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ABSTRACT

Introduction: This study investigated the reliability and validity of a newly developed high-intensity Youth Soccer
Fatigue Simulation (YOoSFS®). Methods: Twenty recreational youth soccer players (age:15.9+0.87 years old, BMI
=19.52+2.58 kg/m2) performed the YoSFS® in 5 minutes after performing a dynamic warming-up. Heart rate (HR),
rate of perceived exertion (RPE), and countermovement jump (CMJ) height were recorded immediately after complet-
ing the simulation. After a week, the participants repeated the same procedure and measurements. Data analysis was
performed for the intra-class coefficient of correlation (ICC), standard error of measurement (SEM), and expressed
as a coefficient of variation (CV%) . Results: Relative reliability showed ICC for RPE (0.92) (95% Cl 0.79-0.97)) and
CMJ (0.85) (95% Cl 0.79-0.97) were excellent. Meanwhile, the ICC for HR (.72) (95% CI 0.31-0.89) was considered
good. The absolute reliability showed a small percentage of CVs for HR, RPE, and CMJ at 0.9%, 5.5%, and 8.35%,
respectively. The validity of the study shows the mean HR (174.0 beats/min"') and RPE (18). Conclusion: The YoSFS®
measurements show that the simulation is valid and reliable. Therefore, the newly developed fatigue simulation may
induce fatigue among youth soccer players as it is highly reproducible.

Malaysian Journal of Medicine and Health Sciences (2022) 18(8):110-117. doi:10.47836/mjmhs18.8.16

Keywords: Fatigue, Soccer, Sports injuries, Youth

Corresponding Author:

Maria Justine, PhD

Email: maria205@uitm.edu.my
Tel: +60332584365

imbalance, lack of motor skills, and fatigue (2,5,6).

Soccer is a sport that requires the massive activation of
aerobic and anaerobic energy systems to fulfill muscle
energy demands. The need to fulfill the body’s demands
during a soccer match, especially at the end of a game,
may lead to work rate reduction (7) and diminished
muscular force output (8), which in turn may lead to
a decline in playing performance (9). Furthermore,

INTRODUCTION

Owing to the popularity of soccer, the current trend
is to start playing at a very young age (1). Numerous

soccer academies have been opened to attract and train
young soccer players hoping to become professional.
However, training in and playing soccer at a young age
may lead to a high risk of injury (2). Approximately 15 to
20 injuries per 1,000 playing hours are reported among
young soccer players (3). Moreover, the percentage of
young soccer players treated in hospital emergency
departments increased 78% yearly from 1990 to 2014,
double the rate of adult injuries (4). A few factors are
suggested for why young players have a high risk of
injury, including aggressive behavior against the rules,
rapid skeletal growth, muscle hyper-flexibility, muscle

soccer players may experience fatigue toward the end
of a game, affecting their playing performance (10). In a
sports setting that requires continuous muscle exertion,
Meeusen et al. described fatigue as a metabolic
endpoint when muscle glycogen is depleted, plasma
glucose concentrations are reduced, and plasma
free fatty acid levels are reduced are elevated (11).
Moreover, previous studies established fatigue as one of
the major risk factors of injury in sports (12-14). Other
studies determined that fatigue increases the risk of
injury to the anterior cruciate ligament (ACL) (15) and
hamstring (14). ACL injuries have severe implications for
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players. A few studies showed that an ACL injury might
necessitate long rehabilitation periods for players, affect
players’ financials and those of their team, end careers
prematurely, and place players at risk for posttraumatic
osteoarthritis (3,16-18). Moreover, such studies claimed
that recurrent injury after ACL reconstruction increases
30 to 40 times, and approximately 1 in 4 young players
is likely to experience an ACL injury again during his/her
career (19). An ACL injury that occurs during the fatigue
stage may be associated with physiological changes in
muscles (20), an imbalance between the quadriceps
concentric and hamstring eccentric ratio (21), weakness
in muscles (15), and alterations in postural mechanics
during the late stage of a game (22).

Due to the negative consequences of fatigue, establishing
areliable and valid assessment tool for young players for
soccer games is necessary. A specific fatigue assessment
tool is needed to identify players’ capacity and risk of
injury (23,24). Furthermore, ensuring that return-to-play
assessments involve examining the fatigue state is crucial.
According to Melick et al., players who underwent ACL
reconstruction have significantly reduced movement
quality compared with healthy subjects under fatigue,
which increases their risk of reinjuring their ACL (25).
Given that young soccer players have a high risk of injury
due to the factors as mentioned earlier, an assessment
tool specific to their growth stage and skills and the
nature of soccer games may be necessary.

