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Purpose: The purpose of this study was to analyze variations of selection for
competition between late and early mature players and test the relationships between
anthropometry, body composition, maturation, and selection for competition.

Methods: Seventy-nine youth soccer players from under-11 to under-14 participated in
this study, over 6 months. Body composition and maturity offset were estimated based
on anthropometric data collected. Participants were also monitored for their number of
matches as starters and time of play accrued in minutes.

Results: Minutes played had large correlation coefficients with maturity offset (r = 0.58),
and leg length and sitting height interaction (r = 0.56). Multiple linear regression explained
35% of the variation in minutes played (p < 0.001, R2 = 0.41, R2

adjusted = 0.35,
RMSE = 334.8), but only 12% of the variation in matches as starter (p = 0.04, R2 = 0.21,
R2

adjusted = 0.12, RMSE = 5.47) between above and below the median of the maturity
offset was accounted for, respectively.

Conclusions: Although maturation may play a role in the minutes of play accrued and
matches as starters in young, it is not necessarily determining. A significant amount
of the variation in the minutes of play accrued of players can be accounted for when
considering body composition and anthropometric data.

Keywords: football, young, maturation, performance, talent development, motor development
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INTRODUCTION

Children at the same chronological age may vary meaningfully
in maturation status, where some children can be more or
less advanced in terms of maturation in comparison with
their peers (Baxter-Jones et al., 2005). In the case of youth
team sports (e.g., soccer), this evidence is extremely important,
mainly because in critical periods (between 10 and 15 years
old) the inter-player variation of maturation status can be very
high (Figueiredo et al., 2009b, 2020). Such variation should
be considered by coaches, among others, to standardize the
training process to the biological maturation status (Lloyd
et al., 2014). Moreover, talent identification and selection
should also consider maturation status as a critical parameter
to make reasonable decisions (Gonçalves et al., 2012). These
considerations have a higher extent because it is about 14–15
years old that selection/rejection for the soccer system mainly
occurs (Malina et al., 2015). For those reasons, assessment
of maturation in youth athletes is regarded as a determinant,
and has been conducted using different approaches such as,
among others, skeletal age, pubertal status, estimated age at
peak height velocity (PHV), age at menarche, or determination
of maturity status using the secondary sex characteristics
(Malina et al., 2012, 2015).

The impact of maturation on multiple dimensions of players’
performance has been extensively researched (Vandendriessche
et al., 2012; Gastin et al., 2013). For example, a study
conducted in 78 under-15 and under-16 male soccer players
(Vandendriessche et al., 2012) revealed that more mature players
had greater morphological measures and outperformed their
later maturing teammates in fitness parameters (e.g., handgrip
strength, standing broad jump, countermovement jump, agility
T-test or sprint). Moreover, earlier maturers also seem to
have an advantage in running fitness and performance (Gastin
et al., 2013). Despite these apparent advantages on fitness
parameters, in other indicators, the influence of maturation is
less visible. In a study testing the balance of youth players, later
maturers appear to have an advantage in static and dynamic
postural control due to the adolescent awkwardness that may
cause temporary balance deficits (John et al., 2019). Despite
these findings, opposing evidence has been reported in youth
players, suggesting that stabilometric parameters improved with
age until zero maturity offset (Zago et al., 2020). In other
dimensions of performance, such as motor coordination, no
meaningful impact appears to be conferred due to maturation
(Vandendriessche et al., 2012). Moreover, a study conducted
in 48 under-15 male soccer players also revealed a limited
influence of maturity, growth status, or functional fitness on
the tactical performance and tactical knowledge of players
(Borges et al., 2018).

Comparisons between players, considering the maturation
status, have not been limited to the fitness, coordination, and
technical/tactical levels. Indeed, some studies have sought to
analyze the possible effects of maturation on soccer match
performance (Goto et al., 2019; Lovell et al., 2019). Comparisons
of match performance between earlier and later maturers at
different age groups (Goto et al., 2019) revealed that earlier

maturers covered significantly greater distances than later
maturers in under-9/under-10 competitive levels. Moreover,
earlier maturers also covered greater distances, particularly at
high-speed running, in the under-13/under-14 groups (Goto
et al., 2019). Contradictorily, a study conducted in under-15
players (Lovell et al., 2019) revealed that later maturing players
accrued substantially more higher intensity running.

Considering the possible influence of maturation on the
selection by coaches to use more or less mature players in
matches, a study conducted in different age groups revealed
that only in under-9 and -10 was found significant evidence
that earlier maturers had longer pitch time than later maturers
(Goto et al., 2019). In the remaining competitive levels, under-
11 to under-14, there were no meaningful differences in
playing time (Goto et al., 2019). The option to use more
or less mature players in matches during a critical period of
development may lead to player promotion and/or dropout.
Indeed, studies on soccer have suggested a consistent exclusion of
later mature players as age- and sport-specific demands increase,
mainly in the critical period of adolescence (Figueiredo et al.,
2009a). Moreover, some studies have suggested that athletes
have been chosen largely according to their maturation status
(Johnson et al., 2017).

Selection of players based on temporary physical advantage
may lead to considerable heterogeneities in the number
of matches and playing time accrued during adolescence.
Despite that, few studies have been analyzing the influence
of maturation on the number of matches performed or
accumulated playing time (Gravina et al., 2008; Coelho e
Silva et al., 2010; Goto et al., 2019). Moreover, interactional
factors, height, body mass, or body composition may also
interfere in the criteria to select players for the team lineup
and in accruing more or less match time. Thus, it is
important to determine the interactional effect of maturation
status, anthropometry, and body composition on accumulated
playing time and the number of matches played as a
starter in youth teams. Such information would help to
facilitate understanding of the aforementioned factors and
players’ selection practices. Therefore, the purpose of this
study was (1) to analyze variations of time of play accrued
(within-age category) between players above and below the
median of maturity offset in young soccer players from
under-11 to under-14 levels; (2) to analyze the relationships
between anthropometrics, body composition, maturity offset,
and minutes/participation in match; and (3) to determine the
influence of anthropometry, body composition, and maturation
(maturity offset) on minutes/participation in match.

