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Abstract

players were assessed in 6 different tests over four days.

cantly explained the MP.

Objectives: The aims of this study were to analyze the relationships between minutes of play (MP) and maturity
status, fitness, and hormonal levels and to explain how those measures influence the time of play.

Methods: Twenty-six youth soccer players U15 participated in this study over a full-season period. Anthropometric

measures, maturity status, growth hormone (GH), insulin-like growth factor and physical levels such as maximal oxy-
gen uptake (VO,,.,), fatigue index, countermovement jump (CMJ) performance were collected. At the end-season,

Results: VO, largely correlated with GH (r=0.57) and CMJ (r=0.51). Also, GH largely correlated with CMJ (r=0.55).
MP had moderate correlations with VO,, .., (r=0.44) and CMJ (r=0.42). Multiple linear regression with maturation,
physical fitness and hormonal levels explained R? of 0.62 of the MP (F (8, 17) = 3.47, p=0.015). Although each inde-
pendent variable alone was not able to determine the playing time, when using the interactions, the model signifi-

Conclusions: The combination of maturity status, physical fitness, and hormonal levels seem to play a determinant
role in explaining the match participation in youth soccer players.

Keywords: Skeletal age, Young, Performance, Playing time, Football, Talent development

Introduction

Youth soccer levels are organized by chronological age,
disregarding the impact that biological age may have on
the differentiation between athletes, as well as on tal-
ent selection [1]. By grouping young athletes accord-
ing to their chronological age (date of birth) leads to a
misconception regarding athlete’s biological age (state
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of maturation), which disrupts talent identification and
development, mainly associated with contempt for later
maturing athletes [2, 3]. Shifting these practices is of
paramount, and can be possible with simple methods of
monitoring maturing state of athletes, mainly through
anthropometric measures to predict maturity offset,
years from peak height velocity (PHV) [4, 5]. Also, the
maturation level can be calculated by skeletal age estima-
tion through the Fels method [6]. Essentially, knowing
the chronological age (date of birth) and measuring the
weight, standing height, sitting height, and leg length of
the young athletes it is possible to predict the distance
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they are from PHYV, through a valid and reliable calcula-
tion [4]. As the level of maturation may differ substan-
tially among children of the same chronological age [7,
8], it is expected that within the same team exists great
variability of maturational levels between young soccer
players [9, 10]. In fact, in a study conducted on 159 male
players aged 11-14years old, it was revealed that within
the same age group the differences in maturation was
meaningful, where early mature players were morpho-
logically advanced in relation to normal and later mature
male players [11].

Moreover, it is well known that early maturing play-
ers present better physical qualities in relation to their
late maturing counterparts [12—14]. For instance, a study
conducted on 69 young soccer players revealed that early
maturing players outperformed their late maturing col-
leagues in aerobic capacity, speed, strength and power
variables [12]. Notwithstanding, it seems that players that
are advanced in maturity concurrent with hormonal lev-
els, presents higher technical soccer performance in rela-
tion to their late maturing counterparts [15]. Also, it has
been documented that elite youth soccer training leads
to greater physical qualities improvements, concomitant
with growth spurt [16-18].

These improvements can also be related with hormonal
changes that occur during growth, mainly associated with
the actions of growth hormone (GH) and insulin-like
growth factor (IGF1) which may be regulated by training
stimuli [19]. The GH-IGF1 axis is responsible for the ana-
bolic environment that results in a normal and healthy
growth of children [20]. Also, at the onset and until the
end of puberty it is expected an increase in this anabolic
environment [21], as well as training-related effects on
the production or inhibition of growth hormones [17,
22]. Further, it was documented that maturity status
and hormonal activity seem to have a relationship with
physical performance in soccer [17]. Although IGF1 con-
centration decreases due to the inflammatory responses
of acute loads [23], a chronic exposure to exercise cause
positive adaptations which is related to augmented circu-
lating growth hormones [21].

