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ABSTRACT

Purpose. Foam rolling (FR) is a known recovery method based on self-myofascial release. Detailed data on FR to reduce
muscle fatigue and enhance performance in futsal athletes are still limited. The study aimed to assess whether FR was
a suitable recovery method for futsal athletes to enhance performance and reduce their lactic acid concentration.
Methods. A total of 30 male futsal athletes participated in this study. They were randomly divided into 2 groups: 15 subjects
assigned to the experimental (FR) group practised foam roller exercises, while 15 individuals assigned to the control group
were given slow jogging recovery. Both groups completed pre- and post-recovery tests for anaerobic capacity and agility.
Blood lactate was measured before the experiment, immediately after the tests, and immediately after recovery. A 2 x 2 re-
peated measures analysis of variance (ANOVA) was used to calculate each parameter results.

Results. In the post-recovery lactate concentration, the independent t-test revealed a significant decrease between pre- and
post-test values in the FR group (p = 0.033). Conversely, an increase in lactate between pre- and post-test measurements
occurred in the control group (p = 0.058). Furthermore, ANOVA revealed significant time X group interactions (p = 0.002) and
a significant main effect for group (p = 0.001).

Conclusions. FR after exercise-induced muscle fatigue had an effect on the recovery of elite futsal players by increasing

the rate of blood lactate clearance. There was no increase in performance in 20-m sprint or agility (¢-test).
Key words: lactate, muscle function, muscle soreness, pain, performance, recovery

Introduction

Futsal is five-a-side indoor football and has become
very popular in recent years, with 12 million players
in over 100 countries [1]. Match analysis and physi-
ological monitoring show that futsal is characterized
by intermittent high-intensity movements [2]. Addi-
tionally, previous studies revealed that in 46% of the
total distance and play time, professional futsal players
perform movement on the field with an average in-
tensity of more than 80% of maximal oxygen uptake
(high intensity) [3]. Thus, coaches and futsal athletes
are continuously looking for ways to influence the body
physiological systems with designing a heavy train-
ing system, so that athletes could better cope with
acute fatigue [4].

Some studies have revealed that fatigue can be
a problem for athletes because, in addition to reduc-
ing performance, it is also known to increase the risk
of injury [5, 6]. Furthermore, previous literature im-
plies that fatigue is a phenomenon of accumulation of
lactic acid in muscle fibres, caused by high-intensity
training [7, 8]. Because of this phenomenon, technical
and medical staff must try to find the right and effective
recovery method to reduce lactic acid concentration
quickly, so that all athletes can reinvent or improve
their performance [9]. Also, it is common for the tech-
nical and medical staff to use a variety of different
post-exercise strategies in order to accelerate the recov-
ery process and reduce the incidence of fatigue [10].

Experts now divide recovery into the categories of
active and passive recovery [11]. Several recovery
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methods have been observed to be beneficial and effi-
cient in futsal; these include light-emitting diode
therapy, water immersion (cold, hot, thermoneutral,
or contrast water), and low-intensity aerobic activity
[12-14]. While a few recovery methods in futsal ath-
letes are relatively well documented in many studies,
detailed data on foam rolling (FR) to reduce muscle
fatigue and enhance performance in this group are
still limited. FR is a known recovery method based on
self-myofascial release [15]. The idea is that the me-
chanical technique that mimics therapeutic massage
in FR may have recovery benefits to reduce thickening,
adhesion, tension of fascial tissue and muscle, as well
as to enhance sports performance [16].

Some research has suggested that FR has no ben-
efits for recovery. Specifically, Healey et al. [17] imply
that FR has no effect on athletic performance despite
reducing post-exercise fatigue. However, many previ-
ous studies also revealed FR efficacy for athletes’ re-
covery [18-20]. For example, Macdonald et al. [21] ex-
plained that FR was better at reducing muscle soreness
than passive recovery and it could improve vertical
jump height, muscle activation, and passive and dy-
namic range of motion. Recently, Rey et al. [18] estab-
lished that FR was advantageous for soccer athletes
who did 5 FR exercises on the body parts often engaged
in playing football (quadriceps, hamstrings, adductors,
gluteal, and gastrocnemius). While these studies pre-
sent equivocal findings concerning performance im-
provement after FR application, physiological measure-
ments of blood lactate are lacking.

