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Abstract
Introduction:Introduction: Foam rolling is becoming one of the most popular treatments performed to prevent injuries in sport.
Objective:Objective: The aim of this study is to determine the effect of a single-session, self-massage with a roller on functional limita-
tions of the musculoskeletal system.
Material and methods:Material and methods: The study included 101 persons (69 women and 32 men) aged 19 to 23. Group 1 consisted of 55 peo-
ple who received training in self-massage with a roller. Group 2 comprised 46 participants who constituted the control group. 
All patients performed the Functional Movement Screen (FMS), without a warm-up and next (after one week), carried out 
FMS once again after the warm-up with foam rolling (Group 1) and a traditional warm-up (Group 2).
Results:Results: Significant improvement in the overall total FMS test score was observed after both forms of warm-up (exercises + 
rolling, exercises). The largest differences in Group 1 were noted in the Deep Squat and Hurdle Step tests (p0.001). In Group 2, 
a significant difference was found in exercise 6: Trunk Stability (p0.001).
Conclusion:Conclusion: The roller-assisted warm-up had a particularly positive effect on the results of global movement tasks requiring 
postural muscle capacity and a high level of flexibility (Deep Squat and Hurdle Step). Using a roller in the initial part of the 
training is therefore fully justified. 

INTRODUCTION

Massage is one type of physiotherapy 
treatment that involves elastic defor-
mation of tissues. It is a set of move-
ments exerting pressure on the tis-
sues and involves the use of specif-
ic movements, at the right pace and 
with the right force according to the 
course of the muscles, tissues, blood 
and lymphatic vessels, from their pe-
riphery to the heart. Massage should 
be performed rhythmically, without 
stretching the skin with the unaided 
hand1,2,3,4. Self-massage is a technique 
performed by the patient themselves. 
The principles to be followed when 
performing self-massage, the physi-
ological basis, indications, and con-
traindications are identical to those 

of classic massage. It is important that 
the massaged muscles are as relaxed 
as possible. In order to achieve this 
relaxation, it is necessary to choose 
an appropriate starting position5,6.

Self-massage with a roller is a type 
of massage carried out using, among 
others, so-called rollers. Rolling the 
muscles with a foam roller (FR, foam 
rolling) is one of the SMR, self-myo-
fascial release, techniques. It involves 
independently using a tool to apply 
direct pressure to a specific muscle or 
muscle group7,8. The action of SMR 
is based on applying targeted, direct 
stimulus, with low contact force. In 
studies, it has been shown that this 
stimulates the Golgi tendon organs, 
which detect a change in muscle fi-
bre tension and cause them to re-

lax. As a result, normal muscle tis-
sue function is restored, and abnor-
mal fascial tensions are eliminated9. 
Using the effect of compression on 
the muscle and fascia, self-myofascial 
release presents a number of impor-
tant results: it improves muscle re-
covery, increases flexibility and im-
proves muscle performance. Foam 
roller self-massage, categorised as 
an active form of exercise, supports 
post-exercise recovery, prolongs and 
increases muscle congestion which, 
in turn, greatly facilitates muscle ac-
tivation and recovery10,11,12,13. It also 
has a beneficial effect on restoring 
normal movement ranges in adjacent 
joints12. Another positive FR effect is 
that it activates the parasympathetic 
nervous system and stimulates endor-
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phins release. This has a psychologi-
cal effect leading to, among others, 
reducing pain13.

Self-myofascial release is used as 
a method to help reduce functional 
limitations. Improper movement pat-
terns are often perpetuated as a result 
of specialised sports training. Muscu-
lo-fascial imbalance is a common cause 
of postural defects, pain and musculo-
skeletal injuries14,15,16,17. Determining 
the rapid impact of myofascial release 
on the quality of movement is an inter-
esting issue. The effect could be differ-
ent depending on, for example, gen-
der. In sports training, the appropriate 
performance of motor tasks without 
increasing undesirable compensations 
is significant from the point of view of 
preventing body injuries.

