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Abstract

This study investigated seasonal changes in anthropometric characteristics, vertical and hor-
izontal jump performance, 30 m sprint performance, estimated maximal aerobic capacity,
and repeated-sprint ability in competitive youth soccer players across the preparation, mid-
season, and end-season phases. A longitudinal repeated-measures design was employed
over one competitive season. Anthropometric variables, vertical and horizontal jump
performance, 30 m sprint performance, estimated VO, max derived from the Vam-Eval field
test, and repeated-sprint sets (2 x 5 x 20 m with 15 s recovery between sprints and 1 min be-
tween sets) were assessed at three time points. Significant seasonal changes were observed
in anthropometric characteristics, with body mass and height increasing progressively
and body fat percentage decreasing throughout the competitive season (F > 12.0, p < 0.001,
np? > 0.32). Body mass increased from 64.1 & 6.7 to 66.7 + 6.8 kg, height from 1.69 =+ 0.07
to 1.72 £ 0.07 m, and body fat percentage decreased from 11.3 £ 2.0% to 9.4 £ 1.8%. Peak
height velocity (PHV) significantly influenced changes in body mass and height but not
body fat percentage. Seasonal improvements were observed in several physical perfor-
mance measures. Squat jump, standing long jump, 15 s repeated jump performance, 10-
and 30 m sprint performance, estimated maximal aerobic speed, estimated VO,max, and
repeated-sprint performance changed significantly across the season (F > 3.28, p < 0.046,
np? > 0.11), whereas countermovement jump, five-jump test, and flying 20 m sprint perfor-
mance remained unchanged. Estimated VO,max and maximal aerobic speed improved
from preparation to mid-season and were subsequently maintained. Repeated-sprint
performance exhibited set-dependent seasonal adaptations, with significant Time x Set
interactions indicating progressive improvements during the second repeated-sprint set,
whereas the first set showed only transient improvements at mid-season. Significant PHV
and Time x PHV effects were also observed for aerobic capacity and repeated-sprint per-
formance. In conclusion, these seasonal variations likely reflect the combined influence of
biological maturation, training exposure, and competitive demands rather than training
effects alone.

Keywords: football; seasonal variation; maximal aerobic speed; jump performance; maxi-
mal sprinting speed; repeated-sprint sets ability; anthropometrics
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1. Introduction

Soccer is a high-intensity intermittent sport that requires players to repeatedly per-
form explosive actions such as sprinting, jumping, accelerating, decelerating, and changing
direction while simultaneously maintaining a high level of aerobic fitness throughout a
match [1,2]. The ability to sustain these physical demands is determined by a combina-
tion of anthropometric characteristics, neuromuscular power, speed, aerobic fitness, and
repeated-sprint [3,4]. Consequently, monitoring the development of these performance-
related variables throughout a competitive season is essential for understanding training
adaptations and optimizing long-term athlete development [5].

The competitive season is characterized by fluctuations in training loads, match ex-
posure, recovery opportunities, and physiological stress, which may influence physical
performance [6]. Previous studies have shown that structured pre-season training can
improve aerobic capacity, sprint performance, and muscular power [7,8]. However, the
extent to which these adaptations are maintained throughout the competitive season re-
mains unclear, with some studies reporting stable performance levels [9], whereas others
have observed declines in sprint ability, jump performance, and fatigue resistance during
later phases of competition [10,11]. These discrepancies highlight the need for longitudi-
nal investigations examining multiple physical fithess components across different stages
of the season. In youth soccer players, this interpretation is further complicated by on-
going growth and maturation, as increases in body mass, stature, and changes in body
composition may occur simultaneously with training-related adaptations and indepen-
dently influence physical performance outcomes [12,13]. Although previous research has
examined seasonal changes in individual fitness components or anthropometric charac-
teristics [14,15], fewer studies have simultaneously investigated growth-related changes,
explosive power, sprint performance, aerobic fitness, and repeated-sprint ability within
the same cohort, limiting our understanding of how maturation and competitive exposure
interact over a full season.

Repeated-sprint ability is particularly important in soccer because many decisive
match actions occur during repeated high-intensity efforts separated by short recovery
periods [16-18]. Although widely investigated, most studies have assessed repeated-sprint
performance using a single protocol, which may not fully replicate the demands of competi-
tive match play [3]. Recent evidence suggests that evaluating performance across successive
repeated-sprint sets may provide additional insight into fatigue resistance and recovery
capacity under conditions that better reflect the intermittent nature of soccer [19,20]. Nev-
ertheless, longitudinal studies examining seasonal changes in repeated-sprint performance
across multiple sets remain limited.

Therefore, comprehensive longitudinal studies incorporating multiple testing points
and a broad range of performance indicators are needed to better characterize seasonal
changes in youth soccer players. The present study aimed to examine seasonal variations in
anthropometric characteristics, jump performance, sprint performance, estimated maximal
aerobic capacity, and repeated-sprint ability across the preparation, mid-season, and end-
season phases of a competitive season. Additionally, repeated-sprint performance was
evaluated across two consecutive sets to provide a more detailed assessment of fatigue
resistance and set-dependent responses [21]. The novelty of this study lies in the integrated
assessment of maturation-related anthropometric development and multiple physical
performance determinants, including set-specific repeated-sprint responses, throughout an
entire competitive season.

Therefore, the objective of this study was to examine seasonal changes in anthro-
pometric characteristics, vertical and horizontal jump performance, sprint performance,
estimated maximal aerobic capacity derived from the Vam-Eval field test, and repeated-
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sprint ability across the preparation, mid-season, and end-season phases in youth soccer
players. Based on previous longitudinal studies [7,14,15], it was hypothesized that body
mass and height would increase, whereas body fat percentage would decrease throughout
the season. Furthermore, jump and sprint and maximal aerobic capacity performances were
expected to improve from preparation to mid-season following training adaptations [22].
Consistent with evidence of accumulated fatigue during the competitive season [23], these
performance gains were expected to partially decline toward the end of the season while
remaining above baseline levels [7,14,15]. Finally, repeated-sprint performance was hy-
pothesized to improve during the season, with lower performance observed in the second
sprint sets due to fatigue accumulation [10,24].

