. The effect of warmup, static stretching and dynamic stretching on hamstring
flexibility in previously injured subjects. BMC Musculoskelet Disord. 2009;10:37; doi: 10.1186/1471-2474-10-37.
Guex K, Fourchet F, Loepelt H, Millet GP. Passive kneeextension test to measure hamstring tightness: influence
of gravity correction. J Sport Rehabil. 2012;21(3):231–
234; doi: 10.1123/jsr.21.3.231.
Page W, Swan R, Patterson SD. The effect of intermittent
lower limb occlusion on recovery following exercise-induced muscle damage: a randomized controlled trial. J
Sci Med Sport. 2017;20(8):729–733; doi: 10.1016/j.
jsams.2016.11.015.
Kaneda H, Takahira N, Tsuda K, Tozaki K, Sakai K, Kudo S,
et al. The effects of tissue flossing and static stretching on
gastrocnemius exertion and flexibility. Isokinet Exerc Sci.
2020;28(2):205–213; doi: 10.3233/IES-192235.
Kaneda H, Takahira N, Tsuda K, Tozaki K, Kudo S,
Takahashi Y, et al. Effects of tissue flossing and dynamic stretching on hamstring muscles function. J Sports
Sci Med. 2020;19(4):681–689.
Costa PB, Ryan ED, Herda TJ, Walter AA, DeFreitas JM,
Stout JR, et al. Acute effects of static stretching on peak
torque and the hamstrings-to-quadriceps conventional
and functional ratios. Scand J Med Sci Sports. 2013;
23(1):38–45; doi: 10.1111/j.1600-0838.2011.01348.x.
Wang X, Xia R, Fu W. Reduced muscle activity during
isokinetic contractions associated with external leg compression. Technol Health Care. 2016;24(Suppl. 2):533–
539; doi: 10.3233/THC-161179.
Brandner CR, Warmington SA. Delayed onset muscle
soreness and perceived exertion after blood flow restriction exercise. J Strength Cond Res. 2017;31(11):3101–
3108; doi: 10.1519/JSC.0000000000001779.
DePhillipo NN, Kennedy MI, Aman ZS, Bernhardson AS,
O’Brien L, LaPrade RF. Blood flow restriction therapy after
knee surgery: indications, safety considerations, and postoperative protocol. Arthrosc Tech. 2018;7(10):e1037–
e1043; doi: 10.1016/j.eats.2018.06.010.
Clarkson HM. Musculoskeletal assessment: joint range
of motion and manual muscle strength. Baltimore: Lippincott Williams & Wilkins; 2000.
Sharman MJ, Cresswell AG, Riek S. Proprioceptive neuromuscular facilitation stretching: mechanisms and clinical implications. Sports Med. 2006;36(11):929–939; doi:
10.2165/00007256-200636110-00002.
López-Miñarro PA, Muyor JM, Belmonte F, Alacid F.
Acute effects of hamstring stretching on sagittal spinal
curvatures and pelvic tilt. J Hum Kinet. 2012;31:69–78;
doi: 10.2478/v10078-012-0007-7.

Physiother Quart 2022, 30(1)

T. Kitsuksan, P. Earde
Tissue flossing during hamstring active isolated stretching

38. Norris CM, Matthews M. Correlation between hamstring
muscle length and pelvic tilt range during forward bending in healthy individuals: an initial evaluation. J Bodyw
Mov Ther. 2006;10(2):122–126; doi: 10.1016/j.jbmt.2005.
06.001.
39. Kage V, Ratnam R. Immediate effect of active release
technique versus Mulligan bent leg raise in subjects with
hamstring tightness: a randomized clinical trial. Int J
Physiother Res. 2014;2(1):301–304.

67

