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Abstract

Introduction: Foam rolling is becoming one of the most popular treatments performed to prevent injuries in sport.

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: 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 agraditional warm-up (Group 2).

Results: Significant improvement in the overall total FMS test scoreswas ebserved after both forms of warm-up (exercises +
rolling, exercises). The largest differences in Group 1 were noted in theDeep 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: The roller-assisted warm-up had a particularly pesitive effect on the results of global movement tasks requiring
postural muscle capacity and a high level of flexibility (Déep 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 lympbhatic vessels, from their pe-
riphery to the heart. Massage should
be performed rhythmically, without
stretching the skin with the unaided
hand!?>*#, 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 elassic hassage. 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 position**.
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 group’®. 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 eliminated’.
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 recovery!®!-1213, It also
has a beneficial effect on restoring
normal movement ranges in adjacent
joints'2. 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 pain®.

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 injuries'®'>'%7, 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 researchdnclud-
ed the assessment of myofas¢ial struc-
tures by a physiotherapist."All tests
were performed in the presence and
with the help of aphysiotherapist.
All examinedgparticipants were ed-
ucated in FMS, methods. Functional
MovementyScreen consists of seven
exercises Jassessing basic movement
patterns:»l. 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-
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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-
rately'®". 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 authors'®!",
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)®?® 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 Age [years] Body mass [kg] Body height BMI [kg/m?]
of people [em]
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 2219+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 20.43x1.09 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-
acceptable!>?!,

The study was approved by the
Research Ethics Committee of Jézef
Pitsudski 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 improyément in the over-
all total FMS test,score was observed
after both forms of warm-up (exercis-
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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
(<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

© AWF Krakow

Table 2
FMS results without warm-up (pre-test) and after warm-up (post-test)
. Active Trunk
o e Do ST oo s UL sublh o s

Pre-test 1.93+0.63 2.04£058 2.22+0.66 2.73+0.65 2.25*x075 1.56+0.99 2.02+0.36 14.73+2.11

Roller Post-test 218+0.61 2.40+0.63 2.35+0.58 271+0.53 2.35*+0.64 1.69+0.96 2.07+0.25 15.75x1.91
Differences 0.000 0.000 0.196 0.659 0.168 0.090 0.261 0.000
Pre-test 2.07£0.62 2.04+059 233072 274+0.68 2.54*+072 157+1.03 202+0.49 1541+2.45

Exercises pogt test 2174059 220058 240+0.70 2.80+0.45 2.59*+0.65 2.00+0.98 2112047 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.

Table 3

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

. Active Trunk
Growp  Test PSP TG Linge  mobmy Sveght  Sbiity RN Tow

Pre-test 1.89+070 1.95+057 219+0.74 2.89+0.31 254*+056 114+0.81 2.00+0.24 14.59+2.22

Roller Post-test 211£057 2.41+0.64 246061 2.84+0.37 2.57*x0.55 1.27+0.81 203016 15.68+2.01
Differences ~ 0.009 0.000 0.023 0.160 0.711 0.096 0.571 0.000
Pre-test 2.03+0.59 2.00+0.62 2.37+0.76 278+0.61 278*x0.49 1.34x098 2.06%0.35 15.47+2.51

EXercises posttest  2.00+0.58 216+057 2.41+074 291x0.30 281*x0.41 175+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.
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Table 4
FMS results without warm-up (pre-test) and after warm-up (post-test) in men
. Active Trunk
Group Test IS):::t H;tr:;e IE:BQ: SI\:I‘:I;]iIICiIt?r ngﬂg:‘ste Fs,f,iﬂ"[}}', s?:;?ﬁ}’y Total

Pre-test 200049 2.22+0.55 2.28+0.46 2.37+0.98 167077 244070 2.0620.54 15.00%1.91

Roller Posttest ~ 2.39+0.69 2.39+0.61 2.33+0.47 2.39+0.71 189+058 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
Pre-test 2142066 214+053 2.21+063 26420.84 2.00+0.88 2.07+0.98 1.93+073 15.29+2.41

EXercises pocttest  2.36+0.63 2.29+0.61 2.374047 2.67+0.65 2.07+0.83 257+0.51 2.00x0.55 16.07+1.69
Differences  0.052 0.336 0.336 0.583 0.583 0.027 0.671 0.043

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 prevention'>*>%,
Markowski et al.?* 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-
proved®. 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)?. 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 pres
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 (Furctional Move-
ment Screen) testdThis is a screen-
ing test used toghighlight weakness-
es in the kinematic chains. It is also
applied tomassess the movement pat-
terns and)functional performance of
athletes'™¥. This study allows to con-
firm® the predictive function of the
authors’ FMS test. Chorba et al.?¢ 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.?” and Garrison et al.?%,
These researchers also demonstrat-
ed that scores lower and equal to 14
points predispose to future injury?”-?,

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.””. 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 injury?®.