2. Materials and Methods
2.1. Study Design

A longitudinal repeated-measures design was employed to investigate seasonal
changes in anthropometric characteristics, jump performance, sprint performance, es-
timated maximal aerobic capacity, and repeated-sprint ability in competitive youth soccer
players. Assessments were conducted at three time points during the competitive season:
at the end of the preparation period, mid-season, and end-season. This longitudinal ap-
proach is commonly used to examine temporal variations in physical performance and
the combined effects of training exposure, maturation, and competitive demands in youth
soccer players [25].

2.2. Participants

A total of 27 competitive youth soccer players voluntarily participated in this study
and completed all testing sessions throughout the competitive season. At baseline
(preparation phase), players presented the following anthropometric characteristics: age,
14.6 £ 0.2 years; body mass, 64.1 & 6.7 kg; height, 1.69 £ 0.07 m; and body fat percentage,
11.3 & 2.0%. The predicted years from peak height velocity (PHV) were —0.43 £ 0.24 years,
indicating that participants were, on average, close to their estimated PHV. The participants
had accumulated an average of 4.3 & 0.6 years of soccer training experience. According to
the training and performance caliber framework proposed by McKay et al. [26], the study
population was categorized as Tier 1 (national-level, trained /developmental) athletes. Dur-
ing the 1-2 years preceding the study, the players regularly participated in soccer-specific
training sessions 4-5 times per week. Participants continued to engage in team training
sessions and official matches throughout the study period. Inclusion criteria required
players to be free from injury and to participate consistently in both training and com-
petitive activities. Before participation, players and their parents or legal representatives
received written information regarding the potential benefits and risks of the study. Written
informed consent was obtained from both parents/legal representatives and athletes after
a detailed explanation of the study objectives, procedures, potential risks, and benefits.
This study was conducted in accordance with the principles of the latest version of the
Declaration of Helsinki. The study protocol was approved by the Local Ethics Committee
of the National Centre of Medicine and Science of Sports, Tunis (approval number: CNMSS-
LRO9SEP01) on 15 September 2023, prior to the commencement of the study. None of the
participating athletes had a history of psychological and/or musculoskeletal, neurological,
or orthopedic disorders six months prior to the start of the study.

2.3. Testing Procedures

All assessments were conducted under similar environmental conditions and at the
same time of day to minimize circadian influences on performance. Participants were
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instructed to avoid strenuous exercise during the 24 h preceding testing and to maintain
their normal dietary and hydration habits. Before testing, players completed a standardized
warm-up consisting of light running, dynamic stretching, mobility exercises, and progres-
sive sprint drills [19]. The testing sequence was standardized as follows: anthropometric
assessment, jump testing, sprint testing, maximal aerobic speed assessment, and repeated-
sprint sets testing. Adequate recovery periods were provided between tests to minimize
fatigue effects [19].

2.3.1. Anthropometric Assessment

Body height and body mass were measured using a wall-mounted stadiometer (Seca,
Hamburg, Germany) and a calibrated electronic scale (Baty International, Burgess Hill,
UK)), respectively. Body composition was assessed through the measurement of skinfold
thickness using Harpenden calipers, and the sum of skinfolds was used for subsequent
analyses. Anthropometric assessments were performed following the procedures described
by Deurenberg et al. [20], who demonstrated comparable prediction accuracy of body
composition estimates in adolescent and adult populations. Biological maturation sta-
tus was subsequently estimated using the maturity offset method proposed by Mirwald
et al. [27]. This approach provides an estimation of the individual’s timing relative to peak
height velocity (PHV), which represents the period of maximal growth in stature during
adolescence and is considered an indicator of somatic maturation. The maturity offset was
calculated by estimating the number of years before or after PHV based on anthropometric
characteristics and chronological age. The Mirwald equation has previously demonstrated
acceptable validity, with standard errors of estimate of 0.57 and 0.59 years, respectively [27].

2.3.2. Jump Performance Assessment

Lower-body explosive power was assessed through a battery of vertical and horizontal
jump tests, administered using a standardized protocol.

Vertical Jump Tests

Vertical jump performance was evaluated using three tests: the squat jump (S]), the
countermovement jump, and a 15 s repeated-jump test. Jump height was estimated to
the nearest 0.1 cm from flight time, recorded via an infrared timing system (Optojump;
Microgate, Bolzano, Italy), which has demonstrated excellent concurrent validity with
force platforms (Intraclass correlation coefficient (ICC) = 0.99, 95% confidence interval [CI]:
0.97-0.99) [28].

Countermovement Jump

Participants began in an upright standing position with hands fixed on the hips to
eliminate any arm-swing contribution. From a fully extended position, they performed a
rapid downward movement until reaching approximately 90° knee flexion, immediately
followed by a maximal vertical jump. The ICC for the countermovement jump was 0.97
(95% CI: 0.93-0.99) [29].

Squat Jump

Participants began in an upright position with knees and hips fully extended and
hands placed on the hips throughout the movement. They then performed a controlled
downward eccentric action to approximately 90° knee flexion and held this position for
~2 s before executing a maximal concentric vertical jump, without any preparatory counter-
movement. The ICC for the squat jump was 0.95 (95% CI: 0.89-0.98) [29]. For both tests, the
better performance across two trials was retained for statistical analysis.
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15 s Repeated Jump Test

Participants performed consecutive maximal vertical jumps during a 15 s period, with
hands on hips and knees fully extended between contacts. Total jump height and mean
jump power were recorded. The reliability of this test has been previously established in
elite youth soccer players (ICC = 0.91, SEM = 0.30) [30], with jump height estimated from
flight time via an infrared timing system.

2.3.3. Horizontal Jump Tests

Horizontal explosive power was assessed using the five-jump test and the standing
long jump. Both tests have demonstrated good validity and reliability for assessing lower-
limb explosive power in soccer players [31].

Five-Jump Test

Participants performed five consecutive maximal forward bounds from a stationary
standing start, alternating left and right foot contacts, with feet together at takeoff and
landing. Arm swing was permitted to facilitate power generation. Trials were repeated if
the participant fell backward or landed on a single foot on the final stride. Total distance
was measured to the nearest centimeter using a tape measure. The five-jump test has
demonstrated good test—retest reliability in elite soccer players (ICC = 0.91; CV = 2.2%) [32].

