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Abstract
Purpose The aim of this randomized placebo-controlled crossover study was to compare the acute effect on young athletes 
of a single session of roller massager (RM) with that obtained from passive static stretching (PSS) and a placebo intervention 
(PL) on hamstring flexibility and on strength.
Methods Twenty-nine (23 male, 6 female) young athletes completed the study. Maximal voluntary contraction (MVC) and 
two-leg sit-and-reach test were performed before and immediately after PL, PSS and RM on three different days.
Results Results showed that all three interventions increased the flexibility of the hamstring muscles compared to the pre-test 
measurements (Wilcoxon signed-rank test, p < 0.05). Only the RM intervention was significantly higher than the PL inter-
vention (sham ultrasound). Stretching intervention was not significantly different from either of the other two interventions. 
None of the three interventions significantly changed the muscle strength in the short term.
Conclusions RM can be considered as an effective alternative to stretching to increase the flexibility of the hamstring. This 
could be meaningful when stretching is contraindicated or evokes pain.

Keywords Flexibility · Placebo · Self-myofascial release · Strength · Stretching

Abbreviations
MVC  Maximal voluntary contraction
PL  Placebo intervention
PSS  Passive static stretching
RM  Roller massager
ROM  Range of motion
SS  Static stretching

Introduction

In human anatomy, the hamstring muscles are significantly 
implicated in the lower limb kinematics and in posture [1]. 
The correct activation of this muscle group, alongside those 
of the quadriceps femoris and the support of the anterior 
cruciate ligament, is crucial in the swing phase of the gait 
cycle, the balance of the lower limb, and the position of the 
pelvis [1].

Posterior thigh strains are commonly observed in ath-
letes of different disciplines [2] and are the most frequently 
observed injuries in high-level soccer players, represent-
ing 12–16.3% of all injuries [3–5] and 39.5% of all muscle 
strains [5]. Age, non-countermovement jump performance, 
and decreases in the range of motion (“ROM”) with respect 
to hip and hamstring flexibility are among the possible risk 
factors for hamstring injuries [4, 6, 7]. Additionally, a recent 
study suggested that hamstring flexibility is not only a risk 
factor for posterior thigh muscle injuries but also a key fac-
tor corresponding to soccer-specific skills, such as sprinting, 
jumping, agility, and kicking [8].

Even though a general consensus among experts regard-
ing risk factors for hamstring injuries is not currently 
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available [2, 9], and the efficacy of preventative interventions 
has not yet been established [10], several prior studies have 
proposed different training strategies with which to mini-
mize the risks [4, 7, 8, 11, 12]. Athletes, sports trainers, and 
physiotherapists thus apply exercises protocols, including 
different stretching techniques [10]. The suggested rationale 
for prescribing stretching exercises, especially as part of pre-
performance routines, is related to the fact that the greater 
flexibility thereby obtained improves energy absorption dur-
ing the lengthening of muscles. This can, in turn, reduce the 
risk of muscle strain injuries [13]—although some studies 
have found that sustained static stretching (“SS”) may induce 
an acute reduction of performance [13–16].

Scientific and technical evolution in the field of stretching 
has also led to the development of specific devices aiming to 
enhance muscular performance and flexibility, among which 
the roller massager (“RM”) is well-known. The RM stick is a 
dense foam cylinder with a wavy surface that therapists roll 
on the patients’ body using two side handles. The user can 
utilize his/her body weight to modulate the pressure and the 
intensity of the massage.

Different investigations have confirmed that application 
of the RM can improve immediate post-application ROM 
[16–21]. Moreover, when used after exercise, it seems to 
reduce muscle soreness [17, 19, 20, 22, 23].

Most of the current evidence suggests that rolling does 
not seem to provide significant performance improvements 
[20], nor strength decrease [17, 18, 24–27]; but in some 
cases, a small positive effect on some performance and 
strength parameters has been found [19, 25, 26].

To date, the underlying physiological mechanisms of 
RM are much discussed and have been attributed to several 
potential factors, including the adaptation of the compressed 
tissue and a neural adaptation response of the central nerv-
ous system [21, 28]. The local changes seem to include 
increased blood flow, improvements in vascular function 
and reductions of viscoelastic stiffness and of fluid viscos-
ity [21]. In addition, Behm and Wilke [28] postulated the 
hypothesis that the release could be related to the stimula-
tion of proprioceptors or to local hydration changes. The 
adaptation of the central nervous system, instead, seems to 
be associated to the function of the magnitude of receptors 
present in the soft tissues, especially Ruffini and Pacinian 
receptors, which can inhibit the sympathetic activity and 
lead to muscle relaxation [21]. Also interstitial type III and 
IV receptors (pain, tension and pressure receptors) seems to 
be involved [21]. Moreover, the stimulation of parasympa-
thetic nervous system and the ischemic compression with 
the rolling massage seem to play a role in the decreased pain 
perception [21].

