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Abstract

In a complex team sport setting, such as during a football game, the match’s outcome is determined by numerous
factors, such as the technical, tactical, physical and psychological preparedness of all the players, who have to act
like a unit. This study aimed to identify anthropometric characteristics and motor and functional abilities that affect
the competitive efficiency of U-15 football players. A total of 20 football players, classified either as starters (N=10)
or non-starters (N=10), underwent morphologic measurements comprising body height and body weight and mo-
toric assessments and testing of functional capacity: 5-meter sprint, 10-meter sprint, 20-meter sprint, broad jump,
medicine ball throw, and triple jump on the left and right legs. Additionally, the age of peak height velocity (APHV)
was calculated for each participant. The results showed that the body weight (OR:0.86; 95%Cl:0.75-0.99) and med-
icine ball throw (t=2.24; p=0.02) were significant predictors of one’s competitive efficiency in the observed sample
of young football players. Since upper body power is highly influenced by anthropometric characteristics at this
age, starters will most likely receive more playing time and have superiority over their peers due to morphologic
advantages. This study once again confirmed that early maturing players have an advantage over others because

of their body size, which seems to be a significant determinant of success at that age.
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Introduction

In a complex team sport setting, such as during a football
game, the match’s outcome is determined by numerous factors,
such as the technical, tactical, physical, and psychological pre-
paredness of all the players in a team, who have to act like a
unit (Rowat, Fenner, & Unnithan, 2016). The game of football
is physically highly demanding and is characterized by a com-
bination of sprint bouts, high-intensity running, tackles, jumps,
and turns that can be performed in any direction or plane of
motion (Mohr, Krustrup, Nybo, Nielsen, & Bangsbo, 2004;
Alexandre et al., 2012). The physiological stress of the match
play, which usually lasts around 90 minutes, can be observed
through an increase in cardiovascular and metabolic output,
rise in core temperature, glycogen depletion, and high energy

expenditure (Reilly & Gilbourne, 2003). It is well known that
elite-level football players can cover up to 12 km per match
and that high-speed running accounts for 1.5-3.3 km of the
total distance (Rebelo, Brito, Seabra, Oliveira, & Krustrup,
2014). During the match, average and peak heart rate values
are around 85% and 98% of maximal values, respectively, cor-
responding to an average oxygen uptake of approximately 70%
of VO2max (Bangsbo, 2014). Additionally, on average, every
2 to 4 seconds during the match, footballers perform changes
of direction, jumps, accelerations, and decelerations, for a total
of 1200-1400 of these intensive actions (Sporis, Jukic, Ostojic,
& Milanovic, 2009). In recent years, the technical and tactical
demands of the game have also increased substantially, likely
due to tactical modifications, and as a result, there has been a
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significant increase in the sprint distance and distance covered
in high-speed running (Collins et al., 2021). Due to the outlined
specificities of the sport, it is of utmost importance to train and
develop players’ abilities accordingly so that they can perform
these intense actions and recover quickly from these periods
of high-intensity exercise (Bangsbo, Mohr, & Krustrup, 2006).

Young football players usually cover 5-7 km during the
match, with approximately 15% of the total distance (0.4-1.5
km) including high-intensity activities (Di Giminiani & Visca,
2017). The average heart rate frequency varies between 165
and 171 heartbeats per minute, which corresponds to 85% of
maximal heart rate value (Rebelo et al., 2014; Di Giminiani &
Visca, 2017). Studies have shown that U-15 players have a sim-
ilar relative VO2max but poorer running mechanics compared
to senior players and that a higher aerobic capacity results
in an increase in the total distance covered and high-speed
running (HSR) (Stelen, Chamari, Castagna, & Wisleff, 2005;
Lovell, Bocking, Fransen, Kempton, & Coutts, 2018). The ac-
tivity pattern of elite youth and senior football players does
not differ much, suggesting that the aerobic capacity and game
load of the aforementioned categories are comparable (Stroyer,
Hansen, & Klausen, 2004). The anaerobic energy system is
crucial when performing explosive activities such as sprinting,
jumping, or changing direction, i.e., actions that define key
moments of the match (Stelen et al., 2005). An exponential
increase in muscle size and power occurs during the puber-
tal phase, which, combined with carefully planned strength
and power training, results in enhanced power-speed abilities
manifested in sprints and jumps (Di Giminiani & Visca, 2017).
Paul, Gabbett, and Nassis (2016) stated that power, speed, and
agility training are necessary for the comprehensive/complete
growth and development of young football players. A player’s
conditional characteristics, such as endurance, strength, and
agility, as well as technical and tactical aspects, should be de-
veloped for a team’s prosperity (Mouloud, 2019).