Standing Long Jump

Participants stood behind a marked take-off line with their feet approximately
shoulder-width apart. From a stationary position, they performed a rapid countermove-
ment of the lower limbs accompanied by an arm swing and jumped forward as far as
possible. The distance from the take-off line to the nearest heel contact upon landing was
measured to the nearest centimeter. Participants completed three trials, with the best per-
formance retained for analysis. The standing long jump demonstrated excellent test—retest
reliability (ICC = 0.97, 95% CI: 0.93-0.99) [28,33].

2.3.4. Sprint Performance

Sprint performance was assessed via a 30 m sprint with split times at 10 m and
30 m recorded using infrared timing gates (Brower Timing System, Salt Lake City, UT,
USA; accuracy: 0.01 s) placed approximately 0.75 m above the surface. Relative reliability
of split-time sprint assessment using timing gates in academy male adolescent soccer
players ranged from moderate to excellent (ICC = 0.53-0.93), improving with increased
sprint distance [34]. Maximal sprint performance was derived from the flying 20 m phase
(10-30 m), with an ICC of 0.90 previously reported for this measure [34]. Two maximal
trials were performed from a standing start with >3 min passive recovery; the best trial
was retained for analysis.

2.3.5. Maximal Aerobic Capacity

Maximal aerobic capacity was assessed using the Vam-Eval test, a modified version of
the Université de Montréal Track Test [35]. This field-based incremental running test has
been validated as a reliable method for estimating maximal aerobic speed and predicting
oxygen uptake (estimated VO,max) in soccer players. The protocol commenced at an initial
running speed of 8.5 km-h~!, with increments of 0.5 km-h~! per minute until volitional
exhaustion. Running pace was regulated by auditory signals corresponding to 20 m
intervals delineated by marker cones around a 200 m indoor athletics track. The test was
terminated when a player failed to reach the next cone marker at the required time on two
consecutive occasions. Maximal aerobic speed was defined as the running velocity of the
last fully completed stage and recorded in km-h~!. Estimated VO,max was subsequently
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calculated from the maximal aerobic speed obtained during the Vam-Eval test using the
established prediction equation. The typical error of measurement for the Vam-Eval test,
expressed as a coefficient of variation (CV), was 3.5% (90% CI: 3.04.1%) [36]. Heart rate
was monitored continuously throughout the test using a telemetric heart rate monitoring
system (Polar Electro Oy, Kempele, Finland), and peak heart rate was recorded as the
highest value attained. Rating of perceived exertion (RPE) was assessed immediately at
test termination using the Borg CR-10 scale [37].

2.3.6. Repeated-Sprint Sets Test

The repeated-sprint sets protocol comprised two sets of 5 x 20 m sprints, with 15 s
of passive recovery between sprints and 1 min between sets [30]. Following each sprint,
participants performed a 10 m deceleration phase and a 10 m active jog recovery prior to
the next effort. Sprint times were recorded using a photocell timing system (Brower Timing
System, Salt Lake City, UT, USA; accuracy: 0.01 s) mounted at a height of approximately
0.75 m above the surface. All participants adopted a standing start with the front foot
positioned 0.5 m behind the first timing gate and were instructed to sprint maximally over
the full 20 m distance.

Three performance indices were derived for each individual set (5 sprints) as well as
across both sets combined. For each set, the following variables were computed: the best
sprint time, the total sprint time, defined as the sum of the five sprint times within the set,
and the fatigue index, calculated according to the equation proposed by Fitzsimons [38].
The fatigue index represents the percentage decline in sprint performance across repeated
efforts and was calculated as [(total sprint time = ideal sprint time) x 100] — 100, where
ideal sprint time corresponds to the fastest sprint time multiplied by the number of sprints
performed. Across the two sets combined, the sum of all sprint times was additionally
recorded as a global performance index. The ICC (95% CI) and CV for sum of sprint times
were 0.93 (0.85-0.97) and 0.37%, respectively, while those for best sprint times were 0.81
(0.57-0.92) and 1.45% [30]. Finger-tip capillary lactate concentrations were measured before
and three minutes after repeated sprint sets test using a hand-held Lactate Pro device
(Arkray, Kyoto, Japan).

2.4. Statistical Analysis

The normality of data distribution was verified using the Shapiro-Wilk test. A one
way repeated-measures analysis of variance (ANCOVA) was performed to examine the
changes over time for each variable with individual’s timing relative to peak height velocity
as covariate. To compare the changes over time over the first and second set of the repeated
sprint test, a two-way repeated-measures ANOVA was performed. When significant
interactions or main effects were detected, Holm-Bonferroni post hoc tests were applied
to identify pairwise differences. Effect size was evaluated with partial eta squared (n?)
where 0.01 < npz < 0.06 constituted a small effect, 0.06 < np2 < 0.14 a medium effect, and
np? > 0.14 a large effect [39]. The level of significance was set at p < 0.05, and all data are
expressed as mean =+ standard deviation (SD). Statistical analysis was performed in JASP
0.97.1 (University of Amsterdam, Amsterdam, The Netherlands).

3. Results

Anthropometrics changed significantly each time it was tested for all three parameters
(F >12.0,p <0.001, npz > 0.32), with no significant Time*PHYV effect (F < 0.21, p > 0.806,
np2 < 0.01). However, a significant effect of the covariate PHV was found for height
(F=127.5,p <0.001) and body mass (F = 15.15, p < 0.001). Post hoc comparison revealed

https://doi.org/10.3390/sports14070308


https://doi.org/10.3390/sports14070308

Sports 2026, 14, 308

7 of 15

that height and body mass significantly increased each time, while body fat decreased
(Table 1, Supplementary Materials).

Table 1. Anthropometric characteristics at different phases of the competitive season.

Variable Preparation Mid-Season End-Season
Body mass (kg) 64.1+6.7 65.6 + 6.8 66.7 + 6.8

Height (m) 1.69 £ 0.07 1.71 £ 0.07 1.72 £ 0.07
Body fat (%) 11.3 £ 2.0 102 + 1.8 94+ 18

The parameters changed each test time significantly from the others on a p < 0.05 level.

