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Abstract. Theeffect of muscle fatigue on playing performance and physical condition of futsal players. Ockta Yo.,
Subagio |., Sabillah M.1., Pranoto N.W., Saputra D.E.W., Fadzillah R.N., Asmawati P. This study investigates the
impact of muscle fatigue on the physical condition and playing performance of futsal players, particularly focusing on
decision-making, ball control, and technical skills under fatigue. Ten futsal players from Sar Futsal Club (aged
17-25) participated in the study. Player performance was assessed using the Game Performance Evaluation Tool
(GPET), which measured on-the-ball attacker and support actions, while physical condition was evaluated through
shuttle run, 30-meter sprint, and vertical jump tests. The results showed a decline in performance after fatigue was
induced. Specifically, the on-the-ball attacker score decreased from a pre-test mean of 81.00 to 71.75 post-test, and
the support score dropped from 61.00 to 47.50. In terms of physical condition, the shuttle run time increased from a
mean of 17.07 to 17.62 seconds, the 30-meter sprint timeincreased from 4.43 to 4.56 seconds, and vertical jump height
decreased from 52.60 cm to 51.10 cm. Despite these observable declines, statistical analysis using paired samples t-
tests revealed no significant differences: for player performance, t=5.353, df=1, p=0.118, and for physical condition,
t=0.437, df=2, p=0.705. These findings suggest that muscle fatigue negatively impacts futsal players performance,
particularly decision-making, speed, and technical execution, but the changes were not statistically significant,
possibly due to the small sample size. The study highlights the importance of proper training load management and
recovery strategies to optimize futsal performance. Further research with larger samples is needed to confirm these
findings and better understand the effects of fatigue.
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TEPAIIIA TA PEABIIITALIIA

Pedepar. BIuinB M'si30B0i BTOMH Ha irpoBy NpOIYKTHBHicTH Ta (ismummii cram ¢yrsamicriB. Oxra Ho.,
Cyoario 1., Ca6istax M1, IIpanoro H.B., Canytpa /I.E.B., ®@am3innax P.H., Acmagari I1. /e docrioocenns susuae
6N1UG M'A306801 8MoMU HA I3UYHUL CMAH Ma 12po8y egheKmusHicmb 2pasyie Gymsany, 30Kpema Ha YX8aleHHs PilieHb,
KOHMPOIb M 514a mMa MexHIYHI HABUYKU 8 YMOBAX 6MOMU. Y 00CHIONCEHHI 831U YUacmy decsimb Qym3anicmie 3 Kiyoy
«Sar Futsal» (six 17-25 poxis). Oyiniosanns epexmusnocmi 2pasyie 30iticniosanacs 3a 00nomo2or Inempymenmy
oyinku iepoeoi eppexmusnocmi (GPET), axuil eumipiosas Oii zpasyie 3 M'suem 6 amaxylouux ma niOMpUMyOHUX
cumyayiax, mooi Ax i3uyHULl CMaH oYiHI8ABCs 3a O0NOMO20I0 mecmie Ha bie Ha wiama-pyHi, cnpunm Ha 30 mempie ma
sepmuKanbhull cmpubox. Pezynbmamu noxasanu snusicenst epekmusHocmi nicisi iL0yKo8anoi émomu. 30Kkpema, oyinka
oitl 3 M’ siuem 6 amayi sHuzunacs iz cepeonvoeo snavenns 81,00 0o 71,75 nicns mecmy, a oyinka niompumxu —3 61,00 0o
47,50. L]ooo ¢izuunoeo cmany, wac Ha wama-pyHi 36ineuwuecs 3 17,07 0o 17,62 cexynou, yac cnpunmy na 30 mempis
3pic 3 4,43 00 4,56 cexynou, a sucoma gepmuxanvrnozo cmpubka smenwunacs 3 52,60 cm 0o 51,10 cm. Hessaoicaiouu na
Yi cnocmepescy8ani 3HUJCEHHS, CMAMUCTUYHULL anani3 3a 00nomozor napuux t-mecmieé He 6uaBUE 3HAUYUWUX
siominnocmeil. ons ecpexmusnocmi epasyie t=5,353, df=1, p=0,118, i ors ¢izuunozo cmany t=0,437, df=2, p=0,705. 1]i
pesyibmamu 6Ka3yioms Ha me, Wo M's308a 6MOMa HE2AMUBHO GNIUBAE HA epeKmusHicmy Gymsanicmis, 30kpema Ha
VXBANEHHS. PilieHb, WEUOKICIb | MEeXHIYHe BUKOHAHHS, OOHAK 3MIHU He OYIU CIAmMUCMUYHO 3HAYYUUMU, WO, MOJICTUBO,
NOSACHIOEMbCSL MATUM POIMIPOM 6UOIpKU. J{OCTIOdNCEHHA NIOKPECTIOE 8AICTUBICING HANEHCHO20 YNPAGLIHHA HABAHMA-
JiCeHHAM [ cmpameziil 6i0H06IeHHs 011 onmumizayii egpexmusnocmi ¢ymszany. Heobxioni nooanviui 00CHiONCeHHS 3