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 mobility’®*!, 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-massage®.
Also, long-term corrective interven-
tion brought the expected results in
female athletes'.

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 question?!3%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
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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.

Conflict of interest
The authors have no conflict of interest to
disclose.

Financial support

The study was supported by the Polish Min-
istry of Education and Science - Universi-
ty Research Project No. 4 at Jézef Pitsudski
University of Physical Education in Warsaw:
The effectiveness of methods and tools sup-
porting sports training, post-exercise recov-
ery and prevention of musculoskeletal inju-
ries in athletes.

References

1.

1.

Benjamin P., Lamp S. Understanding Sports
Massage. Human Kinetics, Champaign
2005.

Schilz M., Leach L. Knowledge and percep-
tion of athletes on sport massage thera-
py (SMT). Int J Ther Massage Bodyw 2020;
13(1): 13-21.

Krause F., Niederer D., Banzer W. et al. Me-
dical exercise and physiotherapy modes and
frequency as predictors for a recurrence of
chronic non-specific low back pain. J Back
Musculoskelet Rehabil 2021; 34(4): 665-670.
Wilk 1., Kowalczyk K., Nowak B. et I.. Effecti-
veness of massage therapy in reducing back
pain in older adults. Med Sci Pulse 2022;
16(2): 15-21.

Capobianco R.A., Mazzo M.M., Enoka R.M.
Self-massage prior to stretching improves
flexibility in young and middle-aged adults.
J Sports Sci 2019; 37(13): 1543-1550.
Boguszewski D., Adamczyk J.G., Hanc A.
el.al. Classic sports massage vs. Chinese
self-massage. Which one is more effective in
warm-up? Biomed Hum Kinet 2021; 13: 97-
102. DOI: https://doi.org/10.2478/bhk-2021-
0012,

Freiwald J., Baumgart C., Kihnemaann M. et
al. Foam-Rolling in sport and therapy — Po-
tential benefits and risks: Part 2 — Positive
and adverse effects on athletic performan-
ce. Sports Orthop Traumatol 2016; 32(3):
267-275.

Hendricks S., Hill H., Hollander S.D. etal Ef-
fects of foam rolling on performance and re-
covery: A systematic review of the literature
to guide practitioners on the use of foam rol-
ling. d Bodyw Mov Ther 2020;.24(2): 151- 174.
Skinner B., Moss R., Hammond L. A syste-
matic review and meta-analysis of the ef-
fects of foam rolling‘en range of motion, re-
covery and markers of athletic performance.
J Bodyw Mov Ther2020; 24(3): 105-122.
Alonso-Calvete, A, Lorenzo-Martinez M.,
Padron-Cabo Aret al. Does Vibration Foam
Roller dbfluence Performance and Recove-
ry? A"Systematic Review and Meta-analy-
si§, Sports Med Open 2022; 8(1): 32. doi:
10.1186/s40798-022-00421-2.

Park 8.J., Lee S.I., Jeong H.J. et al. Effect of
vibration foam rolling on the range of motion
in healthy adults: a systematic review and
meta-analysis. J Exerc Rehabil 2021; 17(4):
226-233.

Boguszewski D., Falkowska M., Adamczyk
J.G. et .. Influence of foam rolling on the func-
tional limitations of the musculoskeletal sys-
tem in healthy women. Biomed Hum Kinet
2017; 9: 75-81. doi: 10.1515/bhk-2017-0012.
Adamczyk J.G., Gryko K. Boguszew-
ski D. Does the type of foam roller influ-
ence the recovery rate, thermal respon-
se and DOMS prevention? PLoS ONE.
2020; 15(6): €0235195. doi: 10.1371/journal.
pone.0235195.

Lee M.R., Kim J.H., Lee M.R. et al. The ef-
fects of self-myofascial release before we-
ight training on functional movement and
delayed-onset muscle soreness. Exerc Sci
2022; 31(1): 88-97.

Gamboa A.J., Craft D.R., Matos J.A. et al.
Functional Movement Analysis Before and
After Instrument-Assisted Soft Tissue Mobi-
lization. Int J Exerc Sci 2019; 12(3): 46-56.
Egesoy H., Unver F., Uludag V. et al. The
Acute Effect of the Application of the My-
ofascial Release to the Balance, Anaerobic
Power and Functional Movements in Young
Soccer Players. Ambient Science 2020; 7(1):
154-158.