STUDY AIM

Not all scientific studies on the ef-
fects of rolling converge. Neverthe-
less, FR has become one of the most 
popular SMR techniques. Therefore, 
it is necessary to further explore 
this activity on scientific grounds. 
Thus, the aim of this study is to de-
termine the effect of a single session 
of self-massage with a roller on func-
tional limitations of the musculoskel-
etal system. Additional objectives of 
the study were formulated in the fol-
lowing research questions:
1. What are the differences between 

the effect of warm-up exercises + 
foam rolling and warm-up exer-
cises?

2. What are the differences between 
particular tasks of FMS results 
performed with warm-up exercis-
es + foam rolling and warm-up 
exercises?

3. What is the difference between 
FMS results with and without 
a warm-up?

4. What are the differences between 
foam rolling effects in women 
and men?

MATERIAL AND METHODS

The study included 101 persons (69 
women and 32 men) aged 19 to 23. 
Group 1 (Roller) consisted of 55 in-
dividuals who received training in 
self-massage with a foam roller. 
Group 2 (Exercises) comprised of 46 
people who constituted the control 
group (Table 1). All participants were 
interviewed before the research was 
conducted. The interview screened 
for existing cardiovascular and res-
piratory system conditions and past 
musculoskeletal injuries that might 
impede test performance. Healthy 
persons without the cited conditions 
and injuries qualified for the study. 
Qualification for the research includ-
ed the assessment of myofascial struc-
tures by a physiotherapist. All tests 
were performed in the presence and 
with the help of a physiotherapist.

All examined participants were ed-
ucated in FMS methods. Functional 
Movement Screen consists of seven 
exercises assessing basic movement 
patterns: 1. Deep Squat; 2. Hurdle 
Step; 3. In-Line Lunge; 4. Shoulder 
Mobility; 5. ASLR – Active Straight 
Leg Raise; 6. Trunk Stability Push-
Up; and 7. Rotation Stability. Each 
task is assessed on a four-point scale 
from 0 to 3 points (3 points are grant-
ed to a person who has performed the 
movement pattern correctly, 2 points 
to a person who has performed the 
movement pattern with compensa-
tion, 1 point to a person who is not 
able to perform a movement pat-
tern, 0 to persons who experience 
pain while performing the pattern or 
during a provocation test. A total of 
21 points can be scored by the per-

son being tested. The FMS test is per-
formed before the exercises, prior to 
the warm-up. The evaluation is done 
in two planes, sagittal and frontal. 
The tested person performs a given 
movement task three times, and the 
investigator assesses the best result. 
If there are doubts as to the correct-
ness of the pattern, a lower grade is 
obtained. Each side is assessed sepa-
rately18,19. Subjects with a 0 note were 
clinically examined by physiothera-
pist. Two persons were qualified for 
orthopaedic consultation. The results 
were analysed for all groups and also 
for women and men separately.

The subjects performed the Func-
tional Movement Screen test twice. 
The first time the test was performed, 
as recommended by the authors18,19, 
it was done without a warm-up. 
Then, after one week, the subjects 
were randomly divided into two 
groups and the test was repeated. In 
Group 1, the test was performed af-
ter a warm-up consisting of exercises 
and self-massage with a roller. Those 
in Group 2 performed the repeat test 
after a warm-up comprising only ex-
ercises. The warm-up exercise pro-
tocol was the same in both groups. 
Aerobic exercises: running (and run-
ning exercises: skips, backward run-
ning, crossover gait, etc.) and dynam-
ic stretching exercises (circles, bends, 
twists)6,20 were used. The warm-up 
lasted approximately 10 minutes.

Group 1 performed self-massage 
with a roller immediately after the 
warm-up exercises. The applied roll-
ers were 33 cm (13 in) long and 14 
cm (5.5 in) in diameter. Five positions 
were used in the intervention: 1) for-
ward support or forward support on 
forearms with straight lower limb un-
der self-massage; 2) same position but 
with rolled lower limb bent at hip and 
knee, abducted and set in external ro-
tation; 3) side support with straight 

Table 1
Biometric characteristics of research groups

Gender Group Number 
of people Age [years] Body mass [kg] Body height 

[cm] BMI [kg/m2]

