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 Does the Self‐Myofascial Release Affect the Activity  
of Selected Lower Limb Muscles of Soccer Players? 
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Myofascial therapy has already become one of the basic forms of treatment of the locomotor system. One form of 
the therapy is Self-Myofascial Release, in which external force is applied to the body with the help of special rollers 
(foam rolling, FR). The aim of the study was to investigate the direct effect of Self-Myofascial Release of hamstring 
muscles using a foam roller on the bioelectric activity of selected muscles (biceps femoris and gluteus maximus) during 
squats. The study involved 40 male soccer players, who were randomly divided into two groups: experimental and 
control. The tests used did not show significant differences in the analyzed variables before the experiment (baseline 
measurement p > 0.05), while significant intergroup differences appeared for subsequent measurements, both for 
reference MVC values (p < 0.01 - for % gluteus maximus MVC, p < 0.001 - for % biceps femoris MVC) and for raw 
EMG values (p < 0.01 gluteus maximus and p < 0.001 - for % 0.0001 for biceps femoris). The use of self-myofascial 
release within the hamstring muscles leads to changes in the electrical potential of the muscles of the lower limb. 
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Introduction 

In the 21st century, myofascial therapy has 
become one of the basic forms of treatment of the 
locomotor system. Working on dysfunction 
involving the myofascial tissue can have 
measurable effects on the functioning of the 
patient's locomotor system by optimizing the 
length of the muscle fibers and reducing the 
constant tension of the tendons (Schleip, 2003; 
Schleip et al., 2012). One form of the therapy 
includes self myofascial release (SMR), in which 
external force is applied to the body with the help 
of special rollers (foam rolling) characterized by 
different hardness, size and texture (Peacock et 
al., 2014). Research conducted by Curran et al. 
(2008) showed that the pressure force of the roller 
on the tissue and the surface area of contact of the 

roller with the body depend on the hardness of 
the roller and the texture of its surface. Studies 
conducted to date indicate that this type of 
myofascial relaxation can increase the range of 
motion (ROM) and reduce delayed onset muscle 
soreness (DOMS) after exercise (Halperin et al., 
2014; MacDonald et al., 2013; Monteiro et al., 2018; 
Romero-Moraleda et al., 2017; Pearcey et al., 
2015). The effects of using SMR can also depend 
on the time, intensity and speed of foam rolling, 
as well as the length of the interval between each 
rolling session (Monteiro et al., 2017a). There are 
many theories which attempt to explain the effects 
produced by the myofascial release, which also 
occur during SMR therapy. One of the basic 
theories underlying the mechanism of SMR is the 
structural change of fascial tissue after the supply 
of energy in the form of heat or mechanical  
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deformation. As a result, there are changes in the 
adhesion of the tissue and the properties of the 
viscous and thixotropic fascia (Cheatham et al., 
2015; Couture et al., 2015; Knight et al., 2001; 
Schleip, 2003). The influence of SMR on the 
thixotropic effect is short-lived, with tissues 
returning to their original state within few 
minutes of cessation of therapy, which explains 
the effect of immediate tissue release. To produce 
a longer thixotropic effect, a much longer or 
stronger stimulus is required than that provided 
when applying SMR (Schleip, 2003). The positive 
effects of SMR therapy can also be explained by 
changes in the neuromuscular system through 
stimulation of mechanoreceptors located in fascia 
(Schleip, 2003). Such an afferent stimulation 
affects the inhibition of muscle tone (Monteiro et 
al., 2018; Sullivan et al., 2013). Besides 
explanations focusing on the change in muscle 
tone, some authors postulate the effect of SMR on 
the change in muscle recruitment pattern, which 
does not affect changes in muscle strength (Ginszt 
et al., 2017; Halperin et al., 2014; MacDonald et al., 
2013; Peacock et al., 2015). Arroyo-Morales et al. 
(2008) showed a decrease in the bioelectrical 
activity of the quadriceps muscle during a 40-min 
massage. Different duration in similar forms of 
therapy can decrease the Hoffmann's reflex. 
Available studies show that Hoffman's reflex is 
dependent on the depth of the therapeutic effect, 
the pressure exerted on the tissue during the 
massage (Goldberg et al., 1992; Morelli et al., 
1999).  