As the early maturing players are normally stronger
an taller than their late maturing peers [9], it is a
common practice that clubs excludes late maturing
players, given their smaller structure [3, 5]. As a con-
sequence, talent identification follows an unidimen-
sional approach where it reigns the physical-based
selection, in which early maturing players are natu-
rally more benefited [24, 25]. In fact, in a short-term
perspective, some studies showed that early maturing
players covered greater distances than late maturing
players [13, 26]. Indeed, Goto et al. [26], revealed that
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in an U14 soccer team, early maturers covered greater
match distances than late maturers, mainly in high
intensity running and spent more time in this intensity
zone [26]. These evidences may be related to the fact
that on those particular competitive levels, teams are
in a critical stage of maturity where hormonal changes
begin to take shape in a more accentuated fashion [20,
21]. However, there is still a lack of consensus regarding
those findings [27].

Coaches are expected to have a preference for select-
ing early maturing players for competition due to their
greater morphological and physical characteristics, as
well as their match performance mainly in the pubertal
critical phase [3, 28]. Although these preferences exist,
few evidences support the determinant dimensions
influencing the minutes played by young soccer players.
In fact, Goto et al. [26] revealed that more mature play-
ers have greater time of play in lower chronological age
categories, but it is not so straightforward as competi-
tive levels are higher. Further, it is hypothesized that
players who have greater physical attributes may have
more chances to be selected for competition and conse-
quently, more minutes of playing (MP). Also, operating
growth hormones may have a significant role on play-
ing time, as it is associated with maturation levels and
therefore, to greater physical qualities [29-31].

Short-term maturity status, and physical-based
approach of selection for competition and time of play
may have a double negative impact on elite young play-
er’s careers. In fact, the non-protection of later matur-
ing players may lead to dropouts and lesser time of play,
and in the case of early maturing players, not reach-
ing a senior contract [32, 33]. However, there is still a
lack of evidence [26], as far as we know, supporting the
impact of a multifactorial perspective on the selection
for competition and time of play. In fact, this multi-
factorial approach including the maturity status, level
of fitness, and the role of hormonal changes influenc-
ing the selection and time of play should be considered
as it may interfere with coaches’ choices and practices.
This approach would give a more robust information
considering the current determinants influencing the
selection and time of play strategies of academy soccer
clubs.

For these reasons, the purposes of this study were: (i)
to analyze the correlations between MP with the skeletal
age, maturity offset, maximal oxygen uptake (VOy,.),
fatigue index, countermovement jump (CM]) perfor-
mance, GH, and IGF1 levels; and (ii) to show a regres-
sion analysis that explain the MP in each competitive
level with the above independent variables (i.e., matura-
tion status, physical fitness and hormonal levels).
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Method

Experimental approach to the problem

This research was conducted as a prospective study
with observational cohort design which was performed
on a cross-sectional basis, yielding practical results.
Researchers have checked players over the whole sea-
son and assessments were performed upon completion
of the competitive season. The outline of the research
can be seen in Table 1. All assessments were done after
the monitoring during the season and the same weather
conditions (temperature 21-23° C and humidity 50%)
after the end of the season. After three days of recovery
from the last training players were assessed by anthro-
pometric, hormonal, and imaging of left-hand radiogra-
phy in day 1, the CM]J was evaluated on day 2, the seven
repeated sprint tests (7RST) test and the Yo-Yo Intermit-
tent Recovery Test level 1 (YYIRT1) were tested in the
last two days, respectively. All tests were performed in
the morning [34].

Subjects

Sample in this study were twenty-six elite youth foot-
ball player (Mean= Standard deviation; chronological
age: 14.6 £ 0.2 years; height: 172.4+7.5cm; body mass:
59.4 £ 10.1kg; skeletal age: 15.0 + 1.0 years; maturity off-
set: 1.14+0.5years; VO, ., 48.74+2.9mlkg  .min~?).
The age group of these subjects was U1l5 which they
played in the highest level of their age group, accord-
ing to the program of the relevant federation, they
first participated in the provincial league and then
in the national league. Among the player 3 were goal-
keepers, 11 defenders, 4 central midfielders, 4 wingers
and 4 attackers. The inclusion criteria were: 1) at least
3years playing soccer background; 2) Active and regular
participation in all stages of the study; 3) they did not
allow to use any supplement that effect on growth and
maturation; and 4) participants were not permitted to
perform additional exercises. The exclusion criteria: 1)
not participating in 80% of competitions (formal and
no formal) and training sessions during the season; 2)
did not attend in one of the medical or physical tests

Table 1 During control in season and assessment
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of the study. If any players who competed for a limited
time during the match each week. Then we provided
a friendly match or a small side game. This study was
authorized by the Ethics Committee of the University
of Isfahan (IR.ULREC.1399.001). Also we have done it
regarding the Helsinki declaration (2013). All the par-
ticipants were informed about the risks and benefits of
this study, have the right to quit in each part of that they
want. Informed consent was obtained from the par-
ents/ young players for the participation of the study. To
measure the YYIRT1 and 7RST tests, players wore stock
shoes. However, players for CMJ used running shoes.