To our knowledge, only a few studies on roller massager 
have included a placebo-treated group [29, 30], and any of 
them was conducted on hamstring muscles.

The aim of the present study was to compare the acute 
effect on young athletes of a single session of RM with that 
obtained from passive static stretching (“PSS”) and a pla-
cebo intervention (“PL”) on hamstring flexibility and on 
strength. It was hypothesized that both interventions would 
improve ROM. Moreover, we expected that, unlike the RM, 
PSS would reduce maximal force.

Methods

This was a randomized placebo-controlled crossover study, 
designed to assess the immediate post-treatment effects of 
the RM on muscle flexibility in healthy athletes. The study 
was conducted in a sport center in Switzerland between Feb-
ruary and March 2016.

Participants

The protocol was approved by the local ethical committee 
(ID 3013-2016-00017) and all procedures were followed in 
accordance with the Declaration of Helsinki. All subjects 
signed an informed consent prior to testing.

Based on preliminary measures of maximal voluntary 
contraction (MVC) and hamstring extensibility in healthy 
subjects [31, 32], the sample size required to achieve a statis-
tical power of 1 − β = 0.80 at the level α = 0.05 amounted to 
30 patients, with a minimum detectable difference of about 
1 cm and 10 Nm. To ensure this number of participants for 
the statistical analysis, 38 young healthy athletes (31 male, 
7 female) were recruited from a local sports training school. 
The mean (± SD) age, height, and weight were 16 years old 
(± 1.14 years), 176.7 cm (± 7.8 cm), and 68.6 kg (± 10.2 kg), 
respectively.

The inclusion criteria were specified as follows: no 
history of hamstring injury in the last 12 months and an 
absence of any painful conditions of the musculoskeletal 
system. Furthermore, the exclusion criteria were as follows: 
surgery of the lower limbs or spine in the last 12 months; 
history of connective tissue, metabolic, or endocrine dis-
eases; systemic inflammatory disorders; rheumatoid arthri-
tis; or spondyloarthropathy.

Procedures

Three selected interventions were performed on three dif-
ferent days with at least two days in between, to allow wash-
out periods and avoid carryover effects [18]. Prior to the 
intervention, subjects had the opportunity to try the test-
ing procedures and underwent 5 min warm-up of cycling, 
maintaining a pace of about 80 revolutions per minute with 
a low to moderate resistance. Then, baseline measures of 
MVC and flexibility (sit-and-reach test) of the hamstring and 
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lower back were performed. After these measurements were 
taken, subjects underwent one of the following interven-
tions on both legs: RM, PSS, or a PL. The order of the three 
interventions was randomized for each participant. Follow-
ing completion of the application of the intervention, MVC 
and hamstring flexibility results were reacquired (post-test). 
Participants were asked to maintain the same activity level 
across the duration of the study.

Measurements: MVC and hamstring flexibility

An MVC of the right leg was performed with the participant 
sitting in an ergometer (COR1; OT Bioelettronica, Turin, 
Italy), consisting of an ergonomic chair equipped with a load 
cell operating linearly in the range 0–1000 N (Mod. TF2/S; 
CCT Transducers, Turin, Italy). The force signal detected by 
the load cell was amplified (bandwidth = 0–80 Hz) (MISO-
II; OT Bioelettronica, Turin, Italy). The subject’s knee was 
maintained with a flexion of 90°, and subjects were verbally 
pushed to reach their maximal force flexing their knee and 
to maintain it for a plateau of about 2 s. The force signal was 
shown on the MISO-II display, enabling the recording of 
the maximal force of the hamstring muscles within 5 s. The 
test was repeated twice, with two minutes rest in between. 
The highest of the two MVC results was then considered for 
further analysis.

Subsequently, each participant underwent a sit-and-reach 
test: they sat with their legs extended forward and their feet 
resting against a special device, to measure the flexibility 
of their hamstring muscles (Modified Sit-and-Reach Test 
Box; Baseline Evaluation Instruments, Fabrication Enter-
prises, Inc., White Plains, New York, USA). To ensure an 
extended position of the knees, a belt was positioned over 
subject thighs and slightly tensioned. Participants were 
asked to flex slowly forward, holding their arms and fingers 
of their hands fully extended, until reaching their position of 
maximum elongation. This position was then maintained for 
at least 2 s. The test was repeated three times with an interval 
of one minute in between each test, with the mean value of 
the three repetitions used for the analysis.