In the context of previous problems related to the
advantages and disadvantages of using FR, this study
aimed to assess whether FR was a suitable recovery
method for futsal athletes to enhance performance and
reduce lactic acid concentration. To the authors’ best
knowledge, no available studies have reported the effect
of FR to reduce blood lactate and enhance performance
in futsal athletes. We hypothesized that recovery in-
volving FR might benefit to reduce lactate concentra-
tion and enhance performance in futsal athletes.

Material and methods
Subjects

The study involved 30 Indonesian futsal athletes
from the ITB Futsal Club. Before their inclusion, the
authors had to ensure that the athletes had no history
of smoking. Other inclusion criteria were the follow-
ing: a minimum of 5 years of futsal training experi-
ence and participation in systemized training with

a minimum duration of 3 training sessions per week,
with each training session of at least 3 hours. Those who
had a cardiovascular disease or a history of a musculo-
skeletal injury 2 months prior to the study commence-
ment were excluded. The study also established rules
for all participants not to consume alcohol and caffeine
for 24 hours prior to the experiment. We also ensured
that all participants had no experience of FR exercises.
Table 1 provides the anthropometric characteristics
of the subjects. All participants received an explana-
tion of the procedures and risks of the study.

Table 1. Anthropometric characteristics of participants

. FR group SJR group
Variables % + SD) % + SD)
Age (years) 21.67 £ 0.72 21.80 = 1.01
Weight (kg) 69.66 + 6.21 68.50 + 4.22
Height (cm) 176.47 + 6.03  175.93 + 4.77
BMI (kg - m™) 22.37 £ 1.62 22.14 +1.19

FR - foam rolling, SJR - slow jogging recovery,
BMI - body mass index

Study design

To determine the effect of the independent variable
on the dependent variables, the study used a parallel,
2-group, purposive sampling, pretest-posttest design.
The independent variable was FR, while the dependent
variables included blood lactate concentration, agility,
and anaerobic performance of the athletes. All subjects
were randomly divided into 2 groups: 15 individuals
assigned to the experimental (FR) group practised FR
exercises, while 15 subjects assigned to the control
group received slow jogging recovery (SJR). Both
groups were required to complete pre- and post-recov-
ery tests for anaerobic capacity and agility. Addition-
ally, blood lactate was measured before and immedi-
ately after the test and immediately after recovery.
The research design is illustrated in Figure 1.

Protocol procedures

In the study, 24 hours prior to the experiment com-
mencement, all participants were prohibited from en-
gaging in strenuous physical activity; also, they did not
consume any food for 3 hours before the start of the
test. The testing began with anthropometric measure-
ments, performed in a laboratory. We used Omron
HN 289 digital weight scales to measure body weight,
with the participants wearing only thin pants and bare-
foot. A Seca 214 portable stadiometer (Cardinal Health,
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Participants’ enrolment FR —foam rolling
(n=30)

SJR - slow jogging recovery

Randomization
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(n=15)

[

Anthropometric measurement

I

SJR group
(n=15)

[

Anthropometric measurement

I

Pre-test
Blood lactate measurement (pre-test)
Warm-up
Sprint test (20 m)
Agility t-test
Blood lactate measurement (post-test)

Pre-test
Blood lactate measurement (pre-test)
Warm-up
Sprint test (20 m)
Agility t-test
Blood lactate measurement (post-test)

I

FR recovery

1

Blood lactate measurement (post-recovery)

I

I

SJR recovery
T

Blood lactate measurement (post-recovery)
|

Post-test
Blood lactate measurement (pre-test)
Warm-up
Sprint test (20 m)
Agility t-test
Blood lactate measurement (post-test)

Post-test
Blood lactate measurement (pre-test)
Warm-up
Sprint test (20 m)
Agility t-test
Blood lactate measurement (post-test)

I

Blood lactate measurement (post-recovery)

I

Blood lactate measurement (post-recovery)

Figure 1. The research design

Dublin, USA) served to determine the subjects’ body
height in accordance with established procedures.
Body mass index was calculated as body mass (kg) di-
vided by body height (m) squared.