The main extensors of the hip joint are the 
hamstring muscles and the gluteus maximus 
(GM). The influence of the hamstring muscles on 
the knee joint depends on the current position of 
the hip joint. The tension of the hamstring 
muscles increases during flexion of the hip joint, 
while with the extension of this joint it decreases, 
which is also accompanied by a decrease in its 
effectiveness (Kapandji, 2011). Hamstring muscles 
generate a greater moment of force when they are 
in a partially elongated position, which is due to 
the component of particular muscles. 

Disturbed work between hamstring 
muscles and the GM is one of the causes of pain in 
the lower spine. The delay in the activation of the 
GM in relation to the hamstring is the cause of 
pain in patients with lower back pain (LBP) 
(Hungerford et al., 2003); furthermore, a decrease  
 

 
in the strength of the GM occurs in patients with 
pain in the anterior part of the knee (Cichanowski 
et al., 2007; Hewett et al., 2006). The results of 
studies on the effect of SMR on muscle activity 
using a surface electromyographic signal (sEMG), 
are not completely clear. In a study comparing 
SMR to another form of stretching, researchers 
did not find significant differences in EMG 
activity between the techniques used (Worrell et 
al., 2001). Despite studies confirming the effect of 
SMR on mobility ranges and tissue properties, 
there are few studies confirming its effect on the 
value of the bioelectric signal during maximum 
isometric contractions (MVC) and sEMG activity. 
In studies using the roller for SMR, there were no 
changes in the moment of muscle force for the 
knee flexors and no changes in the antagonistic 
muscles, and only a moderate increase in the force 
of contraction of the knee flexors was observed 
(Gozubuyuk and Yucesoy, 2019; Macdonald et al., 
2014). Also Sullivan et al. (2013) showed no effect 
of SMR applied to tendons, strength and speed 
indicators. There is also a confirmed negative 
effect of SMR on the strength of knee extensors. 
Researchers found that, depending on the number 
of foam rolling repetitions, the strength of the 
antagonists decreased (Monteiro et al., 2017b). 
There are also studies in which the use of a roller 
massager on the muscles of the sole of the foot, 
increased their MVC (Halperin et al., 2014). 
According to Mills et al. (2015), if during eccentric 
control of the torso flexion, which is a functional 
movement, the activity of the GM muscle 
decreases, then the co-activation of the hamstring 
muscles will increase. Such strenuous work of the 
hamstring can have a negative impact on its 
susceptibility to fatigue during physical activity 
and the ability to control the anterior tibial 
translatation of the knee in a weight-bearing 
position. 

The aim of this study was to assess the 
impact of the intervention of SMR of the 
hamstrings on the activity of the biceps femoris 
and gluteus maximus muscles.  

Methods 
Participants 

The study involved 40 soccer players of 
the regional soccer league. All the players were 
characterized by a high level of physical fitness 
and they regularly participated in soccer training,  
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at least 3 times per week. They were randomly 
divided into 2 groups: experimental (A) and 
control (B). Group A included 20 men aged 25.5 ± 
5.2 years. Of these, 17 players were field players 
and 3 goalkeepers. Group B included 20 men with 
the mean age of 26.3 ± 1.3 years, with the same 
number of players considering their playing 
position (17 field players and 3 goalkeepers). Basic 
characteristics of study participants are provided 
in Table 1.  

Both groups were homogeneous across all 
variables analysed. Exclusion criteria were the 
following: orthopaedic injuries in the lower 
extremities and the lumbosacral and lumbar 
complex within the last year, reported pain in the 
above mentioned body parts on the day of the 
study, myofascial therapy within the last 6 weeks 
and any non-specific neuromuscular disorders. 

