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Abstract

Introduction: In youth soccer, athletic performance depends on biological maturation, body compo-
sition, and physical fitness. Although age and maturation influence performance, it is necessary to
further explore how these factors interact.

Objective: To examine the evolution of body composition and fitness indicators in athletes enrolled
in a professional soccer academy and to study the relation between these variables and performance
outcomes.

Methodology: 131 male players aged 10 to 15 years were stratified into three age groups (U11, U13,
U15) and further classified by team level (A, B, C). Anthropometric assessments, along with tests
measuring countermovement jump (CM]J), 10-m sprint, change of direction (505 test), and aerobic
capacity (Yo-Yo Intermittent Recovery Test Level 1), were conducted. Data analysis involved ANOVA,
post-hoc comparisons, adjusted ANCOVA controlling for age, and correlation and regression analyses
to identify relationships and predictors of performance.

Results: U15 athletes exhibited significantly lower body fat percentages and superior performance
in explosive and aerobic tests compared to younger cohorts, with large effect sizes. U11 players
demonstrated faster sprint times and higher levels of body fat. Post-hoc analyses confirmed these
performance disparities, and ANCOVA results showed that these differences remained significant af-
ter adjusting for chronological age. Moderate correlations between CM] and sprint times suggested
that greater jumping ability was associated with faster sprints. In the U13 group, CM] negatively cor-
related with VO, max, indicating a potential trade-off. Regression analyses identified CM] as a key
predictor, accounting for approximately 44-47% of the variance in sprint performance.

Discussion: These findings underscore the intricate relationship between maturation, body compo-
sition, and fitness in youth soccer players. The development of power, agility, and aerobic capacity
appears to progress with age, although individual variability linked to maturation status persists.
Conclusion: Recognizing such differences is critical for refining talent identification processes and
tailoring training interventions. Future longitudinal studies are needed to further elucidate develop-
mental trajectories and optimize athlete development pathways.
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Resumen

Introduccién: En el futbol juvenil, el rendimiento depende de la maduracién biolégica, la composicion
corporal y la condicién fisica. Aunque la edad y la maduracién influyen en el rendimiento, es necesa-
rio profundizar como interacttian estos factores.

Objetivo: Examinar la evolucién de los indicadores de composicion corporal y condicion fisica en de-
portistas inscritos en una academia de fttbol profesional y explorar las relaciones entre estas varia-
bles y los resultados en los test de campo en distintas categorias de edad.

Metodologia: Se evaluaron 131 jugadores masculinos de entre 10 y 15 afios, distribuidos en tres gru-
pos de edad (U11, U13, U15) y clasificados por nivel del equipo (A, B, C). Se midieron variables an-
tropométricas, salto en contramovimiento (CMJ), un sprint de 10 m, cambio de direccidon (prueba
505) y la capacidad aerdbica (Test Yo-Yo de recuperacion intermitente nivel 1). El analisis estadistico
incluy6 un analisis de varianza (ANOVA), comparaciones post-hoc, ANCOVA ajustada por edad y ana-
lisis de correlacion y regresion. Resultados: Los atletas U15 presentaron porcentajes de grasa corpo-
ral significativamente menores y un rendimiento superior en pruebas de potencia explosiva y capa-
cidad aerdbica que los grupos mas jévenes, con tamafios de efecto grandes. Atletas U11 presentaron
mas grasa corporal y mejores tiempos de sprint. Los andlisis post-hoc confirmaron estas diferencias
y la ANCOVA mostr6 que se mantenian tras ajustar por edad. Las correlaciones moderadas entre el
salto CM] y los tiempos de sprint sugieren que una mayor capacidad de salto esta relacionada con
velocidades de sprint mas altas. En U13, el salto CM] se correlacioné negativamente con VO, max, lo
que puede indicar una especie de compensacion o relacién de intercambio. El analisis de regresion
identificé el salto CM] como predictor clave, explicando entre el 44% y 47% de la variabilidad en el
rendimiento de sprint. Discusion: Los hallazgos reflejan la compleja relacién entre maduracién bio-
l6gica, composicidn corporal y condicion fisica en futbolistas jévenes. La potencia, agilidad y capaci-
dad aerdbica mejoran con la edad, aunque persiste variabilidad individual ligada a la maduracion.
Conclusién: Reconocer estas diferencias es clave para mejorar la deteccion de talentos y adaptar el
entrenamiento. Se requieren estudios longitudinales que profundicen en las trayectorias de desarro-
llo y optimicen la formacién de los atletas.

Palabras clave

Composicion corporal; esprint de 10m; futbolistas jévenes; rendimiento; VO, max.
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Introduction
___________________________________________________________________________________________________________________________|
Considering youth soccer, players” athletic performance is influenced by multiple factors, including an-
thropometric characteristics (body composition variables) and physical fitness (Bongiovanni et al,,
2021). Elite soccer players exhibit superior anthropometric characteristics and higher levels of physical
performance compared to their non-elite counterparts (Hazir, 2010) and demonstrate greater change
of direction (COD) ability, superior high-intensity performance, enhanced sprint speed and improved
jumping capacity (Toselli et al., 2022). For that reason, factors like body size, sprinting ability, COD skills
or muscular power play a prominent role in identifying talent (Sarmento et al,, 2018).

Optimal body composition is crucial for young soccer players, as lower fat levels and greater muscle
mass enhance performance. Campa et al. (2019) found that reduced fat in the upper arm, thigh, and calf,
along with greater calf muscle area, correlated with better repeated sprint performance. Evidence sug-
gests efficient body composition supports both muscle power and movement efficiency (Lloyd et al,,
2015). While physical outcomes remain the primary distinguishing factor between elite and non-elite
teams, body composition merits further investigation in youth soccer research (Toselli et al., 2022).

From a physiological point of view, soccer is an acyclic sport with complex demands, requiring elite
players to sustain high levels of aerobic endurance. A key determinant of this capacity is maximal oxygen
uptake (VO, max), which is considered essential for endurance performance (Mcmillan et al.,, 2005).
Chamari et al. (2005) and Helgerud et al. (2001) indicate that increasing cardiorespiratory fitness-VO,
max directly enhances key aspects of soccer performance, including total distance covered, work inten-
sity, sprint frequency and ball involvement during matches, being aerobic and anaerobic metabolic path-
ways key determinants of performance (Redvka et al., 2018) and play a crucial role in the development
of elite-level players (Chamari et al., 2005). Faude et al. (2012) identified sprinting as the most common
action preceding goal situations, highlighting the relevance of speed and power in decisive moments.
Repeated high-intensity efforts and sprinting ability are key performance determinants in soccer, with
CoD and maximal sprint ability being essential physical qualities across all ages and levels (Buchheit et
al., 2010; Buchheit et al., 2014; Malina et al., 2004). A comprehensive analysis of these physiological
variables and pathways can elucidate their evolution across age groups and competitive levels, inform-
ing training prescription and long-term athlete development models.