Intervention: passive static stretching

In the PSS intervention, participants lay supine in a relaxed 
position. While the researcher was flexing the leg of the 
subject, keeping the knee in full extension, the subject was 
asked to indicate the degree of perceived pain approximately 
every 5 s (through reference to the visual analog scale). The 
hamstring muscles of the participants were stretched to the 
point of discomfort. This position was maintained for 30 s, 
as previously suggested by other authors [33–37]. To ensure 
the targeted stretching of the hamstring, each participant’s 
pelvis was controlled and stabilized by the researcher, as 

suggested by Sullivan and colleagues [38]. The procedure 
was repeated twice on each leg.

Intervention: roller massager

In the RM intervention, participants lay in a prone posi-
tion. The researcher massaged the rear compartment of both 
thighs using an RM  (TheraBand®; Akron, OH, USA), as 
shown in Fig. 1, for 60 s per leg. The duration of the RM’s 
application was based on a prior pilot test, in which 12 par-
ticipants were exposed to RM interventions of 7 different 
durations (from 5 to 180 s). The internal pilot revealed that 
the majority of subjects obtained a maximum improvement 
in the sit-and-reach test score after they had been treated 
for a time between 30 and 90 s. In the present study, dur-
ing the massage, the researcher maintained a constant pres-
sure of 13 kg on the thigh and a rhythm of 120 bpm (1 
cycle per second), as proposed by Sullivan and collabora-
tors [18]. The constant pressure was assured through refer-
ence to visual feedback from a signal amplifier (MISO II; 
OT Bioelettronica, Turin, Italy) that transduced the signal 
of a dynamometer positioned under the therapy bed’s legs 
(BAR1; OT Bioelettronica, Turin, Italy), calibrated at the 
beginning of the study. The constant rhythm was assured by 

Fig. 1  Researcher practicing massage with roller massager (RM)
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a metronome. During the massage, the subject was asked to 
indicate the degree of perceived pain approximately every 
5 s (again, using the visual analog scale). The application 
of RM was previously studied by Sullivan and colleagues 
[18] that extracted the parameters of the application of RM 
through the observation of experienced individuals using 
it. This makes the conditions of the present study and the 
parameters of the massage more similar to those of a clini-
cal or sporting context and increases the generalizability of 
the results.

Intervention: placebo intervention

In the PL intervention, participants lay in a prone position. 
The researcher applied a treatment on the hamstring muscles 
with a non-functioning (it was turned off) ultrasound device 
for 60 s per leg. A discrete amount of gel was applied to 
make the placebo intervention more similar to a real ultra-
sound treatment. The participants did not know that the 
device had been turned off.

Statistical methods

Results of a Shapiro–Wilk normality test revealed that the 
distribution of data for flexibility and force significantly 
deviated from normality. Therefore, statistical analysis was 
performed using non-parametric tests for median values. 
The Friedman test and the Wilcoxon signed-rank test were 
performed to identify any differences in hamstring flexibility 
and force data recorded before and after the interventions. 
IBM SPSS Statistics 20.0.0 software (IBM, Segrate, Milan, 
Italy) was used to run statistical analyses. The significance 
level was set to p < 0.05.

Results

Twenty-nine (23 male, 6 female) out of 38 athletes com-
pleted the study; their mean (± SD) age, height, and weight 
were 16 years old (± 1.23 years), 176.2 cm (± 7.1 cm), and 
67.8 kg (± 11.1 kg), respectively. Seven athletes did not 
attend the first session as well as the following one with-
out providing any justification, and two others left the 
study because of muscle soreness that had occurred due 
to the training sessions of the previous days. The data for 
all other subjects were subsequently analyzed with a Wil-
coxon signed-rank test. Descriptive statistics are reported 
in Table 1.

As shown in Fig. 2a, all three interventions increased the 
flexibility of the hamstring muscles compared to the pre-
test measurements (Wilcoxon signed-rank test, p < 0.05). 
Comparing the increases in flexibility of subjects’ ham-
string between the three interventions (Fig. 2b), only the Ta
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RM intervention was significantly higher than the PL inter-
vention (i.e., sham ultrasound). The stretching intervention 
was not significantly different from either of the other two 
interventions.