Women 1 (Roller) 37 20.65±1.18 64.81±10.32 167.65±5.47 22.58±2.72

2 (Exercises) 32 20.94±1.37 63.64±10.12 167.57±4.92 22.19±2.55

Men 1 (Roller) 18 20.33±0.77 78.92±7.86 181.08±3.68 24.20±2.88

2 (Exercises) 14 20.43±1.09 81.30±14.99 182.60±5.44 24.21±3.98
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lower limb massaged; 4) back sup-
port with straight lower limb under 
self-massage; and 5) lying on the back 
(forearms crossed on chest). In each 
situation, the roller was positioned 
perpendicular to the axis of the mas-
saged body part or limb. In the first 
position, the quadriceps muscle of the 
thigh was massaged. The second po-
sition was to massage the adductor 
muscles. In lateral support, the later-
al head of the quadriceps, the tensor 
fascia lateralis and the gluteus medius 
muscles were massaged. In supine po-
sition, massage of the posterior thigh 
muscle group and massage of the low-
er leg muscles, mainly the triceps calf 
muscle, were performed. In position 
five, lying on the back on a roller, the 
back muscles were massaged. In each 
position, the self-massage was per-
formed for 45 seconds, followed by 
15 seconds of rest, which was also the 
time to change position. Both lower 
limbs were covered, the whole inter-
vention was repeated once. The total 
intervention time was approximately 
12 minutes. Participants were instruct-
ed on the correct sensations, i.e. tissue 
relaxation, a slight feeling of pain was 

possible. Severe pain and inability to 
relax during the procedure were un-
acceptable12,21.

The study was approved by the 
Research Ethics Committee of Józef 
Piłsudski University of Physical Ed-
ucation in Warsaw (No. SKE 01-
38/2023).

Statistical analyses were conducted 
using Statistica version 12. The scores 
were statistically analysed. Normal-
ity of distribution was determined 
via the Shapiro-Wilk test. Differenc-
es between the results of individual 
measurements were calculated using 
the Wilcoxon Pair Order Test. Differ-
ences between groups were evaluat-
ed using the Mann-Whitney U test. 
The analyses were performed for all 
groups (both genders) and also sepa-
rately for women and men. Statistical 
significance was set for all statistical 
procedures at p0.05.

RESULTS

Significant improvement in the over-
all total FMS test score was observed 
after both forms of warm-up (exercis-

es + foam rolling and exercises). The 
largest differences in Group 1 were 
noted in the Deep Squat and Hur-
dle Step tests (p0.001). In Group 2, 
a significant difference was found in 
exercise six: Trunk Stability Push-Up 
(p0.001) (Table 2). In the first meas-
urement (without warm-up), the 
twelve exercises performed by Group 
1 subjects were scored 0. In the sec-
ond measurement, there were four 
such results (among women only). In 
Group 2, similar correlations were 
observed. The test without a warm-
up resulted in ten, 0-point scores. Af-
ter the warm-up, this number was 
also reduced to four.

Considering the gender break-
down, both women and men showed 
statistically significant improvement 
in the overall FMS score after both 
warm-up variants (p0.001 for wom-
en and p0.05 for men). Among 
women, the biggest differences were 
observed in the following tests: Deep 
Squat, Hurdle Step and In-Line 
Lunge for Group 1 and Trunk Sta-
bility Push-Up for Group 2 (Table 3). 
Among men, these were respectively: 
Deep Squat and Active Straight Leg 

Table 3
FMS results without warm-up (pre-test) and after warm-up (post-test) in women

Group Test Deep Squ-
at

Hurdle 
Step

In-Line 
Lunge

Shoulder 
Mobility

Active 
Straight 

Leg Raise

Trunk 
Stability 
Push-Up

Rotary 
Stability Total

Roller
Pre-test 1.89±0.70 1.95±0.57 2.19±0.74 2.89±0.31 2.54*±0.56 1.14±0.81 2.00±0.24 14.59±2.22

Post-test 2.11±0.57 2.41±0.64 2.46±0.61 2.84±0.37 2.57*±0.55 1.27±0.81 2.03±0.16 15.68±2.01

Differences 0.009 0.000 0.023 0.160 0.711 0.096 0.571 0.000

Exercises
Pre-test 2.03±0.59 2.00±0.62 2.37±0.76 2.78±0.61 2.78*±0.49 1.34±0.98 2.06±0.35 15.47±2.51

Post-test 2.09±0.58 2.16±0.57 2.41±0.74 2.91±0.30 2.81*±0.41 1.75±1.05 2.16±0.45 16.28±2.23

Differences 0.488 0.134 0.536 0.103 0.572 0.007 0.263 0.000

* p0.05 differences between groups.