Several fatigue simulations have been developed;
however, most have limitations, such as being time-
consuming (23,26-29), not specific to the nature of
soccer games (23,24,26-28), and being suitable only for
adult players (15,27). Generally, most fatigue simulations
do not address the specific nature of soccer games. For
instance, some simulations are performed on the floor
with a 20 meter distance (30-32), whereas others are
conducted on a treadmill (33,34). In the previous study
by Aldous et al., lab-or field-based soccer-specific
fatigue simulations should be designed to generate
a fatigue representation equal to that in a real soccer
match play (35).

The development and evaluation of short-term protocols
should include match play-induced fatigue assessments
to reduce the risk of injury. Bishop et al. suggested that
a simulation be modified based on a sport’s nature or
specificity (36). We suggest that soccer fatigue simulations
incorporate activities such as shooting, passing, and
heading to mimic actual soccer activities. Thus, we have
developed Youth Soccer Fatigue Simulation( YoSFS5),
which is feasible for young soccer players, and several
soccer-specific movements, such as kicking, jumping,
heading, and sprinting with a ball, were included in
the simulation protocol. Therefore, the purpose of this
study is to identify the reliability and validity of a newly
developed high-intensity, short-duration youth soccer
fatigue simulation (YoSFS°).

MATERIALS AND METHODS

Participant

This study is a cross-sectional research with a test-retest
design. Good reliability indicates that the simulation
will yield identical findings under varied conditions,
assuming nothing else has changed. Meanwhile,
good validity is a subtler concept of the closeness of
what is being measured. Sample size calculation was
conducted using the Sample size calculator (web) by
Arifin with selected the Intraclass Correlation Coefficient
(ICC) - Estimation. To achieve expected reliability
(ICC) (p):0.6, Precision (+ expected): 0.6, a minimum
number of 6 participants is required for this study(37).
A 20% was added to reduce the possibility of attrition
rate. Therefore, 8 participants should recruit in objective
2. However, we manage to get 20 participants of young
male recreational soccer players from a secondary
school soccer team. The participants of this study were
young men between the ages of 15 and 17 years who
regularly played soccer three to five times a week for
40 to 60 minutes per session. Moreover, the participants
were nonsmokers. Participants with a history of the
lower extremity or low back pains or cardiovascular
or systemic conditions that limit physical activity or
who experienced a lower limb injury within the last six
months, use ergogenic aids or medication, or answered
“yes” on the Physical Activity Readiness Questionnaire
(PAR-Q) were excluded from the study. The study
procedure was approved by the Institution Research
Ethics Committee (600-IRMI [5/1/16]). Informed consent
was obtained from the participants’ parents/guardians
before the test was conducted. The study was conducted
at a high-performance laboratory at the university’s
Physiotherapy Department. This laboratory was selected
owing to its ample space, optimal room temperature (28
°C=31.1 °C), and lack of external interference.

Developmental Procedure of YoSFS®

The YoSFS® was modified from a previous study (15).
The modifications included changes to the simulation
distance, soccer activity repetitions, and soccer activity
order. In addition, heart rate (HR), rate of perceived
exertion (RPE), and counter movement jump (CM])
height were monitored in the protocol to represent
intensity and fatigue level.

A preliminary study was conducted to determine
whether the YoSFS® achieved a level of fatigue indicated
by the following criteria: (1) HR of 161-175 beats/min™!
and (2) RPE of > 17. These criteria were similar to the
overall pattern observed in the youth 90-min soccer-
specific aerobic field test (Y-SAFT*°) and during actual
gameplays for youths (26). In addition, these criteria for
indicating fatigue were considered practical and suitable
by a panel of experts in soccer training and coaching.
Figure 1 presents the YoSFS® course. The YoSFS® distance
was modified to 12 meters to make the protocol feasible
for young soccer players. Moreover, several soccer-
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specific movements, such as jogging, kicking, ball
passing, jumping, heading, and sprinting with a ball,
were included in the simulation protocol (refer Table
). All these activities are normal as mentioned in some
previous studies(38) and all these have been discussed
with the experts including soccer coaches. At the start of
the simulation, the participants were asked to stand at
point A and wait for the audio recording cues. Next, the
participants were requested to step forward from point
Ato B and kick the ball back to point A. This movement
activity was repeated five times. Then, the participants
were asked to run and stand at point D.