Previous studies investigating predictors of situational ef-
ficiency in youth football showed that young elite players are
taller, heavier, more mature, and achieve better results in pow-
er, flexibility, and specific football skill parameters (Williams
& Reilly, 2000; Malina et al., 2005; Figueiredo, Gongalves,
Coelho E Silva, & Malina, 2009). Ré, Cattuzzo, Santos, and
Monteiro (2014) highlight that anthropometric indices, such
as body height and body mass - as they have a large influence
on the selection of adolescent players - favor biologically ad-
vanced individuals. Rowat et al. (2016) indicated that func-
tional capacities and specific football skills are also influenced
by maturity status and morphologic components.

Elite players usually perform better in tests of sprints,
vertical jumps, and endurance shuttle runs in contrast to av-
erage and below-average players (Malina, Ribeiro, Aroso, &
Cumming, 2007). This leads to the phenomenon where more
mature players, characterized as elite, receive higher-quality
coaching and are exposed to increased football-specific loads.
The disproportion of these physical and technical loads even-
tually aggravates or even ceases the developmental path of
late-maturing players (Lovell et al., 2018). However, the prob-
lem with a sport-selection system that is oriented to physical
characteristics emerges at the senior level when these biolog-
ical distinctions gradually disappear and players are differen-
tiated via specific technical and tactical competencies (Ré et
al,, 2014).

Given the fact that this phenomenon is still evident in the
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world of sports in general, particularly in football, the main
aim of this study was to identify which anthropometric char-
acteristics and motor and functional abilities affect the situa-
tional and competitive efficiency of elite U-15 football players.
Rationale of the study was to examine potential distinctions
within the morphologic dimensions, and motor and func-
tional abilities of the observed groups. Obtained results could
provide us with better understanding of the complex and the
multifactorial approach to the squad selection process.

Methods
Participants

The sample included 20 young male football players.
Participants were members of a team that competed in the
first division of the Croatian national championship and were
categorized by the coaching staff either as starters (N=10, on
average 14.12 years old), or non-starters (N=10, on average
14.0 years old). The study was conducted at the beginning of
the summer preparation period for the 2021/2022. season. All
the players were healthy at the time of testing, without evi-
dent injury or illness. This study was approved by the Ethics
Committee of the Faculty of Kinesiology, University of Split,
with approval number 2181-205-02-05-22-004.

Measurements

Variables in this study included anthropometric indices,
indirect estimation of the biological age (peak height veloci-
ty), and a set of motor and functional variables (sprinting 5,
10, and 20 meters, broad jump, medicine ball throw, unilateral
triple jump on both legs, and 30-15 intermittent fitness test).

Anthropometric measurements

Anthropometric measures consisting of body height (BH)
and body mass (BM) were recorded. Body mass was measured
at 0.1 kg, and body height in cm (encompassing nearest 0.5 cm).

Motor measurements

Acceleration and sprinting abilities were evaluated with
the sprint test of 5 meters (5 m), 10 meters (10 m), and 20
meters (20 m) using photoelectric timing gates (Powertimer,
New test, Finland). Placed 1 meter behind the starting line,
the participant assumed the flying start position and was in-
structed to start when feeling ready, run as fast as possible,
and decelerate after passing the gates. One pair of gates was
installed on the starting line, and the second pair was placed
5, 10, and 20 meters away from the starting line, respectively.
Lower body power was assessed with the broad jump (BJ), tri-
ple jump on the left leg (TJL), and the triple jump on the right
leg (TJR). The broad jump test was used to assess the coordi-
nation and (horizontal) explosive power of the lower extrem-
ities. The participant performed two-legged broad jump with-
out falling forward or moving their feet during landing, and
the distance between the starting line and the heel of the back
foot was measured. In the triple jump on the left (TJL) and
the right leg (TJR), the participant executed 3 maximal con-
secutive (unilateral) jumps, without pushing off the floor with
the other leg, and the distance between the rear heel and the
marked line was recorded. The medicine ball throw was used
as an indicator of the trunk and upper body power. Holding
the 2 kg medicine ball in hands and with feet positioned in
parallel stance, athletes performed maximal extension of the
body followed by powerful ejection of the medicine ball.
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Functional measurements

The 30-15 Intermittent Fitness Test was carried out to esti-
mate aerobic fitness of the players (Buchheit, 2008). The test is
performed on a 40-meter-long turf, comprising two alternating
periods - 30-second shuttle run and 15-second passive rest. The
30-15 IFT starts at 10 km/h, and the speed gradually increases by
0.5 km/h per level. All tests, excluding 30-15 IFT, were performed
twice, with the best result being taken into statistical analysis.