Table 2

FMS results without warm-up (pre-test) and after warm-up (post-test)

Group Test Deep 
Squat

Hurdle 
Step

In-Line 
Lunge

Shoulder 
Mobility

Active 
Straight 

Leg Raise

Trunk 
Stability 
Push-Up

Rotary 
Stability Total

Roller
Pre-test 1.93±0.63 2.04±0.58 2.22±0.66 2.73±0.65 2.25*±0.75 1.56±0.99 2.02±0.36 14.73±2.11

Post-test 2.18±0.61 2.40±0.63 2.35±0.58 2.71±0.53 2.35*±0.64 1.69±0.96 2.07±0.25 15.75±1.91

Differences 0.000 0.000 0.196 0.659 0.168 0.090 0.261 0.000

Exercises
Pre-test 2.07±0.62 2.04±0.59 2.33±0.72 2.74±0.68 2.54*±0.72 1.57±1.03 2.02±0.49 15.41±2.45

Post-test 2.17±0.59 2.20±0.58 2.40±0.70 2.80±0.45 2.59*±0.65 2.00±0.98 2.11±0.47 16.17±2.07

Differences 0.133 0.070 0.135 0.323 0.420 0.001 0.253 0.000

* p0.05 differences between groups.
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Raise for Group 1 and Trunk Stabili-
ty Push-Up for Group 2 (Table 4). In 
both male groups, not a single score 
of 0 points was recorded in the sec-
ond measurement.

DISCUSSION

In our own research, it is shown 
that warm-up assisted self-massage 
with a roller can increase the func-
tional capacity of the musculoskel-
etal system. Rolling prior to train-
ing increases proprioceptive abili-
ties of the joints, which contributes 
to better training effects and thus, 
better sports performance, and is 
also part of injury prevention12,22,23. 
Markowski et al.24 claim that rolling 
enables better fascia hydration and 
improves elasticity and resilience. 
By incorporating the roller into the 
warm-up, joint mobility can be im-
proved20. In research studies, it has 
been demonstrated that the use of 
rollers in the warm-up before train-
ing does not reduce strength, power 
or agility. However, it should be not-
ed that the studies were performed 
on a small number of subjects. The 
effect of pre-exercise rolling on knee 
joint range of motion was assessed. 
The quadriceps muscles of the thigh 
were rolled. The range of movement 
in the knee joint increased by ten de-
grees, however, the effect decreased 
with time. Ten minutes after the first 
measurement, another measurement 
was taken, and the range of move-
ment had decreased by two degrees 
compared to the first measurement 
(it was eight degrees more than be-
fore the first measurement)25. It can 
therefore be concluded that a roll-
er-assisted warm-up is justified even 

if, according to the aforementioned 
study, the range of movement in the 
joint has increased in the short-term.

In our study, FMS scores were high-
er in both groups after the warm-up, 
so the participants performed the ex-
ercises more efficiently. Greater mo-
bility in the joints may have been one 
of the contributing factors. For pre-
ventive purposes, it is important to 
demonstrate the likelihood of injury 
and existing musculoskeletal dysfunc-
tions. This is possible through the 
use of the FMS (Functional Move-
ment Screen) test. This is a screen-
ing test used to highlight weakness-
es in the kinematic chains. It is also 
applied to assess the movement pat-
terns and functional performance of 
athletes18,19. This study allows to con-
firm the predictive function of the 
authors’ FMS test. Chorba et al.26 in-
vestigated the effect of compensatory 
movement patterns on the predispo-
sition to injury among young female 
athletes. Thirty-eight female colle-
giate team sports athletes took part 
in the study. A significant correlation 
was found between a low FMS test 
score and the occurrence of injury. 
The same conclusions were reached 
by Kiesel et al.27 and Garrison et al.28. 
These researchers also demonstrat-
ed that scores lower and equal to 14 
points predispose to future injury27,28.