MATERIALS AND METHODS

Participants
Seventy-nine youth male Portuguese soccer players (under-
11: N = 16, age: 10.4 ± 0.3 years; under-12: N = 20, age:
11.6 ± 0.3 years; under-13: N = 22, age: 12.4 ± 0.4 years; and
under-14: N = 21, age: 13.5 ± 0.3 years) participated in this
study. Players were a member of each team during the entire
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period of analysis. The inclusion criteria used were (1) players
who had no injuries during the period of data collection and
(2) players who participated in 80% of the training sessions
or above during the period of data collection. As exclusion
criteria, the option was (1) players who gave up or moved to
another team during the data collection, and (2) players who
interrupted participation in training sessions for more than 1
week. Players and their parents/legal guardians were informed
about the study design and methodological approach in a meeting
made with researchers and staff at the beginning of the season.
After agreement of players and their parents/legal guardians, an
informed consent was signed by the parents/legal guardians. The
study was approved by the local university scientific council and
followed the ethical standards of the declaration of Helsinki for
the study in humans.

Experimental Approach
The study followed a cohort design and occurred between
early September 2019 and end of February 2020. During the
period of observation, the number of matches as starters (part
of the starting lineup) and time played (sum of all minutes
played during the period) were registered for each player. In the
middle of the data collection period (December 9–12, 2019), the
assessment of anthropometric variables [height, sitting height, leg
length, body mass, waist circumference (WC), and four skinfolds]
was carried out. Aiming to ensure similar conditions between
teams, a period of 48 h between the last match and the assessment
was observed. Moreover, the assessment was conducted at the
same period of the day (afternoon, ∼17:00) in a controlled
environment (room, with a stable temperature of 23◦C and
relative humidity of 55%).

Anthropometry
The measurements were conducted in an appropriate room
before the participants’ first training session. All subjects wore
light clothing and were barefooted, following which their
height and sitting height were measured to the nearest 0.1 cm
with a portable stadiometer (Seca 206, Hamburg, Germany);
sitting height was subtracted from height to estimate leg
length (0.1 cm); and body mass was assessed to the nearest
0.1 kg with a Prozis Smart Scale—Sensit. In addition, waist
circumference measurement was taken with the participant in
a standing position, over the naked skin, to the nearest 0.1 cm
using a Cescorf anthropometric tape measure; the tape was
applied horizontally, just above the umbilicus, as this has been
demonstrated to be a good marker of obesity risk (Andaki
et al., 2018). The mean of two measurements was considered for
all the variables.

Body Composition
Four skinfolds (triceps, suprailiac, supraspinal, and calf)
were assessed twice (at nearest 1 mm) with a Harpenden
caliper (British Indicators, London, United Kingdom), and
the mean of the two measurements was considered to
estimate body fat. Despite only two were used for the
calculation of body fat (BF), the four were extracted based
on different possibilities for calculation. The Lozano-Berges

equation (Lozano-Berges et al., 2018) was used to estimate BF.
The equation combines the sex, triceps, and iliac-crest skinfold
thickness (Lozano-Berges et al., 2018).

The procedure of measuring the skinfolds was performed
by a certified tester, following the International Society for the
Advancement of Kinanthropometry recommendations (Stewart
et al., 2011). An intra-observer reliability analysis was conducted
using two assessments for each skinfold in a sample of 10 players.
The intra-class correlation (ICC) test was executed to test the
reliability in the two assessments. The results revealed a mean
(among the four skinfolds) ICC level of 0.94, suggesting an
excellent reliability level on data collection of the skinfolds.

Maturity Offset
The length of time (age in years until the moment of assessment),
weight (body mass), height, sitting height, and leg length
were included in the equation to determine the age at the
PHV (Mirwald et al., 2002): −(9.236 + 0.0002708 × leg
length and sitting height interaction) − (0.001663 × age and
leg length interaction) + (0.007216 × age and sitting height
interaction) + (0.02292 × weight by height ratio). This specific
equation was tested in the original article (Mirwald et al.,
2002) and revealed an SE of 0.57 years in males. Per each
team (competitive levels), the median of maturity offset was
determined and defined two groups: (1) the players above the
median of maturity offset (defined as late mature) and (2) the
players below the median (defined as early mature).

Participation in Matches
Under-11 and under-12 teams participated in a regional
competition in which the seven vs. seven is the official format
of play, the time of play lasts 60 min (two halves of 30 min),
and the coach may perform as many replacements as they want
(including a player who may re-enter after being replaced).
The under-13 and under-14 teams participated in regional and
national competition, respectively, in which the format of play
is the eleven vs. eleven and the time of play lasts 70 min
(two halves of 35 min). In under-13 and under-14 teams, it
is only possible to do five replacements and a player cannot
re-enter when replaced.

The number of occasions in which a player started the match
in the starting lineup was registered by the researchers. Moreover,
the match time (min: minutes) of the player was also monitored
and registered. The sum of matches as starter (n) and time played
(min) was registered per player.