Additionally, none of the three interventions changed 
significantly the muscle strength (i.e., as measured through 
MVC) in the short term.

Discussion

The purpose of this study was to compare the immediate 
effect on young athletes of a single session of RM (versus 
PSS and PL) on their hamstring muscles’ flexibility and 
strength. The study’s results suggest that PSS, RM, and 
PL interventions all increase hamstring muscles flexibil-
ity straightaway, but only the improvement related to RM 
intervention was found to be significantly higher compared 
to the PL intervention. Moreover, according to our results, 
none of the considered interventions had a significant acute 
effect on MVC.

RM intervention showed an immediate effect on ham-
string flexibility, with a significant increase in the sit-and-
reach test scores compared to the PL intervention. Our find-
ings are similar to those of Sullivan and colleagues [18], 
who compared a group of healthy participants undergoing 
four different durations of RM (1 set of 5 s, 1 set of 10 s, 2 
sets of 5 s, and 2 sets of 10 s) to a control group (no inter-
vention). In that study, the subjects had to perform a single-
leg sit-and-reach test for ROM, an MVC force test, and a 
measure of muscle activation of the biceps femoris (electro-
myography) for the muscle strength. The authors found an 
increase in the hamstring ROM up to 4.3%, with no change 

in MVC and EMG activity. Moreover, their results seem 
to indicate that there is a time-related effect between RM 
intervention exposure and increases of muscle flexibility. 
The improvement in ROM found in our study was 5%. This 
slightly different result could be attributed to the different 
population (young athletes, instead of recreationally active 
persons), the alternative testing modalities (two-legged sit-
and-reach test, instead of a single-leg test), or the different 
duration of the intervention (60 s, instead of a maximum of 
20 s). Our findings could be considered as an evolution of 
the findings of Sullivan et al. [18], suggesting that a pro-
longed RM intervention can lead to an augmented acute 
increase of ROM, without affecting the muscular perfor-
mance. However, findings from our pilot test suggested that 
the maximum increase in flexibility is reached between 30 
and 90 s of treatment, and a longer exposure did not further 
augment muscle flexibility.

Conversely, Monteiro and colleagues [39] compared four 
self-massage interventions, differentiated in terms of type 
of massage and volume of exposure. In their study, self-
massage of the hamstring resulted in increased short-term 
hip flexion and extension ROM, which became more evident 
with higher dose volumes. Monteiro et al. [39] strengthened 
the hypothesis of time- and dose-related change in ROM 
for longer interventions as well. However, the RM was self-
applied and the pressure was not controlled. Differences in 
time- and dose-related change could therefore be attributed 
to the different treatment intensities.

In addition, studies conducted on other muscles have 
found similar increases in muscle flexibility. Among these, 
Halperin and colleagues [25] studied the effect on passive 
ankle ROM, MVC, and balance of static stretching (“SS”) 
and self-massage with a RM on the calf muscles. They found 

Fig. 2  a Measurements of sit-
and-reach recorded in the pre- 
and post-test for the three inter-
ventions; b reaching differences 
observed between pre- and 
post-test for the three interven-
tions. *p < 0.05, **p < 0.01. PSS 
passive static stretching, RM 
roller massager, PL placebo
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that both interventions increased ankle ROM at 0 and 10 min 
after exposure to the intervention. Moreover, they found 
that RM led to a small improvement in MVC at 10-min 
post-intervention.

To our knowledge, no previous studies on roller mas-
sager on hamstring have included a placebo-treated group 
applied to the target muscles. However, Phillips et al. [29] 
and Griefahn et al. [30] investigated the effect of rolling and 
a placebo intervention on the flexibility and performance of 
quadriceps and triceps surae muscles and of the thoracolum-
bar fascia, respectively. Similar to our results, both studies 
found an increase of flexibility of the target muscles/fascia 
[29, 30]. Contrary to our findings, though, Phillips and col-
leagues [29] found a negative effect of 5 min of rolling on 
muscle performance.

PSS intervention showed an acute increase of hamstring 
flexibility, but the effect was not superior to that from the 
placebo intervention. The results of our study do not totally 
share those found in previous studies. In fact, more stud-
ies have affirmed that SS of hamstring muscles is effective 
in increasing their flexibility [14, 40–42]. For example, 
Michaeli and colleagues [43] examined the effect of two 
different stretching interventions and a placebo intervention 
on hamstring flexibility, immediately after the intervention 
and 1-h post-intervention. In contrast to our results, they 
found that SS intervention is effective in enhancing acute 
hamstring flexibility, compared to a placebo intervention. 
The difference between our results and those of Michaeli’s 
group could be attributed to the different population, the 
different testing modalities, or even the different placebos. 
In fact, as the authors underline [43], the placebo that was 
applied in their study (a sham ultrasound on the dorsal face 
of the foot) was not properly blinded to the participants. 
Conversely, the participants of our study believed that they 
were receiving a treatment on their hamstring muscles.

