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Abstract

Purpose The purposes of this study were to describe the fitness and hormonal levels according to playing time (PT) (i.e.,
PT during season less (PT1) or more (PT2) than 50% of the total time) and maturation level (ML) (i.e., normal (ML1) and
early maturity levels (ML2)), and to analyze the differences between groups for the measures of aerobic capacity, anaerobic
power, power performance, and hormonal concentrations.

Methods Twenty-four youth footballers of a U16 team participated in this study. Anthropometric measures, maturity status,
growth hormone, insulin-like growth factor (IGF-1), maximal oxygen uptake, fatigue index, and countermovement jump
were collected.

Results Significant differences were found between both PT and ML groups for maturational status, aerobic capacity, power
performance, and IGF1 concentrations. The interaction of PT and ML revealed significant differences for maturity offset and
power performance. When using the skeletal age as a covariant, the previously significant differences found were reduced
only to the fatigue index measure.

Conclusions The response variables analyzed in the present study seem to be influenced by PT and ML. This must be con-
sidered when planning training, and coaches must be sensible to these effects as they may assume a preponderant role in PT.

Keywords Soccer - Motor development - Performance - Growth

Introduction

Football (soccer) has evolved into a more physically, techni-
cal, and tactical demanding sport over the past few years [1].
Indeed, this fact has been corroborated by studies using data
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collected via modern devices, such as global positioning sys-
tems, enabling to reveal that elite football teams are dealing
with greater match demands [2]. As such, this information
can be used by coaches and scouts for talent identification
and player selection [3]. Considering the approaches for
talent identification and player selection, it has been docu-
mented that coaches tend to use unidimensional settings,
where the levels of strength, speed, and morphological char-
acteristics of young football athletes are prioritized [4].
During youth, especially from 10 to 15 years, it is
expected that children present significant variations in matu-
ration status [5, 6]. In fact, great differences in maturation
status (biological age) are commonly seen within children
of the same age, based on the date of birth (chronological
age) [7]. Football academies usually organize youth teams
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by grouping athletes according to their chronological age,
and consequently, these practices result in greater within-
subjects variation in maturity status [8]. From a practical
perspective, late-maturing footballers must deal with an
unfair fight, considering that early maturing players are
commonly taller, heavier, and outperform their late-maturing
colleagues, as well as being preferred by coaches for selec-
tion [9]. For those reasons, it is of paramount importance
to estimate the maturation level (ML) of young footballers.
Although this can be done through the Fels method [10],
which is the most valid and reliable method to calculate the
skeletal age, it requires equipment that may not be reachable
for some sport contexts. However, coaches have simple and
inexpensive tools to assess the maturation status of athletes
at their disposal. It is possible to predict how far from the
peak height velocity (PHV) children are, or if they already
reached it, through anthropometric measures and a simple
calculation [11].

Aerobic capacity has been considered an important per-
formance determinant of adult elite footballers, where val-
ues of maximal oxygen consumption (VO,,,..) can go up to
69 ml kg~! min~! [12, 13]. And it is commonly assessed via
incremental tests to exhaustion, such as the yo-yo intermit-
tent recovery (YYIR) levels 1 and 2 [14]. On the other hand,
adolescent footballers have demonstrated an average level of
VO,,,... of 48 ml kg™ min~!, which can be slightly different
depending on the level of competition (elite or non-elite)
and the maturity of the players [15—17]. In the same line,
anaerobic power has an important role in football due to
the repeated short high-intensity actions that are required
during training and matches [17, 18]. This highlights the
importance of assessing the repeated sprint ability (RSA)
and their related fatiguing effects (fatigue index), in ado-
lescent footballers [19, 20]. Lower limb explosive power is
also one of the key-determinants for achieving success in
elite football performance, and it is usually assessed using
vertical jumps such as the countermovement jump (CMJ)
[15]. Given the abovementioned physical determinants, it is
fundamental to highlight the between-player variations and
status of those physical aspects in critical stages of human
maturation, such as puberty. In fact, it has been documented
that early maturing players have greater physical characteris-
tics and capabilities than late maturers [7]. Also, considering
the typical hormonal changes during puberty, associations
between the activity of some hormones, such as growth
hormone (GH) and insulin-like growth factor (IGF1) with
physical performance have been made [21, 22]. Therefore,
coaches tend to overlook late maturing players, having a
strong preference for selecting early maturing players as they
augment the chances to win matches [23].