Subsequently, the participants were told to jog from
point D to E then back to point D, following the cues
from the audio recording. Next, the participants were
instructed to jog to point F, zig-zag between the poles
to point G, jog back to point F, then jog back to point
G. The participants were then requested to go to point
A to head a ball, step forward from point A to B and
double leg jump to head the ball (a ball was thrown
above the rope at 80% of the participants’ CM] height),
then return to point A. This movement was repeated
five times. Next, from point D, the participants were
instructed to run sideways to point E then back to point
D. The participants were told to continue jogging to
point F, zig-zag between the poles to point G, then jog
back to the first pole and back to point G. After this
activity, the participants performed the agility drill by
running to point H, hopping on one foot per square,
then running backwards to shoot the ball with maximal
effort and accuracy at point | and the goal post. Next, the
participants performed the CM] at point C then jogged to
point D. Subsequently, the participants were instructed
to jog from point D to E then back to point D. They were
told to continue jogging to point F, zig-zag between the
poles to point G, then jog back to point F and back to
point G. From point G, the participants made a final
sprint with a ball through point ] to point D. The cycle
was repeated after one round/cycle. The entire YoSFS®
took five minutes to complete.
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Fig. 1. A diagrammatic representation of the fatigue simulation
activity profile.
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Table 1. Activity profiles of YoSFS® compared with the activi-
ty profiles of SAFT®

No  Activity YSFS® Activity SAFT>  Speed ~ Time
(m/s) (s)
0 5x Ball Passing 10 x scissors
1 Stand Stand 0 4
2 Jog Jog 2.86 10
3 5x Ball double-leg jump heading ~ CM) 1.39 17
4 Stride Stride 4.17 7
5 Agility ladder drill + 1 x Ball Agility ladder 1.39 17
shooting drill
6 CM]J + jog Jog 2.86 10
7 Sprint with a ball Sprint 5.58 6
8 Stand Stand 0 4
9 Jog Jog 2.86 10
10  5x Ball Passing 10 x scissors 1.39 17
11 CMJ +jog Jog 2.86 10
12 5x Ball double-leg jump heading ~ CMJ 1.39 17
13 Stride Stride 4.17 7
14 Agility ladder drill + 1 x Ball Agility ladder 1.39 17
shooting drill
15  Stand Stand 0 4
16 Jog Jog 2.86 10
17 5x Ball Passing 10 x scissors 1.39 17
18  CMJ + jog Jog 2.86 10
19  Jog Jog 2.86 10
20  Jog Jog 2.86 10
21 5x Ball double-leg jump heading ~ CMJ 1.39 17
22 CMJ +jog Jog 2.86 10
23 Agility ladder drill + 1 x Ball Agility ladder 1.39 17
shooting drill
24 Stride Stride 4.17 7
25  Stand Stand 0 4

26 5x Ball Passing
27 Jog Jog 2.86 10

10 x scissors 1.39 17

28  Sprint with a ball
29 ™M)

Sprint 1.39 6

CMJ: countermovement jump

Instrumentations

Heart rate (HR)

The HR measurement counted the number of heartbeats
per minute. In this study, the Polar heart rate system
(Electro, Finland) was used, which demonstrated
satisfactory relative and absolute reliability, with an
intraclass correlation coefficient (IIC) of 0.88 and a
coefficient of variation (CV) of 1.8%, respectively (35).
The participants wore a chest strap with a transmitter
unit. The strap was fitted to the participants’ chest
circumference. The transmitter unit was placed firmly
against the skin just below the participants’ chest
muscles. The participants were required to inform the
researcher of the HR value that appeared on a watch
immediately after completing the YoSFS°.
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Rating of Perceived Exertion (RPE)

The RPE refers to the degree of perception of local
sensations, including those from the circulatory,
respiratory, metabolic, skeletal muscle, and peripheral
systems. It is a useful and practical tool for monitoring
internal load during soccer training (39). A Borg
scale ranging from 6 (no exertion) to 20 (maximum
exertion) was used in this study. The RPE demonstrated
satisfactory reliability, with an ICC of > 0.75 and a CV
of < 10% (15). The participants were required to inform
the researcher of their RPE scale immediately after
completing the YoSFS® for documentation. Moreover,
the participants were instructed to disregard sensations
such as leg pain or shortness of breath and to focus on
the overall feeling of exertion. The RPE 6-to-20 scale
was printed and placed on the wall near the simulation
area (near point D) to guide the participants in rating
their perceived exertion based on the scale. Generally,
the fatigue state is achieved when the RPE reaches > 17
(very hard) (40).