Considering body composition and physical capabilities development, age plays a crucial role in young
soccer players performance. In studies involving participants of the same age group, Under-15 players
were taller, heavier, and more physically mature than their Under-13 and Under-11 counterparts, while
no significant differences were observed in body fat percentage (Abarghoueinejad et al., 2021). Specifi-
cally, higher age groups exhibited superior performance in jumping, sprinting, change of direction
(COD), and overall locomotor profile. Silva et al. (2022) in a youth soccer population from 14-18 years
indicated that age was the primary determinant of changes in physical fitness, whereas playing position
had no significant impact on parameters as jump height, sprinting time, COD ability or velocity. Irurtia
et al. (2022) examined performance differences across U10, U12, and U14 soccer players in relation to
talent identification, and found that age was not a discriminating factor for talent status in any age group.
Only U12 talented players exhibit significantly superior performance in countermovement jump (CM])
compared with not talented players. Thus, exploring the timing and magnitude of age-related adapta-
tions in body composition and physical abilities is key to optimizing talent identification in youth soccer.

Beyond age, biological maturation appears to be significantly associated with anthropometric charac-
teristics and physical fitness (Towlson et al., 2018). Early maturing players exhibit greater body mass,
height, BMI, and fat mass percentage, along with superior performance in physical fitness tests, partic-
ularly in countermovement jump (CMJ) and squat jump (S]) assessments, probably for the hormonal
effect in muscle gain. However, maturational status does not appear to be associated with performance
in the Yo-Yo test (Albaladejo-Saura et al., 2021). Silva et al. (2022) indicate that sprinting and jumping
abilities in young soccer players can be effectively monitored based on either chronological age or ma-
turity offset, thereby highlighting the importance of considering maturity status as an additional factor
when evaluating performance outcomes in youth soccer. Although endurance capacity is required to
sustain repeated efforts as jumps or long distances, the ability to perform quicker sprints and higher
jumps than an opponent is decisive in match situations (Campa et al., 2019; Helgerud et al., 2001; Lloyd
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etal,, 2015). Sprint performance and aerobic capacity have been associated with anthropometric varia-
bles, suggesting their predictive value in these physical capacities (Bongiovanni et al., 2021). However,
other studies failed to accurately predict COD deficit and CM] performance, indicating that additional
factors may contribute to explaining variance in sprint performance and aerobic capacity (Bongiovanni
etal, 2021), highlighting the need to further explore these relationships in youth soccer players across
different age categories and competitive levels.

Within this context, the objectives of the present study are i) to investigate the evolution of physical
fitness parameters and body composition in a professional football academy and ii) to examine the re-
lationship between these variables to determine the predictive value on 10-m sprint performance and
VO, max across three categories (i.e. U11, U13 and U15).

Method
|

Participants

This observational, cross-sectional study include a sample of 131 young soccer players of elite level par-
ticipated in this study. They all play in a top professional Spanish academy team (1st division, La Liga),
with ages from 10 to 15 years. Players belong to three different team categories depending on their
chronological age including two or three levels teams in each category (A, B and C team in Under 11 and
Aand B inunder 13 and 15): Under 11 category (44 players), Under 13 category (41 players) and under
15 category (46 players).

The eligibility criteria for participation included: (i) possessing an official license issued by the Royal
Spanish Football Federation (RFEF), ensuring official recognition and adherence to regulatory stand-
ards; (ii) demonstrating the absence of any physical conditions or injuries that could impair perfor-
mance or pose health risks during testing, as confirmed through medical screening; and (iii) obtaining
written informed consent from legal guardians, in accordance with ethical research protocols and to
ensure understanding of the study procedures and potential risks involved. All players actively partici-
pated throughout the entire season, and no data loss occurred, as evaluations were conducted at the
beginning of the season when all team members were healthy and fully available for both coaching and
research assessments, ensuring a complete and representative dataset.

A priori sample size determination was carried out using the free online software G*Power
(www.gpower.hhu.de; accessed May 18, 2025). Based on data from prior studies and similar research,
with a desired statistical power of 95% and an alpha level of 0.05, the analysis suggested that a minimum
of 62 participants would be adequate to achieve the study objectives. The research adhered to the prin-
ciples outlined in the Declaration of Helsinki and received ethical clearance from the University of
xxxxxxxX Research Ethics Committee (Approval code: xxxx/xxxx/xxxx, issued on December 16, 2024).

Procedures

The evaluation process took place over two consecutive training sessions (Monday and Thursday be-
tween 05:09 and 06:00 pm). Anthropometry was evaluated at the beginning of the season on the first
day, with subjects dressed only in their training pants to ensure accuracy and consistency (weight,
height and body fat percentage information was obtained). Subsequently, athletes performed a pre-
match warm-up to prepare them for the following test: (i) the countermovement jump (CM]) test and
(ii) the 10-meter sprint test. Once the tests were completed, players continued with their regular coach-
led activities. Similar structure was followed on the second day, with a pre-match warm up and then
players completed two additional assessments: (i) the 505 change of direction (COD) test and (ii) the
Yo-Yo Intermittent Recovery Test Level 1, from which VO, max was determined. Before testing, players
were given verbal information and examples from the research team about the protocol. A five-minute
familiarisation attempt was established for each test with participants. Fully recovery was needed be-
fore testing. Accordingly, a three-minute recovery interval was established between attempts.

Measures
Body Composition Assessment
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The evaluation of body composition was conducted during the initial assessment day. To obtain these
measurements, the Bioelectrical Impedance Analysis (BIA) technique was utilized, employing a TAN-
ITA® device (model MC980MA PLUS, located in Arlington Heights, Illinois). Additionally, participants’
height was recorded using a stadiometer (Seca® 206, manufactured in Hamburg, Germany) to ensure
precise anthropometric data collection.

Countermovement Jump Test (CM])

CM] performance was evaluated using the Chronojump-Boscosystem® system (Barcelona, Spain), with
data captured through the Chronojump software version 2.0.2. During testing, each athlete performed
three maximal effort jumps on a contact platform, with a rest interval of 20 seconds between trials to
minimize fatigue. The highest jump height attained, recorded in centimeters (cm), was used for analysis.
Participants were instructed to perform the jump explosively immediately after flexing their knees to
approximately 90°. They were also directed to keep their hands on their hips throughout the movement
and to land with fully extended legs and maximal plantar flexion. If any of these movement criteria were
not fulfilled, the attempt was repeated to ensure consistency and accuracy in measurement.