After all participants completed the anthropomet-
ric measurement session, they prepared to the pre-test
lactate assessment. In this evaluation, we used a Lac-
tate Pro analyser (Arkray, Koka, Japan); a 100-pl
sample of fingertip capillary blood was collected from
each participant for the analysis. Before starting the
pre-test session, all subjects were required to do jog-
ging at 6.8 km - h™ as a form of warm-up. Pre-test
measurements included an anaerobic capacity test
(20-m sprint test) and an agility t-test, which started at
09:30 a.m., with a 10-s break between the tests. Blood
lactate was determined immediately, after each par-
ticipant completed their assignment. After the blood
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lactate measurements, the athletes were assigned to
the FR or SJR group to get respective recovery.

A high-density foam roller was used in the FR group.
The intervention consisted of 5 different exercises,
targeting muscle groups most used in futsal, applied
for 1 min on each area (quadriceps, hamstrings, ad-
ductors, gluteal, and gastrocnemius). The SJR group
performed active recovery, namely jogging at a speed
of 6.8 km - h™' for 8 min. Verbal feedback from lap
times was used to control the jogging speed of each
participant. After the recovery session, blood lactate
was determined immediately. During the recovery pe-
riod, all subjects were allowed to drink mineral water
ad libitum. They were also required to sleep from
09:00 p.m. to 6:00 a.m. The post-testing measure-
ments were identical to baseline testing and initiated
24 hours after the end of pre-testing.

Human Movement, Vol. 22, No 1, 2021
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Sprint test

A 20-m ‘maximal’ running sprint was performed
in the Saraga athletic stadium. Before the sprint, the
participants were instructed to run as fast as possible.
Two cones were installed at the beginning (cone A)
and at the end of the track (cone B). The first adminis-
trator was in charge of giving the signal ‘3-2-1-Go’.
On the ‘Go’ signal, the participants ran as fast as pos-
sible towards the finish line. When a subject crossed
the finish line, the second administrator, near cone
B, shouted ‘Clear’ as a sign that the test had finished,
in accordance with the procedure. A beam photocell
system (Microgate, Bolzano, Italy) was used in the study
to record the running times.

Agility t-test

The test involved 4 cones (5 m apart). Each partici-
pant was to run to the cone in question, then touch the
cone, and go directly to another cone. Administrators
counted down to the start of the test (‘3-2-1-Go’).
On the ‘Go’ signal, the test administrator pressed the
start button on the stopwatch and the participant
went straight to cone B. After reaching cone B, they
immediately turned left and moved sideways towards
cone C. After touching cone C, they moved to the right
side and headed to cone D. They then retreated to
cone B, touched it with their left hand, and then ran
backwards to cone A. The stopwatch was stopped as
the subject passed cone A. The test was considered
a failure if the participant crossed one foot in front of
the other while shuffling, did not touch the cone prop-
erly, or failed to face forward throughout the test. The
better time of 2 successful trials was recorded to the
nearest 0.1 s. All times were recorded with a stopwatch
(Seiko stopwatch S23601P).

Foam rolling recovery

After the final assignment in pre- and post-testing,
recovery protocols were implemented immediately.
FR was performed with the Grid Foam Roller (Kettler)
(14 x 33 cm). The FR protocol was based on previous
research [18]. FR consisted of 5 exercises, for quadri-
ceps, hamstrings, adductors, gluteal, and gastrocne-
mius, with 1 min for each exercise and 15 s for rest.
All participants started with placing a foam roller at
the most distal portion of the muscle; they put as much
of their body mass as tolerable on the foam roller at
all times. With a rhythm of 50 beats per minute, the
athletes were instructed to roll their body mass across
the foam roller [20]. An investigator was responsible
for supervising the FR in the subjects in accordance
with their assignment.