Counter movement jump (CM))

The CM] assesses jump height. The CMJ (free arm)
height was measured with the My Jump 2 application
(version 6.0.3) (41). The participants were allowed to
swing their arms when performing the CMJ. My Jump
2 is an application that records a video using the high-
speed camera of a mobile smartphone and calculates
jump outcomes from the fly time. My jump 2 is valid
and reliable for measuring CMJ, with satisfactory relative
reliability (ICC > 0.88) and absolute reliability (CV <
10%) (41). The weight, leg length (distance from the
greater trochanter of the femur to the tip of the toe, with
the participants lying on their back while keeping a full
ankle plantar flexion), and 90 degree-height (vertical
distance from the greater trochanter of the femur to
the ground in an optimal knee-flexed position at a 90°
knee angle) of the participants were inputted into the
My Jump 2 application. After the participants completed
the simulation, they were instructed to stand upright
with their feet shoulder-width apart. Then, CM] with a
free arm was measured by instructing the participants
to perform a rapid downward movement by flexing
their knees and hips then immediately extending their
knees and hips to jump as high as possible. An iPhone
6 was used to record two CM] trials. In the My Jump 2
application, through a video, “take off” was selected in
the first frame, where no foot touches the ground, and
“landing” was selected in the first frame, where at least
one foot has contact with the ground. A second CM])
trial was conducted with the same procedure. The CM)
height was based on the best score of the two jumps and
recorded to the nearest 0.1 centimeter.

Procedures

The demographic data of the participants, including
age, height (cm), body weight (kg), and body mass
index (BMI; kg/m?), were recorded prior to the fatigue
simulation. All the participants were screened using

the PAR-Q questionnaire to detect symptoms and risk
factors of cardiovascular diseases and general health
and wellbeing. In the absence of health conditions,
the participants were scheduled for the data collection.
They were instructed to avoid strenuous exercise 48
hours prior to and eating a meal two hours before taking
the test. During the procedure, first, the participants
were engaged in a familiarization session for the YoSFS,
HR, RPE, and CM] measurement protocols. The YoSFS®
activity sequence was presented using audio-recorded
verbal cues. During the simulation, the HR, RPE, and
CMJ height of the participants were measured. If a
participant was unable to follow the audio recording,
then verbal encouragement was provided to increase
motivation.

The testing trial was conducted at least three days after
the familiarization session. Complete attire, including a
shirt, shorts, and shoes (KRONOS, series: KFW-5924,
made in the USA), were provided to the participants to
wear during the testing. The participants used the same
sports shoes to prevent any bias as a study stated that
different types of shoes resulting significant differences
in loading distribution(42). During the trial sessions, the
participants were instructed to perform dynamic warm-
up exercises using the FIFA 11+ protocol, followed by a
five-minute passive rest. Next, CMJ height was measured
before the simulation to determine the height of the ball
heading (80% of the CM)). Once the setup was ready,
the participants performed the YoSFS®. After completing
the fatigue simulation, the participants’” HR, RPE, and
CMJ were immediately recorded. This study included
test-retest reliability; therefore, the same procedure was
conducted a week later to allow for a washout period.
Meanwhile, the validity of this study was determined
based on Hulka et al. according to the test's inherent
characteristics by measuring HR and RPE (43).

Data Analysis

Data analysis was performed with Statistical Package for
Social Sciences (SPSS) (version 25; SPSS inc, Chicago,
IL), with a significance level set at p < 0.05. Descriptive
analysis was used for the demographic and baseline
(age, height, weight, BMI, HR, RPE, and CM] height)
data. The test of normality using the Shapiro-Wilk test
was nonsignificant (p > 0.05), indicating an assumption
of normality in the data distribution. An independent
t-test was used to determine the differences between
the test and retest. Meanwhile, relative reliability was
calculated using the ICC, with a 95% confidence interval
from a two-way mixed model. Absolute reliability is a
standard error of measurement (SEM) for every variable,
with the following formula: SD dif/ V2, where SD
represents standard deviation, and dif represents the
mean difference between the test and retest. CV was
calculated using the following formula: (SEM/mean of
tests) x 100 (44). The ICC was interpreted according
to the following criteria: between 0.75 and 1.00 is
excellent, between 0.41 and 0.74 is satisfactory, and
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between 0.00 and 0.40 is poor (45). The Bland-Altman
plot with a 95% limit of agreement was also determined.
The mean HR and RPE from the two trials were used for
the validity analysis.