10-m sprint test

The 10-meter sprint test involved two separate sprints, with a 2-minute rest period between attempts.
The fastest time recorded in seconds was used for analysis. The timing determination was conducted
using a dual-beam photoelectric gate system (Microgate, Bolzano, Italy). Participants began in a stand-
ing split stance, with their lead foot positioned 0.3 meters behind the starting line. The infrared gate was
mounted at a height of 0.75 meters to accurately detect trunk movement and reduce the likelihood of
false signals generated by limb motion during the sprint.

505 Change of direction (COD) test

The 505 COD test was performed following established protocols (Buchheit, 2008). The test timing was
recorded with a dual-beam timing gate system (Microgate, Bolzano, Italy), with times measured to the
nearest 0.01 seconds. Participants started from a standing position 10 meters upstream from the
start/finish line. They sprinted at maximum effort through the line, then performed a 180° pivot turn at
the 15-meter mark designated by a cone and immediately sprinted back as quickly as possible through
the start/finish line. To ensure proper execution, a researcher was positioned at the turning point to
monitor correct performance. Trials where participants changed direction before reaching the desig-
nated marker were invalidated and repeated after a recovery period. Each player completed two trials,
separated by a three-minute rest, and the best time of the two attempts was recorded for analysis.

The Yo-Yo Intermittent Recovery Test (YYIRT) level 1

The YYIRT level 1 was conducted following the original protocol. (Krustrup et al., 2003). Participants
completed two consecutive 20-meter runs, separated by a 10-second recovery period, totaling 40 me-
ters per shuttle. The entire test consisted of 91 shuttles. The test began with four running bouts at speeds
of 10-13 km/h, followed by seven runs at 13.5-14 km/h. Afterward, the running speed increased by 0.5
km/h every eight shuttles, with the pace regulated by an audio beep signal. The test continued until
participants could no longer maintain the required pace or failed to reach the designated line twice con-
secutively in synchrony with the signal. During the test, the total distance covered, and the final running
velocity were recorded for each player.

Data analysis

The statistical analysis was performed using JASP (version 0.19.3) (JASP team, 2025). Descriptive sta-
tistics (means, standard deviations, medians, interquartile ranges, minimums and maximums) were cal-
culated for all dependent variables (i.e. CM], 505, 10m Sprint, VO2max, body fat). For the first objective,
a one-way analysis of variance (ANOVA) was conducted to determine evolution in each of the tests
across categories. Equality of variance was checked with the Levene’s test. For the comparison between
categories (i.e. U11, U13, U15), Omega squared (w2) effect sizes (ES) were calculated from ANOVA and
its values were considered as follows: small: 0.010-0.059, medium: 0.060-0.149, and large: 20.150 (Co-
hen, 1988). When a significant effect was found, post hoc comparisons were performed using Tukey’s
Honest Significant Difference test to identify specific group differences. The magnitude of differences in
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pairwise comparisons was evaluated using standardized mean differences (Cohen’s d), and were inter-
preted as follows: trivial (< 0.2), small (> 0.2-0.6), moderate (> 0.6-1.2), large (> 1.2-2.0), and very large
(> 2.0-4.0) (Hopkins, 2002). Additionally, to determinate whether other factors than the age influence
the differences, an ANCOVA was conducted, with age as a covariate. For the second objective, Pearson’s
correlation coefficient (r) was calculated for all test variables to determine the relationships between
all dependant variables within each age category. ES were interpreted as: trivial (< 0.1), small (> 0.1-
0.3), moderate (> 0.3-0.5), large (> 0.5-0.7), very large (> 0.7-0.9), and almost perfect (> 0.9-1.0) (Hop-
kins, 2002). Additionally, multiple linear regression analysis was performed to identify which physical
tests best predict 10-m Sprint performance and VO, max. Separate regression models were built for
each dependent variable (10-m sprint time and VO, max), with independent variables including the
other 4 dependent variables (e.g. CM], 505, VO2max and body fat for 10m Sprint), and this process was
repeated for each category. The assumptions of linear regression (normality, homoscedasticity, and
multicollinearity) were checked before analysis. Model significance was determined at p < 0.05, and
standardized beta coefficients ([3) were reported to assess the relative contribution of each predictor
variable. Only regression models reaching a shared variance (i.e. R2) of at least 0.30 were reported to
ensure that the predictors explained a meaningful proportion of the variance in both 10m Sprint and
V0O2max (Cohen 1988).

Results
|

Physical fitness and body composition evolution across categories

Descriptive statistics for each category are displayed in Table 1. The ANOVA revealed large differences
for body fat (w 2 = 0.21, p < 0.001), CMJ (w2 = 0.58, p < 0.001), 505 (w2 =0.29, p < 0.001), 10m sprint
(w2=0.71,p < 0.001), VO2max (w2 = 0.18, p < 0.001) between categories.

Table 1. Descriptive statistics for body composition and physical fitness

Mean+SD Median IQR Min Max
Body composition

Body fat (%) 18.30£3.80 18.00 4.30 8.60 31.00

Physical fitness
CM]J (cm) 26.2£7.20 23.70 9.80 14.2 52.20
505 COD (s) 2.52+0.19 2.54 0.22 1.86 298
10m Sprint (s) 1.87+0.17 1.85 0.25 1.48 2.24
V02 max (ml/kg/min) 53.2£7.10 52.20 10.30 40.8 67.30

Note: SD: Standard Deviation; IQR: Interquartile Range; Min: Minimum; Max: Maximum; CM]: Countermovement Jump; COD: Change of
Direction.

Post-hoc comparisons showed U15 category exhibited moderate differences (lower values) than U13
for body fat (d = 0.93, p < 0.001) and large differences for 505 (d = 1.62, p < 0.001)and 10m sprint (d =
1.42, p < 0.001), while very large differences were shown (higher values) for CM] (d = 2.24, p < 0.001)
and moderate differences for VO, max (d = 0.75, p = 0.005). Additionally, U15 presented lower values
than U11 for body fat (d = 1.28, p < 0.001), for 505 (d = 0.91, p < 0.001), and for 10m sprint (d = 3.76, p
< 0.001) showing large, moderate and very large differences, respectively, and higher for CM] (d = 2.76,
p < 0.001) and VO, max (d = 1.21, p < 0.001), presenting very large and large differences. Very large
differences were shown between U13 and U11 players, with the formers exhibiting lower values for
10m sprint (d = 2.34, p < 0.001), while small and moderate differences (higher values) for CM] (d = 0.52,
p =0.04) and for 505 (d = 0.72, p = 0.004). No differences between U13 and U11 were found for body fat
(p = 0.25) and VO2 max (p = 0.09). Figures 1 and 2 show a depiction of the magnitudes of the ES of the
post-hoc comparisons between all categories, for all the dependent variables.
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Figure 1. Raincloud plot showing CM] heights (cm), 505 times (s) and 10m Sprint times (s) for U15, U13 and U11 categories.