Statistical analysis

The values are presented as mean + SD. The Sha-
piro-Wilk test was used to verify the normality of all
sample data distribution. A 2 (group: FR and SJR
groups) X 2 (time: pre- and post-test) repeated meas-
ures analysis of variance (ANOVA) was applied for
each parameter. An independent t-test served to deter-
mine any differences between pre- and post-test re-
sults in each group. The 95% confidence interval and
percentage of changes were calculated. Statistical sig-
nificance was accepted at the p < 0.05 level. The statis-
tical analysis was performed with the SPSS software,
V.21.0.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the ethics

Table 2. Effects of foam rolling on lactate concentration, 20-m sprint, and agility ¢-test

b

FR group SJR group P
Variables
a a . Group
Pre Post A% p Pre Post A% p Group ~ Time _ time
Pre-test lactate (mmol/1) 1.79£0.76 199 =047 11.20 0.135 1.92 £ 049 245 =0.72 27.80 0.016* 0.067 0.026* 0.304
20-m sprint (s) 437055 4.54+0.74 4.00 0.144 449 £047 4.81 £0.87 7.30 0.069 0.266 0.158 0.663
Agility t-test (s) 1243 £ 0.75 12.88 £0.72 3.60 0.032* 12.29 + 0.60 13.13 £ 0.88 6.80 0.004* 0.769 0.001* 0.311
Post-test lactate (mmol/1) 10.37 £1.67 11.11 =1.42 7.10 0.012* 11.03 £1.48 12.01 =£0.73 9.00 0.024* 0.031* 0.018* 0.728
Post-recovery lactate (mmol/l) 4.57 £ 1.01 3.96 + 0.54 -13.28 0.033* 594 +1.32 6.86 £0.59 15.49 0.058 0.001* 0.514 0.002*
FR - foam rolling recovery, SJR - slow jogging recovery
*independent t-test, ” 2 x 2 repeated measures analysis of variance,
* values significantly different between the groups (p < 0.05)
75
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Table 3. Specific changes in lactate concentration, 20-m sprint, and agility ¢-test measures in the FR and SJR groups

95% confidence

Standard Standard ; Significance
Groups Variables Time Mean . error  interval of difference t df snti

deviation (2-tailed)

mean Lower Upper
FR group f;;f;‘i)la“ate Pre-post -0.20000 0.48844 0.12611 -0.47049 0.07049 -1.586 14  0.135
SJR group Effm't(fls/tl)la“ate Pre-post -0.53333 0.75656 0.19534 -0.95230 -0.11437 -2.730 14  0.016*
FR group  20-msprint (s) Pre-post -0.17333 0.43337 0.11190 -0.41333 0.06666 -1.549 14 0.144
SJR group 20-m sprint (s) Pre-post -0.32667 0.64195 0.16575 -0.68216 0.02883 -1.971 14 0.069
FR group  Agility t-test (s) Pre-post -0.44667 0.72493 0.18718 -0.84812 -0.04521 -2.386 14 0.032*
SJR group Agility t-test (s) Pre-post -0.84000 0.94627 0.24433 -1.36403 -0.31597 -3.438 14 0.004*
FR group fﬁnt';f/slt)lacme Pre-post -0.74000 0.99197 0.25612 -1.28933 -0.19067 -2.889 14  0.012*
SJR group f;;t';f/slt)lmme Pre-post -0.98800 1.51389 0.39089 -1.82637 -0.14963 -2.528 14  0.024*
FRgroup L OSUTECOVERY o ost  0.60667 0.99460 025681  0.05587 115746 2362 14  0.033*
lactate (mmol/1)

SR group [OSETECOVELY b ost -0.92000 1.72262 044478 -1.87396 003396 -2.068 14  0.058

lactate (mmol/1)

FR - foam rolling recovery, SJR - slow jogging recovery

* significant difference between pre- and post-test values (p < 0.05)

committee of the State University of Jakarta (370/
UN41.14/PR.10/2018).