Squat jump, 15 s jump test, and standing long jump were significantly affected by
test occasion (F > 4.23, < 0.020, np2 > 0.14), while CM]J (p = 0.075) and five-jump tests
(p = 0.052) did not reach significance. No significant Time*PHV interaction effect was
found (F < 1.34, p > 0.272, np2 < 0.05), but a significant PHV effect was found (F =7.97,
p = 0.009). Post hoc comparison revealed that all in all jump tests performance significantly
increased from preparation to mid-season and decreased again from mid-season to end
season. The performance of 15 s repeated jump test and five-jumps test decreased from
mid- to end season back to the same level as preparation, while the other test decreased
over the same period but jump performance was still better than at preparation (Figure 1,
Table S2, Supplementary Materials).
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Figure 1. Individual values (left panels; green = preparation, orange = mid-season, purple = end
season) and box-and-whisker plots (right panels) showing horizontal and vertical jump performance
across the three testing occasions during the season. Box plots represent the median, interquartile
range, and minimum-maximum values. * indicates a significant difference compared with all other
testing occasions for the respective parameter. 10 and 30 m sprint performances were significantly
affected by test occasion (F > 4.12, p < 0.022, np2 > 0.14), while 20 m flying did not (F = 1.03, p = 0.363,
np? = 0.04). No significant time*PHV (F < 2.69, p > 0.077, np? < 0.10) nor PHYV effects (p > 0.608)
were found for these variables. Post hoc comparison showed that from preparation to mid-season
10 and 30 m sprint performances increased significantly. From mid-season to end season sprint
performance at 10 and 30 m decreased again significantly but were still better than at preparation,
while flying 20 m did not change significantly (Figure 2, Table S2, Supplementary Materials).
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Figure 2. Individual and mean + 95% CI of sprint times at 10, 20, and 30 m at different time points
during the season. Green, orange, and purple colors represent the preparation, mid-season, and
end-season testing occasions, respectively. The grey lines indicate individual changes across the
three time points. * indicates a significant difference compared with all other time occasions for
the corresponding sprint parameter. Estimated maximal aerobic capacity parameters also changed
significantly during season (F > 9.00, p < 0.002, npz > 0.27). Moreover, a significant time*PHV
(F>4.48,p <0.016, npz > 0.15) and PHYV effect (F > 4.32, p < 0.048) was found for these variables.
RPE (8.7-9.2) during the tests did not significantly change over season (F = 0.75, p = 0.479, npz =0.03)
together with maximal heart rate (F = 2.66, p = 0.080, np2 = 0.10) and no significant interaction
(F<0.27,p > 0.76, np2 < 0.01) nor PHYV effects (p > 0.05). Post hoc comparison revealed that VO,
max and maximal aerobic speed significantly increased from preparation to mid-season, after which
it was kept constant (Figure 3, Table S2, Supplementary Materials).
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Figure 3. Individual values (left panels) and mean £ 95% confidence intervals (right panels) of
maximal aerobic speed (MAS), VO,max, and peak heart rate (HRpeak) measured during the tests at
the preparation, mid-season, and end-season assessments. Green symbols and boxplots represent
the preparation assessment, orange symbols and boxplots represent the mid-season assessment,
and purple symbols and boxplots represent the end-season assessment. * indicates a significant
difference compared with all other assessment occasions for the corresponding parameter. Regarding
the repeated-sprint sets test, a significant effect on total time, best time and fatigue index was found
over the season (F > 3.28, p < 0.046, np2 > 0.11), while lactate produced during tests did not reach
significance level (F = 3.00, p = 0.059, np2 =0.11). However, significant Time*PHYV effects were also
found for total and best times (F > 3.50, p < 0.038, np2 > 0.12, while a significant PHV effect was
found for lactate concentration (F = 5.55, p = 0.027). Post hoc comparison showed that total sum of
sprint times was significantly lower at the mid-season test, while lactate was significantly higher at
the end of season test (Figure 4, Table S2, Supplementary Materials).

When evaluating the repeated-sprint sets performance over the two sets a significant
effect of testing time (F > 8.26, p < 0.001, np2 > 0.25), sets (F > 10.74, p < 0.003, p? > 0.30)
and time*sets interaction effect (F > 3.52, p < 0.0037, np2 > 0.12) were found for total time
and fastest sprint, while no significant effect was found for fatigue index (F < 0.84, p > 0.36,
np2 < 0.03). Furthermore, a significant Time*PHV effect was found for total and best time
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Total time (s)

Lactate (mmol/l)

(F>3.20,p <0.048, np2 > 0.12). No other significant PHV interaction effects were observed
(F <227,p > 0.145, np2 < 0.08) for these variables. Post hoc comparisons showed that in
set two all the time parameters decreased significantly each testing time during season,
while for set one only the total sprint time was significantly lower at the mid-season test
compared with the other two tests, causing the interaction effect. Furthermore, were all
time parameters in the first set were always faster than they were in the second repeated
sprint set (Figure 5, Table S2, Supplementary Materials).
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Figure 4. Individual and mean £ 95% CI of repeated-sprint sets test parameters at different times
during season (preparation, teal; mid-season, orange; end season, purple). * indicates a significant
difference with all other time occasions for this parameter.
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Figure 5. Individual and mean & 95% CI of repeated-sprint sets test parameters per set at different
times during season (teal = preparation; orange = mid-season; purple = end-season). * indicates
a significant difference with all other time occasions for this parameter. t indicates a significant
difference in time between the first and second set for this parameter at each test occasion.

4. Discussion

The present study investigated seasonal changes in anthropometric characteristics, neu-
romuscular performance, sprint ability, estimated maximal aerobic capacity, and repeated-
sprint performance in competitive youth soccer players across the preparation, mid-season,
and end-season phases. The main findings revealed progressive increases in body mass and
height accompanied by a continuous reduction in body fat percentage, a non-linear pattern
of neuromuscular performance characterized by improvements at mid-season followed
by partial declines toward the end of the season, significant improvements in estimated
aerobic capacity that were maintained after mid-season, and set-dependent adaptations in
repeated-sprint performance. Furthermore, biological maturation, assessed through peak
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height velocity (PHV), significantly influenced several anthropometric and performance
variables, highlighting the importance of considering maturational status when interpreting
seasonal changes in adolescent athletes.

The progressive increases in body mass and height together with the reduction in
body fat percentage reflect the combined influence of biological maturation and regular
soccer training. Similar longitudinal changes have been reported in adolescent soccer
players, in whom normal somatic growth occurs simultaneously with favorable training-
induced adaptations in body composition [14,15]. In the present study, PHV significantly
influenced body mass and height but not body fat percentage, confirming that normal
growth contributed substantially to changes in body dimensions, whereas the reduction in
adiposity was more likely associated with the high energy expenditure of regular training
and match participation [12,40]. Because adolescence is characterized by rapid morphologi-
cal changes that may temporarily influence movement coordination and neuromuscular
function [12,13], seasonal changes in physical performance should be interpreted as the
combined consequence of maturation and training rather than training adaptations alone.