OinbuuMU BUOIPKAMU 0151 NIOMEEPO’CEHHS YUX BUCHOBKIE | KPAW020 PO3YMIHHI 8NIUEY GMOMU.

Today's athletes need external support to make
progress in their sport. Sports science knowledge is
one of the aspects that contribute to sports achie-
vement. Combining several broad and interrelated
scientific areas, sports science aimsto enhance athlete
performance and support coaches in their training [1,
2, 3]. Futsal isaball game played by two teams, each
consisting of five people, and played indoors [4, 5].
In genera, the basic techniquesin futsal are not much
different from football. However, severa basic
techniques need to be done with specia skills. The
basic techniques in the game of futsal that must be
mastered by every player include controlling the ball,
passing, dribbling, and shooting [6, 7]. To be succes-
sful in futsal, players need to constantly be in top
physical shape and work on improving their skills and
accomplishments [8, 9]. In a variety of sports, the
development of physical condition is fundamental to
technical, tactical, and mental preparation [10, 11].
The setting up of physical conditions, strategies,
tactics, and psychology is al related to one another.
In sports activities, if your physical condition is not
good, your technical, tactical, and mental abilities
will result in less-than-optimal performance [12].
Good physical exerciseis performed regularly, taking
into account the body's capabilities and the appro-
priate amount of exercise [13, 14]. This requires
physical, technical, and tactical training over a long
period with an increasing workload, so it is hoped that
players will develop good physical condition, mental
strength, and technical skill [15].

Optimal physical condition is needed to combine
the technical, tactical, and mental skills of playerson
the playing field. This is the basis that must be
considered in efforts to achieve maximum athlete
performance [16]. Every sporting activity contains
elements of strength, duration, speed, and complex
movements that require joint expansion [17]. This
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shows that to improve physical condition, the com-
ponents of physical condition must be developed.
Apart from that, the game of futsal requires playersto
play by moving the ball quickly, attacking, defending,
and circulating the game without the ball or having
the right time to make decisions [18]. Players must
also master basic techniques such as dribbling, pas-
sing, control, chipping, and shooting. Basic techni-
ques are very important to support playing perfor-
mance on the field. There are various fundamental
elements that contribute to developing physica
fitness. Regarding the idea of muscular condition, the
fundamental elements are endurance, strength,
explosive power, speed, flexibility, agility, balance,
and coordination [19, 20]. In futsal, the basic physical
conditions that are dominant and must be possessed
are speed, agility, and endurance because the charac-
teristics of the game of futsal require these three
components [21]. Therefore, players must be able to
improve these abilities through physical training, as
well as technical and tactical exercises, to achieve
maximum performance. However, there is an effect
of this training, namely that it will cause the players
to experience fatigue. Training programs that are
carried out progressively and continuously on players
and exceed their limits will cause muscle fatigue.
Over along period, the muscles will eventually lose
their ability to respond or contract due to fatigue.
Apart from that, players can also experience pressure
from outside, either environmentally or psycholo-
gically, which leads to stress.