Procedures

Anthropometric measurements

For anthropometric measurement, we assessed three
variables (weight, standing height, and sitting height)
and all measurements were carried out in the morn-
ing [35]. SECA audiometer 2013, “Hamburg, Germany”
was utilized to measure standing height and sitting
height. As with previous studies considerations [36]
participants, stood as near as possible to the stadiom-
eter with bare feet, and their head, back, and shoulder
should attach to the stadiometer with feet positioned
beside every other to assessing standing height. For sit-
ting height, they sat on the 50 cm box with buttocks as
close as possible to the stadiometer and their posture
should be upright. The difference between the stadi-
ometer number and the box height will be the sitting
height, also for estimating maturity offset we needed
leg length which is calculated by differences between
standing, and sitting height. The last assessment in this
part was the weight that was evaluated by SECA, model
813, England with an accuracy of +0.1kg. To estimate
maturity offset we used Mirwald equation which is:
Maturity offset =—9.236 + 0.0002708 (leg length x sit-
ting 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) [4].

Year 2018 2019
Month July Aug Sept Oct Nov Dec Jan Feb Mar End of Mar Total
Phase First PP (6week)  Provincial Games Second PP NG Assessment

(6 week)
0G 2 4 4 4 4 4 4 4days 26
NOG 2 4 6

* 0G Official Games, NOG Non-Official Games, PP Preparation phase, NG National Games
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Skeletal age

Skeletal age is the most acceptable method for assess-
ment of maturity level. 2D X-ray radiographs of the hand
and wrist used for verifying skeletal age regarding this
purpose we used the EOS imaging system to specify skel-
etal age. The EOS imaging system is a new device that can
provide lower radiation dose 50 to 85% [37, 38] than digi-
tal radiography as well as better image quality [39, 40].
There is some technique for assessing the skeletal age but
the most reliable is the Fels method [6], which is we used
in this study by our expert. In the Fels method assessor
use some criteria that relate to the level of maturity and
ratio of hand and wrist bones also we need chronologi-
cal age that is differences between the date of assessment
and birth date. After identifying the ratio and maturity
levels of bones, data, and chronological age inserted to
the Felshw 1.0 software to evaluated the skeletal age. For
identifying the maturity status of the player, we had to
subtract the skeletal age from the chronological age then
if this number was more than +1 the player identifies as
early, if this subtract was less than —1 he identifies as late
and if it was between +1 and — 1 he was average mature.

Blood sample analysis

The same previous studies [31, 41, 42], after at least 12h
of fasting and 72 h after the last training, players went to
the Al-Zahra Hospital laboratory for taking 10ml blood.
Blood was drawn from the antecubital fossa, this blood
was drawn at 8a.m. and the samples were quickly cen-
trifuged. To quantify GH and IGF-1 levels we used the
serum obtained from the blood. In this, part Chemilumi-
nescence technique (ICMA) and IMMULITE framework
(2000xpi Systems, organization SIEMENS Germany)
were utilized. The sensibility of the kit that was used for
GH (REF: L2KGRH2; lot 171) was 0.01ng/ml and for
IGF-1 (REF: L2KGF2 and lot: 571) was 13.3ng/ml.

Countermovement jump test

The CM]J test was used to investigate explosive lower-
body power [43]. Players warm up about 15min, they
starting with running slowly after that 5 x 10m running
with maximum speed, horizontal and vertical hop, and
CM]J drills. Players before doing CM]Js carried out 2 tri-
als for familiarizing. The first test started when the exam-
iner said jump and player should have stood on the mat
with 90-degree flexion in the knee then they jump ver-
tically maximum energy. Players stood on the electronic
pad during the CM]J test with their hands stable, without
swinging, on his lateral area of the pelvic. The second test
did after 5 min recovery, finally, the best performance was
recorded in cm [44].
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Repeated sprint test