Figure 1.1. CM] heights (cm) for U15, U13 and U11 categories.
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Figure 1.2. 505 COD times (s) for U15, U13 and U11 categories.
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Figure 1.3. 10m Sprint times (s) for U15, U13 and U11 categories.
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Note: Each group includes raw data points, a density curve, and a boxplot displaying the median and interquartile range.
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Figure 2. Raincloud plot for body fat (%) and VOz2 max (ml/kg/min) for U15, U13 and U11 categories.

Figure 2.1. Body fat (%) for U15, U13 and U11 categories.
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Figure 2.2. VO2max (ml/kg/min) for U15, U13 and U11 categories.
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Note: Each group includes raw data points, a density curve, and a boxplot displaying the median and interquartile range.

When conducting ANCOVA adjusted by age, only large differences for CM] (w2 = 0.18, p < 0.001), 505
(w2 = 0.25, p < 0.001), and medium diffences for 10m Sprint (w2 = 0.06, p = 0.006) were found. U15
exhibited very large differences (higher values) than U13 (d = 2.00, p < 0.001) and U11 (d = 2.30,p =
0.004) for CM], while the comparison between U13 with U11 group exhibited very large differences
(lower values) than U11 for 505 (d = 2.05, p < 0.001), and large for 10m Sprint (d = 1.18, p = 0.01).

Progression of the predictive relationships for 10m Sprint and VO, max outcomes across
categories

The correlation matrix between the analysed variables across categories are shown in Table 2 (U11),
table 3 (U13) and table 4 (U15).

Table 2. Correlation matrix between the analysed variables for the U11 category.
CM]J

V02 max Age

(cm) 505 COD (s) 10m Sprint (s) (ml/kg/min) (yrs) Body fat (%)
CM] (cm) Pearson’s r -
p-value -
505 COD (s) Pearson’s r -0.25 -
p-value 0.10 -
10m Sprint (s) Pearson’s r -0.36* 0.30* -
p-value 0.02 0.05 -
V02 max (ml/kg/min) Pearson’s r 0.06 -0.13 -0.26 -
p-value 0.72 0.42 0.09 -
Age Pearson’s r 0.11 -0.07 -0.30* 0.16
p-value 0.49 0.64 0.05 0.31 -
Body fat (%) Pearson’s r -0.26 0.05 0.18 -0.12 -0.24 -
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p-value 0.08 0.74 0.24 0.44 0.12
Note: *p<.05, ** p<.01, *** p<.001.

Table 3. Correlation matrix between the analysed variables for the U13 category.
CM]J

VO2max Age

(cm) 505 COD (s) 10m Sprint (s) (ml/kg/min) (yrs) Body fat (%)
CM] (cm) Pearson’s r -

p-value -

505 COD (s) Pearson’s r -0.12
p-value 0.44 -

10m Sprint (s) Pearson’s r -0.09 0.23
p-value 0.56 0.15 -
VO2max (ml/kg/min) Pearson’s r 0.41** -0.20 -0.20
p-value <.001 0.21 0.22 -
Age Pearson’s r -0.12 -0.27 -0.39* 0.02

p-value 0.47 0.09 0.01 0.88 -

Body fat (%) Pearson’s r -0.21 0.10 0.11 -0.49%* -0.08
p-value 0.20 0.52 0.47 <.001 0.64

Note: *p<.05, ** p<.01, *** p<.001.
Table 4. Correlation matrix between the analysed variables for the U15 category.
(Ccl\rf]]) 505COD (s) 10m Sprint (s) (m‘f;’]:;xn) (‘;fse) Body fat (%)
CM]J (cm) Pearson’sr

p-value -

505 COD (s) Pearson’sr -0.07
p-value 0.70 -

10m Sprint (s) Pearson’sr -0.40* 0.59%**
p-value 0.02 <.001 -
VO2max (ml/kg/min) Pearson’s r 0.26 -0.35*% -0.20
p-value 0.13 0.05 0.26 -
Age Pearson’s r 0.16 -0.64%** -0.31 0.22

p-value 0.34 <.001 0.06 0.21 -

Body fat (%) Pearson’s r -0.27 0.12 0.24 -0.30 -0.20
p-value 0.10 0.47 0.15 0.09 0.23

Note: *p<.05, ** p<.01, *** p<.001.

The CM] demonstrated a moderate inverse relationship with the 10m sprint performance in both U11
and U15 age groups, indicating that higher jump heights are associated with faster sprint times in these
categories. Additionally, in the U13 group, CM] was moderately negatively correlated with VO, max,
suggesting that superior explosive power may be linked with higher aerobic capacity within this cohort.
The 505 COD test showed a moderate positive correlation with the 10m sprint in U11, and a strong
positive relationship in U15, implying that better agility and rapid change of direction are associated
with faster sprinting abilities; however, no significant link was observed in U13. Furthermore, in U15,
the 505 COD was moderately negatively related to VO, max, indicating that increased aerobic capacity
might contribute to improved agility performance. In the U13 group, VO, max correlated moderately
negatively with body fat percentage, underscoring the influence of body composition on aerobic fitness.
Age was moderately negatively associated with 10m sprint times in U11 and U13, and strongly nega-
tively related to the 505 COD in U15, reflecting gains in speed and agility with maturation.

Moreover, two multiple regression models were statistically significant across the dataset. The first
model (F = 94.18, p < 0.001) revealed that CM] alone accounted for 44% of the variance in 10-meter
sprint performance (R? = 0.44), with a significant negative beta coefficient (§ = -0.67). The second model
(F=53.01, p < 0.001) incorporated both CM] and VO, max, explaining 47% of the variance (R* = 0.47),
with each predictor showing significant contributions (CM]J: = -0.58; VO, max: § = -0.20).