Although it has been previously documented that in
lower competitive levels (U9-U10), early maturing play-
ers revealed greater playing time (PT) than mature late, in
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higher competitive levels (> U11) this was not clear [24].
Notwithstanding the attempt to reveal the influence of ML
on PT, there is still limited evidence regarding these patterns
[24]. Also, to the best of our knowledge, there is a lack of
evidence supporting the influence of PT and maturational
levels on physical and physiological levels between early
and normal maturing players.

As football sessions and other training stimuli may
influence the concentration levels of GH and IGF1 during
adolescence, and knowing that chronic training load expo-
sure may elicit increased GH concentrations [22, 25], it is
hypothesized that players with more PT may present greater
physical and physiological levels than players with lesser PT.
Given the fact that male athletes advanced in maturity levels
possess greater strength capabilities, it is expected that they
present greater jump performance. While, it is also hypoth-
esized that normal maturing players have the better aerobic
capacity, as they seem to perform better in intermittent tasks
[71], such as the YYIRI test.

Considering that in a youth football team there are great
development differences between-players in the same team
[4], it is expected that this factor is manifested by greater
physical qualities differences in the same team. Given that,
it is of utmost importance to analyze the within-team matu-
rational status for determining players’ physical capacity.
Understanding the influence that PT and maturational lev-
els have on the physical and physiological development of
early and normal mature athletes may be an optimal strat-
egy to sensibilize coaches to plan training considering these
factors. From a practical perspective, this is of paramount
importance to make football practice sessions fair and moti-
vating for youth. For these reasons, the purposes of this
study were: (i) to describe the fitness status, and hormonal
indices according to maturation and competitive level (PT);
and (ii) to analyze the comparisons between early and nor-
mal mature players (within each competitive level) for the
measures of minutes playing, VO,,,.... seven repeated sprint
test (7RST), fatigue index, CMJ, GH, and IGF-1 level.

Materials and methods
Participants

Twenty-four youth footballers (Mean =+ standard devia-
tion (SD)); chronological age 15.6 +0.2 years; height
176.4 +£5.3 cm; body mass 60.6 + 8.3 kg; skeletal age
16.6 + 0.8 years; maturity offset 2.0+ 0.4 years; minutes
of playing 1383.4 +260.7 min) participated in this study.
Players were playing in the Regional Premier League of
U16. Positions and number of players in each position
were: 2 goalkeepers, 9 defenders, 5 central midfielders, 4
wingers, and 4 attackers. The inclusion criteria were: (1) at
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least playing football for 3 years; (2) they banned for using
any kind of food supplement which could affect on growth;
and (3) do not participate in any extra training outside this
study. The exclusion criteria were: (1) participating in less
than 80% of training and games (formal and no formal);
(2) absence in any examination or tests of this study; (3)
late maturity status. This study had an Ethics code from the
University of Isfahan, also we followed all ethics rights rec-
ommendations of the Helsinki Declaration. Before starting
the study all players and parents were aware of the benefits
and risks of this study and signed a permission letter.

Experimental approach to the problem

This study was performed as a quasi-experimental and
cohort research which was conducted on a cross-sectional
basis, the results will be practical. The participants were
divided into two groups in terms of PT. The first group
played less than 50% of the season games (PT1), and the sec-
ond group played more than 50% of the season games (PT2).
Furthermore, other grouping was used based on the maturity
level of the players, which were considered as two categories
of normal maturity (ML1) and early maturity (ML2) [7].
For grouping players, we used the subtraction of skeletal
age and chronological age, if it was more than + 1 we called
them early mature, and if it was between — 1 and+ 1 we
called them on time. All minutes of formal and informal
games were included in the variable of minutes playing by
the players. At the end of the season after three days’ rest
the assessment was measured during four days and in the
morning, t in the first day, we did blood sampling, X-Ray,
and anthropometric measurement for identifying the matu-
rity status of the player. Furthermore, physical fitness tests
used in this study were CMJ (second day), the 7RST (third
day), and the YYIR1 Test (fourth days). All of these tests
were performed in the morning, under the same weather
conditions (21-23 °C temperature and 50% humidity) [26].
Timetable of this study is in Table 1. Participants completed
an average of 188-200 training sessions during the season
for 8 months, including 43 matches (21 official + 12 non-
officials) and no long-term injury reports (7 players’ minor
sports injuries) during the course.