The 7 RST is one of the best reliable tests regarding simi-
larity with the football and this test assess anaerobic
power. Participants should run in maximum speed one
by one until the 7th run, and between each curved run,
the players had 25s recovery for came back to the start
point. Players should warm up 15min by jogging, stretch-
ing, and sprints. For the test, the player was standing in
the start line then started his performance as fast as pos-
sible by command of the assessor until the finish line,
then he ran back to the start line as for the limited time
(25s). The fatigue index was calculated by subtraction of
the worst and the best performance [45]. If participants
lost one of their runs, an average of 6 other runs regis-
tered as the failure test. Newtest Power timer 300-series
testing system (Newtest, made in Finland) which has
photo finish sensors and jump mat used to monitor this
test and CM] test. Photo finish sensors were located at
the start and finish line in this test.

Yo-Yo intermittent recovery test

The YYIRT1 was the last test performed and it was used
to estimate the VO, .. Standard warm-up was done by a
conditioning coach and the procedure was like the 7RST
test. In the YYIRT1 participant run 40 m back and forth
then they had 10m back and forth recovery. The test is
conducted at 10km/h and increase 0.5km/h for the next
step. The end of this test happened when each of the par-
ticipants had two failures for being in the line at the same
time with the beep sound, then the level which player
could not catch register as the record. VO, ,, evaluated
by this equation: VO,, .. (mlkg''min™')=IR1 distance
(m) x 0.0084 4 36.4 [46].

Statistical analyses

For statistical analysis, first, the normality of the informa-
tion was checked with Shapiro-Wilk, then the mean and
standard deviation (SD) were used to describe the study
samples. Pearson and Spearman’s correlations were used
for normal and non-normal data, respectively. Consider-
ing the following correlation thresholds [47]: < 0.1 =triv-
ial; 0.1-0.3=small; 0.4—0.5=moderate; 0.6—0.7 =Ilarge;
0.8-0.9=very large; and>0.9=nearly perfect. Ulti-
mately, regression analysis was performed in two stages.
First, for all dependent information, linear regression
was performed with MP and obtained predicted formula
and residual them, and in the next step, multiple linear
regression was performed between dependent and inde-
pendent information. All statistical analyses were done to
use GraphPad Prism version 8.0.1 with considering the
significance surface was at P <0.05.
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Results
Descriptive characteristics of players are presented in
Table 2. Values are reported as mean =+ SD. Total season

Table 2 Descriptive characteristics of players

Variables Mean+SD
Height (cm) 172475
Weight (kg) 594 410.1
Chronological age (years) 146 £0.2
Skeletal age (years) 150£1.0
Maturity Offsets (years) 1.14+05
Soccer training (months) 80.3 £23.0
VO, s (MLkg ™" min~") 487429
Fatigue index (seconds) 06403
Best sprints (seconds) 6.6+04
Worst sprints (seconds) 71403
CMJ (cm) 395+598
GH (ng/dl) 194+14
IGF1 (ng/dl) 4615£1106
Minutes of playing (min) 14114+ 2426

* VO, .« maximal oxygen consumption, CMJ countermovement jump, GH
growth hormone, /IGF1 insulin-like growth factor
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were 1411+242.6 MP in matches and 32 matches were
during the study period.

Figure 1 shows the correlations between MP with mat-
uration status, fitness status and hormonal levels, with
correlation coefficients of CI 95%. Based on the result of
this study, there was a significant moderate correlation
between CMJ (r=0.42; CI 95% [0.04 to 0.69]; p=0.03)
and VO, (r=0.44; CI 95% [0.06 to 0.71]; p=0.02) and
MP.

Hence, fatigue index (r=-0.54; CI 95% [—0.66 to
0.02]; p<0.004) was largely related to MP. VO,.. was
largely correlated to CMJ (r=0.51; CI 95% [0.16 to
0.75]; p=0.007) and GH (r=0.57; CI 95% [0.22 to 0.79];
p=0.003), and also a large correlation was observed
between GH and CM]J (r=0.55; CI 95% [0.20 to 0.78];
p=0.003). The relationship between fatigue index and
soccer training (r=-—0.41; CI 95% [—0.69 to —0.01];
p=0.039) was shown to be moderate (Table 3).