Fatigueresultsin alack of energy dueto excessive
physical activity [22]. In addition, physical activity
can cause muscle pain and psychological discomfort.
Fatigue is a mgjor problem for athletes because it
interferes with performance during competitions and
can result in a decline in achievement [23]. When a
player experiences fatigue, the player can il
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perform basic techniques such as dribbling, passing,
control, and shooting [24]. However, players have
difficulty making decisions and providing support,
especialy during movements without the ball that
require speed. It can be concluded that there is an
influence of fatigue on futsal playing performance.

Although many studies highlight the importance
of recovery in supporting athletic performance, most
existing research remains general and has not
specificaly examined the effectiveness of particular
recovery methods in relation to specific sports,
training intensity levels, and athletes psychological
conditions. Furthermore, thereisalack of studiesthat
comprehensively integrate both physiologica and
psychological aspects in designing optimal recovery
strategies. The purpose of this study is to investigate
the impact of muscle fatigue on futsal players' perfor-
mance and physical condition. Specifically, it aimsto
analyze how muscle fatigue affects the execution of
fundamental skills such as dribbling, passing, bal
control, and shooting, as well as decision-making du-
ring the game. Additionally, the study seeks to assess
how muscle fatigue influences key physica compo-
nents like speed, endurance, agility, and strength, and
whether it impairs players ability to maintain optimal
physical condition throughout the match. Furthermore,
the research will explore the relationship between
musclefatiguelevelsand overall physical performance
decline, and how psychologica factors, such as stress,
interact with fatigue to affect technical execution and
decison-making on the field. By addressing these
factors, the study aims to provide a comprehensive
understanding of how fatigue impacts futsal perfor-
mance and inform more effective recovery strategies
tailored to the needs of futsal athletes.

MATERIALSAND METHODS OF RESEARCH

This research uses a descriptive approach. Data
is classified into two groups. quantitative data,
which consists of numbers or symbols, and
qualitative data, which is expressed in words. An
instrument for assessing playing skills in soccer
called the Game Performance Evaluation Tool
(GPET) was employed in this study. The GPET
evaluates coding decisions and execution in relation
to the tactical challenges that players face during
games [25]. Prior to participation, al subjects
provided written informed consent after receiving a
detailed explanation of the study’s abjectives,
procedures, and potential risks. The study was
conducted in accordance with the ethical principles
for human research. Ethical approval from the Ethics
Committee of the Faculty of Sports Science, Uni-
versitas Negeri Surabaya is currently under review,
and the protocol number will be provided upon
completion of the approval process.
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In this research, some aspects are assessed,
namely (1) decisions made by players (Tactical Prob-
lem); (2) ball position when attacking (On-The Ball
Attacker); (3) ball position when not attacking (Off-
The Ball Attacker). Shuttle run is a form of agility
training. Adgility is defined as the body's ability to
move and change direction in the shortest possible
time without losing balance [26]. Agility isone of the
components needed in the game of futsal. When
dribbling the ball or trying to break through the oppo-
nent's defense, players must have good agility to per-
form optimally. The tools needed for a shuttle run are
(1) Stopwatch; (2) Field; (3) Cones; and (4) Meter.

The study population consisted of ten futsa
players selected using purposive sampling from the
Star Futsal Club, aged 17-25years. The selection
criteria focused on core players who possessed
greater experience and skill and were within the
productive age range for optimal performance. The
players were divided into two teams. Playing per-
formance was assessed through futsal matches |asting
2x8 minutes, recorded for analysis. Physical condi-
tion tests included the shuttle run, 30-meter sprint,
vertical jump, and a fatigue test using the Harvard
step test for five minutes or until exhaustion, fol-
lowing a metronome pace of 120 beats per minute.
Data analysis was conducted using SPSS version 26
(IBM  Corp., Chicago, USA; license number
WHIQVZYWLARL9JEY QEGDUBLH8Z3ZCJAL3
FLXMS98V9I5TSDY I 7TFOEXUPRR).