Table 1 Control and assessment period during season

Measurements

The tests in this study were performed in 4 days, at the same
temperature (21-23 °C and 50% humidity) [26], participants
stopped physical activity 3 days before the tests.

Blood sampling On the first day, blood samples were taken
from the vein of the front arm, after 12 h of fasting. To mini-
mize measurement error, all blood samples were taken at
8 a.m. by a skilled expert. To measure serum IGF-1and GH
levels, the Chemiluminescence method and IMMULITE
system were used. Blood samples were centrifuged and kept
at —70°C until analyzing.

Skeletal age The EOS Imaging device was used for pos-
terior-anterior imaging of the hand-wrist graph, which is a
new device in radiography, where the radiation dose is much
lower than previous devices [27-29], and it has also better
picture quality [30, 31]. Two-dimensional graph of the EOS
Imaging system was used for the determination of skeletal
age. This assessment was done by an experienced person, he
used the Fels method. The Fels method is one of the three
methods for assessing skeletal age from radiography, which
is known as the most valid method [10].

Anthropometric measurements Finally, on the first day,
anthropometric characteristics were measured [32], the par-
ticipants stood without shoes, with their shoulders upright
and in a normal position, then their standing height was
measured. The sitting height was calculated when they sat
on a 50-cm bench, with their shoulders and buttocks directly
attached to the stadiometer. To measure standing and sitting
height, the German SECA device was used with an accuracy
of 0.05 m, and to measure the weight of the German SECA
813 device with an accuracy of 0.1 kg. On the other hand,
anthropometric measurements were used to maturity offset
and age at PHV [11]: Maturity offset= —9.236 +0.0002708
(leg  lengthxsitting  height) —0.001663  (age X leg
length)+0.007216 (age X sitting height) +0.02292 (Weight
by Height ratio), R=0.94, R2=0.891, and SEE=0.592)
and for leg length=Standing Height (cm)— Sitting height
(cm) [11].

Year 2018 2019 Total
Month August September October November December January  February March End of March
Phase First preparation Regional games Best of Second prepara-  Best Assessment
phase (8 week) south tion phase of Iran
region (6 week) (National)
Official games no 4 4 4 5 4 4 days 21
Non official games no 2 4 6 12
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Physiological tests On the second day of the test, after
15 min of a standardized warm-up, which included jogging,
stretching, explosive exercises, similar to the test, under the
supervision of a conditioning trainer, players performed the
CMIJ test without swinging the hand, with the hand on the
lateral part of the above pelvis for measurements of lower
body explosive power [33]. Following the 90 degrees of
flexion of the knee, they performed their jump with a maxi-
mum power by command of the tester. Two jumps were per-
formed with 5 min’ recovery between them, then the best
performance was recorded. An electronic pad, the Newest
Power Timer company made in Finland was used for testing.

On the third day, the players participated in the 7RST,
which included seven 34.5-m sprints with a 25-s recovery
time between them, it assessed anaerobic power [34]. The
protocol was started, with a warm-up that included jogging,
stretching, and short sprints. After a 15-min warm-up, play-
ers were instructed how they should have performed. For
identifying the fatigue index we subtracted the worse perfor-
mance to best performance [35]. To assess the time of each
of the players’ performances we used Newtest Power Timer
device made by Finland company and the 25 s, recovery time
was calculated by a stopwatch. The player was notified at
the end of each recovery period for the next run, and players
were encouraged during the performance.