Mirwald, Baxter-Jones, Bailey, and Beunen (2002) al-
gorithm, which calculates age of the peak height velocity
(APHV) and maturity offset (DIFF), was used for assessment
of biological age.

Statistical analysis

After assessing normality of the distributions using
Kolmogorov-Smirnov test, descriptive statistic parameters
(arithmetic means and standard deviations) were calculated
for all variables. To compare the groups (starter vs. non-start-
ers), Student t-test was used. The differences between starters

Table 1. Descriptive statistics and Student t-test
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and non-starters were evaluated by magnitude-based Cohen’s
effect size (ES) statistics with the following criteria: <0.2 = small
magnitude of difference; <0.5 = medium magnitude of differ-
ence, and >0.8 = large magnitude of difference. Additionally,
to establish associations between predictors (anthropometrics,
biological age, motor-functional status) and players abilities
(starters vs. non-starters), binary logistic regression was used.
Statistica 13.0 (TIBCO Software Inc, USA) was used for all cal-
culations with a p-level of 95%.

Results

Results of the descriptive statistics (arithmetic means and
standard deviations) and Student’s T-test (t and p values) are
presented in Table 1. Significant differences between starters
and non-starters were found in the BM and MT variables.
Although the difference is not significant, it can be seen in
Table 1 that starters are biologically more mature, entered the
APHYV period earlier, and have a larger difference between the
actual chronological age of APHV.

Group 1 Group 2
Variable AM SD AM SD t-value p

AGE (years) 14.12 0.33 14.00 0.46 0.67 0.51
APHV (years) 13.30 0.49 13.66 0.56 -1.53 0.14
DIFF (years) 0.82 0.63 0.34 0.72 1.59 0.13
BM (kg) 61.62 7.99 53.67 6.30 247 0.02*
BH (cm) 176.25 9.35 170.40 8.28 1.48 0.16

5 m (sec) 1.09 0.06 1.08 0.05 0.19 0.85
10 m (sec) 1.85 0.07 1.82 0.07 1.01 0.33
20 m (sec) 3.21 0.09 3.19 0.09 0.51 0.62
BJ (cm) 2.09 0.11 2.02 0.13 1.26 0.22
MT (cm) 8.91 1.53 7.59 1.06 224 0.04*
TJR (m) 6.01 0.38 5.87 0.60 0.65 0.52
TIL (m) 6.03 0.31 5.80 0.55 1.14 0.27
IFT (level) 19.22 1.09 18.88 0.92 0.70 0.49

Legend: AGE - chronological age, APHV - age at peak height velocity, DIFF - difference between AGE and APHV, BM - body
mass, BH — body height, 5 m — 5 meters sprint, 10 m — 10 meters sprint, 20 m — 20 meters sprint, BJ - broad jump, MT - medicine
ball throw, TJR - triple jump on right leg, TJL — triple jump on left lef, IFT — 30-15 intermittent fitness test
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FIGURE 1. Logistic regression results (OR - Odds Ratio, Cl - Confidence Interval)
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The results of binary logistic regression are graphically
presented in Figure 1. It can be seen that the only significant
predictor of competitive efficiency was the BM variable.

ES values indicated large magnitude of difference between
starters and non-starters in the BM (Cohen’s d=1.105) and MT
(Cohen’s d=1.003) variables.
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FIGURE 2. Effect Size (ES) differences between observed groups
*APHYV variable shows higher values for group 2

Discussion

The results of this study suggest several important find-
ings. First, anthropometric indices (primary body mass) are
the factor that differentiates starters and non-starters. Second,
there are significant differences in the power of the upper body
between the groups.