The MP and independent variables (i.e., maturation
status, fitness status, and hormonal levels) with lin-
ear regression are reported in the diagram, respectively
(Fig. 2). The results of this study showed that MP signif-
icantly predicted the levels of VO,,,.. (F (1, 24) = 5.82,
b=37.26, p =0.024), with an R? =0.20; CMJ (F (1, 24) =

MP
1.0} ! — Nearly perfect
0.8— .................. Pesssscscrerrrrssssnssfecerrrrrrraan é-...... ..-..-..-.g .................. —Verylarge
’:‘ (| X e EEERREE R R E TR RIS PRPPRRRRRS FRPRRRREPRE PR R PP ................. .................. - Large
-’ 4 : ] L
= —Moderate
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> L
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Lt |
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g B
2 - Small
o]
-~ L
= — Moderate
= L
(=) -
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® Skeletal Age A Soccertraning ¢ Fatigucindex H GH
B Maturity offset ¥ VO, ¢ 0O CMJ ¢ IGFI
Fig. 1 Correlation coefficients (95%Cl) the minutes of playing soccer player in the compositions with the skeletal age (years); maturity offset (years);
Soccer training (months); VO, ., (Mlkg™".min~"); Fatigue index (seconds); CMJ indicates the best of countermovement jumps performance (cm);
GH, and IGF1 levels (ng/dl)
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Table 3 Pearson and spearman correlation analysis

Variables BO B1 B2 B3 B4 B5 B6 B7 B8
MP (B0) 1

Skeletal Age (31) 0.18 1

Maturity offset (32) 0.05 0.66 1

Soccer training (33) 0.37 0.04 0.15 1

VO, (B4) 0.44 —001 008 0.10 1

Fatigue index (35) —0.54 0.03 0.24 —0.41 —0.20 1

CMJ (36) 0.42 037 036 —0.05 0.51 0.18 1

GH Level (37) 0.38 0.03 —0.11 0.01 0.57 —0.09 0.55 1

IGF1 Level (38) 032 —0.12 0.08 0.04 0.27 —0.02 0.24 0.31 1

* MP minutes of playing, CMJ countermovement jumps, VO,,,,, maximal oxygen consumption, GH growth hormone, IGF1 insulin-like growth factor. Significant

differences (p < 0.05) are highlighted in bold

5.26,b=17.17; p =0.031) with an R2 =0.18; GH (E (1, 24)
=6.91, b=82.30; p =0.015) with an R? =0.224, and IGF1
levels (F (1, 24) = 7.04, b=1.04; p =0.014, R?> =0.23. Par-
ticipants predicted the competitive level (MP) increasing
37.26min for each mLkg *.min~! of VO, ; 17.17 min
for each cm of CMJ; 82.30 min for each ng/dl of GH and
increased 1.02 min for each ng/dl of IGF1. And ultimately
for find out better predictions, the residual plots were
also showed in Fig. 3.

Multiple linear regression analysis was calculated to
predict MP based on maturation status, fitness status,
and hormonal levels (Table 3). A significant value was
found (F (8, 17) = 3.47, p=0.015), with an R? of 0.62.
Participants predicted MP (Y) is equal to BetaO+ Betal
(Skeletal age) - Beta2 (Maturity offset) +Beta3 (Soccer
training) - Beta4 (VO,,,.,) - Beta5 (Fatigue index) + Beta6
(CM]J) + Beta7 (GH)+ Beta8 (IGF1), where maturation
status, is evaluated as years, fitness status as months, and
mlkg™L.min~!, seconds, and cm based on the equation,
respectively. However, none of the variables were able to
predict the competitive level (MP) of the soccer player
U15 individually (Table 4).

Discussion

The purpose of the present study was to analyze the
relationships between MP with maturity status, fitness,
and hormonal levels and to explain how those measures
may influence the MP. The main findings of the present
study were that the MP were positively correlated with
VO,.x and CMJ in a moderate magnitude, and nega-
tively correlated with fatigue index, with a large mag-
nitude. Moreover, VO, .. had large relationships with
growth hormones (GH and IGF1) and CM]J. Also, growth
hormones were largely related with CM]J. The model of
multiple linear regression using maturation status, fitness
status, and hormonal levels explained 62% of the MP.

However, isolated independent variables were not able to
determine the MP by the model.