On the last day of measurement, the aerobic capacity of
the players was assessed by the YYIR1 test. The test started
with 40 m running where players run a 20-m back and forth,
with 10 m of walking recovery, which is a 5-m back and
forth. In this test, with the sound of each beep, the players
must be at the exact point of the test, and each level of the
test increased, 0.5 km/h progressively. Players continued the
test until the players could not reach the exact point two
times, the last level that the player was able to perform was
registered as his record. The following formula was used to
determine the VO, . . VO, . (ml kg~! min~!)=IR1 dis-
tance (m) X 0.0084 +36.4 [12].

Football training In scientific literature, there is a term
called the special sport training, and because this research
is in the field of football, so we examined the duration of
football training, which indicates the time that the player
has been engaged in football from the beginning of his life
in months. For this purpose, the history of each player was
checked from the archive and database of the club, and after
that, for more accuracy and precision, the available results
were reviewed again with each player and recorded as
“Football training” in “months”. The average is in Table 1.

Content of each training session The training program for
this age group was as follows: 5 training sessions of 90 min
per week, including 10 min of warm-up, 20 min of physi-
cal training, 10 min of technical training, 20 min of tactical
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training, 25 min of training game (including playing in the
small-sided game) and at the end there was a recovery for
5 min. The time of the matches in this age group was 90 min
per game, which was held on the official field according to
the rules of the Football Federation of the country for this
age group. Training goals in the age group include goals in
the small-sided game (development of ball possession, ball
transition in speed and rapid organization of zonal defense,
retreat and recovery), tactical goals (using defensive and
offensive principles quickly), technical goals (focus on
passing and controls skills, as well as ball control in small
and large spaces) and physical fitness goals (development of
aerobic power, linear speed, and explosive power) and were
applied in the exercises of each session.

Statistical method

Mean and SD of variables were used for descriptive statis-
tics. After examining the normality of the test data (Smirnoff
Kolmogorov) and homogeneity of variances (Leven test),
the Multivariate Analysis of Variance (MANOVA) test, to
contrast athletes of early and normal maturity, in both groups
of players, PT1 and PT2 were used. Furthermore, Multi-
variate analyses of covariance (MANCOVA) for controlling
contending factor apply two time; first, minutes of playing
and second, ML as a covariate, also partial eta-square (7p%)
were used to show the magnitude effect size (trivial <0.2,
small > 0.2; medium > 0.5; large > 0.8 and above) all vari-
ables were examined at a significance level of 0.05 using
the SPSS 22.

Results

Table 2 presents the descriptive characteristics of this
study sample in Mean + SD in both ML and PT groups.
We summarized some variables like total season playing
time: 1383.4 +260.7 min; height: 176.4+5.3 cm; VO,,.,..
49.5+3.5 mL.kg™!.min~!; IGF-1 level: 392.0 + 107.7 ng/dl;
skeletal age: 16.6+0.8, that was used to divided players in
the two groups.

The results of MANOVA are presented in Table 3. Sig-
nificant differences between PT1 and PT2 were found for
minutes of playing (F=45.1, p<0.01, 7p*=0.7), age at
PHV (F=8.1, p<0.01, 17p2=0.3), maturity offset (F=11.2,
p<0.01, np*>=0.4), standing height (F=6.0, p<0.01,
np*=0.2), sitting height (F=8.5, p<0.01, 7p>*=0.3),
VO, (F=9.8,p<0.01, 5p*=0.3), CMJ (F=9.2, p<0.01,
np*=0.3) and IGF-1 level (F=17.0, p<0.01, 5p*=0.5).
Also, in maturation level groups there were significant
differences between early and on time mature players for
skeletal age (F=29.0, p<0.01, 17p2 =0.6), weight (F=17.5,
p<0.01, pp*=0.3), VO, (F=5.2, p<0.05, yp*=0.2),
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Table 2 Descriptive statistics of playing time and maturity groups in inter-variability of U16 youth Football players