In the U13 age group, a separate model including body fat and CM] accounted for 35% of the variance in
V0, max (R? = 0.35), with body fat negatively influencing aerobic capacity (8 = -0.43) and CM] positively
contributing (8 = 0.33). In U15, a regression model (F = 17.58, p < 0.001) demonstrated that the 505
COD test predicted 35% of VO, max variance (R* = 0.35) with a strong positive beta coefficient ( =
0.60). An enhanced model, incorporating both the 505 test and CM]J, explained 48% of the variance in
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VO, max (F=14.11, p<0.001), with the 505 COD test (§ = 0.57) positively and CM] (3 =-0.35) negatively
associated with aerobic capacity.

Discussion
___________________________________________________________________________________________________________________________|
The main objectives of the present study were to analyse the longitudinal development of body compo-
sition and physical fitness parameters within a professional football academy and to investigate the in-
terrelationships among these variables. Specifically, the study aimed to assess their predictive capacity
concerning 10-meter sprint performance and VO, max across different youth categories. The findings
indicated that improvements in 10-meter sprint performance were more pronounced across categories
compared to other physical and anthropometric variables, highlighting the sensitivity of short-distance
sprinting to developmental changes during adolescence. Furthermore, the data underscore the signifi-
cant influence of chronological age on sprint performance, corroborating findings from previous re-
search (Abarghoueinejad et al., 2021; Silva et al., 2022). An analogous trend was observed regarding
biological maturity, as more advanced maturational status was associated with higher match running
performance metrics, consistent with prior studies (Buchheit & Mendez-Villanueva, 2014; Redkva et al.,
2018). These results emphasize the critical role of both age and biological maturation in shaping physi-
cal development and competitive performance in youth football athletes.

On the one hand, adjusted analyses accounting for age reveal that most differences in physical perfor-
mance between youth categories are primarily attributable to chronological age, with notable variations
observed in body fat percentage and VO, max. These findings align with previous research emphasizing
the pivotal role of age-related development in these parameters (Silva et al.,, 2022). However, despite
age adjustment, differences in countermovement jump (CM]) performance persisted, suggesting that
factors beyond mere chronological age influence explosive power. A plausible explanation is that the
significant muscular development observed during puberty is more closely tied to biological maturation
than to chronological age alone, reflecting the complex interplay between hormonal changes, muscle
hypertrophy, and neuromuscular improvements that occur during this critical growth phase. In line
with this, Herndndez Camacho et al. (2018) examined the relationship between biological maturity and
anthropometric growth in young soccer players and found that increases in muscle cross-sectional area
tend to accelerate after reaching peak height velocity (PHV), although individual growth patterns often
follow a nonlinear trajectory. These findings support the notion that maturation-related changes in mus-
cle structure and function, rather than age per se, predominantly drive performance enhancements dur-
ing adolescence. Furthermore, studies by Hammani et al. (2016) showed that post-PHV athletes demon-
strate significantly greater strength and power outputs, including back extensor strength, long jump,
and CM] performance. These findings suggest that maturity-related muscular development, rather than
age itself, plays a crucial role in explosive capabilities. Therefore, future studies should include measures
of biological maturity, like peak height velocity, and direct muscle strength assessments, such as ham-
string or isokinetic tests, to better understand how growth influences performance and tailor training
to individual developmental stages.

Regarding the primary aim of the study, it is particularly intriguing that U11 players outperformed their
U13 counterparts in the 505 change-of-direction test, a result that appears counterintuitive given the
expected progression in physical and neuromuscular capabilities with age. Several factors may help ex-
plain this unexpected finding. Firstly, the U11 group might have been part of a more competitive envi-
ronment or training regimen that placed a stronger emphasis on agility and neuromuscular coordina-
tion, thereby resulting in superior performance in tasks demanding rapid directional shifts. Addition-
ally, talent selection processes within this group may have favored lighter, more agile athletes, giving
them an advantage in the test. The design of the 505 test itself may also influence results; its focus on
sharp 180° turns could inherently favor lighter and more agile individuals, characteristics often more
common in younger children with lower body mass. An important maturational factor to consider is
puberty onset, which can temporarily impair motor coordination, a phenomenon commonly referred to
as ‘adolescent awkwardness’, due to rapid changes in limb length and body proportions that can disrupt
established movement patterns (Wachholz et al.,, 2020). These maturational fluctuations may negatively
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impact agility performance, especially in tasks requiring precise and swift directional changes. There-
fore, both developmental stages and the specific demands of the test should be considered when inter-
preting these results, highlighting the complexity of assessing athletic ability during adolescence.

Interestingly, our findings did not demonstrate a consistent decline in the relationships between body
composition variables and physical performance as players advanced through the various age catego-
ries. Generally, existing research indicates that with age and maturation, youth soccer players tend to
show improvements in both physical capabilities and favourable body composition profiles, such as in-
creased muscularity and reduced fat mass (Leao et al., 2022). However, these physiological advantages
often plateau as athletes approach full physical maturity, leading to a reduction in observable disparities
among age groups (Malina et al., 2000). One might expect greater heterogeneity in older groups, such as
U15, due to differences in positional roles and individual development trajectories. Surprisingly, our
data revealed consistent relationships across all age categories, suggesting that certain physical attrib-
utes, like speed, strength, and overall fitness, are maintained as stable performance indicators, regard-
less of age. This consistency likely reflects the influence of elite training environments, which tend to
create uniform development pathways, emphasizing discipline and targeted physical conditioning. Sup-
porting this, longitudinal studies, such as Wrigley et al. (2014), have shown that youth athletes in pro-
fessional academies experience significant gains in agility, sprinting, aerobics, and jumping ability com-
pared to less structured settings. This highlights the role of systematic training in promoting balanced
and stable physical development across different age groups. Additionally, research by Gonaus and Mul-
ler (2012) emphasizes that soccer-specific traits like speed and upper-body power are critical discrim-
inators in talent identification, reinforcing their importance as consistent performance markers
throughout development. These insights underline the complex interplay between maturation, training
environments, and performance, highlighting that while biological changes occur, structured training
can help maintain favorable performance relationships beyond expected developmental fluctuations.
These observations may reflect the early stages of positional specialization that typically become more
pronounced around the U15 age group. As players mature, distinct physical and functional differences
tend to emerge based on their specific roles on the field. For instance, goalkeepers and central defenders
generally develop taller and heavier physiques, reinforcing strength and reach, whereas wide midfield-
ers and forwards often excel in speed and agility, which are crucial for their offensive and transitional
responsibilities. This progression supports the idea that, during mid-adolescence, physical differentia-
tion related to playing positions becomes more evident, contributing to greater diversity in performance
profiles among youth athletes (Deprez et al,, 2015). However, our findings did not reveal significant
disparities in body composition and performance relationships across age categories, possibly indicat-
ing that positional specialization is still in its nascent stages, especially in more structured training en-
vironments like elite academies. Interestingly, in the youngest groups (U11), the selection process might
inherently favor early-maturing players, reducing variability, while older players (U15) display more
individual differences due to advanced maturation and emerging role-specific development. These pat-
terns align with existing literature, emphasizing that physical and technical differentiation tend to in-
tensify around peak height velocity, shaping more specialized and role-dependent performance profiles
as players progress through adolescence. This developmental trajectory underscores the need to ac-
count for maturity and individual growth patterns when designing training and selection strategies, en-
suring fair opportunities for all players regardless of their maturation stage.