The first aim of the present study was to analyze the
correlations between MP and maturation levels (includ-
ing hormones) and physical performance. Our results
showed no correlation between maturation and MP,
maybe because our sample did not differ significantly
neither on skeletal age, nor in maturity offset. Moreover,
all the sample have already the maturity offset at least
half a year ago. The lack of correlations between skeletal
age, maturity offset, MP, VO, .. and fatigue index, may
also suggest that biological maturation was not consid-
ered by the related stakeholders for selecting players for
match participation. Thus, skeletal age may be independ-
ent of hormonal activity and development, although this
remains unclear [48].

Other studies tested the correlations between matura-
tion status and physical performance [49], showing that
early maturing boys tend to be more successful in soccer
in mid- and late adolescence. In opposition, Cunha et al.
[50] showed that biological maturation does not affect
neither ventilatory thresholds, nor VO, ., values of
young soccer players. However, different maturity evalua-
tion was conducted in those different studies, suggesting
that more studies should be conducted in this field. Nev-
ertheless, for general adolescent male population, data
suggest that strength and power attain maximal growth
after maturity offset, running speed, and maximal aero-
bic power [12].

The correlation between MP and fitness status was also
included in the analysis, being registered moderate cor-
relations between VO,,,,.., CMJ and MP. In fact, a signifi-
cant correlation between aerobic capacity and distance
covered during a match have already been found [51].
It was suggested that an enhancement of 6% in VO, .,
can improve soccer performance and more specifically
can increase the distance covered, the number of sprints,
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Table 4 Multiple linear regression analysis: minutes of playing with all variables

Variables Beta Estimate [t] P 95% Cl for estimated
MP (min) B0 309.2 0.28 0.78 [—2024 to 2642]
Skeletal Age (years) B1 145 0.28 0.79 [—96.4 10 1254]
Maturity offset (years) B2 —759 0.72 048 [—297.8 t0 145.9]
Soccer training (months) 33 32 1.75 0.09 [—-0.61t06.9]
VO, iy (Mlkg ™" min~") R4 —18 0.01 0.92 [—39.21035.7]
Fatigue index (seconds) B5 —2194 1.53 0.15 [—-521.91t0 83.2]
CMJ (cm) 6 14.1 1.61 0.13 [—431t032.5]
GH (ng/dl) g7 443 1.39 0.18 (22910 111.5]
IGF1 (ng/dl) (38 0.7 1.87 0.08 [-0.1t01.5]
R*=062

* Cl confidence interval, MP minutes of playing, VO,,,,, maximal oxygen consumption, CMJ countermovement jump, GH growth hormone, IGF T insulin-like growth

factor. Significant differences (p < 0.05) are highlighted in bold

and the number of actions with the ball, in male elite soc-
cer players [52]. Moreover, Murtagh et al. (2018), noticed
that, among others, vertical CMJ was an indicator of elite
youth soccer players. Those findings suggest that players
with better physical performance may have more chances
to be selected, and consequently, have more MP.

The relationships between maturation status and physi-
cal performance, and the relationships between hormo-
nal activity and physical performance has been already
analyzed in other studies [17, 53, 54]. The increase of GH
in plasma after exercise has been well documented [55].
According to the literature, the duration and intensity of
training and its type have a significant impact on IGF-1
concentration [56], with the GH / IGF-I actions influenc-
ing fuel compound metabolism such as protein metabo-
lism and body composition [57]. Our results revealed a
large correlation between GH and VO,_,,, and between
GH and CM]J. In fact, a study conducted on 18 elite soccer
players from U17 competitive level revealed that puber-
tal growth combined with soccer training increased the
concentrations of GH and that higher levels of IGF1 were
correlated with better jump performance [17]. For those
reasons, coaches should consider not only the pubertal
growth in isolation, but also, its complementation with
the imposed soccer training dose that promote greater
hormonal activity. Indeed, a longitudinal study examin-
ing the relationship between maturity status and physi-
cal performance revealed that as children were closer to
PHYV they presented greater jump performance as well
as an increased maximal oxygen uptake and anaerobic
capacity, which is in concordance with the sample of this
study [49].