Variables Total Playing time groups Maturation level groups
PT1 PT2 ML1 ML2

n=24 n=12 n=12 n=10 n=14
Minutes playing (min) 1383.4+260.7 1166.8 +170.1 1600+ 104.5 1509.0+256.6 1293.7+232.2
Chorological age (year) 15.6+0.2 15.66+0.2 15.57+0.3 15.6+0.2 15.6+0.3
Skeletal age (year) 16.6+0.8 17.0+0.8 16.3+0.8 15.9+0.6 17.2+0.5
Football training (month) 79.9+19.5 77.8+19.7 82.0+19.9 80.3+15.2 79.6+£22.6
Age at PHV (year) 13.6+0.3 13.4+04 13.8+0.1 13.7+0.3 13.6+0.3
Maturity offset (year) 20+04 22+04 1.7+£0.3 1.9+0.3 2.0+0.5
Standing height (cm) 176.4+5.3 179.2+5.4 173.7+3.8 175.5+4.5 177.1+£6.0
Sitting height (cm) 93.1+2.6 94.5+2.8 91.6+1.3 92.8+2.6 932+2.7
Weight (kg) 60.6+8.3 63.6+10.1 57.7+4.6 55757 64.2+8.1
VO, (ml kg™! min~!) 49.5+35 473+1.8 51.7+34 51.7+£32 479+2.8
7RST (s) 6.7+0.2 6.7+0.3 6.7+0.2 6.6+0.2 6.8+0.3
Best of 7RST (s) 6.4+0.2 6.5+0.2 6.4+0.3 6.4+0.2 6.5+0.2
Worse of 7RST (s) 7.0+0.3 7.0+04 7.0+0.3 6.9+0.3 7.1+0.3
Fatigue Index (s) 0.5+0.3 0.5+0.2 0.6+0.3 0.5+0.2 0.7+0.3
CMJ (cm) 40.8+44 38.0+3.9 43.6+3.0 432+24 39.1+4.8
GH level (ng/dl) 1.6+19 1.1+1.6 23422 21+19 1.3+1.9
IGF1 level (ng/dl) 392.0+107.7 317.8+66.4 466.3+88.5  459.0+93.3 343.5+91.8

PT1I group of player who play less than 50 percent of total season, P72 group of player who play more than 50 percent of total season, ML/ the
group of player who were on normal maturation, ML2 the group of player who were early maturation, PHV Peak Height Velocity, VO,,,,,. maxi-
mal oxygen uptake, 7RST 7 Repeated Sprint Test, CMJ Countermovement Jump, GH Growth Hormone, /GF1 Insulin-like Growth factor-1

Table 3 Results of MANOVA to test the effect of Playing Time and maturity groups in inter-variability of U16 youth Football players

Variables Effects of playing time Effects of maturation level Effects of playing X maturation
F p np’* F p np* F P p’

Minutes playing (min) 45.1 <0.001* 0.7 1.2 0.283 0.1 0.7 0.413 <0.001
Chorological age (year) 0.8 0.382 <0.001 0.1 0.330 0.1 1.8 0.199 0.1
Skeletal age (year) 0.5 0.493 <0.001 29.0 <0.001* 0.6 0.5 0.476 <0.001
Football training (month) 0.4 0.516 <0.001 0.0 0.843 <0.001 0.7 0.430 <0.001
Age at PHV (year) 8.1 0.010* 0.3 0.3 0.590 <0.001 1.5 0.242 0.1
Maturity offset (year) 11.2 0.003* 0.4 <0.001 0.942 <0.001 4.7 0.043* 0.2
Standing height (cm) 6.0 0.024* 0.2 <0.001 0.972 <0.001 1.0 0.327 0.1
Sitting height (cm) 8.5 0.009* 0.3 0.2 0.639 0.0 1.9 0.180 0.1
Weight (kg) 0.5 0.483 <0.001 7.5 0.012* 0.3 44 0.049* 0.2
VO, (ml kg™ min~!) 9.8 0.005* 0.3 52 0.034* 0.2 <0.001  0.927 <0.001
7RST (s) 0.1 0.713 <0.001 25 0.129 0.1 0.8 0.370 <0.001
Best of 7RST (s) 0.1 0.779 <0.001 1.2 0.275 0.1 0.9 0.362 <0.001
Worse of 7RST (s) 1.7 0.206 0.1 2.1 0.100 0.1 0.9 0.355 <0.001
Fatigue Index (s) 1.6 0.220 0.1 0.6 0.454 <0.001 <0.001  0.858 <0.001
CMJ (cm) 9.2 0.007* 0.3 44 0.048* 0.2 4.5 0.046* 0.2
GH level (ng/dl) 1.6 0.223 0.1 0.2 0.647 <0.001 <0.001  0.845 <0.001
IGF1 level (ng/dl) 17.0 0.001* 0.5 4.9 0.039* 0.2 0.1 0.333 0.5