Statistical Procedures
Descriptive statistics were computed to ascertain the mean± SD
for all variables. Normality and homogeneity of the sample were
preliminarily tested and confirmed in the Kolmogorov–Smirnov
and Levene’s tests, respectively (p > 0.05). Subsequently,
one-way multiple analysis of variance (MANOVA) was
conducted to investigate the interactions between competitive
level and group below/above maturity offset median for
the variables of number of matches as starter and minutes
played, respectively. Comparisons of measures between players
above or below maturity offset median were conducted
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using an independent t-test, followed by the calculation of
standardized effect size of Cohen (d). The magnitude of
differences was interpreted based on the following thresholds
(Batterham and Hopkins, 2006): trivial (d ≥ 0.0 but <0.2),
small (d ≥ 0.2 but <0.6); moderate (d ≥ 0.6 but <1.2); large
(d ≥ 1.2).

Next, pairwise correlation, using Pearson’s correlation
coefficients, was conducted, with relationships reported as R
with associated p value, and described using nomenclature
recommended by Cohen et al. (2003), i.e., small (R ≥ 0.1
but <0.3), medium (R ≥ 0.3 but <0.5), and large (R ≥ 0.5).
Multiple linear regression, including competitive level, BMI,
maturity offset, lean mass, and leg length and sitting height
interaction as covariates, was conducted to explain the variance
between below and above the median of the maturity offset.
In all instances, statistical significance was accepted, a priori,
at p < 0.05, and all analyses were conducted in R (R Core
Team, 2018), using the car: companion to applied regression
package (Fox and Weisberg, 2018) and jamovi software extension
(The Jamovi Project, 2019).

RESULTS

Basic descriptive statistics of anthropometry, body composition,
maturation, and matches of players are detailed in Table 1.

One-way MANOVA revealed non-significant interactions
between competitive level and group below/above maturity
offset median for the variables of number of matches as starter
(p = 0.151; SE = 0.071) and minutes played (p = 0.125; SE = 0.077).
Comparisons of number of matches as starter and minutes played
between players below and above the median of maturity offset
can be found in Table 2.

Despite no significant differences, late mature under-13
players played fewer as starters (−30.5%; p = 0.327; d = −0.75,
moderate effect) and less minutes (−26.7%; p = 0.248; d =−0.80,
moderate effect) than early mature teammates. In under-14, late
mature players played less time than early mature ones (−44.8%;
p = 0.052; d =−0.66, moderate effect).

Pairwise correlations of all variables are presented in Table 3,
presented as Pearson’s R with associated p value. Minutes played
had large correlation coefficients with maturity offset (r = 0.58,
95% CI [0.41, 0.71]) and leg length × sitting height interaction
(r = 0.56; 95% CI [0.39, 0.70]).

Following multiple linear regression, including competitive
level, BMI, maturity offset, lean mass, and leg length and sitting
height interaction as covariates, 35% of the variation in minutes
played [F(6,50) = 5.84, p < 0.001, R2 = 0.41, R2

adjusted = 0.35,
RMSE = 334.8] but only 12% of the variation in matches as
starter [F(6,50) = 2.31, p = 0.04, R2 = 0.21, R2

adjusted = 0.12,
RMSE = 5.47] between above and below median of the maturity
offset was accounted for, respectively. For both models, lean
mass and leg length× sitting height (LLSH) interaction were the
largest contributors to the minutes played (standardized β [95%
CI], lean mass = 1.3 [−1.27, 3.88]; LLSH = −1.29 [−4.69, 2.1])
and matches as starter (standardized β [95% CI], lean mass = 2.1
[−0.78, 5.16]; LLSH =−2.57 [−6.49, 1.35]) models, respectively.

DISCUSSION

The current study sought to determine possible influences
of anthropometry, body composition, and maturation on
accumulated time of play and matches as starter in young
soccer players. The main findings highlighted no significant
differences between early or late mature players within each
competitive level in the minutes of play and number of
matches as starter, despite the result for minutes of play
for under-14 that was in the edge of statistical significance.
Correlations between measures revealed that minutes of play
were strongly correlated with height, leg length and sitting
height interaction, and maturity offset. Finally, 35% of the
minutes of play were explained by a model including competitive
level, BMI, maturity offset, lean mass, and leg length and
sitting height interaction as covariates. Moreover, lean mass
and leg length and sitting height interaction were the largest
contributors in the model.

Biological age is highly variable when closer to the PHV, and
for that reason it is extremely important to track maturity offset
of young players and control possible benefits of being an early
maturer on player’s selection made by coaches (Vandendriessche
et al., 2012). It has been well documented, for example, that
playing positions in youth soccer are precipitately chosen
by morphology that is, directly or indirectly, influenced by
maturation (Gravina et al., 2008; Valente-dos-Santos et al., 2012;
Towlson et al., 2017). Another example is the relative impact of
being a late or early maturer for talent selection and dropout
(Vaeyens et al., 2006; Figueiredo et al., 2009a). For example,
selected players had an advanced maturity status on under-
14 players (Coelho e Silva et al., 2010). Indeed, considering
the influence of maturation in the aforementioned examples,
the present study had the principal aim of analyzing possible
differences of playing time and matches as starter between
maturation levels. Aiming to compare early and late maturers
within a team, a median value of maturity offset was set
and the groups in the team were organized dichotomously.
Results revealed no significant differences between groups (i.e.,
above or below median of maturity offset) and no interaction
with the competitive levels analyzed (under-11 to under-14).
Despite that, with increasing age, moderate effect sizes revealed
a favorable tendency to increase the playing time in the
early maturing players. Further, late maturing under-13 and
under-14 played proportionally less minutes than the early
mature teammates (−26.7 and −44.8%, respectively). Although
moderate effect sizes were evident, statistical significance was
not found, thus, our findings are in line with a previous
study that compared the playing time of earlier and later
maturers and revealed that, between under-11 and under-14,
no meaningful differences in playing time were verified (Goto
et al., 2019). This may suggest that in these particular teams,
the choice made by coaches may not be exclusively related
with the benefits of being early maturing for the performance
in that precise moment. However, this should be interpreted
with caution because the guidelines for the specific academy
may play an important role in these results. The absence of
significant differences in playing time accrued and matches as
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TABLE 1 | Descriptive statistics (mean ± SD) of anthropometrics, body composition, maturation, and matches of players.