Jump performance followed a non-linear seasonal pattern, with significant improve-
ments in squat jump, standing long jump, and the 15 s repeated jump test from preparation
to mid-season, followed by partial declines toward the end of the season. Neverthe-
less, squat jump and standing long jump performances remained above baseline values,
whereas repeated-jump performance returned to preparation levels. In contrast, coun-
termovement jump and five-jump test performance did not change significantly across
the season. These findings agree with previous longitudinal studies reporting that neu-
romuscular performance typically peaks during the early competitive season following
preseason conditioning before partially declining later in the season as training priorities
change [41,42]. The mid-season improvements likely reflect enhanced neuromuscular
function and movement efficiency resulting from regular training exposure. Conversely,
the subsequent decline may be related to accumulated competitive demands, modifications
in training content, or maturation-related changes. However, because internal and external
training loads were not monitored, the relative contribution of these factors cannot be
determined [43]. Importantly, the significant effect of PHV on jump performance further
suggests that biological maturation contributed to the observed inter-individual differences
in neuromuscular development throughout the season.

Sprint performance demonstrated a similar seasonal pattern. Performance over 10 m
and 30 m improved significantly from preparation to mid-season before declining slightly
toward the end of the season, although remaining superior to baseline values. In contrast,
flying 20 m sprint performance did not change significantly across the competitive season.
These findings suggest that acceleration capacity is more responsive to seasonal training
adaptations than maximal sprint velocity. Similar observations have been reported in
youth soccer players, where improvements in acceleration are commonly achieved during
the early competitive season and subsequently maintained despite increasing competitive
demands [44,45]. Interestingly, no significant PHV effect was observed for sprint perfor-
mance, indicating that seasonal variations in sprint ability were relatively independent of
maturational status within the present sample.

Estimated maximal aerobic capacity, reflected by maximal aerobic speed and esti-
mated VO,max, improved significantly from preparation to mid-season and remained
stable thereafter. This pattern is consistent with the expected adaptations following struc-
tured preseason and early-season conditioning, during which aerobic fitness is commonly
emphasized [46]. The subsequent maintenance of aerobic performance likely reflects suffi-
cient training stimulus to preserve previously acquired adaptations while accommodating
the increasing demands of competition [14]. Notably, both maximal aerobic speed and
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estimated VO,max demonstrated significant Time x PHYV interaction effects as well as
significant PHV effects, indicating that maturation influenced the magnitude of aerobic
development across the season. In contrast, maximal heart rate and rating of perceived
exertion remained unchanged throughout the season, suggesting that improvements in
aerobic performance occurred without detectable alterations in maximal cardiovascular
responses or perceived exercise intensity during testing.

Repeated-sprint performance exhibited a more complex pattern of seasonal adaptation.
Total sprint time and best sprint time improved significantly at mid-season, whereas blood
lactate concentration reached its highest values at the end of the season. Analysis of
repeated-sprint performance by set further revealed significant Time x Set interaction
effects. Specifically, performance during the first set showed only transient improvements
at mid-season, whereas the second set demonstrated progressive improvements across
the competitive season. These findings suggest that seasonal adaptations became more
evident under conditions of greater physiological stress, when recovery capacity between
repeated high-intensity efforts plays a larger role in performance [22]. The significant
Time x PHYV interactions observed for total and best sprint times further indicate that
biological maturation influenced the development of repeated-sprint ability during the
season. Moreover, the significant PHV effect on blood lactate concentration suggests
that maturation may contribute to inter-individual differences in metabolic responses
during repeated high-intensity exercise. Nevertheless, because objective measures of
training load, recovery status, and physiological stress were not collected, the mechanisms
underlying these adaptations remain speculative. Importantly, fatigue index did not change
significantly across the season, indicating that despite improvements in sprint performance,
players maintained a relatively stable resistance to fatigue.

The present study has several limitations that should be acknowledged. First, although
the longitudinal design with three assessment points provides valuable insight into seasonal
changes, the absence of a non-training control group limits the ability to distinguish training-
induced adaptations from normal growth and maturation. Second, biological maturation
was estimated using the maturity offset equation proposed by Mirwald et al. [35], which
provides an indirect estimate of years from peak height velocity rather than a direct
assessment of biological age. Although PHV was included as a covariate in the statistical
analyses, more precise methods such as skeletal age assessment would further strengthen
future investigations. Third, external and internal training-load variables, including GPS-
derived match demands, session-RPE during training, training volume, and recovery
status, were not monitored, limiting the ability to explain the physiological mechanisms
underlying the observed seasonal changes. Finally, participants were recruited from a
single competitive team, which may limit the generalizability of the findings to other
competitive levels and developmental contexts.

Future studies should include larger multi-team cohorts, non-training control groups,
and more frequent longitudinal assessments while integrating objective measures of inter-
nal and external training load. In addition, incorporating maturation as a time-varying fac-
tor within longitudinal statistical models and combining physical performance assessments
with match-performance indicators would provide a more comprehensive understanding
of the interactions among biological maturation, training exposure, competitive demands,
and athletic development throughout adolescence.

5. Conclusions

The present study demonstrated that youth soccer players exhibit significant seasonal
variations in anthropometric characteristics and physical performance across a competitive
season. Body mass and height increased progressively, while body fat percentage decreased,
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reflecting the combined influence of growth, maturation, and training exposure. Physical
performance followed a non-linear pattern, with improvements in jump, sprint, and aerobic
performance from preparation to mid-season, followed by partial declines toward the end
of the season. Repeated-sprint performance showed phase-dependent variations, with
differences between repeated sets highlighting the complexity of maintaining high-intensity
performance throughout a competitive calendar.

From a practical perspective, these findings emphasize the importance of continuous
performance monitoring rather than relying solely on pre- and post-season assessments.
The mid-season period appeared to represent a phase of enhanced neuromuscular and
sprint performance, suggesting a potential window of optimal physical readiness. The
subsequent decline observed toward the end of the season may be associated with several
interacting factors, including accumulated fatigue, variations in training volume, changes
in periodization, and maturation-related processes; however, these mechanisms remain hy-
pothetical because training and match loads were not objectively monitored in the present
study. Therefore, future investigations incorporating detailed internal and external load
monitoring are needed to better determine the factors contributing to seasonal performance
fluctuations. Practically, coaches and practitioners should consider individualized moni-
toring and adaptive periodized strategies to optimize recovery, maintain neuromuscular
qualities, and support performance throughout the competitive season.
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sprint test.