Each of the individual tests that 
make up the FMS test provide rele-
vant information. This is evidenced 
by research. The Deep Squat test 
alone can be a predictive test. The 
same conclusions were reached in the 
study by Clifton et al.29. These au-
thors have demonstrated that there 
may be correlations between the 
Deep Squat test score and the total 
FMS test score. Athletes with a low 

score on this test were more likely to 
have scores below 12 from FMS as-
sessment. The Deep Squat test may 
be an indicator of further disturbanc-
es in kinematic chains and the need 
for further testing to assess the likeli-
hood of injury29.

The differences between women 
and men in functional fitness are no-
ticed in almost every sports group. 
Women have a higher level of glob-
al mobility30,31. In our research, it 
has been shown that specific physi-
cal treatment (foam-rolling) caused 
positive effects in women – especial-
ly in global tasks (Hurdle Step, In-
Line Lunge). This confirmed by other 
studies, e.g. regarding self-massage6. 
Also, long-term corrective interven-
tion brought the expected results in 
female athletes16.

The limitation of the research is 
subjective assessment of function-
al fitness. The scores were awarded 
by the researcher.  However, the re-
search in this work was conducted by 
a qualified team with extensive ex-
perience in the field of functional as-
sessment. The FMS test is a frequent-
ly used research tool that has been 
described in the literature numerous 
times. It is used for athletes, across 
all disciplines. It allows functional as-
sessment of movement patterns and 
predisposition to injury, conditioned 
by the sport in question31,32,33.

We realise that a one-time inter-
vention will not leave long-lasting ef-
fects, but it could be a method to im-
prove quality of movement during 
training sessions.

New techniques and methods are 
constantly being sought that can im-
prove the process of sports training 
and post-exertional recovery. More 
and more tools or devices (e.g. for 

Table 4
FMS results without warm-up (pre-test) and after warm-up (post-test) in men

Group Test Deep 
Squat

Hurdle 
Step

In-Line 
Lunge

Shoulder 
Mobility

Active 
Straight 

Leg Raise

Trunk 
Stability 
Push-Up

Rotary 
Stability Total

Roller
Pre-test 2.00±0.49 2.22±0.55 2.28±0.46 2.37±0.98 1.67±0.77 2.44±0.70 2.06±0.54 15.00±1.91

Post-test 2.39±0.69 2.39±0.61 2.33±0.47 2.39±0.71 1.89±0.58 2.61±0.62 2.17±0.38 15.94±1.71

Differences 0.004 0.269 0.668 0.668 0.041 0.269 0.331 0.022

Exercises
Pre-test 2.14±0.66 2.14±0.53 2.21±0.63 2.64±0.84 2.00±0.88 2.07±0.98 1.93±0.73 15.29±2.41

Post-test 2.36±0.63 2.29±0.61 2.37±0.47 2.67±0.65 2.07±0.83 2.57±0.51 2.00±0.55 16.07±1.69

Differences 0.052 0.336 0.336 0.583 0.583 0.027 0.671 0.043
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massage) are appearing on the mar-
ket. Thus, there arises a perceived 
need for more research to be carried 
out in order to broaden the knowl-
edge of training methods such as 
self-myofascial release and to com-
pare it with other methods. The ef-
fect of using roller massage in com-
bination with stretching is also un-
known. It is also worth noting the 
effects of myofascial autoflexion in 
studies on persons who already have 
experience with the technique, as 
well as in those who are new to it.

CONCLUSIONS

1. There were no significant differ-
ences between the global level of 
functional fitness in group per-
forming the traditional warm-up 
and that with foam rolling. Both 
methods could have influence on 
quality of movement during train-
ing sessions. 

2. The roller-assisted warm-up had 
a particularly positive effect on the 
results of global movement tasks 
requiring postural muscle capac-
ity and a high level of flexibili-
ty (Deep Squat and Hurdle Step). 
Using a roller in the initial part of 
training is therefore fully justified. 

3. Both groups had significantly high-
er total FMS scores after the warm-
up, demonstrating the validity of 
performing warm-up exercises pri-
or to beginning physical activity 
and adapting these exercises to the 
effort (training) being performed. 

4. The effect of foam rolling in wom-
en concerned global exercises 
(Deep Squat, Hurdle Step, In-Line 
Lunge), while in men, higher mo-
bility in lower limbs was observed.
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