Under-11 Under-12 Under-13 Under-14

N 16 20 22 21

Age (years) 10.4 ± 0.3 11.6 ± 0.3 12.4 ± 0.4 13.5 ± 0.3

Height (cm) 139.0 ± 5.3 142.9 ± 5.4 149.6 ± 8.1 162.1 ± 5.8

Sitting height (cm) 73.2 ± 5.7 73.5 ± 3.4 77.8 ± 3.6 83.0 ± 3.7

Leg length (cm) 65.8 ± 6.7 69.4 ± 3.1 71.8 ± 4.8 79.0 ± 3.6

Body mass (kg) 35.7 ± 5.8 387 ± 5.5 41.9 ± 7.1 52.5 ± 6.9

BMI (kg/m2) 18.4 ± 2.6 18.9 ± 1.6 18.7 ± 2.2 19.9 ± 1.8

Waist circumference (cm) 62.0 ± 4.8 63.1 ± 3.9 65.2 ± 5.0 67.9 ± 3.9

Fat mass (%) 18.4 ± 3.8 18.8 ± 3.9 18.4 ± 4.0 17.1 ± 2.1

Lean mass (kg) 21.8 ± 1.7 22.8 ± 1.7 24.8 ± 2.1 27.4 ± 2.0

BMHR (kg/cm) 25.6 ± 3.7 27.04 ± 3.03 27.9 ± 3.8 32.3 ± 3.5

LLSH (A.U.) 4794.8 ± 412.3 5106.6 ± 380.7 5597.7 ± 612.7 6565.0 ± 458.4

Maturity offset (years) −3.0 ± 0.5 −2.4 ± 0.4 −1.6 ± 0.5 −0.4 ± 0.5

Age of PHV (years) 13.4 ± 0.6 14.0 ± 0.4 14.0 ± 0.4 13.9 ± 67.9

MS (n) 7.0 ± 4.9 6.6 ± 4.1 11.9 ± 5.4 12.05 ± 7.5

MP (min) 420.0 ± 175.3 400.8 ± 185.1 694.0 ± 270.2 962.6 ± 533.5

N, number; MS, match as starter; MP, minutes played; BMI, body mass index; LLSH, leg length and sitting height interaction; PHV, peak height velocity; BMHR, body
mass/height ratio; A.U., arbitrary units.

TABLE 2 | Comparisons of number of matches as starter (MS) and minutes played (MP) between players below (early maturers) and above (late maturers) the median of
maturity offset.

Median of maturity offset Below median Above median % of difference
(above − below)

p d Magnitude

Under-11 −3.0 MS (n) 6.6 ± 4.8 7.4 ± 5.3 4.0 ± 113.4 0.771 0.05 ± 1.21 Trivial

MP (min) 427.5 ± 175.8 412.5 ± 186.6 −6.6 ± 67.8 0.871 −0.10 ± 1.03 Trivial

Under-12 −2.3 MS (n) 6.0 ± 3.7 7.3 ± 4.7 14.6 ± 80.4 0.482 0.22 ± 1.04 Small

MP (min) 390.5 ± 186.2 413.3 ± 194.1 3.5 ± 46.8 0.792 0.08 ± 1.00 Trivial

Under-13 −1.6 MS (n) 12.9 ± 4.9 10.6 ± 5.9 −30.5 ± 48.6 0.327 −0.75 ± 1.34 Moderate

MP (min) 755.9 ± 234.4 619.7 ± 303.3 −26.7 ± 39.8 0.248 −0.80 ± 1.34 Moderate

Under-14 −0.4 MS (n) 14.4 ± 7.8 8.3 ± 5.7 −4.4 ± 60.5 0.069 −0.05 ± 0.61 Trivial

MP (min) 1126.5 ± 558.2 696.1 ± 384.6 −44.8 ± 64.1 0.052 −0.66 ± 1.10 Moderate

starter between early and late mature players are in line with
the suggestions of previous studies that recommend to make
decisions based not exclusively in physical and instantaneous
parameters of performance, but also using other selectors, such
as skills, motor coordination, or tactics (Larkin and O’Connor,
2017; Sarmento et al., 2018). However, and as mentioned
before, of interest is that the age trend (despite the lack of
statistical differences) in the number of matches as starter
and playing time favored the early maturers, i.e., when the
game progresses to a formal format (eleven vs. eleven) and the
replacements are no longer reversible, coaches tend to select early
maturing more often.

A second objective of the present study was to analyze the
relationships between playing time accrued, matches as starter,
and the remaining anthropometric and maturation-related
variables. Some studies have suggested relationships between
anthropometry/body composition and maturation-related
variables with technical performance (Moreira et al., 2017),

physical performance (Philippaerts et al., 2006), and match-
running performance (Lovell et al., 2019). Indeed, considering
the influence of anthropometry/body composition and maturity
on the aforementioned measures, we hypothesized possible
relationships with playing time accrued and matches as
starters. The major findings revealed that minutes played
had large correlation coefficients with maturity offset, and
leg length and sitting height interaction, respectively, thus
suggesting that being more mature and having a greater
length and sitting height interaction are highly correlated
with selection made by coaches to give more minutes
in players at young ages. Moreover, height also had a
large correlation coefficient with minutes played. To the
authors’ knowledge, our study was the first to explore such
relationship. The results seem to suggest that being taller and
more mature may benefit players to play more, despite that
other variables were not assessed, namely, fitness status and
technical/tactical skills.
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TABLE 3 | Correlation coefficients (r) between anthropometric variables, maturity offset, and minutes played/matches as starter.