Considering the influence of the independent variables
analyzed on the MP, a linear regression was executed
for each variable. Results revealed that the MP were
influenced by 23% by IGF1, 22% by GH, 20% by VO,_...,
and 19% by CM]J. Interestingly, a study comparing the

physical performance between academy and non-acad-
emy players revealed that long-term soccer training pro-
grams are associated with better physical performance,
independently of levels of maturation [58]. In that study,
the authors stated that the rate of performance develop-
ment must consider the maturation influence. Notwith-
standing, our results seems to be somewhat predictable,
as children of our sample age are expected to be at a criti-
cal stage of growth, where circulating hormones become
increasingly active [17, 21]. Indeed, this internal anabolic
environment facilitates growth and consequently, matu-
ration levels [20]. Also, given the fact that at the Ul5
competitive level there are differences in biological ages
among players of the same team, the more advanced
players in maturity are expected to have greater levels of
physical performance, and therefore have greater chances
to be selected [32]. From these evidences, the operating
hormones together with physical qualities appear to be
preponderant in the selection for competition and in the
MP and must be accounted for coaches in the process of
talent selection and development.

Although simple linear regressions may establish a
relationship between the response (dependent) and
explanatory (independent) variables, it is difficult that
a single independent variable predicts the true value of
the dependent variable [59]. This is due to the fact that
other dimensions may influence the response of the
actual dependent variable. After running the multiple
linear regression (multifactorial approach), our results
revealed that maturity status, hormonal and fitness lev-
els interactions determined 62% of the MP. This fact
may be responsible for the bias in the selection of play-
ers based on the current physical state in young athletes,
instead of being based on the technical/tactical potential.
Thus, this can potentially lead to the dropout of the later
maturing players, causing negative consequences for tal-
ent selection processes [3]. Despite that, when analyzing
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the independent variables alone (in the current model) it
was not possible to significantly determine the MP. There
are few evidences supporting what influences the MP [26,
32], however, Deprez et al. [32] through a multiple linear
regression model revealed that explosive power was the
most determinant factor explaining 16.7% of the variance
in future MP. Moreover, as mentioned earlier, our model
was not able to assign influence on the MP to any of the
explanatory variables when analyzed individually. In fact,
better physical attributes are considered a determinant
factor for selecting players for competition, being this
associated with early maturing players as they tend to
present greater physical qualities due to their advanced
maturity status [3]. Furthermore, it seems unwise to pay
attention only to independent variables alone, as a mul-
tifactorial approach (interacting explanatory variables)
may give a more robust perception of the influencing fac-
tors on MP.

This study presented some limitations. One of the
major limitations is related to the sample size in which
only one U15 team was analyzed. Also, other contextual
dimensions such as the magnitude of training (volume,
intensity, frequency) were not considered. Given that,
longitudinal studies using greater sample sizes and incor-
porating a multifactorial approach, as well as possible
positional dependencies influencing selection for com-
petition and MP should be considered. Another limita-
tion of the present study is the lack of evaluations in the
pre-season and mid-season, which could not be done in
this study. We strongly encourage researchers to con-
sider this in future studies. Also, given the fact that in our
sample age-group a 2-year variation can be considered a
critical aspect at maturation level, future studies should
categorize the sample into two groups based on their
skeletal age to compare the between-group differences.
Nevertheless, to the best of our knowledge, this was the
first study analyzing the influence of maturity, hormonal
activity, and physical variables on the selection for com-
petition and MP. As the interaction of these variables
explained a great percentage of the MP and considering
the relationships between growth hormones and physi-
cal performance, and MP, coaches should consider these
dimensions when selecting players and determining the
MP. Also, it may decrease the risks that are associated
with unidimensional-based approaches.

Considering the relevance of hormonal production
and maturation on physical performance and match
play, possibly coaches should be aware of that to mini-
mize the impact of that on player’s selection. In fact,
maturation follows his own rhythm in different players,
and a selection exclusively based on momentary physi-
cal performance may create conditions for bias in the
process. Eventually, additional criteria as declarative and
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processual tactical knowledge and technical potential
should be added as determinant criteria in selection, aim-
ing to avoid that later mature players may be excluded by
physical performance possession similar or better tacti-
cal/technical conditions. Multidimensional levels are
important to employ future selection criteria.

Conclusions

Summarizing, large correlations between growth hor-
mones and physical performance were found. Also, CMJ
and VO, ., were correlated with the time played in the
matches. Moreover, despite the model was not able to
able to attribute influence of isolated independent vari-
ables to MP, when using the multifactorial approach, the
model explained 62% of the MP Considering the current
evidence and the study limitations it seems that growth
hormones activity and physical fitness have a determinant
impact on the selection for competition and MP.
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