All participants were instructed to 
maintain their normal habits in terms of diet, 
physical activity and rest, and they were 
requested to abstain from excessive exercise for 48 
h before the study. 

All experimental procedures were 
approved by the Bioethical Commission of the 
Silesian Medical University in Katowice – decision 
number PCN/0022/kB1/147/i/19/20 of 03.03.2020. 
Test procedures 

The sEMG evaluations were performed 
with the use of the MyoTrace 400 recorder 
(Noraxon USA Inc.) with a sampling rate of 1000 
Hz. For sEMG testing, standard self – adhesive 
surface electrodes (Ag/AgCl) with a diameter of 
10 mm were used, which were applied after 
preliminary skin preparation, i.e., removal of hair 
and washing with an alcohol solution. The 
activity of the muscles of the biceps femoris (BF) 
and the GM of the lower dominant limb was 
studied by the bipolar method, according to the 
standards of SENIAM (Surface Electromyography 
for the Non-Invasive Assessment of Muscle) 
(Merletti et al., 2001). For greater repeatability of 
the measurement, all electrode applications were 
performed by the same person who also recorded 
the measurements. The second investigator 
coordinated the MVC measurements and 
controlled the time without having insight into 
the results obtained by players. At the beginning, 
measurements of the MVC of the BF and GM 
were made. The participant performed three 4-s 
maximum isometric contractions separated by a 1  
 

 
min rest interval.  

The exercise during which the bioelectric 
activity of the BF and GM muscles was recorded, 
was a squat, performed by all subjects at the same 
pace (4 s per task: 2 s for the descending phase 
and 2 s for the ascending phase). A constant 
distance between the spaced feet and the knee 
joints for each of the players was assumed. In 
order to normalize the results obtained, each 
participant performed 3 attempts, and the average 
result of the maximum values obtained during 
each of them was a value related to the MVC 
value of the same muscle. 

Applied Self-Myofascial Realease 
consisted of foam rolling on the hamstring 
muscles. The roller from Grid X (Trigger point, 
a division of Implus, LLC, 5321 
IndustrialOaksBlvd., Austin, Texas, USA), high 
density, three-dimensional texture, covered with 
EVA foam, was used for this purpose. 
Participants were instructed to perform the 
procedure for 210 s. Players were instructed to 
move in the space between the sciatic tumor and 
the knee joint in both directions, bypassing the 
popliteal fossa, generating the greatest possible 
pressure of the limb on the roller under it. The 
rhythm of each repetition was 4 s (2 s in one 
direction and 2 s in the opposite one). 

Immediately after foam rolling therapy, 
the sEMG of the muscles was recorded according 
to the same procedures as before the therapy. The 
time elapsed from the end of SMR application to 
the start of the exercise and at the same time to the 
sEMG measurements was the time required for 
re-application of the electrodes and averaged 62 ± 
4.5 s. Five minutes after the cessation of the FR, 
the measurement was repeated.  

The experiment is presented in Figure 1.  
Statistical analysis 

All results obtained in the study were 
collected in a database and then subjected to 
statistical analysis using Statistica 13 (TIBCO 
Softwear Inc.). A variance analysis test with 
repeated measurements was used and, when 
statistically significant differences were found, 
further analysis was carried out using the Tukey's 
post-hoc test for equal numbers. 

Results  
The results of sEMG obtained during 

squatting were analyzed, as well as the results  
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that were related to the values of MVC. These 
results were analysed as %MVC. 

The tests used did not show significant 
differences in the considered variables before the 
experiment (baseline measurement, p > 0.05), 
while significant intergroup differences appeared 
for subsequent measurements, both for reference 
MVC values and for raw EMG values. 

The post hoc analysis showed that for the 
results of %MVC, the largest differences for GM 
muscles were observed between the results in the 
group subjected to foam rolling immediately after 
the intervention (measure 2) and all the results of 
the control group (p < 0.05), in addition, 
a significant difference was observed between the 
values of the first measurement of the 
experimental group and the results of the second 
measurement of the control group (p < 0.05). 