Age
(years)

Height
(cm)

Sitting
height
(cm)

Leg length
(cm)

Body
mass (kg)

BMI
(kg/m2)

WC (cm) Fat mass
(%)

BMHR
(kg/cm)

LLSH Maturity
offset

Age at
PHV
(years)

MS (n)

Height (cm) Pearson’s r 0.808 –

p value <0.0001*** –

Sitting height (cm) Pearson’s r 0.6709 0.8507 –

p value <0.0001*** <0.0001*** –

Leg length (cm) Pearson’s r 0.7351 0.8922 0.5217 –

p value <0.0001*** <0.0001*** <0.0001*** –

Body mass (kg) Pearson’s r 0.7029 0.8661 0.7536 0.7583 –

p value <0.0001*** <0.0001*** <0.0001*** <0.0001*** –

BMI (kg/m2) Pearson’s r 0.2676 0.3225 0.2983 0.2672 0.7448 –

p value 0.0171* 0.0037** 0.0076** 0.0173* <0.0001*** –

WC (cm) Pearson’s r 0.466 0.5604 0.4653 0.5099 0.8385 0.8663 –

p value <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** –

Fat mass (%) Pearson’s r −0.1035 0.0001 0.0634 −0.0542 0.342 0.6977 0.5656 –

p value 0.3643 0.999 0.5788 0.635 0.002** <0.0001*** <0.0001*** –

BMHR (kg/cm) Pearson’s r 0.5875 0.7209 0.6333 0.626 0.9688 0.8866 0.9012 0.5006 –

p value <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** –

LLSH (A.U.) Pearson’s r 0.8101 0.9967 0.8151 0.9175 0.8641 0.3201 0.5601 −0.0186 0.7181 –

p value <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** 0.004** <0.0001*** 0.8705 <0.0001*** –

Maturity offset (years) Pearson’s r 0.8997 0.9258 0.9198 0.7124 0.8424 0.3693 0.5587 0.0157 0.7211 0.9104 –

p value <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** 0.0008*** <0.0001*** 0.8905 <0.0001*** <0.0001*** –

Age at PHV (years) Pearson’s r 0.3168 −0.1762 −0.4713 0.1188 −0.2457 −0.2164 −0.1716 −0.2955 −0.2488 −0.1381 −0.1265 –

p value 0.0045** 0.1203 <0.0001*** 0.2969 0.0291* 0.0554 0.1304 0.0082** 0.027** 0.2247 0.2665 –

MS (n) Pearson’s r 0.3499 0.3465 0.3018 0.3031 0.3103 0.131 0.2386 −0.0674 0.2614 0.3583 0.374 0.0096 –

p value 0.0016** 0.0018** 0.0069** 0.0066** 0.0054** 0.2497 0.0342* 0.555 0.02* 0.0012** 0.0007*** 0.9332 –

MP (min) Pearson’s r 0.5234 0.5472 0.4999 0.4587 0.4935 0.196 0.3285 −0.1066 0.4109 0.556 0.58 −0.0471 0.9145

p value <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001*** 0.0835 0.0031** 0.3499 0.0002*** <0.0001*** <0.0001*** 0.6805 <0.0001***

Strong R value denoted as bold; *p < 0.05; **p < 0.01; ***p < 0.001; MS, match as starter; MP, minutes played; BMI, body mass index; WC, waist circumference; LLSH, leg length and sitting height interaction; PHV,
peak height velocity; BMHR, body mass/height ratio; A.U., arbitrary units.
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In a study using multiple linear regression with
anthropometric, motor coordination, and fitness variables
to predict future playing minutes in young soccer players
(Deprez et al., 2015), it was revealed that standing broad jump
was the most determining measure. In our study, multiple linear
regression was used to explore the influence of anthropometry,
body composition, and maturity offset on playing time and
matches as starter, with results explaining 35% of variation in
playing time accrued, but only 12% of matches as starter. In
both cases, lean mass and leg length/sitting height interaction
were the significant and largest contributors in the models.
Interestingly, a study comparing selected and non-selected
youth soccer players revealed that fat percentage of selected
players was lower than non-selected, thus more lean mass
can be considered a determinant for specific cutoffs situations
(Lago-Peñas et al., 2014). In fact, it seems that skinfolds may
play a negative determining effect on the physical performance
of young soccer players (Gil et al., 2014). Moreover, greater lean
mass may also contribute to a greater availability to produce
greater contractions and have better performance in power-
related actions (e.g., jumping, sprinting) (Amonette et al., 2014).
Therefore, body composition and anthropometry seem to play a
determining role in playing time in youth soccer.

Despite the novelty of the present study, there are some
limitations that must be considered. One of the limitations
is related to the small sample included. Only one team was
analyzed for each competitive level, thus possible inferences
should be considered with caution because variables could be
influenced by contextual factors. Another limitation is that
fitness and technical/tactical variables were not included in
the analysis. Finally, this study represented only 6 months
of data collection and this should be also considered when
making inferences about the data. For those reasons, future
studies should consider increasing the size of the sample,
as well as the length of data collection, and to add a
multidimensional approach, incorporating fitness variables and
technical/tactical measures.

Despite limitations, this study is one of the few to provide
evidence regarding possible relationships between maturation
and anthropometry and the minutes of play accrued and matches
as a starter at different competitive levels in youth soccer system.
This study will help to facilitate our understanding of player
match selection by coaches. Despite the finding that maturation
had no strong determinacy in explaining the minutes of play
accrued, anthropometry played an important role, and as such,
should be considered in practical scenarios. It is advisable that
player selections based on momentary conditions should be
avoided, and multidimensional aspects related to skill level and,
mainly, potential should also be criteria to providing game time
and opportunities to young soccer players.