Statistical tests included the Shapiro-Wilk test for
normality, Levene's test for homogeneity of va
riances, and paired samplest-teststo compare pre-test
and post-test results for both player performance and
physical condition. The statistical significance level
was set a p<0.05. All results were presented as
mean + standard deviation (SD) and displayed in
tables and figures for clarity.

RESULTSAND DISCUSSION

The research results were obtained based on
observation of the pre-test and post-test results which
were carried out by research subjects. The description
of the pre-test and post-test data on the influence of
muscle fatigue on physical condition and playing
performance in futsal players from Star Futsal Club
Klaten Regency is asfollows:

1. Player performance data

The mean pre-test value for on-the-ball attacker
was 81.00, and the post-test value was 71.75. Mean-
while, the mean pre-test value for support was 61.00,
and the post-test value was 47.50. The change in the
mean values indicates a decrease in the subjects
playing performance. For more details, see Table 1
and Figure 1.
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Table 1
Pre-test and post-test results data of player performance
Statistics
pre-test post-test
on-the-ball attacker support on-the-ball attacker support
Std. Dev 58.48 43.49 53.09 37.24
Min 20.00 16.00 15.00 10.00
Max 134.00 104.00 118.00 81.00
Mean 81.00 61.00 7175 47.50

Note. Scores represent performance assessment points obtained from the observational instrument.
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Fig. 1. Differences between pre-test and post-test results data of player performance

2. Physical condition data

The results display the average, standard de-
viation, minimum, and maximum values in physical
condition tests such as shuttle runs, 30-meter runs,
and vertical jumps, based on study data. The dataalso
include pre-test and post-test results. In the shuttle run
test, the average pre-test score was 17.07 with a
standard deviation of 0.53, and the post-test score was
17.62 with a standard deviation of 0.56. The mean

pre-test result for the 30-meter run was 4.43 with a
standard deviation of 0.24, and the mean post-test
result was 4.56 with a standard deviation of 0.29. For
the vertical jump, the pre-test mean was 52.60 with a
standard deviation of 6.04, and the post-test mean was
51.10 with a standard deviation of 5.58. These
findings suggest that fatigue leads to a decrease in
physical condition, as shown by a reduced vertical
jump. For more details, see Table 2 and Figure 2.

Table 2
Pre-test and post-test results data of physical condition
Statistics
pre-test post-test
shuttlerun run 30-meters vertical jump shuttlerun run 30-meters vertical jump
(seconds) (seconds) centimeters (cm) (seconds) (seconds) centimeters (cm)
Std. Dev 0.53 0.24 6.04 0.56 0.29 5.58
Min 16.24 4.17 44 16.97 4.34 43.00
Max 17.66 5.05 62 18.52 533 60.00
Mean 17.07 4.43 52.60 17.62 4.56 51.10

Note. Shuttle run and 30-meter run were measured in seconds (s), while vertical jump was measured in centimeters (cm).
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Fig. 2. Differences between pre-test and post-test results data of physical condition

To examine whether there is a statistically signi-
ficant difference between the pre-test and post-test
results, a paired samples t-test was conducted. This
test is appropriate for assessing the effect of an

intervention or treatment by comparing measure-
ments taken from the same group before and after the
intervention. The results of the analysis are presented
in Table 3 below.

Table 3
Paired samples of T-test results
Measure t df p
Pre-Test & Post-Test 5353 1 0.118
Player performance data
Pre-Test & Post-Test 0.437 5 0.705

Physical condition data

The analysis revealed that the comparison of
player performance data between pre-test and post-
test resulted in a t-value of 5.353 with 1 degree of
freedom (df) and a p-value of 0.118. For the physical
condition data, the test produced a t-value of 0.437
with 2 degrees of freedom and a p-value of 0.705.
Despite observable changes in both categories,
neither result reached the conventional threshold for
statistical significance (p<0.05). The p-values indi-
cate that the differences in player performance and
physical condition are not statistically significant.
Therefore, based on the paired samples t-test, the
observed differences between pre- and post-test
scores may be due to chance rather than a meaningful
effect of the intervention.