Author Contributions: Conceptualization, M.A.S. and R.H.; methodology, M.A.S. and R.H.S; soft-
ware, R.v.d.T,; validation, R H., R.H.S. and R.v.d.T.; formal analysis, R.H.; investigation, M.A.S.; re-
sources, R.v.d.T.; data curation, M.A.S.; writing—original draft preparation, M.A.S.; writing—review
and editing, R.H.; visualization, R.v.d.T.; supervision, R.H.S.; project administration, R.H.; funding
acquisition, R.v.d.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol was approved by the Local Ethics
Committee of the National Centre of Medicine and Science of Sports, Tunis (approval number:
CNMSS-LR0O9SEP01) on 15 September 2023 before the commencement of the study. None of the par-
ticipating athletes had a history of psychological and/or musculoskeletal, neurological, or orthopedic
disorders six months prior to the start of the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
For participants under the age of 18 years, written informed consent was obtained from their parents
or legal guardians prior to participation.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors upon reasonable request, subject to institutional ethics approval and partici-
pant confidentiality requirements, which restrict public sharing of the dataset.

Acknowledgments: The authors would like to thank all participants for their valuable time and
commitment to this study. The authors also acknowledge the administrative and technical support
provided during the data collection and study procedures.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as potential conflicts of interest.

https://doi.org/10.3390/sports14070308


https://www.mdpi.com/article/10.3390/sports14070308/s1
https://www.mdpi.com/article/10.3390/sports14070308/s1
https://doi.org/10.3390/sports14070308

Sports 2026, 14, 308 14 of 15

References

1. Mohr, M.; Castagna, C.; Nybo, L.; Chmura, P.; Krustrup, P. Periodization: Planning Fitness Training in Football. In Strength and
Conditioning for Football; Routledge: Abingdon, UK, 2025; pp. 74-88.

2. Nobari, H,; Ceylan, H.I; Khani, S.; Ozturk, M.E.; Mainer Pardos, E. Relationship Between Variations Accumulated Workload and
Sprint Performance in Elite Adolescent Soccer Players. . Men’s Health 2022, 18, 157. [CrossRef]

3.  Asimakidis, N.D.; Bishop, C.; Beato, M.; Turner, A.N. Assessment of Aerobic Fitness and Repeated Sprint Ability in Elite Male
Soccer: A Systematic Review of Test Protocols Used in Practice and Research: ND Asimakidis et al. Sports Med. 2025, 55,
1233-1264. [CrossRef] [PubMed]

4. Rossi, A.; Bongiovanni, T.; Martera, G.; Cavaggioni, L.; Iaia, EM.; Trecroci, A. Influence of upper and lower body anthropometric
measures on an aggregate physical performance score in young elite male soccer players: A case study. J. Men’s Health 2022, 18,
148. [CrossRef]

5. Loturco, I.; Requena, B.; Tavares, L.D.; Mercer, V.P.; Moura, T.B.; Alexandre, M.G; Oliveira, L.P.; Nakamura, FY.; Pereira, L.A.
Comparison of Speed-Related and Power-Related Variables Between First-Division and Second-Division Professional Soccer
Players. J. Strength Cond. Res. 2026. [CrossRef] [PubMed]

6. Abaidia, A.; Dupont, G. Recovery strategies for football players. Swiss Sport Exerc. Med. 2018, 66, 28-36. [CrossRef]

7. Vanttinen, T.; Blomqvist, M.; Nyman, K.; Hakkinen, K. Changes in body composition, hormonal status, and physical fitness in 11-,
13-, and 15-year-old Finnish regional youth soccer players during a two-year follow-up. . Strength Cond. Res. 2011, 25, 3342-3351.
[CrossRef] [PubMed]

8. Yu, L.; Altieri, C.; Bird, S.P,; Corcoran, G.; Jiuxiang, G. The importance of in-season strength and power training in football
athletes: A brief review and recommendations. Int. J. Strength Cond. 2021, 1, 1-8. [CrossRef]

9.  Hostrup, M.; Bangsbo, ]. Performance adaptations to intensified training in top-level football. Sports Med. 2022, 53, 577. [CrossRef]
[PubMed]

10. Girard, O.; Mendez-Villanueva, A.; Bishop, D. Repeated-sprint ability—Part I: Factors contributing to fatigue. Sports Med. 2011,
41, 673-694. [CrossRef] [PubMed]

11.  Branquinho, L.; Ferraz, R.; Mendes, P.D.; Petricia, J.; Serrano, J.; Marques, M.C. The effect of an in-season 8-week plyometric
training programme followed by a detraining period on explosive skills in competitive junior soccer players. Mont. J. Sports Sci.
Med. 2020, 9, 33-40. [CrossRef]

12. Lloyd, R.S.; Radnor, ].M.; Croix, M.B.D.S.; Cronin, ].B.; Oliver, J.L. Changes in sprint and jump performances after traditional,
plyometric, and combined resistance training in male youth pre-and post-peak height velocity. J. Strength Cond. Res. 2016, 30,
1239-1247. [CrossRef] [PubMed]

13. Philippaerts, RM.; Vaeyens, R.; Janssens, M.; Van Renterghem, B.; Matthys, D.; Craen, R.; Bourgois, ].; Vrijens, J.; Beunen, G.;
Malina, R.M. The relationship between peak height velocity and physical performance in youth soccer players. J. Sports Sci. 2006,
24,221-230. [CrossRef] [PubMed]

14. Lesinski, M.; Prieske, O.; Helm, N.; Granacher, U. Effects of soccer training on anthropometry, body composition, and physical
fitness during a soccer season in female elite young athletes: A prospective cohort study. Front. Physiol. 2017, 8, 1093. [CrossRef]
[PubMed]

15. Lesinski, M.; Prieske, O.; Chaabene, H.; Granacher, U. Seasonal effects of strength endurance vs. power training in young female
soccer athletes. J. Strength Cond. Res. 2021, 35, S90-596. [CrossRef] [PubMed]