For the results of %MVC BF muscle, the 
largest differences were observed between the 
second measurement in the experimental group 
and all three results of the control group (p < 0.01), 
as well as in the values observed in the third 
measurement in the experimental group and all  

 
three measurements of the control group (p < 
0.05). In addition, for the BF muscle, a significant 
difference also appeared between the values of 
the first measurement of the experimental group 
and the results of the second measurement of the 
control group (p < 0.05). 

In both cases, no significant differences 
were observed between subsequent 
measurements in the experimental group. 

For the raw EMG results for the GM 
muscle, the difference in the post-hoc test 
appeared only between the two groups in the 
result recorded in the second measurement (p < 
0.05), while for the BF muscle statistically 
significant differences appeared in all 
measurements between the control group and the 
experimental group (p < 0.01). 

Analysis of the differences in the studied 
variables, taking into account the position of the 
player on the field, did not show statistical 
significance. 

Further details on the results are provided 
in Table 2.  

 
 

 
 

 
Figure 1 

The experimental design 
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Table 1 
Basic characteristics of study participants 

Variable 
GROUP A GROUP B 

 MIN MAX SD  MIN MAX SD 

Age 25.5 20.0 30.0 5.2 26.3 20.0 25.0 1.3 

Body height [cm] 177.9 168.0 190.0 5.7 177.8 169.0 188.0 4.3 

Body mass [kg] 76.7 63.0 88.0 6.9 74.1 65.0 80.0 4.6 

BMI 24.2 21.6 28.7 1.9 23.4 21.0 25.8 1.2 

 
 

Table 2 
ANOVA results 

Variable 
BEFORE ROLLING 

IMMEDIATELY 
AFTER 

FOLLOW UP 

A B A B A B 

%MVC GM 22.9 38.9 21.1++ 41.2++ 22.7 36.1 

%MVC BF 21.7 27 20.7++ 41.8++ 23+ 40.2+ 

RAW EMG GM 109.8 143 89.7++ 153.7++ 100 131.3 

RAW EMG BF 114.8 113 109.9+++ 237.7+++ 121.3++ 228.4++ 

Intergroup significant level: + p < 0.01; ++ p < 0.001; +++ p < 0.0001 
 
 
 
 
 
 
 
Discussion 

The aim of this paper was to investigate 
the direct effect of SMR using a foam roller on the 
bioelectric activity of selected muscles during 
squats. The bioelectrical activity of the BF and GM 
was measured during the squat before and 
immediately after the intervention, as well as after 
5 min of the intervention. The main finding of the 
study is that changes occurred both within the 
structures subjected to SMR, i.e., in the BF, and 
also in the GM where the SMR was not applied. It 
is worth noting that the durability of the effect 
obtained in both the measurements in the BF was  
 

much longer than the effect observed in the GM 
which disappeared within 5 minutes after SMR 
application. The results of this study are different 
from those of Beier et al. (2019) who studied the 
activity of the rectus femoris (RF) and GM 
muscles using sEMG during squats (10 repetitions 
with 70% of the maximum load for each subject). 
Their results obtained in comparison with the 
control conditions, which did not include the 
SMR, showed no changes in the bioelectrical 
activity of the muscles in the group that preceded 
the execution of squats with a two-minute 
automatic massage on the RF and GM. They 
found no significant differences in both mean  
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peak and peak observed muscle activity, 
expressed as %MVC. Interestingly, they also 
showed no significant differences in the ROM of 
the knee joints of the subjects nor in their 
subjective assessment of the level of fatigue 
compared to the control condition (Beier et al., 
2019). The observed differences with the results of 
this study may be due to the specificity of the 
study group, which consisted of eleven highly 
trained strength athletes, experienced in 
performing squats. The authors pointed out that 
training and the absence of myofascial restrictions 
could have caused the SMR to play less of a role 
in the effects on the ROM and muscle activation. 