RESULT

A total of 20 young soccer players participated in this
study (age = 15.97 years + 0.87 years, height = 166.97
+ 6.0 cm, weight = 54.60 + 8.89kg, BMI =19.52 + 2.58
kg/m?).

Reliability

The reliability of the test is presented as the mean and
SD of the test-retest, p-value, ICC, SEM, and CV in
Table II. The comparison between the test and retest
showed no significant differences in HR, RPE, and CM])
(p =0.288, p = 0.214, and p = 0.551). The ICC of the
RPE was 0.92 (95% Cl 0.79-0.97) and that of the CMJ
was 0.85 (95% CI 0.79-0.97), thereby demonstrating
excellent reliability. Meanwhile, the HR ICC of 0.72
(95% CI1 0.31-0.89) was satisfactory. Moreover, the SEM
of the HR, RPE, and CMJ exhibited high reliability (1.09,
0.99, and 2.21). The small CV of the HR, RPE, and CM)
was 0.9%, 5.5%, and 8.35%, respectively. A CV of less
than 10% is regarded as an acceptable level of reliability
(46). The Bland-Altman plot of the HR, RPE, and CM],
with a 95% limit of agreement, was close to the mean
line and ranged between the upper and lower limits
of agreement, as presented in Figure 2. All variables
indicated a high level of agreement, and differences
were similar for all ranges.

Validity

The analysis showed that the HR mean for the first and
second trials was 174.2 + 1.8 beats/min ~' (85 = 0.9%
HR max) and 173.8 +1.7 beats/min ' (84.8 = 0.8%
HR max), respectively, after the YoSFS®. During the
simulation, the RPE mean for the first and second trials
was 17.9 (SD £ 1.17) and 18.1 (SD +1.37), respectively.
The results of the RPE demonstrated that the participants
were between the hard and extremely hard stages,
thereby experiencing psychophysiological fatigue.

Fig. 2 Bland-Altman plot with 95% limits of agreement for HR, RPE
and CM)

Table 1. Mean Peak and SD of test-retest, p-value, intraclass
coefficient of correlation, standard error of measurement and
coefficient of variation

Trial 1 Trial 2
p-val- 1CC(95% SEM cv
(mean+  (meanx ue Cl) (%)
SD) SD)
Heart
1742+ 173.8 0.72(0.31-
Rate(beat/ 18 1.7 0.288 0.89) 1.09 0.89
min)
Rate of
X 179 = 18.1 0.92(0.79-
Percglved 117 4137 0.214 0.97) 0.99 5.5
Exertion
Counter
Move- 26.25 26.68 0.85(0.63-
ment +4.35 +4.31 0551 0.94) 221835
Jump (cm)

*significant at <0.05,
Cl: confidence interval, ICC: intraclass coefficient of correlation, SEM: standard error of
measurement, CV: coefficient of variation.

DISCUSSION

The objective of this study was to determine the test-
retest reliability and validity of a newly developed high-
intensity short-duration YoSFS°. This high-intensity,
short-duration YoSFS® was developed to induce fatigue
among young soccer players according to the nature
of activities of a soccer match. The reliability of a new
performance test should be determined before it is
used in practice. The study presented the following key
findings. 1) The young soccer players’ HR, RPE, and CM|
height demonstrated satisfactory to excellent reliability
(ICC > 0.70) in the test-retest. 2) The YoSFS® was a
valid tool for inducing fatigue among the young soccer
players, as changes in the HR and RPE were consistent
with those in the Y-SAFT®* and in actual matches.
Therefore, the simulation was valid and demonstrated
high reproducibility. Thus, it can be used to examine
changes in fatigue level as a predictor of risk of injury in
young soccer players.