16. Bishop, D.; Girard, O.; Mendez-Villanueva, A. Repeated-sprint ability—Part II: Recommendations for training. Sports Med. 2011,
41, 741-756. [CrossRef] [PubMed]

17. Carling, C; Le Gall, F; Dupont, G. Analysis of repeated high-intensity running performance in professional soccer. J. Sports Sci.
2012, 30, 325-336. [CrossRef] [PubMed]

18. Rodriguez-Fernandez, A.; Sanchez-Sanchez, ].; Ramirez-Campillo, R.; Nakamura, FY.; Rodriguez-Marroyo, ].A.; Villa-Vicente, ].G.
Relationship between repeated sprint ability, aerobic capacity, intermittent endurance, and heart rate recovery in youth soccer
players. J. Strength Cond. Res. 2019, 33, 3406-3413. [CrossRef] [PubMed]

19. Brahim, M.B,; Sal-de-Rellan, A.; Garcia-Valverde, A.; Yasin, H.; Raya-Gonzalez, J. The effect of three different pre-match warm-up
structures on male professional soccer players’ physical fitness. Peer] 2023, 11, e15803. [CrossRef] [PubMed]

20. Deurenberg, P; Pieters, ].J.; Hautvast, ].G. The assessment of the body fat percentage by skinfold thickness measurements in
childhood and young adolescence. Brit. ]. Nutr. 1990, 63, 293-303. [CrossRef] [PubMed]

21.  Selmi, M.; Sassi, R.H.; Yahmed, M.H.; Moalla, W.; Elloumi, M. Effect of between-set recovery durations on repeated sprint ability
in young soccer players. Biol. Sport 2016, 33, 165-172. [CrossRef] [PubMed]

22. Silva, ]. The soccer season: Performance variations and evolutionary trends. Peer] 2022, 10, e14082. [CrossRef] [PubMed]

23. Soler-Lépez, A.; Moreno-Villanueva, A.; Gémez-Carmona, C.D.; Pino-Ortega, J. The role of biomarkers in monitoring chronic

fatigue among male professional team athletes: A systematic review. Sensors 2024, 24, 6862. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/sports14070308


https://doi.org/10.31083/j.jomh1807157
https://doi.org/10.1007/s40279-025-02188-4
https://www.ncbi.nlm.nih.gov/pubmed/40220211
https://doi.org/10.31083/j.jomh1807148
https://doi.org/10.1519/JSC.0000000000005583
https://www.ncbi.nlm.nih.gov/pubmed/42413484
https://doi.org/10.34045/ssem/2018/28
https://doi.org/10.1519/jsc.0b013e318236d0c2
https://www.ncbi.nlm.nih.gov/pubmed/21921822
https://doi.org/10.47206/ijsc.vi0.23
https://doi.org/10.1007/s40279-022-01791-z
https://www.ncbi.nlm.nih.gov/pubmed/36380164
https://doi.org/10.2165/11590550-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/21780851
https://doi.org/10.26773/mjssm.200305
https://doi.org/10.1519/jsc.0000000000001216
https://www.ncbi.nlm.nih.gov/pubmed/26422612
https://doi.org/10.1080/02640410500189371
https://www.ncbi.nlm.nih.gov/pubmed/16368632
https://doi.org/10.3389/fphys.2017.01093
https://www.ncbi.nlm.nih.gov/pubmed/29375392
https://doi.org/10.1519/JSC.0000000000003564
https://www.ncbi.nlm.nih.gov/pubmed/32149876
https://doi.org/10.2165/11590560-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/21846163
https://doi.org/10.1080/02640414.2011.652655
https://www.ncbi.nlm.nih.gov/pubmed/22248291
https://doi.org/10.1519/jsc.0000000000002193
https://www.ncbi.nlm.nih.gov/pubmed/31765346
https://doi.org/10.7717/peerj.15803
https://www.ncbi.nlm.nih.gov/pubmed/37551345
https://doi.org/10.1079/bjn19900116
https://www.ncbi.nlm.nih.gov/pubmed/2334665
https://doi.org/10.5604/20831862.1198636
https://www.ncbi.nlm.nih.gov/pubmed/27274110
https://doi.org/10.7717/peerj.14082
https://www.ncbi.nlm.nih.gov/pubmed/36217385
https://doi.org/10.3390/s24216862
https://www.ncbi.nlm.nih.gov/pubmed/39517758
https://doi.org/10.3390/sports14070308

Sports 2026, 14, 308 15 of 15

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Thorpe, R.T.; Strudwick, A.J.; Buchheit, M.; Atkinson, G.; Drust, B.; Gregson, W. Monitoring fatigue during the in-season
competitive phase in elite soccer players. Int. ]. Sports Physiol. Perform. 2015, 10, 958-964. [CrossRef] [PubMed]

Slimani, M.; Nikolaidis, P.T. Anthropometric and physiological characteristics of male soccer players according to their competitive
level, playing position and age group: A systematic review. J. Sports Med. Phys. Fit. 2019, 59, 141-163.

McKay, A.K,; Stellingwerff, T.; Smith, E.S.; Martin, D.T.; Mujika, I.; Goosey-Tolfrey, V.L.; Sheppard, J.; Burke, L.M. Defining
training and performance caliber: A participant classification framework. Int. J. Sports Physiol. Perform. 2021, 17, 317-331.
Mirwald, R.L.; Baxter-Jones, A.D.; Bailey, D.A.; Beunen, G.P. An assessment of maturity from anthropometric measurements.
Med. Sci. Sports Exerc. 2002, 34, 689-694. [CrossRef] [PubMed]

Markovic, G.; Dizdar, D.; Jukic, I.; Cardinale, M. Reliability and factorial validity of squat and countermovement jump tests. J.
Strength Cond. Res. 2004, 18, 551-555. [CrossRef] [PubMed]

Gonzélez-Garcia, ].; Conejero, M.; Gutiérrez-Hellin, J. Assessing jump performance: Intra-and interday reliability and minimum
difference of countermovement jump and drop jump outcomes, kinetics, kinematics, and jump strategy. Appl. Sci. 2024, 14, 2662.
[CrossRef]

Selmi, M.; Elloumi, M.; Hambli, M.; Sellami, M.; Yahmed, M.H.; Sassi, R.H. Reproductibilité, validité et sensibilité d'un test de
répétition de sprints chez des jeunes footballeurs. Sci. Sports 2016, 31, e139-e146. [CrossRef]