CONCLUSION

In conclusion, no significant differences in minutes of play
accrued and matches as a starter were found between early and
late mature players within under-11 to under-14 competitive

levels. In addition, large correlations were found between minutes
of play accrued and height, leg length and sitting height
interaction, and maturity offset, respectively, in the overall
population analyzed. Finally, models to explain the variation
of minutes of play and matches as starter accounted for 35
and 12%, respectively, in which the largest contributors to
the model were lean mass and leg length and sitting height
interaction. Considering the main findings, it is reasonable to
assume that maturation is not necessarily a determining factor
in the participation of matches, and that anthropometry and
body composition may play an important role. However, these
conclusions should be interpreted with caution due to the context
of this study design.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the local University scientific council and followed
the ethical standards of Declaration of Helsinki for the study in
humans. Written informed consent to participate in this study
was provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

FC conceived and led the project and wrote and revised
the original manuscript. CC performed the data analysis and
statistical report. CL collected the data wrote and revised the
original manuscript. AS, RL, HS, AF, TR, and BK wrote and
revised the original manuscript. All authors contributed to the
article and approved the submitted version.

FUNDING

This work was funded by Fundação para a Ciência e
Tecnologia/Ministério da Ciência, Tecnologia e Ensino Superior
through national funds and when applicable co-funded EU funds
under the project UIDB/50008/2020. No other specific sources of
funding were used to assist in the preparation of this article.

ACKNOWLEDGMENTS

HS gratefully acknowledges the support of a Spanish government
subproject “Integration ways between qualitative and
quantitative data, multiple case development, and synthesis
review as main axis for an innovative future in physical activity
and sports research” (PGC2018-098742-B-C31) (Ministerio de
Economía y Competitividad, Programa Estatal de Generación
de Conocimiento y Fortalecimiento Científico y Tecnológico

Frontiers in Physiology | www.frontiersin.org 7 March 2021 | Volume 12 | Article 651735

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-12-651735 March 11, 2021 Time: 11:26 # 8

Clemente et al. Selection for Competition in Soccer

del Sistema I + D + i), which is part of the coordinated
project “New approach of research in physical activity and

sport from mixed methods perspective (NARPAS_MM)
(SPGC201800X098742CV0)”.

REFERENCES
Amonette, W. E., Brown, D., Dupler, T. L., Xu, J., Tufano, J. J., and

De Witt, J. K. (2014). Physical determinants of interval sprint times in
youth soccer players. J. Hum. Kinet. 40, 113–120. doi: 10.2478/hukin-2014-
0013

Andaki, A. C. R., Mendes, E. L., Santos, A., Brito, C. J., Tinôco, A. L. A., and
Mota, J. (2018). Waist circumference percentile curves as a screening tool to
predict cardiovascular risk factors and metabolic syndrome risk in Brazilian
children. Cad. Saude Publica 34:e00105317. doi: 10.1590/0102-311x0010
5317

Batterham, A. M., and Hopkins, W. G. (2006). Making meaningful inferences
about magnitudes. Int. J. Sports Physiol. Perform. 1, 50–57. doi: 10.1123/ijspp.
1.1.50

Baxter-Jones, A. D. G., Eisenmann, J. C., and Sherar, L. B. (2005). Controlling
for maturation in pediatric exercise science. Pediatr. Exerc. Sci. 17, 18–30.
doi: 10.1123/pes.17.1.18

Borges, P. H., Cumming, S., Ronque, E. R. V., Cardoso, F., Avelar, A.,
Rechenchosky, L., et al. (2018). Relationship between tactical performance,
somatic maturity and functional capabilities in young soccer players. J. Hum.
Kinet. 64, 160–169. doi: 10.1515/hukin-2017-0190

Coelho e Silva, M. J., Figueiredo, A. J., Simões, F., Seabra, A., Natal, A., Vaeyens, R.,
et al. (2010). Discrimination of u-14 soccer players by level and position. Int. J.
Sports Med. 31, 790–796. doi: 10.1055/s-0030-1263139

Cohen, J., Cohen, P., West, S., and Aiken, L. (2003). Applied Multiple
Regression/Correlation Analysis for the Behavioral Sciences, 3rd Edn. New York,
NY: Routledge.

Deprez, D. N., Fransen, J., Lenoir, M., Philippaerts, R. M., and Vaeyens, R.
(2015). A retrospective study on anthropometrical, physical fitness, and
motor coordination characteristics that influence dropout, contract status, and
first-team playing time in high-level soccer players aged eight to eighteen
years. J. Strength Cond. Res. 29, 1692–1704. doi: 10.1519/JSC.000000000000
0806

Figueiredo, A. J., Coelho-E-Silva, M. J., Sarmento, H., Moya, J., and Malina, R. M.
(2020). Adolescent characteristics of youth soccer players: do they vary with
playing status in young adulthood? Res. Sport. Med. 28, 72–83. doi: 10.1080/
15438627.2019.1586704

Figueiredo, A. J., Gonçalves, C. E., Coelho, E., Silva, M. J., and Malina,
R. M. (2009a). Characteristics of youth soccer players who drop out,
persist or move up. J. Sports Sci. 27, 883–891. doi: 10.1080/0264041090294
6469

Figueiredo, A. J., Gonçalves, C. E., Coelho, E., Silva, M. J., and Malina, R. M.
(2009b). Youth soccer players, 11–14 years: maturity, size, function, skill and
goal orientation. Ann. Hum. Biol. 36, 60–73. doi: 10.1080/0301446080257
0584

Fox, J., and Weisberg, S. (2018). Car: Companion to Applied Regression. [R
package].