In another study with a similar profile, 
Bradbury-Squires et al. (2015) examined the 
activity of the vastus lateralis (VL) and BF during 
the lunge, before and after the roller-massager 
application (RM) on the quadriceps femoris 
muscle. They noted a 3% and 7% decrease in the 
VL muscle EMG during the exercise after five 20-s 
RM sessions and five 60-s RM sessions, 
respectively, on average for the entire exercise. 
The largest decrease in lateral extensive muscle 
EMG of about 24% was observed during the 
push-back phase. Those researchers did not notice 
changes in the BF muscle activity, and the 
decrease in VL muscle EMG was explained by an 
increase in neuromuscular performance during 
exercise. The results of that study differ from 
those presented in this paper, where no changes 
in muscle activity were observed in the 
experimental group before and after the 
intervention. Differences were found only when 
results were compared with the control group, 
which was not present in Bradbury et al.’s (2015) 
research. Differences in the test methodology, a 
different type of equipment used and the way it 
was used may have influenced the results of the 
tests. Bradbury et al. (2015) used a massage roller 
which was pressed against the participant's thigh 
with the device, always with the same force, 
corresponding to 25% of the body weight. In our 
study, a foam roller resting on a hard surface was 
used, which was pressurised by the weight of the 
participant. Different ways of applying self 
myofascial release can result in different forces 
exerted on the tissues by the automatic massage 
tool. Research by Baumgart et al. (2019) with 20 
participants, showed that the average force with 
which the body pressed on the roller during the  
 

 
use of FR corresponded to 34 and 31% of the body 
weight for the front of the thigh and calf, 
respectively. At times, Baumgart et al. (2019) 
noted a pressure of more than 50% of the body 
weight. These values are higher than the constant 
pressure force that Bradbury et al. (2015) adopted 
in their study. 

Several studies show that the difference 
between the results in the experimental group and 
the control group may be due to the effect of FR 
on the muscle spindles, as well as the Golgi 
tendon organs, which may contribute to changes 
in nerve activation (Behm et al., 2016). Stimulation 
of these mechanoreceptors would lead to a change 
in the activity of type IB nerves, which in a 
secondary way leads to inhibition of the activity 
of muscle spindles, thus leading to a greater 
feedback from the given muscle to the central 
nervous system (Jelerčič, 2019). Other authors 
(Macgregor et al., 2018) obtained a reduced EMG 
root mean squared (RMS) response during sub-
maximal activity after FR. According to the 
authors, this reduced RMS protected the muscles 
from the effects of FR action. Similar results were 
obtained using massage techniques and static 
stretching where there was a decrease in spinal 
reflex excitability due to a probable change in 
excitability and Alpha motor neurons (Bradbury-
Squires et al., 2015). 

The limitations of the present study should 
be taken into account, which should certainly 
include the assessment of the effect of self-
relaxation of the hamstrings on bioelectric activity 
during squats of only two muscles, i.e., the BF and 
GM. The significance of the study would increase 
if more muscle activity was observed in the lower 
extremities, since, as suggested by other authors, 
the therapy applied to the muscle may even affect 
the activity of the antagonists (Monteiro et al., 
2017b). A single-limb therapy can also cause 
differences in muscle activity between both sides 
of the body (Ginszt et al., 2017). For this purpose, 
tests should be carried out on a more than two-
channel EMG apparatus. Another limiting factor 
is the study group of only young men who were 
physically active at least 3 times per week. This 
specificity of the study group does not reflect 
variability in the general population. Further 
studies should also be carried out on women. 

The observed change in the electrical 
potentials of the muscles after SMR can alter the  
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excitability of the nervous system, which seems to  
be beneficial in the post-exercise recovery process. 
It seems reasonable to use rolling in the process of 
recovery, after intense exercise, but considering 
changes in the electrical activity of the muscles, 
caution should be used during the process of self-
myofacial release before physical activity, 
especially before intensive exercise or 
competition. Interesting and surprising seems to 
be the fact that the effect of SMR appears 
temporary even in muscles not subjected to direct 
treatment. This can be extremely important in the 
process of recovery after very intense exercise 
where, due to very large post-exertion changes, 
direct therapy cannot be carried out. It turns out 
that the initial effect can be obtained by working 
on adjacent muscles located within the same  
 

 
myofascial anatomy chain. It is worth continuing 
research in this area, since it is a tool often used in 
sports and seems to have a beneficial effect on the 
athlete's body, however, our research does not 
answer how long the effect persists in the muscles 
subjected to the direct treatment. 
Conclusions  