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

Results

The mean and SD values, as well as percentage of
changes for the 20-m sprint, agility t-test, and blood
lactate concentrations before the test, after the test,
and after recovery in the FR and SJR groups are pre-
sented in Table 2.

Blood lactate

The independent t-test revealed no significant dif-
ferences between the pre- and post-test values in the
FR group (p = 0.135) but significant differences were
observed between pre- and post-test values in the SJR
group (p = 0.016) for the pre-test lactate (Table 3).
ANOVA showed a significant main effect for time (p =
0.026), but no significant main effect was detected for
group (p = 0.067) or time x group interactions (p =
0.304). For post-test lactate, the independent t-test
revealed significant changes between pre- and post-test
values in the FR and SJR groups (p = 0.012, p = 0.024,
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respectively). Additionally, ANOVA indicated no sig-
nificant time x group interactions (p = 0.728). How-
ever, the statistical analysis established a significant
main effect for group (p = 0.031) and time (p = 0.018).
Furthermore, for post-recovery lactate, the independent
t-testrevealed a significant decrease between pre- and
post-test values in the FR group (p = 0.033). Conversely,
an increase between pre- and post-test lactate occurred
in the SJR group (p = 0.058). There was no signifi-
cant main effect for time (p = 0.514) but ANOVA re-
vealed significant time X group interactions (p = 0.002)
and a significant main effect for group (p = 0.001).

20-m sprint

Regarding the 20-m sprint performance, no signifi-
cant difference was seen for time (p = 0.158) or group
main effects (p = 0.266); no time x group interaction
effects (p = 0.663) were present, either. Furthermore,
the independent ¢-test revealed no significant chang-
es between pre- and post-test values in the FR and
SJR groups (p = 0.144, p = 0.069, respectively).

Agility t-test
For the agility t-test, the independent t-test detected

a significant increase between pre- and post-test values
in the FR and SJR groups (p = 0.032, p = 0.004, re-

Human Movement, Vol. 22, No 1, 2021
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spectively). Furthermore, ANOVA revealed a significant
main effect for time (p = 0.001). Despite, the statistical
analysis implied no significant main effect for group
(p = 0.769) and no significant time x group interac-
tion (p = 0.311).

Discussion

The aim of the study was to examine whether FR
which consisted of 5 exercises, for quadriceps, ham-
strings, adductors, gluteal, and gastrocnemius, was
an effective tool to aid in the recovery of male profes-
sional futsal players. To our knowledge, this is the
first study to investigate the influence of FR in elite
futsal players. The main findings were the following:
(1) FR did not enhance the performance of the agility
t-test or the 20-m sprint in futsal players; (2) FR can
reduce blood lactate concentration better than SJR.
The results of this study are important as the selec-
tion of recovery methods is crucial in futsal [22].

In the present investigation, the agility t-test and
the 20-m sprint did not show significant improve-
ments in the FR group, which indicates that FR may
not influence performance. The results support two
previous studies, which stated that FR did not bene-
fit performance. Healey et al. [17] reported that there
was no improvement in athletic performance (vertical
jump height and power, isometric force, and pro-agility
test) after using the recovery method of FR (compari-
sons between a bio-foam roller, a uniform polystyrene
foam cylinder and multilevel rigid roller, a nonuni-
form cylinder consisting of a hollow polyvinyl chloride
inner core).

In addition, D’Amico and Paolone [23] indicated
that FR between two 800-m runs separated by 30 min,
which consisted of 5 exercises (for gluteal muscles,
hip flexors, quadriceps, iliotibial bands, adductors, and
calves), did not alter performance in trained male run-
ners. For these phenomena, we may speculate that FR
did not bring physiological effects on the musculature.
In contrast, Phillips et al. [24] reported that pro-agility
performance improved slightly after 1 min of continu-
ous self-myofascial release with a foam roller in rec-
reationally active males and females. These studies
may have differed from our research because the op-
timal protocols to assist FR for exercise performance
remain unalike. Various types of roller massagers,
timing, history of activity in the sample, foam roll in-
tervention, and activity level can all vary, causing dif-
ferences in results.