Gastin, P. B., Bennett, G., and Cook, J. (2013). Biological maturity influences
running performance in junior Australian football. J. Sci. Med. Sport 16,
140–145. doi: 10.1016/j.jsams.2012.05.005

Gil, S. M., Badiola, A., Bidaurrazaga-Letona, I., Zabala-Lili, J., Gravina, L., Santos-
Concejero, J., et al. (2014). Relationship between the relative age effect and
anthropometry, maturity and performance in young soccer players. J. Sports
Sci. 32, 479–486. doi: 10.1080/02640414.2013.832355

Gonçalves, C. E. B., Rama, L. M. L., and Figueiredo, A. B. (2012). Talent
identification and specialization in sport: an overview of some unanswered
questions. Int. J. Sports Physiol. Perform. 7, 390–393. doi: 10.1123/ijspp.
7.4.390

Goto, H., Morris, J. G., and Nevill, M. E. (2019). Influence of biological maturity
on the match performance of 8- to 16-year-old, elite, male, youth soccer
players. J. Strength Cond. Res. 33, 3078–3084. doi: 10.1519/JSC.000000000000
2510

Gravina, L., Gil, S. M., Ruiz, F., Zubero, J., Gil, J., and Irazusta, J.
(2008). Anthropometric and physiological differences between first team and

reserve soccer players aged 10-14 years at the beginning and end of the
season. J. Strength Cond. Res. 22, 1308–1314. doi: 10.1519/JSC.0b013e31816
a5c8e

John, C., Rahlf, A. L., Hamacher, D., and Zech, A. (2019). Influence of
biological maturity on static and dynamic postural control among male
youth soccer players. Gait Posture 68, 18–22. doi: 10.1016/j.gaitpost.2018.
10.036

Johnson, A., Farooq, A., and Whiteley, R. (2017). Skeletal maturation status is more
strongly associated with academy selection than birth quarter. Sci. Med. Football
1, 157–163. doi: 10.1080/24733938.2017.1283434

Lago-Peñas, C., Rey, E., Casáis, L., and Gómez-López, M. (2014). Relationship
between performance characteristics and the selection process in youth
soccer players. J. Hum. Kinet. 40, 189–199. doi: 10.2478/hukin-2014-
0021

Larkin, P., and O’Connor, D. (2017). Talent identification and recruitment in youth
soccer: recruiter’s perceptions of the key attributes for player recruitment. PLoS
One 12:e0175716. doi: 10.1371/journal.pone.0175716

Lloyd, R. S., Oliver, J. L., Faigenbaum, A. D., Myer, G. D., and De Ste Croix,
M. B. A. (2014). Chronological age vs. biological maturation: implications for
exercise programming in youth. J. Strength Cond. Res. 28, 1454–1464. doi:
10.1519/JSC.0000000000000391

Lovell, R., Fransen, J., Ryan, R., Massard, T., Cross, R., Eggers, T., et al. (2019).
Biological maturation and match running performance: a national football
(soccer) federation perspective. J. Sci. Med. Sport 22, 1139–1145. doi: 10.1016/j.
jsams.2019.04.007

Lozano-Berges, G., Matute-Llorente, Á, Gomez-Bruton, A., González-Agüero,
A., Vicente-Rodríguez, G., and Casajús, J. A. (2018). Accurate prediction
equation to assess body fat in male and female adolescent football
players. Int. J. Sport Nutr. Exerc. Metab. 29, 297–302. doi: 10.1271/bbb.
69.287

Malina, R. M., Coelho, E., Silva, M. J., Figueiredo, A. J., Carling, C., and Beunen,
G. P. (2012). Interrelationships among invasive and non-invasive indicators
of biological maturation in adolescent male soccer players. J. Sports Sci. 30,
1705–1717. doi: 10.1080/02640414.2011.639382

Malina, R. M., Rogol, A. D., Cumming, S. P., Coelho, E., Silva, M. J., and
Figueiredo, A. J. (2015). Biological maturation of youth athletes: assessment
and implications. Br. J. Sports Med. 49, 852–859. doi: 10.1136/bjsports-2015-09
4623

Mirwald, R. L., Baxter-Jones, A. D., Bailey, D. A., and Beunen, G. P. (2002). An
assessment of maturity from anthropometric measurements. Med. Sci. Sports
Exerc. 34, 689–694.

Moreira, A., Massa, M., Thiengo, C. R., Lopes, R. A. R., Lima, M. R., Vaeyens,
R., et al. (2017). Is the technical performance of young soccer players
influenced by hormonal status, sexual maturity, anthropometric profile, and
physical performance? Biol. Sport 34, 305–311. doi: 10.5114/biolsport.2017.6
9817

Philippaerts, R. M., Vaeyens, R., Janssens, M., Van Renterghem, B., Matthys, D.,
Craen, R., et al. (2006). The relationship between peak height velocity and
physical performance in youth soccer players. J. Sports Sci. 24, 221–230. doi:
10.1080/02640410500189371

The Jamovi Project (2019). jamovi. (Version 1.1.7) [Computer Software].
Sarmento, H., Anguera, M. T., Pereira, A., and Araújo, D. (2018). Talent

identification and development in male football: a systematic review. Sport.
Med. 48, 907–931. doi: 10.1007/s40279-017-0851-7

Stewart, A., Marfell-Jones, M., and Inernational Society for Advancement
of Kinanthopometry. (2011). International Standards for Anthropometric
Assessment. Underdale, SA: The International Society for the Advancement of
Kinanthropometry.

R Core Team (2018). R: A Language and Envionment for Statistical Computing.
Available online at: https://cran.r-project.org/ (accessed May 17, 2020).