PHV Peak Height Velocity, VO,,,,. maximal oxygen uptake, 7RST 7 Repeated Sprint Test, CMJ Counter Movement Jump, GH Growth Hor-
mone, /GF1 Insulin-like Growth Factor-1

*Signiﬁcant difference at (p <0.05)
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CMIJ (F=4.4, p<0.05, 5p*=0.2) and IGF-1 level (F=4.9,
p<0.05, yp*>=0.2). The interaction of groups of PT and
their maturation (PT X ML) showed that maturity offset
(F=4.7, p<0.05, np*>=0.2), weight (F=4.4, p<0.05,
np*=0.2) and CMJ (F=4.5, p<0.05, yp*>=0.2) were sig-
nificantly different.

A MANCOVA was performed to test the effect of PT and
ML in inter-variability of U16 youth footballers, and the
results are shown in Table 4. When controlling ML, skel-
etal age as a covariate, just the parameter of fatigue index
(F=47, p<0.05, yp*=0.2) was significant.

Discussion

The purposes of the present study were to describe the fit-
ness and hormonal status according to ML and PT, and to
analyze the differences between ML1 and ML2 within PT1
and PT?2 groups, for the measures of aerobic capacity, anaer-
obic power, power performance, and hormonal concentra-
tions. Results revealed significant differences between both
PT and ML groups for maturational status, aerobic capacity,
power performance and for IGF1 concentrations. Also, the
interaction of PT and ML revealed significant differences
for maturity offset and power performance. However, after
controlling the ML, using the skeletal age as a covariant, the
latter significant differences were reduced only to the fatigue
index measure.

The first aim of the present study was to describe the
fitness and hormonal levels of both PT1, PT2, ML1, and
ML2 groups. Results revealed the greater overall physical
performance and greater hormonal mean values for PT2
and ML12? groups, than PT1 and ML21? groups. The

characterization of fitness and hormonal measures of young
footballers players have previously been made [21, 36, 37].
For instance, in a recent study, it was revealed that football-
ers had greater changes during 2 seasons in physical and
hormonal parameters than non-athletic adolescents from the
same chronological age as in the present study [21]. Also,
the same study revealed that GH concentrations of 2.2 ng/
dl were similar to our study. In contrast, the IGF1 mean
concentration was lower in our study compared to that found
in the study of Hammami et al. [21], which showed IGF1
concentrations of 870 ng/dl. In fact, IGF1 values of our
sample were similar to the non-athletic population of the
above-mentioned study. However, those differences may be
due to the divergent methodologies used, as well as the type,
duration, and frequency of training that was not controlled
in the present study.

Regarding the second aim of the present study, a
MANOVA was executed to test the effects of PT and ML
on between-group differences of the analyzed response
variables. Results revealed that PT influenced the VO, ..
CMJ, and IGF1 measures, with the PT2 group presenting the
greatest values. Other studies revealed that long exposures
to football training results in enhanced physical capacities
[21, 38]. Indeed, Nobari et al. [16] showed that accumulated
training loads influenced the significant differences found at
different assessment timings for aerobic capacity, anaerobic
power, fatigue index, and maximal speed. Also, despite acute
training doses may cause a suppression of IGF1 levels, it
seems that chronic exposures to training elicit increases in
both GH and IGF1 hormones, that have a great impact on
growth and physical performance [22]. For those reasons, it
is suggested that players with more PT during a full season
show greater physical performance and anabolic hormonal