Hammill H.V., Smith N., Thabethe S. The ef-
fects of acute self myofascial release (MFR)
and stretching techniques on physical fit-
ness parameters. Afr J Phys Act Health Sci
2016; 22(42): 1170-1184.

Cook G., Burton L., Hoogenboom B.J. et al.
Functional Movement Screening: the use
of fundamental movements as an assess-

DOI: 10.5604/01.3001.0054.2820

eISSN 1896-3250

ments of function — part 1. Int J Sports Phys
Ther 2014; 3: 396-4009.

19. Cook G., Burton L., Hoogenboom B.J. et al.
Functional Movement Screening: the use
of fundamental movements as an assess-
ments of function — part 2. Int J Sports Phys
Ther 2014; 4: 549-63.

20. Adamczyk J.G., Boguszewski D., Siewier-
ski M. Physical effort ability in counter mo-
vement jump depending on the kind of war-
m-up and surface temperature of the quad-
riceps. Baltic J Health Phys Act 2012; 4(3):
164-171. doi: 10.2478/v10131-012-0017-9.

21. Harley K., Hatfield D., Blanpied P. The effects
myofascial release with foam rolling on per-
formance, The Journal of Strength and Con-
ditioning Research 2014, 28: 61-68.

22. Cheatham S.W., Kolber M.J., Cain M. et al.
The effects of self-myofascial release using
a foam roll or roller massager on joint range
of motion, muscle recovery, and performan-
ce: a systematic review. Int J Sports Phys
Ther 2015; 10(6): 827-838.

23. Garcia-Gutiérrez - M.T,,  Guillén-Rogel P,
Cochrane D.J. et al. Cross transfer acute ef-
fects of foam rolling with vibration on ankle
dorsiflexion range of motion. J Musculoskelet
Neuronal Interact 2018; 18(2): 262-267.

24. Markowski A., Sleziak K., Turek P. The use
of roller in physiotherapy and sport. [In:]
Markowski A., Macko M. (eds): The health
in biomedical perspective. Krakow, Poland:
KWSPZ; 2019: 38-43.

25. Sullivan K.M., Silvey D.B., Button D.C. et al.
Roller-massager application to the hamstrin-
gs increases sit-and-reach range of motion
within five to ten seconds without performan-
ce impairments. Int J Sports Phys Ther 2013;
8(3): 228-236.

26. Chorba R., Chorba D., Bouillon L. Use of
a Functional Movement Screening tool to
determine injury risk in female collegiate
athletes. N Am J Sports Phys Ther 2010; 5(2):
47-54.

27. Kiesel K., Plisky P., Voight M. Can serious in-
jury in professional football be predicted by
a preseason Functional Movement Screen?
N Am J Sports Phys Ther 2007; 2(3): 147-158.

28. Garrison G., Westrick R., Johnson M. Asso-
ciation between the Functional Movement
Screen and injury development in college
athletes. Int J Sports Phys Ther 2015; 10(1):
21-28.

29. Clifton D, Grooms D, Onate J. Overhead
deep squat performance predicts Functional
Movement Screen score. Int J Sports Phys
Ther 2015; 10(5): 622-627.

30. Boguszewski D, Adamczyk JG, Ochal A,
Bialoszewski D. Relationships between
susceptibility to injury during falls and physi-
cal fitness and functional fitness of musculo-
skeletal system. Pilot study. Arch Budo Sci
Martial Arts Extr Sports. 2018;14:197-204.

31. Boguszewski D., Adamczyk J.G., Bogu-
szewska K. et al. Functional assessment
of women practising combat sports and
team sports using the Functional Movement
Screen. Biomed Hum Kinet 2019; 11: 90-96.
doi: 10.2478/bhk-2019-0012.

32. Adamczyk J.G., Boguszewski D., Biatoszew-
ski D. Functional assessment of male track
and field runners through Functional Move-
ment Screen test. Med Sport 2015; 68(4):
563-575.

33. Moore E., Chalmers S., Milanese S. et al.
Factors influencing the relationship between
the functional movement screen and injury
risk in sporting populations: a systematic re-
view and meta-analysis. Sports Med 2019;
49: 1449-1463.

Address for correspondence

Dariusz Boguszewski

Department of Individual Sports, University of
Physical Education in Warsaw, Poland

e-mail: dariusz.boguszewski@awf.edu.pl

© AWF Krakow