Towlson, C., Cobley, S., Midgley, A., Garrett, A., Parkin, G., and Lovell, R.
(2017). Relative age, maturation and physical biases on position allocation
in elite-youth soccer. Int. J. Sports Med. 38, 201–209. doi: 10.1055/s-0042-11
9029

Frontiers in Physiology | www.frontiersin.org 8 March 2021 | Volume 12 | Article 651735

https://doi.org/10.2478/hukin-2014-0013
https://doi.org/10.2478/hukin-2014-0013
https://doi.org/10.1590/0102-311x00105317
https://doi.org/10.1590/0102-311x00105317
https://doi.org/10.1123/ijspp.1.1.50
https://doi.org/10.1123/ijspp.1.1.50
https://doi.org/10.1123/pes.17.1.18
https://doi.org/10.1515/hukin-2017-0190
https://doi.org/10.1055/s-0030-1263139
https://doi.org/10.1519/JSC.0000000000000806
https://doi.org/10.1519/JSC.0000000000000806
https://doi.org/10.1080/15438627.2019.1586704
https://doi.org/10.1080/15438627.2019.1586704
https://doi.org/10.1080/02640410902946469
https://doi.org/10.1080/02640410902946469
https://doi.org/10.1080/03014460802570584
https://doi.org/10.1080/03014460802570584
https://doi.org/10.1016/j.jsams.2012.05.005
https://doi.org/10.1080/02640414.2013.832355
https://doi.org/10.1123/ijspp.7.4.390
https://doi.org/10.1123/ijspp.7.4.390
https://doi.org/10.1519/JSC.0000000000002510
https://doi.org/10.1519/JSC.0000000000002510
https://doi.org/10.1519/JSC.0b013e31816a5c8e
https://doi.org/10.1519/JSC.0b013e31816a5c8e
https://doi.org/10.1016/j.gaitpost.2018.10.036
https://doi.org/10.1016/j.gaitpost.2018.10.036
https://doi.org/10.1080/24733938.2017.1283434
https://doi.org/10.2478/hukin-2014-0021
https://doi.org/10.2478/hukin-2014-0021
https://doi.org/10.1371/journal.pone.0175716
https://doi.org/10.1519/JSC.0000000000000391
https://doi.org/10.1519/JSC.0000000000000391
https://doi.org/10.1016/j.jsams.2019.04.007
https://doi.org/10.1016/j.jsams.2019.04.007
https://doi.org/10.1271/bbb.69.287
https://doi.org/10.1271/bbb.69.287
https://doi.org/10.1080/02640414.2011.639382
https://doi.org/10.1136/bjsports-2015-094623
https://doi.org/10.1136/bjsports-2015-094623
https://doi.org/10.5114/biolsport.2017.69817
https://doi.org/10.5114/biolsport.2017.69817
https://doi.org/10.1080/02640410500189371
https://doi.org/10.1080/02640410500189371
https://doi.org/10.1007/s40279-017-0851-7
https://cran.r-project.org/
https://doi.org/10.1055/s-0042-119029
https://doi.org/10.1055/s-0042-119029
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-12-651735 March 11, 2021 Time: 11:26 # 9

Clemente et al. Selection for Competition in Soccer

Vaeyens, R., Malina, R. M., Janssens, M., Van Renterghem, B., Bourgois, J., Vrijens,
J., et al. (2006). A multidisciplinary selection model for youth soccer: the
Ghent Youth Soccer Project. Br. J. Sports Med. 40, 928–934;discussion934.
doi: 10.1136/bjsm.2006.029652

Valente-dos-Santos, J., Coelho-e-Silva, M. J., Simões, F., Figueiredo, A. J., Leite,
N., Elferink-Gemser, M. T., et al. (2012). Modeling developmental changes in
functional capacities and soccer-specific skills in male players aged 11-17 years.
Pediatr. Exerc. Sci. 24, 603–621. doi: 10.1123/pes.24.4.603

Vandendriessche, J. B., Vaeyens, R., Vandorpe, B., Lenoir, M., Lefevre, J., and
Philippaerts, R. M. (2012). Biological maturation, morphology, fitness, and
motor coordination as part of a selection strategy in the search for international
youth soccer players (age 15–16 years). J. Sports Sci. 30, 1695–1703. doi: 10.
1080/02640414.2011.652654

Zago, M., Moorhead, A. P., Bertozzi, F., Sforza, C., Tarabini, M., and Galli,
M. (2020). Maturity offset affects standing postural control in youth
male soccer players. J. Biomech. 99:109523. doi: 10.1016/j.jbiomech.2019.
109523

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

Citation: Clemente FM, Clark CCT, Leão C, Silva AF, Lima R, Sarmento H,
Figueiredo AJ, Rosemann T and Knechtle B (2021) Exploring Relationships
Between Anthropometry, Body Composition, Maturation, and Selection
for Competition: A Study in Youth Soccer Players. Front. Physiol. 12:651735.
doi: 10.3389/fphys.2021.651735

Copyright © 2021 Clemente, Clark, Leão, Silva, Lima, Sarmento, Figueiredo,
Rosemann and Knechtle. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Physiology | www.frontiersin.org 9 March 2021 | Volume 12 | Article 651735

https://doi.org/10.1136/bjsm.2006.029652
https://doi.org/10.1123/pes.24.4.603
https://doi.org/10.1080/02640414.2011.652654
https://doi.org/10.1080/02640414.2011.652654
https://doi.org/10.1016/j.jbiomech.2019.109523
https://doi.org/10.1016/j.jbiomech.2019.109523
https://doi.org/10.3389/fphys.2021.651735
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

	Clemente_et_al_Exploring_Relationships_Between cs
	Clemente_et_al_Exploring_Relationships_Between
	Exploring Relationships Between Anthropometry, Body Composition, Maturation, and Selection for Competition: A Study in Youth Soccer Players
	Introduction
	Materials and Methods
	Participants
	Experimental Approach
	Anthropometry
	Body Composition
	Maturity Offset
	Participation in Matches
	Statistical Procedures

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