The use of self-myofascial release within 
the hamstring muscles leads to changes in the 
electrical potential of the muscles of the lower 
limb. These changes occur both within structures 
subjected to self-myofascial release (BF), and also 
in the GM where the SMR was not applied. The 
durability of the obtained effect is higher at the 
site subjected to the intervention. 

 

Acknowledgements 
The publication of the manuscript was financed by the Medical University of Silesia in Katowice, from 

the funds allocated to statutory research (contract number: KNW-1-155/N/9/Z). 

References 
Arroyo-Morales, M., Olea, N., Martínez, M. M., Hidalgo-Lozano, A., Ruiz-Rodríguez, C. & Díaz-Rodríguez, 

L. (2008). Psychophysiological Effects of Massage-Myofascial Release After Exercise: A Randomized 
Sham-Control Study. Journal of Alternative and Complementary Medicine, 14(10), 1223–1229. 
https://doi.org/10.1089/acm.2008.0253 

Baumgart, C., Freiwald, J., Kühnemann, M., Hotfiel, T., Hüttel, M. & Hoppe, M. (2019). Foam Rolling of the 
Calf and Anterior Thigh: Biomechanical Loads and Acute Effects on Vertical Jump Height and Muscle 
Stiffness. Sports, 7(1), 27. https://doi.org/10.3390/sports7010027 

Behm, D. G., Blazevich, A. J., Kay, A. D. & McHugh, M. (2016). Acute effects of muscle stretching on physical 
performance, range of motion, and injury incidence in healthy active individuals: a systematic review. 
Applied Physiology, Nutrition, and Metabolism, 41(1), 1–11. https://doi.org/10.1139/apnm-2015-0235 

Beier, Z., Earp, I. & Korak, J. A. (2019). Self-Myofascial Release Does Not Improve Back Squat Range of 
Motion, Alter Muscle Activation, or Aid in Perceived Recovery 24-Hours Following Lower Body 
Resistance Training. International Journal of Exercise Science, 12(3), 839–846.  

Bradbury-Squires, D. J., Noftall, J. C., Sullivan, K. M., Behm, D. G., Power, K. E. & Button, D. C. (2015). 
Roller-massager application to the quadriceps and knee-joint range of motion and neuromuscular 
efficiency during a lunge. Journal of Athletic Training, 50(2), 133–140. https://doi.org/10.4085/1062-6050-
49.5.03 

Cheatham, S. W., Kolber, M. J., Cain, M. & Lee, M. (2015). the Effects of Self-Myofascial Release Using a 
Foam Roll or Roller Massager on Joint Range of Motion, Muscle Recovery, and Performance: a 
Systematic Review. International Journal of Sports Physical Therapy, 10(6), 827–838.  

Cichanowski, H. R., Schmitt, J. S., Johnson, R. J. & Niemuth, P. E. (2007). Hip strength in collegiate female 
athletes with patellofemoral pain. Medicine and Science in Sports and Exercise, 39(8), 1227–1232. 
https://doi.org/10.1249/mss.0b013e3180601109 

Couture, G., Karlik, D., Glass, S. C. & Hatzel, B. M. (2015). The Effect of Foam Rolling Duration on 
Hamstring Range of Motion. The Open Orthopaedics Journal, 9(1), 450–455. 
https://doi.org/10.2174/1874325001509010450 

Curran, P. F., Fiore, R. D. & Crisco, J. J. (2008). A comparison of the pressure exerted on soft tissue by 2 
myofascial rollers. Journal of Sport Rehabilitation, 17(4), 432–442. https://doi.org/10.1123/jsr.17.4.432 

 



56  Does the self-myofascial release affect the activity of selected lower limb muscles of soccer players? 

Journal of Human Kinetics - volume 83/2022 http://www.johk.pl 

 
Ginszt, M., Gawda, P., Smołka, J., Maria, S.-P., Łukasik, E. & Paćko, M. (2017). The immediate effect of self -

myofascial release using a foam roller on electromyographic muscle activity. Polish Journal of Sports Medicine, 
3(4), 209–213. https://doi.org/10.5604/01.3001.0010.5784. 