Selmi, M.A.; Sassi, R.H.; Yahmed, M.H.; Giannini, S.; Perroni, E; Elloumi, M. Normative data and physical determinants of
multiple sprint sets in young soccer players aged 11-18 years: Effect of maturity status. J. Strength Cond. Res. 2020, 34, 506-515.
[CrossRef] [PubMed]

Chamari, K.; Chaouachi, A.; Hambli, M.; Kaouech, F; Wisleff, U.; Castagna, C. The five-jump test for distance as a field test to
assess lower limb explosive power in soccer players. J. Strength Cond. Res. 2008, 22, 944-950. [CrossRef] [PubMed]

Dugdale, ].H.; Arthur, C.A.; Sanders, D.; Hunter, A.M. Reliability and validity of field-based fitness tests in youth soccer players.
Eur. J. Sport Sci. 2019, 19, 745-756. [PubMed]

Ferguson, J.; Gibson, N.V.; Weston, M.; McCunn, R. Reliability of measures of lower-body strength and speed in academy male
adolescent soccer players. J. Strength Cond. Res. 2024, 38, e96—e103. [PubMed]

Benhammou, S.; Mourot, L.; Mokkedes, M.; Bengoua, A.; Belkadi, A. Assessment of maximal aerobic speed in runners with
different performance levels: Interest of a new intermittent running test. Sci. Sports 2021, 36, 413.e1-413.e9. [CrossRef]

Selmi, M.A.; Ceylan, H.I; Hammami, R.; Sassi, R.H.; Gonzalez-Fernandez, F.T.; Morgans, R.; Bragazzi, N.L. Repeated-sprint sets
test: A new method for evaluating and forecasting fitness in elite young male soccer players. Sci. Rep. 2024, 14, 8542. [CrossRef]
[PubMed]

Foster, C.; Florhaug, J.A.; Franklin, J.; Gottschall, L.; Hrovatin, L.A.; Parker, S.; Doleshal, P.; Dodge, C. A new approach to
monitoring exercise training. J. Strength Cond. Res. 2001, 15, 109-115. [CrossRef] [PubMed]

Fitzsimons, M. Cycling and running tests of repeated sprint ability. Aus. J. Sci. Med. Sport 1993, 25, 82.

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Lawrence Erlbaum Associates: Mahwah, NJ, USA, 1988; p. 174.
Malina, R.M.; Bouchard, C.; Bar-Or, O. Growth, Maturation, and Physical Activity; Human Kinetics: Champaign, IL, USA, 2004.
Ishida, A.; Bazyler, C.D.; Sayers, A.L.; Stone, M.H.; Gentles, J.A. Seasonal changes and relationships in training loads, neuromus-
cular performance, and recovery and stress state in competitive female soccer players. Front. Sports Act. Liv. 2021, 3, 757253.
[CrossRef]

Mujika, I.; Halson, S.; Burke, L.M.; Balagué, G.; Farrow, D. An integrated, multifactorial approach to periodization for optimal
performance in individual and team sports. Int. J. Sports Physiol. Perf. 2018, 13, 538-561. [CrossRef]

Afonso, P; Forte, P; Branquinho, L.; Ferraz, R.; Garrido, N.D.; Eduardo Teixeira, J. Intra and inter variation in training load,
recovery state and technical-tactical performance across a standard microcycle in Sub-elite youth football players. Front. Sports
Act. Liv. 2025, 7, 1720353. [CrossRef]

Cardoso, P.; Tavares, F; Loureiro, N.; Ferreira, R.; Aradjo, ].P.; Gomes, ].S.; Reis, J.; Vaz, ].R. Seasonal changes in acceleration-speed
profiles: Insights from soccer players across diverse age groups. Sport Sci. Health 2025, 21, 1149-1157. [CrossRef]

McBurnie, A.].; Parr, J.; Kelly, D.M.; Dos” Santos, T. Multidirectional speed in youth soccer players: Programming considerations
and practical applications. Strength Cond. |. 2022, 44, 10-32. [CrossRef]

Belamjahad, A.; Tourny, C.; Hackney, A.C.; Jebabli, N.; Chariba, N.; Laziri, F; Saeidi, A.; Laher, I.; Granacher, U.; Zouhal, H.
Preseason neuromuscular versus endurance training leads to greater improvements in isokinetic strength, muscle damage, and
inflammation parameters in highly trained female soccer players. BMC Sports Sci. Med. Rehab. 2025, 17, 107. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/sports14070308


https://doi.org/10.1123/ijspp.2015-0004
https://www.ncbi.nlm.nih.gov/pubmed/25710257
https://doi.org/10.1249/00005768-200204000-00020
https://www.ncbi.nlm.nih.gov/pubmed/11932580
https://doi.org/10.1519/1533-4287(2004)18%3C551:rafvos%3E2.0.co;2
https://www.ncbi.nlm.nih.gov/pubmed/15320660
https://doi.org/10.3390/app14062662
https://doi.org/10.1016/j.scispo.2016.05.001
https://doi.org/10.1519/jsc.0000000000002810
https://www.ncbi.nlm.nih.gov/pubmed/30239457
https://doi.org/10.1519/jsc.0b013e31816a57c6
https://www.ncbi.nlm.nih.gov/pubmed/18438217
https://www.ncbi.nlm.nih.gov/pubmed/30589378
https://www.ncbi.nlm.nih.gov/pubmed/38416449
https://doi.org/10.1016/j.scispo.2020.10.002
https://doi.org/10.1038/s41598-024-58974-z
https://www.ncbi.nlm.nih.gov/pubmed/38609417
https://doi.org/10.1519/00124278-200102000-00019
https://www.ncbi.nlm.nih.gov/pubmed/11708692
https://doi.org/10.3389/fspor.2021.757253
https://doi.org/10.1123/ijspp.2018-0093
https://doi.org/10.3389/fspor.2025.1569155
https://doi.org/10.1007/s11332-025-01352-7
https://doi.org/10.1519/ssc.0000000000000697
https://doi.org/10.1186/s13102-025-01154-x
https://doi.org/10.3390/sports14070308

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Testing Procedures 
	Anthropometric Assessment 
	Jump Performance Assessment 
	Horizontal Jump Tests 
	Sprint Performance 
	Maximal Aerobic Capacity 
	Repeated-Sprint Sets Test 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