The secondary objective of the study aimed to explore the relationship between body composition and
various physical fitness parameters in youth soccer players. Results indicate that players with higher
countermovement jump (CM]) scores tend to demonstrate faster performance in the 10-meter sprint,
suggesting that explosive lower-body strength plays a significant role in short-distance acceleration. In-
terestingly, VO, max accounted for only a minimal proportion (~3%) of the variability in sprint perfor-
mance, highlighting that muscular power, rather than aerobic capacity, is a more critical predictor of
rapid sprinting ability in this population. This result is consistent with previous studies by Comfort et
al. (2014) and McFarland et al. (2016), which consistently demonstrate strong correlations (ranging
from 0.50 to 0.76) between explosive leg strength measures, such as CM] or squat jump, and short sprint
times in youth athletes.

In the U15 group, the association between explosive power and speed was further supported by the
observed link between enhanced CM] performance and improved results in the 505 change-of-direction
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test. These findings reinforce the importance of lower-body explosive strength and agility as key com-
ponents for effective acceleration and quick directional changes, vital attributes for soccer performance,
as shown in prior research (McFarland et al., 2016; Bakall'ar et al., 2020). The relationship between
these variables underscores the multifaceted nature of physical fitness required for optimal perfor-
mance. Further analysis within the U13 category revealed that lower body fat percentages and higher
CM] scores were associated with greater VO, max. This aligns with existing literature indicating a nega-
tive correlation between body fat and aerobic capacity, with body fat levels explaining significant vari-
ability in VO, max (Nalbant and Ozer, 2018; Michailidis, 2024). While the direct causality between jump-
ing ability and aerobic performance remains unclear, it is plausible that increased muscle power en-
hances muscular efficiency, thereby positively influencing endurance performance, especially when
lean body mass is well-developed. Collectively, these findings suggest that optimizing muscle strength
and managing body composition are crucial strategies for improving both anaerobic and aerobic capac-
ities in young soccer athletes, ultimately contributing to more comprehensive athletic development.

The present study demonstrates several strengths that enhance its value and contribution to the field
of youth soccer development. Firstly, the use of a broad range of physical tests and anthropometric
measurements provides a comprehensive assessment of players’ performance, covering strength,
speed, agility, and aerobic capacity. This multidimensional approach allows for a more holistic under-
standing of the physical qualities relevant at different age categories. Additionally, analyzing the rela-
tionship between body composition and performance offers valuable insights for designing tailored
training programs aimed at improving specific attributes. These strengths render this study a meaning-
ful reference point for coaches and practitioners aiming to optimize youth athletic development. How-
ever, the study also has certain limitations that should be acknowledged when interpreting its findings.
The primary limitation is the small sample size, which restricts statistical power and limits the general-
izability of the results to larger populations. Variability in biological maturation and training experience
among young athletes can significantly influence performance, so caution is needed when extrapolating
these findings. Another notable limitation is the absence of biological maturity assessments, such as
peak height velocity (PHV) or maturity offset, which are known to impact physical performance during
adolescence. Including such markers in future research would allow for better accounting of intra-group
differences and a more precise understanding of performance variations linked to maturation stages.
For practical applications, the findings suggest that coaches should focus on developing explosive
strength and incorporate sport-specific conditioning that addresses both anaerobic and aerobic capaci-
ties. Training programs should be tailored to individual maturation levels, accentuating strength devel-
opment alongside endurance as players mature. Regular assessments of biological maturity markers
could help in adjusting training loads and preventing overtraining or injury. Additionally, since re-
peated-sprint ability (RSA) is crucial in soccer match demands, future studies should include RSA testing
to better understand neuromuscular and aerobic interactions during high-intensity, intermittent ef-
forts. This would facilitate more sport-specific training strategies, ultimately supporting athletes’ opti-
mal development aligned with their maturational and physical profiles.

Conclusions
___________________________________________________________________________________________________________________________|
This study highlights the significant influence of age and biological maturation on sprint and aerobic
performance in young soccer players, with explosive leg power consistently predicting sprint ability
across age groups. Performance differences are largely explained by maturation, although variability in
jump performance indicates the ongoing role of muscular development. Stability in fitness and body
composition across categories may be attributed to elite training environments, whereas increased var-
iability in older players may reflect early specialization. Future research should focus on longitudinal
studies with larger, diverse samples across different levels, including assessments of neuromuscular
features like rate of force development. Incorporating these factors can improve understanding of per-
formance progression and contribute to tailoring training strategies, ultimately enhancing talent iden-
tification and long-term athlete development in youth soccer.

NV

‘Ksm-j,{’ 310 | »



2025 (Diciembre), Retos, 73, 300-313 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Acknowledgements

We gratefully acknowledge the young male soccer players, their families, and team managers for their
valuable collaboration and participation in this study. Their willingness and cooperation were essential
to the successful completion of the research.

Financing

The present study was funded by the Unit of Excellence at the University Campus of Melilla (University
of Granada, Spain). Reference: UCE-PP2024-02. Additionally, it was supported by the FOOC: European
Network of Football Connection: using Data Analytics to Revolutionize Talent Identification and Train-
ing in Football. Reference: 104947

References

Abarghoueinejad, M., Barreira, D., Dias, C., Guimaraes, E., Baxter-Jones, A. D. G., & Maia, J. (2021). Body
physique, body composition, physical performance, technical and tactical skills, psychological
development, and club characteristics of young male Portuguese soccer players: The INEX study.
International Journal of Environmental Research and Public Health, 18(7), 3560.
https://doi.org/10.3390/ijerph18073560

Albaladejo-Saura, M., Vaquero-Cristobal, R., Gonzalez-Galvez, N., & Esparza-Ros, F. (2021). Relationship
between biological maturation, physical fitness, and kinanthropometric variables of young ath-
letes: A systematic review and meta-analysis. International Journal of Environmental Research
and Public Health, 18(1), 328. https://doi.org/10.3390/ijerph18010328