An important finding of this study is the effect of
FR on blood lactate concentration. Specifically, the

study showed that FR was more effective in reducing
blood lactate concentration in male futsal athletes
compared with SJR after muscle fatigue due to exer-
cise. Our findings coincided with those reported by
Kalén et al. [25], who indicated that surf lifesavers
cleared out blood lactate more efficiently when per-
forming an FR protocol than with passive recovery.
Although the underlying mechanisms supporting the
decrease in blood lactate concentration as a conse-
quence of FR remain unclear, a few previous studies
suggested that FR exercises could induce structural,
metabolic, or neural alterations that led to changes in
delayed-onset muscle soreness, decreased oedema,
enhanced blood lactate removal, and improved tissue
healing, mainly owing to an increase in muscular blood
flow [20, 26].

Additionally, previous literature explained the
physiological mechanism of FR; namely, during FR
exercise, a high mechanical load to the entire under-
lying tissue is induced, potentially leading to increased
blood flow [27]. In turn, increased blood flow can hinder
the margination of neutrophils and reduce prostaglan-
din production, subsequently decreasing inflammation
[28]. Furthermore, a systematic review implied that
the methods of FR myofascial release induced mus-
cular blood flow and resulted in increased oxygen
delivery, which encouraged mitochondrial resynthesis
of adenosine triphosphate and the active transport of
calcium back into the sarcoplasmic reticulum [29].
Because of this physiological mechanism, we may
speculate that the action of FR can reduce blood lac-
tate concentration in futsal athletes.

On the other hand, previous literature also described
negative effects of FR. Freiwald et al. [30] stated that
FR exercises could potentially lead to harmful effects
on connective tissue, nerves, vessels, and bones, caused
by a high mechanical load in the entire underlying tis-
sue. Although we are limited to commenting on the
negative effect of FR as a tool to assist recovery in elite
futsal athletes, we suggest that coaches, athletes, and
sports scientists should examine the FR frequency,
intensity (amount of pressure placed on the foam roller),
time (immediately after exercise vs. at other time
points), and type (sweeping pressure vs. undulations) to
avoid harmful factors caused by the application of FR.

Briefly, our results have indicated that post-train-
ing FR exercises may aid to reducing blood lactate
concentration but did not enhance the performance
of the agility t-test or the 20-m sprint in futsal players.
The results of this study can support previous scien-
tific literature which states that FR can provide bene-
fits in the post-exercise recovery process and suggests
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that FR consisting of 5 exercises (for quadriceps, ham-
strings, adductors, gluteal, and gastrocnemius) can
assist recovery after exercise-induced muscle fatigue.
However, future studies are still needed to explore
a number of issues that could not be addressed in this
study.

Limitations

The authors realize that there are some limitations
in this study that must be considered in future re-
search. Firstly, we did not evaluate the impact of the
participants’ lifestyle or emotional functioning, which
might have influenced the results. Secondly, the test-
ing period may have been unbalanced between the
FR and SJR groups, with the former group being
faster than the latter, but this study has succeeded in
showing differences in the two recovery modalities.
Thirdly, we recognize the need to apply other measure-
ment tools in future studies, such as the total quality
recovery scale or visual analogue scale, in order to
answer questions that have not been resolved in this
study.

Conclusions

The results of this study indicate that FR after exer-
cise-induced muscle fatigue, which consisted of 5 ex-
ercises (for quadriceps, hamstrings, adductors, glu-
teal, and gastrocnemius), had an effect on the recovery
of elite futsal players by increasing the rate of blood
lactate clearance, but no increase was observed in the
performance of the 20-m sprint or the agility ¢-test.
Thus, we suggest that coaches or sports scientists
should recommend FR rather than SJR to their ath-
letes for reducing blood lactate concentration after fut-
sal training sessions.
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