Goldberg, J., Sullivan, S. J. & Seaborne, D. E. (1992). The effect of two intensities of massage on H-reflex 
amplitude. Physical Therapy, 72(6), 449–457. https://doi.org/10.1093/ptj/72.6.449 

Gozubuyuk, O. B. & Yucesoy, C. A. (2019). Effects of Roller Massage and Static Stretching on Thigh Muscles. 
Turkish Journal of Sports Medicine, 54(3), 183–194. https://doi.org/10.5152/tjsm.2019.131 

Halperin, I., Aboodarda, S. J., Button, D. C., Andersen, L. L. & Behm, D. G. (2014). Original Research Roller 
Massager Improves Range of Motion of Plantar Flexor Muscles Without Subsequent. International 
Journal of Sports Physical Therapy, 9(1), 92–102. 

Hewett, T. E., Myer, G. D. & Ford, K. R. (2006). Anterior cruciate ligament injuries in female athletes: Part 1, 
mechanisms and risk factors. American Journal of Sports Medicine, 34(2), 299–311. 
https://doi.org/10.1177/0363546505284183 

Hungerford, B., Gilleard, W. & Hodges, P. (2003). Evidence of altered lumbopelvic muscle recruitment in the 
presence of sacroiliac  joint pain. Spine, 28(14), 1593–1600. 

Kapandji, I. A. (2011). The physiology of the joints. vol. 2, vol. 2,. Churchill Livingstone/Elsevier. 
Knight, C. A., Rutledge, C. R., Cox, M. E., Acosta, M. & Hall, S. J. (2001). Effect of superficial heat, deep heat, 

and active exercise warm-up on the extensibility of the plantar flexors. Physical Therapy, 81(6), 1206–
1214. 

Macdonald, G. Z., Button, D. C., Drinkwater, E. J. & Behm, D. G. (2014). Foam rolling as a recovery tool after 
an intense bout of physical activity. Medicine and Science in Sports and Exercise, 46(1), 131–142. 
https://doi.org/10.1249/MSS.0b013e3182a123db 

MacDonald, G. Z., Penney, M. D. H., Mullaley, M. E., Cuconato, A. L., Drake, C. D. J., Behm, D. G. & Button, 
D. C. (2013). An Acute Bout of Self-Myofascial Release Increases Range of Motion Without a 
Subsequent Decrease in Muscle Activation or Force. Journal of Strength & Conditioning Research, 27(3). 

Merletti, R., Farina, D., Gazzoni, M., Merlo, A., Ossola, P. & Rainoldi, A. (2001). Surface electromyography: A 
window on the muscle, a glimpse on the central nervous system. Europa Medicophysica, 37(1), 57–68. 

Mills, M., Frank, B., Goto, S., Blackburn, T., Cates, S., Clark, M., Aguilar, A., Fava, N. & Padua, D. (2015). 
Effect of Restricted Hip Flexor Muscle Length on Hip Extensor Muscle Activity and Lower Extremity 
Biomechanics in College-Aged Female Soccer Players. International Journal of Sports Physical Therapy, 
10(7), 946–954.  

Monteiro, E. R., Škarabot, J., Vigotsky, A. D., Brown, A. F., Gomes, T. M. & Novaes, J. da S. (2017a). Acute 
Effects of Different Self-Massage Volumes on the FmsTM Overhead Deep Squat Performance. 
International Journal of Sports Physical Therapy, 12(1), 94–104.  