Bakall'ar, I, Simonek, ]., Kanasova, J., Krémarova, B., & Krémar, M. (2020). Multiple athletic performances,
maturation, and Functional Movement Screen total and individual scores across different age
categories in young soccer players.Journal of exercise rehabilitation, 16(5), 432.
https://doi.org/10.12965/jer.2040546.273

Bongiovanni, T., Trecroci, A., Cavaggioni, L., Rossi, A., Perri, E., Pasta, G,, ... & Alberti, G. (2021). Im-
portance of anthropometric features to predict physical performance in elite youth soccer: A
machine learning approach. Research in Sports Medicine, 29(3), 213-224.
https://doi.org/10.1080/15438627.2020.1809410

Buchheit, M. (2008). The 30-15 intermittent fitness test: Accuracy for individualizing interval training
of young intermittent sport players. Journal of Strength and Conditioning Research, 22(2), 365-
374. https://doi.org/10.1519/]SC.0b013e3181635b2e

Buchheit, M., Mendez-Villanueva, A., Delhomel, G., et al. (2010). Improving repeated sprint ability in
young elite soccer players: Repeated shuttle sprints vs. explosive strength training. Journal of
Strength and Conditioning Research, 24(10), 2715-2722.
https://doi.org/10.1519/]SC.0b013e3181bf0223

Buchheit, M., & Mendez-Villanueva, A. (2014). Changes in repeated-sprint performance in relation to
change in locomotor profile in highly-trained young soccer players. Journal of Sports Sciences,
32(13),1309-1317. https://doi.org/10.1080/02640414.2014.918272

Campa, F., Semprini, G., Jadice, P. B., Messina, G., & Toselli, S. (2019). Anthropometry, physical and move-
ment features, and repeated-sprint ability in soccer players. International Journal of Sports Med-
icine, 40(2), 100-109. https://doi.org/10.1055/a-0781-2473

Chamari, K., Hachana, Y., Kaouech, F., Jeddi, R., Moussa-Chamari, I., & Wislgff, U. (2005). Endurance train-
ing and testing with the ball in young elite soccer players. British Journal of Sports Medicine,
39(1), 24-28. https://doi.org/10.1136/bjsm.2003.009985

Comfort, P., Stewart, A, Bloom, L., & Clarkson, B. (2014). Relationships between strength, sprint, and
jump performance in well-trained youth soccer players. The Journal of Strength & Conditioning
Research, 28(1), 173-177. https://doi.org/10.1519/]SC.0b013e318291b8c7

Cohen, ]. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence Erlbaum As-
sociates.

N )
J 311


https://doi.org/10.3390/ijerph18073560
https://doi.org/10.3390/ijerph18010328
https://doi.org/10.12965/jer.2040546.273
https://doi.org/10.1080/15438627.2020.1809410
https://doi.org/10.1519/JSC.0b013e3181635b2e
https://doi.org/10.1519/JSC.0b013e3181bf0223
https://doi.org/10.1080/02640414.2014.918272
https://doi.org/10.1055/a-0781-2473
https://doi.org/10.1136/bjsm.2003.009985
https://doi.org/10.1519/JSC.0b013e318291b8c7

2025 (Diciembre), Retos, 73, 300-313 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Deprez, D., Buchheit, M., Fransen, ]., Pion, ]., Lenoir, M., Philippaerts, R. M., & Vaeyens, R. (2015). A longi-
tudinal study investigating the stability of anthropometry and soccer-specific endurance in pu-
bertal high-level youth soccer players. Journal of Sports Science and Medicine, 14(2), 418-426.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4424473/

Faude, 0., Koch, T., & Meyer, T. (2012). Straight sprinting is the most frequent action in goal situations
in  professional football. Journal of Sports Sciences, 30(7), 625-631.
https://doi.org/10.1080/02640414.2012.665940

Gonaus, C., & Miiller, E. (2012). Using physiological data to predict future career progression in 14- to
17-year-old Austrian soccer academy players. Journal of Sports Sciences, 30(15), 1673-1682.
https://doi.org/10.1080/02640414.2012.713980

Hammami, R., Chaouachi, A., Makhlouf, I., Granacher, U., & Behm, D. G. (2016). Associations between bal-
ance and muscle strength, power performance in male youth athletes of different maturity sta-
tus. Pediatric Exercise Science, 28(4), 521-534. https://doi.org/10.1123/pes.2015-0231

Hazir, T. (2010). Physical characteristics and somatotype of soccer players according to playing level
and position. Journal of Human Kinetics, 26(1), 83-95. https://www.researchgate.net/publica-
tion/271052245_Physical_Characteristics_and_Somatotype_of Soccer_Players_accord-
ing_to_Playing_Level_and_Position

Helgerud, J., Engen, L. C., Wislgff, U., & Hoff, ]. (2001). Aerobic endurance training improves soccer per-
formance. Medicine & Science in Sports & Exercise, 33(11), 1925-1931.
https://doi.org/10.1097/00005768-200111000-00019

Hernandez Camacho, ]. D., Huelva Leal, A. B., Martinez-Sanz, ]. M., Lahoz Ruano, M. D., & Vazquez Carridn,
J. (2018). Peak height velocity and muscle mass in young soccer players. Revista Espafola de
Nutricion Humana y Dietética, 22(3), 219-226. https://doi.org/10.14306 /renhyd.22.3.468

Hopkins, W. G. (2002). A scale of magnitudes for effect statistics. New View of Statistics.
http://sportsci.org/resource/stats/effectmag.html

Irurtia, A., Torres-Mestre, V. M., Cebrian-Ponce, A., Carrasco-Marginet, M., Altarriba-Bartés, A., Vives-
Uson, M., Cos, F., & Castizo-Olier, ]. (2022). Physical fitness and performance in talented & untal-
ented young Chinese soccer players. Healthcare, 10(1), 98.
https://doi.org/10.3390/healthcare10010098

JASP Team. (2025). JASP (Version 0.19.3) [Computer software]. https://jasp-stats.org/

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, ]., Steensberg, A., ... Bangsbo, ]. (2003). The
Yo-Yo Intermittent Recovery Test: Physiological response, reliability, and validity. Medicine &
Science in Sports & Exercise, 35(4), 697-705.
https://doi.org/10.1249/01.MSS.0000058441.94520.32

Ledo, C,, Silva, A. F,, Badicu, G., Clemente, F. M., Carvutto, R., Greco, G., Cataldi, S., & Fischetti, F. (2022).
Body composition interactions with physical fitness: A cross-sectional study in youth soccer
players. International Journal of Environmental Research and Public Health, 19(6), 3598.
https://doi.org/10.3390/ijerph19063598