This research is important to conduct because
futsal isahigh-intensity sport that demands playersto
maintain optimal physical condition, possess solid
technical skills, and make quick tactical decisions on
the court. Fatigue, whether caused by intense training
or frequent competition, can significantly impact
performance in al these areas. In practice, fatigue is
often overlooked or considered a normal part of
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training, but muscular fatigue that is not properly
managed can lead to a noticeable decline in both
physical and tactical performance. This study makes
avaluable contribution by demonstrating how fatigue
affects game performance both on-the-ball and off-
the-ball actions as well as physical condition (speed,
agility, and explosive power) in futsal players.

The findings of this research are supported by
several previous studies. For example, researchers
who developed the Game Performance Evaluation
Tool (GPET) emphasized that decision-making and
player positioning are key indicators of tactical
performance in football and futsa [27]. This rein-
forces the validity of using GPET in this study to
assess performance under fatigue. Additionally, [8]
highlighted that speed, agility, and power are es-
sential components in futsal performance, aigning
with this study's focus. Furthermore, [18] stressed the
importance of agility in handling the dynamics of
futsal, supporting the need to maintain physical
condition to optimizetechnical and tactical execution.

Theimplications of this study suggest that coaches
and sports practitioners must account for fatigue
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when designing training programs and strategies
during matches. Players experiencing fatigue exhibit
reduced decision-making capabilities, positional
awareness, and muscle power — al of which are cru-
cial infutsal. Therefore, load management and appro-
priate recovery strategies must be prioritized.
However, thisstudy has several limitations. The small
sample size of only 10 players from a single futsal
club limits the generalizability of the findings.
Additionally, psychological factors such as stress and
motivation were not thoroughly examined.

This study highlights the impact of fatigue on
futsal players physical and tactical performance, but
it has several limitations. The small sample size
restricts the generalizability of the findings, and a
larger sample would improve the external validity of
the results. Additionally, the absence of a control
group makes it difficult to determine if the observed
performance changes were caused only by fatigue.
Psychological factors such as stress and motivation
were also not considered, yet they can significantly
affect performance. Furthermore, potential learning
effects between the pre-test and post-test could have
influenced the results, as players may have improved
simply due to familiarity with the testing procedure.
For sports physiotherapists, it is crucial to monitor
fatigue levels, asfatigue not only affects performance
but also increases the risk of injury and decreases
movement quality. Incorporating proper recovery
strategies, such as active recovery exercises and load
management practices, is essential. Future research
should involve larger, more diverse samples and
integrate psychological and physiological measure-
ments to further understand the effects of fatigue and
improve recovery and fatigue management strategies.

CONCLUSION

1. This study aimed to examine the impact of
muscle fatigue on the physical condition and playing
performance of futsal players, particularly focusing
on decision-making, ball control, and technical skills
under fatigue.

2. The results show a decrease in players perfor-
mance on both on-the-ball and off-the-ball actionsin
the post-test compared to the pre-test, reflecting the
effects of fatigue. Specifically, the mean scores for
player performance on "On-The-Ball Attacker" and

"Support" decreased after fatigue was induced, indi-
cating a reduction in tactical decision-making and
positional awareness during the game.

3. Thephysical condition dataalso showed aslight
decline in performance on the shuttle run, 30-meter
run, and vertical jump after the post-test, although
these changes were not statistically significant.

4. Despite the observable decrease in performance,
dtatistical analysis did not reveal significant differen-
ces between the pre-test and post-test results. The lack
of datistical significance, especialy in the physica
condition tests, may be due to the small sample size,
which limits the generalizability of the findings.

5. This study highlights the significant impact of
fatigue on both the physical condition and tactical
performance of futsal players. It emphasi zes the need
for sports physiotherapists to collaborate with
coaches in managing training loads and preventing
overtraining, as fatigue can impair decision-making,
speed, agility, and muscle power. Physiotherapists
should implement strategies such as gradual increases
in training intensity, active recovery, and proper rest
to prevent fatigue buildup. Additionally, personalized
recovery plans, including techniques like stretching,
massage, and mental relaxation, can help enhance
recovery and optimize performance.
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