YoSFS> Measurement Validity

This study monitored HR and RPE during the simulation
to determine and verify internal reactions with the
simulation and match reactions (15,26,43). The findings
showed that the HR grand mean was 174.0 beats/min'
(84.9% HR max) after the YoSFS5, slightly lower than
SAFT® (89+4% HR max) (15). YoSFS® HR max exhibited
a pattern similar to that of the HR max of an actual soccer
match for young professional and recreational players
(81%—-88% HR max and 82.2% HR max, respectively)
(26,47). According to Bossuyt et al., the validity of SAFT®
depended on the HR and RPE, which needed a similar
overall pattern during SAFT?® (15). As mentioned in the
method session that, YoSFS® should represent the same
overall pattern as during the Y-SAFT®. This is because
both simulation participated by the youth population.
In this study, the mean HR max of the YoSFS® was just
slightly higher than that of the Y-SAFT®. This result
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maybe because of the different backgrounds of the
participants. The Y-SAFT*® was conducted among elite—
youth players, whereas the YoSFS® was utilized for
recreational soccer players. Elite soccer players have a
high percentage of type-1 fibers (slow/fatigue-resistant
fibers) and high aerobic fitness and thus may have
increased ability to fight fatigue (48). Compared with an
actual match soccer profile, the mean HR max of the
YoSFS® was between 81%—-88%. Therefore, the YoSFS®
could acceptably replicate the internal load of an actual
match.

The RPE can represent athletes’ perception of physical
and psychological stresses. Most of the participants
rated the RPE at 18 immediately after the simulation. The
YoSFS® protocol revealed high similarity with previous
studies (15,24). Thus, the YoSFS® results indicated a
strong fatigue effect on young soccer players, which
could be attributed to similarities in the protocol and
match play situation components.

This simulation’s external load was not verified with
a match activity profile because it is a short-duration,
high-intensity activity; thus, it differs from a soccer
match, which lasts 90 minutes. Activities such as ball
passing, ball heading, ball shooting, and sprinting with a
ball were included in the YoSFS®, as they typically occur
in a soccer match. Therefore, these activities and the
load may be valid, as they were consistent with those in
the simulation model in Bossuyt et al. The YoSFS® was
verified by experts (exercise specialists and soccer sports
trainers) (15).

YoSFS> Measurement Reliability

The relative reliability of the variables ranged from
satisfactory to excellent (ICC > 0.70) for HR, RPE, and
CM]J. Thus, this simulation was reproducible, with a 95%
limit of agreement. The findings of this study suggested
that the YoSFS® was a reliable fatigue simulation tool
that was consistent with previous studies (28,35,49).
The absolute reliability of the YoSFS® was measured
using SEM and reported as CV (%). The values of the
SEM in the mean HR (1.01 beat/min), RPE (1.03), and
CM]J (1.09 cm) are indicators that clinicians can interpret
to detect measurement errors but not improvements
in players during training (43,44). The present study
found that the CV of all the variables was below 10%,
which is regarded as an acceptable level of reliability,
with HR, RPE, and CMJ as 0.9%, 5.5%, and 8.35%,
respectively. The HR in our study showed satisfactory
absolute reliability, which was consistent with previous
studies (15,35,43). Meanwhile, the RPE and CMJ also
demonstrated  significant satisfactory relative and
absolute reliability similar to previous studies (15,49).
These findings may indicate that HR, RPE, and CM])
can be used as fatigue indicators in fatigue simulations
owing to their low variability.

However, this study has several limitations that must be

acknowledged. First is, this study was conducted in the
laboratory with the normal floor surface. Itis not replicate
the normal soccer environment, which is grass or turf
surface. Second, this study did not determine and verify
the reaction of the external load with that in other studies
and soccer match plays. Another limitation is that this
study recruited only young recreational soccer players.
Thus, this study’s findings cannot be generalized to elite
young or adult soccer players. Finally, in this study, we
measured neuromuscular (CM)), psychophysiological
(RPE), and metabolic (HR) changes as indicators of
fatigue. These measures are not the gold standards in
fatigue measurement. It is good for future studies to
conduct reliability studies on this simulation on the grass
or turf surface. In addition combination of HR, RPE,
CMJ, with lactate acid can be used in future research,
as lactate acid is the gold standard for predicting fatigue.

CONCLUSION

In conclusion, the YoSFS® is a valid and reliable tool for
replicating the fatigue effect in young soccer players.
Short-duration, high-intensity ~simulation involving
certain soccer activities may differ from physiological
processes triggered during long-duration match plays.
However, the YoSFS® is a valid instrument compared
with the SAFT® and youth soccer matches. The relative
and absolute reliability analyses show that the YoSFS®
demonstrates  satisfactory-to-excellent  reliability.
Therefore, the simulation may be suitable for inducing
fatigue among young soccer players and thus can be
used as an assessment tool for evaluating the risk of
injury in screening and return to play assessment.
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