Table 4 Results of MANCOVA

N Variables Playing time as covariate Skeletal age as covariate

to control playing time and

maturation level of U16 youth F P np* F P np*

football players
Football training (month) 0.9 0.355 <0.001 0.1 0.831 <0.001
Standing height (cm) 0.7 0414 <0.001 0.5 0.489 <0.001
Sitting height (cm) 04 0.551 <0.001 0.1 0.787 <0.001
Weight (kg) 44 0.051 0.2 0.9 0.358 0.1
VO, (ml kg™ min~1) 1.8 0.199 0.1 0.6 0.439 <0.001
7RST (s) 0.5 0.494 <0.001 0.2 0.659 <0.001
Best of 7RST (s) 1.1 0.315 0.1 1.8 0.200 0.1
Worse of 7RST (s) 0.4 0.548 <0.001 0.7 0.425 <0.001
Fatigue Index (s) <0.001 0.987 <0.001 4.7 0.043* 0.2
CMJ (cm) <0.001 0.855 <0.001 0.9 0.356 0.1
GH level (ng/dl) 1.3 0.263 0.1 <0.001 0.962 <0.001
IGF1 level (ng/dl) 1.5 0.232 0.1 1.1 0.317 0.1

PHYV Peak Height Velocity, VO,,,,. maximal oxygen uptake, 7RST 7 Repeated Sprint Test, CMJ Counter
Movement Jump, GH Growth Hormone, /GF1 Insulin-like Growth Factor-1

*Signiﬁcant difference at (p <0.05)
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concentrations. Given that, special attention should be given
to players with less PT, thus, it would be of paramount
importance for coaches to promote a between-player bal-
anced training stimulus.

Although there is a lack of studies investigating the
effects of PT on the analyzed dependent variables in the
present study, other studies attempted to test the influence
of physical and hormonal measures, and maturational status
on PT [24, 39]. In fact, Deprez et al. [39] showed that jump
performance influenced approximately 17% of the variance
in future PT. Also, Goto et al. [24] revealed that early mature
players had more PT than their late-maturing counterparts in
lower age categories. This was not observed in the present
study, as the ML2 group, early maturing players showed
slightly lesser minutes of play, but not representing signifi-
cant differences. However, our sample is from higher age
categories (U-16), and the above-mentioned study [24],
highlighted that at higher age categories the differences
between early and late maturing players were not clear.
Given that, more studies should be conducted for ensuring
greater information about these types of influences of PT
on physical, physiological, and hormonal measures, and
vice-versa.

Furthermore, ML showed effects on player’s weight,
VO,,.c» CMIJ, and IGF1 measures, being the ML1 group
the lighter, and with the greatest values of VO,.., CMJ,
and IGF1. Thus, after removing the influence of skeletal age,
used as a covariate, from the analysis, the significant differ-
ences were reduced to fatigue index only. Indeed it has been
documented that the ML of footballers are strongly asso-
ciated with greater physical performance [7, 40]. Greater
development of aerobic capacity is shown at the PHV,
and greater maximal aerobic power, strength, and power
development might occur slightly later [38, 41, 42]. Also,
as children advance in maturity status during puberty, it is
expected a greater activity of operating hormones such as
the GH and IGF1 concentrations, which facilitates human
growth [22, 37]. Thus, when footballers are at critical stages
of puberty, it is expected that they become more heavy and
taller, confirming our results considering the effects of MLI
on player’s weight. Coaches should be aware of these effects
as they may assume a preponderant role when considering
the selection and PT.

The present study has some limitations. One of the main
limitations is the small size of the sample, which include
only one U16 football team. However, this is a common lim-
itation considering elite sports contexts. Another limitation
is related to the fact that we did not consider any external
load and heart rate-based measures [43—45]. It would be of
interest that future studies focused on the influence that PT
and ML might have on different heart rate and external vari-
ables. Despite those limitations, the present study showed
that both PT and maturation status may influence the level

of anthropometric measures, aerobic capacity, power perfor-
mance, and IGF1 concentrations. Given that, coaches must
provide balanced PT opportunities within a youth team, and
individualize training to promote greater physical, physio-
logical and hormonal adaptations to the whole team players.

Conclusions

In short, significant differences between both PT and ML
groups for maturational status, aerobic capacity, power per-
formance, and for IGF1 concentrations were found. PT and
ML together revealed significant differences for maturity off-
set and power performance. Considering the present study
findings, it is suggested that the above-mentioned measures
seem to be influenced by PT and ML, as after controlling the
skeletal age as a covariant, the latter significant differences
were reduced only to the fatigue index measure.
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