Monteiro, E. R., Škarabot, J., Vigotsky, A. D., Brown, A. F., Gomes, T. M. & Novaes, J. da S. (2017b). 
Maximum Repetition Performance After Different Antagonist Foam Rolling Volumes in the Inter-Set 
Rest Period. International Journal of Sports Physical Therapy, 12(1), 76–84.  

Monteiro, E. R., Vigotsky, A. D., Novaes, J. da S. & Škarabot, J. (2018). Acute Effects of Different Anterior 
Thigh Self-Massage on Hip Range-of-Motion in Trained Men. International Journal of Sports Physical 
Therapy, 13(1), 104–113. https://doi.org/10.26603/ijspt20180104 

Morelli, M., Chapman, C. E. & Sullivan, S. J. (1999). Do cutaneous receptors contribute to the changes in the 
amplitude of the H-reflex during massage? Electromyography and Clinical Neurophysiology, 39(7), 441–
447. 

Peacock, C. A., Krein, D. D., Antonio, J., Sanders, G. J., Silver, T. A. & Colas, M. (2015). Comparing Acute 
Bouts of Sagittal Plane Progression Foam Rolling vs. Frontal Plane Progression Foam Rolling. Journal of 
Strength & Conditioning Research, 29(8). 

Peacock, C. A., Krein, D. D., Silver, T. A., Sanders, G. J. & VON Carlowitz, K.-P. A. (n.d.). An Acute Bout of 
Self-Myofascial Release in the Form of Foam Rolling Improves Performance Testing. International 
Journal of Exercise Science, 7(3), 202–211. 

Pearcey, G. E. P., Bradbury-Squires, D. J., Kawamoto, J. E., Drinkwater, E. J., Behm, D. G. & Button, D. C. 
(2015). Foam rolling for delayed-onset muscle soreness and recovery of dynamic performance 
measures. Journal of Athletic Training, 50(1), 5–13. https://doi.org/10.4085/1062-6050-50.1.01 



by Tomasz Michalski et al. 57 

© Editorial Committee of Journal of Human Kinetics 

 
Romero-Moraleda, B., Touche, R. La, Lerma-Lara, S., Ferrer-Peña, R., Paredes, V., Peinado, A. B. & Muñoz-

García, D. (2017). Neurodynamic mobilization and foam rolling improved delayed-onset muscle 
soreness in a healthy adult population: A randomized controlled clinical trial. PeerJ, 2017(10), 1–18. 
https://doi.org/10.7717/peerj.3908 

Schleip, R. (2003). Fascial plasticity - A new neurobiological explanation: Part 1. Journal of Bodywork and 
Movement Therapies, 7(1), 11–19. https://doi.org/10.1016/S1360-8592(02)00067-0 

Schleip, R., Jäger, H. & Klingler, W. (2012). What is “fascia”? A review of different nomenclatures. Journal of 
Bodywork and Movement Therapies, 16(4), 496–502. https://doi.org/10.1016/j.jbmt.2012.08.001 

Sullivan, K. M., Silvey, D. B. J., Button, D. C. & Behm, D. G. (2013). Roller-massager application to the 
hamstrings increases sit-and-reach range of motion within five to ten seconds without performance 
impairments. International Journal of Sports Physical Therapy, 8(3), 228–236. 

Worrell, T. W., Karst, G., Adamczyk, D., Moore, R., Stanley, C., Steimel, B. & Steimel, S. (2001). Influence of 
Joint Position on Electromyographic and Torque Generation During Maximal Voluntary Isometric 
Contractions of the Hamstrings and Gluteus Maximus Muscles. Journal of Orthopaedic & Sports Physical 
Therapy, 31(12), 730–740. https://doi.org/10.2519/jospt.2001.31.12.730 

 
 
 
 
Corresponding author: 
Tomasz Król 
Department of Kinesitherapy and Special Methods 
Medical University of Silesia in Katowice 
Medyków 12, 40-752 Katowice, Poland 
Phone: +48 32 208 87 12 
E-mail: tkrol@sum.edu.pl 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