Lloyd, R. S, Oliver, J. L., Radnor, J. M., Rhodes, B. C., Faigenbaum, A. D., & Myer, G. D. (2015). Relationships
between functional movement screen scores, maturation and physical performance in young
soccer players. Journal of Sports Sciences, 33(1), 11-19.
https://doi.org/10.1080/02640414.2014.918642

Malina, R. M., Pefia Reyes, M. E., Eisenmann, J. C., Horta, L., Rodrigues, ]., & Miller, R. K. (2000). Height,
mass and skeletal maturity of elite Portuguese soccer players aged 11-16 years. Journal of
Sports Sciences, 18(9), 685-693. https://doi.org/10.1080/02640410050120069

Malina, R. M,, Eisenmann, J. C., Cumming, S. P., et al. (2004). Maturity-associated variation in the growth
and functional capacities of youth football (soccer) players 13-15 years. European Journal of
Applied Physiology, 91, 555-562. https://doi.org/10.1007/s00421-003-0995-z

McFarland, I. T., Dawes, |. ], Elder, C. L., & Lockie, R. G. (2016). Relationship of two vertical jumping tests
to sprint and change of direction speed among male and female collegiate soccer play-
ers. Sports, 4(1), 11. https://doi.org/10.3390/sports4010011

McMillan, K., Helgerud, J., Macdonald, R., & Hoff, ]. (2005). Physiological adaptations to soccer-specific
endurance training in professional youth soccer players. British Journal of Sports Medicine,
39(5),273-277. https://doi.org/10.1136/bjsm.2004.012526

N,
Y 312


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4424473/
https://doi.org/10.1080/02640414.2012.665940
https://doi.org/10.1080/02640414.2012.713980
https://doi.org/10.1123/pes.2015-0231
https://www.researchgate.net/publication/271052245_Physical_Characteristics_and_Somatotype_of_Soccer_Players_according_to_Playing_Level_and_Position
https://www.researchgate.net/publication/271052245_Physical_Characteristics_and_Somatotype_of_Soccer_Players_according_to_Playing_Level_and_Position
https://www.researchgate.net/publication/271052245_Physical_Characteristics_and_Somatotype_of_Soccer_Players_according_to_Playing_Level_and_Position
https://doi.org/10.1097/00005768-200111000-00019
https://doi.org/10.14306/renhyd.22.3.468
http://sportsci.org/resource/stats/effectmag.html
https://doi.org/10.3390/healthcare10010098
https://jasp-stats.org/
https://doi.org/10.1249/01.MSS.0000058441.94520.32
https://doi.org/10.3390/ijerph19063598
https://doi.org/10.1080/02640414.2014.918642
https://doi.org/10.1080/02640410050120069
https://doi.org/10.1007/s00421-003-0995-z
https://doi.org/10.3390/sports4010011
https://doi.org/10.1136/bjsm.2004.012526

2025 (Diciembre), Retos, 73, 300-313 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Michailidis, Y. (2024). The relationship between aerobic capacity, anthropometric characteristics, and
performance in the yo-yo intermittent recovery test among elite young football players: Differ-
ences between playing positions. Applied Sciences, 14(8), 3413.
https://doi.org/10.3390/app14083413

Nalbant, O., & Ozer, K. (2018). Evaluation of the relationship between body composition and aerobic
fitness in youth soccer players. Physical education of students, (5), 258-264.
https://doi.org/10.15561/20755279.2018.0505

Redkva, P. E., Paes, M. R, Fernandez, R., & da-Silva, S. G. (2018). Correlation between match performance
and field tests in professional soccer players. Journal of Human Kinetics, 62, 213-219.
https://pmc.ncbi.nlm.nih.gov/articles/PMC6006532/

Sarmento, H., Anguera, M. T., Pereira, A., & Aratjo, D. (2018). Talent identification and development in
male  football: A  systematic review. Sports Medicine, 48(4), 907-931.
https://doi.org/10.1007 /s40279-017-0851-7

Silva, A. F,, Alvurdu, S., Akyildiz, Z., Badicu, G., Greco, G., & Clemente, F. M. (2022). Variations of the loco-
motor profile, sprinting, change-of-direction, and jumping performances in youth soccer play-
ers: Interactions between playing positions and age-groups. International Journal of Environ-
mental Research and Public Health, 19(2), 998. https://doi.org/10.3390/ijerph19020998

Toselli, S., Mauro, M., Grigoletto, A., Cataldi, S., Benedetti, L., Nanni, G., & Greco, G. (2022). Assessment of
body composition and physical performance of young soccer players: Differences according to
the competitive level. Biology, 11(6), 823. https://doi.org/10.3390/biology11060823

Towlson, C., Cobley, S., Parkin, G., & Lovell, R. (2018). When does the influence of maturation on anthro-
pometric and physical fitness characteristics increase and subside? Scandinavian Journal of
Medicine & Science in Sports, 28(8), 1946-1955. https://doi.org/10.1111/sms.13198

Wachholz, F., Tiribello, F., Mohr, M., van Andel, S., & Federolf, P. (2020). Adolescent Awkwardness: Al-
terations in Temporal Control Characteristics of Posture with Maturation and the Relation to
Movement Exploration. Brain Sciences, 10(4), 216. https://doi.org/10.3390/brainsci10040216

Wrigley, R. D., Drust, B,, Stratton, G., Atkinson, G., & Gregson, W. (2014). Long-term soccer-specific train-
ing enhances the rate of physical development of academy soccer players independent of matu-
ration status. International Journal of Sports Medicine, 35(13), 1090-1094.
https://doi.org/10.1055/s-0034-1375616

Authors' and translators' details:
[

Santiago Castro Infantes scastroinf8@gmail.com Autor
Francisco Tomas Gonzalez Fernandez ftgonzalez@ugr.es Autor
Victor Manuel Soto Hermoso vsoto@ugr.es Autor
Jesus Olivares Jabalera jesusyolivares@gmail.com Autor
Filipe Manuel Clemente Bautista filipe.clemente5@gmail.com Autor
Ana Filipa Silva anafilsilva@gmail.com Autora
NV
313

LA


https://doi.org/10.3390/app14083413
https://doi.org/10.15561/20755279.2018.0505
https://pmc.ncbi.nlm.nih.gov/articles/PMC6006532/
https://doi.org/10.1007/s40279-017-0851-7
https://doi.org/10.3390/ijerph19020998
https://doi.org/10.3390/biology11060823
https://doi.org/10.1111/sms.13198
https://doi.org/10.3390/brainsci10040216
https://doi.org/10.1055/s-0034-1375616