Kataura and colleagues [14] studied the effect of SS on 
hamstring muscle flexibility and muscle force in relation to 
the application intensity. The authors defined the stretching 
intensity with a percentage of the ROM recorded at the point 
of maximum tolerable intensity of stretching without pain. 
They pointed out that only stretching interventions with an 
intensity greater than 80% significantly increase hamstring 
flexibility. Moreover, they found that with 100% and 120% 
intensity of stretching, there is a significant reduction of iso-
metric muscle force [14].

Our PSS intervention was in line with that of Kataura 
et al. in terms of intensity and/or time. Therefore, the differ-
ences between our results and theirs could be attributed to 
different study populations, different testing modalities, or 
even the presence of a placebo in our study.

To our knowledge, no prior studies have compared the 
effect of SS with that of an RM on hamstring muscles. The 
only study featuring SS and RM on hamstring muscles is 

that of Hodgson et al. [42], which combined the two tech-
niques and compared the effect on hamstring flexibility and 
performance of SS alone and of SS with one or more adjunc-
tive treatments with RM. The authors concluded that SS 
increases flexibility, and that the addition of RM makes the 
change more significant or prolongs it over time [42]. Their 
results also suggest that SS reduces muscle performance 
whereas the addition of RM does not influence it [42].

Our results are in contrast with those of this earlier study. 
Although we tried to standardize the application of the 
stretching procedure (i.e., reporting the degree of perceived 
pain and maintaining a stretching duration in line with those 
proposed in the literature), we cannot exclude that our appli-
cation was under-dosed. Moreover, we used different test-
ing modalities and included a placebo-treatment to compare 
with the interventions.

Our results also showed that the group treated with the 
sham ultrasound increased the flexibility of their hamstring 
muscles, supporting the “placebo effect” already reported in 
previous trials [44, 45]. The observed improvement may be 
explained by positive expectations associated to the placebo 
ultrasound intervention.

The magnitude of the improvement and the non-signif-
icant difference with PSS may appear surprising, but the 
nature of the outcome measure should be considered. The 
sit-and-reach test score can be influenced by the subject’s 
performance and by painful sensations, while the central 
pain-modulatory systems activated by the placebo effect can 
play a role too. Additionally, the control group underwent a 
placebo-treatment. Therefore, the between group differences 
represent the real effect of the interventions, since both treat-
ments increased the sit-and-reach value.

Limitations

The present study has a number of limitations that must be 
considered when interpreting the results. First, the sit-and-
reach test is not specific, and did not allow us to discrimi-
nate the flexibility of hamstring muscles from the flexibility 
of the lumbar spine of participants. Although we treated 
the hamstring bilaterally and we did not perform interven-
tions on the lumbar spine, even if we could hypothesize that 
the changes seen in the test were attributable to changes in 
hamstring flexibility, and acknowledging that the sit-and-
reach test shows a high reliability [31], we cannot exclude 
the influence of other factors. Moreover, the enhancement 
of flexibility observed in our study could be attributed to the 
repetition of the testing modalities. Participants were asked 
to repeat the sit-and-reach test three times pre-intervention 
and three times post-intervention, which could have affected 
the viscoelastic properties of their tissues and enhanced the 
ROM of their hips.
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Second, the population of this study included young ath-
letes of which we did not record the level of activity and 
who practice different sports. The variability of these sports 
could influence the differences of physical and biological 
features of the participants and subsequently their results. 
This diversity is not only a limitation, though, because it 
better represents the variability of the population of athletes 
with whom a clinician, a fitness instructor, or a trainer can 
work.

In addition, the RM used in the study was designed for 
self-massage, which could bring about more variability and 
less standardization of the treatment. The results could be 
therefore less reliable if the device is managed and used by 
the individuals themselves.

Conclusions

The RM can be considered as an effective alternative to 
stretching to increase the acute flexibility of the hamstring, 
especially in cases in which stretching is contraindicated or 
evokes pain.

Further studies are needed to increase knowledge about 
RM and the possibility of proposing it  as a method to 
improve muscle flexibility.
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