The results of our analyses suggest that body mass is the
most significant factor that contributes to the quality of the
players, with starters being heavier than non-starters. To ex-
plain such findings, it is important to note that due to high-
er concentrations of testosterone and growth hormone, boys
aged 13-18 experience major weight and height gain, thus en-
larging their stature and physical size (Pearson, Naughton, &
Torode, 2006). Previous investigations dealing with the body
dimensions of youth football players showed that players of
higher performance levels are usually biologically more ad-
vanced, i.e., they are taller and have a greater body mass in
contrast to players of lower performance levels (Rosch et al.,
2000; Malina et al., 2005; Malina et al., 2007). These findings
are not specific to football only. For example, Gabbett, Kelly,
Ralph, and Driscoll (2009) observed an elite junior rugby sam-
ple and concluded that starters were heavier and taller than
non-starters. Given the fact that our sample is composed of
elite young football players, it can be expected that heavi-
er players most likely possess a greater amount of lean body
mass (muscle mass). It is well documented that muscle volume
directly affects one’s ability to produce force, so it seems that
players with greater muscle mass are capable of higher force/
power production (Sekulic & Metikos, 2007). Although no sig-
nificant differences in motor variables were observed (except
in MT), we can assume that players will exploit this produced
force in football-specific activities, such as aerial or ground
duels. Therefore, it is reasonable to speculate that coaches will
perceive these players as more efficient or successful and give
them more playing time.

Furthermore, our results suggest that upper body pow-
er (MT) is a significant predictor of the performance level
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of youth football players. Although intuitively, upper body
power does not seem to be a significant factor in football ef-
ficiency, this finding can be linked with the already explained
difference in body mass. Studies have confirmed that body
size and maturity significantly influence the performance
of strength and power tests (Malina et al., 2005; Mala, Maly,
Zahalka, & Hrasky, 2015). Force production has a regional
character and depends on the neuromuscular control, length,
and arrangement of the fibers and the muscle cross-sec-
tion area (Pearson et al., 2006). In a study carried out on
an elite sample of Australian football players, Bilsborough
et al. (2015) also indicated a high correlation between lean
body mass and the manifestation of upper body power.
Additionally, for our study, it is important to note that the
most significant strength increment in males happens in the
adolescent period, between the age of 14 and 16, when gains
in muscle size occur due to a higher concentration of andro-
gens (Pearson et al., 2006). The simultaneous development
of the nervous system, biochemical properties, and (theoret-
ical) fiber type differentiation happens during the pubertal
stage, highlighting the need to improve ballistic movements,
such as that evidenced through MT in our study (Kraemer,
Fry, Frykman, Conroy, & Hoffman, 1989; Newton, Kraemer,
Hékkinen, Humphries, & Murphy, 1996).

Results of the study, conducted on Croatian young footbal-
lers from three different age groups (U-15, U-17 and U-19, re-
spectively), indicated significant increase of both absolute and
relative VO2 max, reduced heart rate frequencies during sub-
maximal loads, upgraded maximal minute ventilation and ad-
vanced breathing economics throughout the older age (Erceg,
Rada, Spori§ & Antoni¢, 2018). It had been shown that pu-
bescent male football players have 50% less anaerobic capacity
compared to their adult counterparts, which could result in
a reduced number of sprints and high-intensity running se-
quences (Nikolaidis, 2011; Atan, Foskett & Ali, 2016). Herdy
et al. (2018) reported lower levels of knee flexion and exten-
sion isokinetic strength in U-15 category in contrast to U-17
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and U-20 football players (Herdy et al., 2018). Another study
revealed that U-15 players performed poorer in SJ and CM]J
tests, tests in which lower limb explosive power is estimated,
in contrast to U-17 and U-19 category (Sukreski, Krakan &
Tomi¢, 2011).

It is anecdotally known that coaches and scouts often se-
lect the players according to their anthropometric-morpho-
logical attributes while neglecting smaller players with the
same abilities. This approach to talent identification can lead
to a premature drop-out of the late-maturing boys who are not
included in the training process because of their (relatively)
weak stature and (consequently) less-developed motor abili-
ties (Malina et al., 2007; Figueiredo, Coelho e Silva, & Malina,
2011; Ré et al., 2014). Likewise, players labeled as those most
talented in puberty usually do not live up to expectations at the
senior level, when persistent late-maturing individuals catch
up with their body size and strength and power levels (Malina
et al., 2007). Some authors propose the idea that the physical
inferiority of late-maturing boys can be compensated by im-
provements in technical and tactical skills that will eventually
enhance their perseverance and competitiveness in the game
(Vandendriessche et al., 2012). When assembling a team for
an important match, most football coaches will most certainly
choose the best individuals at that particular moment because
of their desire to win. However, such an approach ignores and
even obstructs the developmental path of talented, but phys-
ically unmatured individuals (Stroyer et al., 2004). Therefore,
although players should be selected based on their skills and
abilities rather than physical size, in a team that is composed of
players of similar football skills, it can be expected that phys-
ically larger players will ultimately be chosen to participate
more (Williams & Reilly, 2000).
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