
Heliyon 10 (2024) e35992

Available online 8 August 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

Research article 

Anthropometric, body composition and physical performance of 
elite young Italian football players and differences between 
selected and unselected talents 

Stefania Toselli a, Alessia Grigoletto b, Mario Mauro a,* 

a Department for Life Quality Studies, University of Bologna, 47921, Rimini, Italy 
b Department of Biomedical and Neuromotor Sciences, University of Bologna, 40126, Bologna, Italy   

A R T I C L E  I N F O   

Keywords: 
Football selection 
Young players 
Maturation 
Anthropometry 
Performance 

A B S T R A C T   

Football is a team sport played worldwide and specific competition demands are needed since 
young categories. Several physiological and psychological aspects could influence the selection 
process, and adolescent investigations still be necessary. This retrospective study aims to compare 
anthropometric and performance features between selected and unselected adolescent foot-
ballers. The sample size was 78 players from U10 to U12 categories. Maturation, RAE, anthro-
pometry, and physical performance (repeated sprint ability (RSA), 15-m sprint, countermovement 
jump (CMJ) and Harre’s test) were evaluated (mean ± SD). 33.3 % of players were selected 
(height = 144.06 ± 6.74 cm, weight = 35.38 ± 4.56 kg) and 66.7 % were unselected (height =
143.06 ± 8.34 cm, weight = 35.94 ± 6.24 kg). Selected U10 were leaner and got the peak of 
height velocity (APHV) earlier (p < 0.05) than unselected U10 players, while U11 selected were 
faster than unselected (p < 0.05). Also, the RSA test, APHV and the humeral width well 
discriminated among the selection (χ2

(3) = 12; p < 0.01). Football field technicians involved in 
scouting need quantitative and qualitative information that could help to predict talented players. 
Although physical performance test results and body height led to decisions, further anthropo-
metric features and maturation could provide relevant support.   

1. Introduction 

Football is one of the most played team sports worldwide. To date, the Fédération Internationale de Football Association (FIFA) has 
encountered 4429 professional football clubs and more than 130,000 professional players [1]. Due to football’s social, financial, and 
economic impact, clubs’ competition has increased and talented players are already selected at the youth level. In Europe, the pro-
grams of talent identification are often integrated into “professional” academies, which spend considerable resources on identifying 
and developing talented young players. The goal of a club is to cultivate talent and then progress their first team [2] and/or trade them 
players to other for-profit clubs [3]. The opportunities for football players to become professionals are less likely for unselected players, 
underlying the primary role of decision-making [4,5]. 

Since football performance depends on several features such as body profile, functional abilities, psycho-social aspects, and 
technical-tactical skills, individuals’ characteristics provide an important multivariate framework to guide the selection process of 
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young players and lead them to future success [6–9]. In recent years, the role of genes in talent selection has also received an increased 
interest and football players who become professionals exhibited specific polymorphism-enhancing performance (PEPs) such as the 
angiotensin-converting enzyme (ACE) allele I that predisposes a better endurance performance [10]. In addition, the success of young 
footballers is affected by external factors, such as training facilities and coaching expertise, body conditioning and injury rate, as well 
as social, cultural, and private influences [11]. 

Football scouts generally monitor young players during friendly and seasonal matches, selecting the best ones [5,6]. However, due 
to the dynamic nature of talent, predicting future potential from current player characteristics is difficult, especially during periods of 
intense growth and development [12–14]. Collecting physiological, technical-tactical, and psychological traits resulted in a great 
strategy to help coaches differentiate and select talented players [5,6,15–18]. Selected players have been detected to be taller, heavier, 
leaner, faster, and stronger than non-selected young footballers [5,16,19–21]. In addition, birth date and biological maturation 
strongly influence young football players’ selection process [17,22]. Adolescent players who matured earlier exhibited greater 
strength, speed, power and endurance capabilities than later maturer teammates, spreading the selection opportunities [23–25]. A 
common approach for identifying indicators of talent is to take a cross-section of players and to compare the characteristics of the 
players who are and are not selected into a talent development system, but without considering the biological maturity of the players. 
As football is a multifaceted sport that requires high levels of physical fitness and skill to succeed, the reasons behind progression to the 
elite level in youth football are multi-factorial. Therefore, identifying the characteristics that enable players to progress in football is of 
vital importance for coaches to optimize talent development programs. Additionally, talent identification and technical staff usually 
may select among already highly selected players with characteristics that may be similar [26]. In light of this evidence, it is crystal 
clear that the identification of parameters able to differentiate these players would be relevant. 

Therefore, the present study aims to compare biological maturation, anthropometry and body composition, and physical perfor-
mance of selected and unselected adolescent football players and to identify which are the most relevant characteristics of the 
multivariate profiles that could better discriminate between selected and unselected elite youth Italian football players. Furthermore, 
to our best knowledge, no study of this type has been conducted in Italy. Even if this scenario is only possible in professional or top- 
level clubs football academies, the potential conclusions drawn from the following study could also be valuable to lower-level football 

U10
(n = 26)

Enrolled
(n = 78)gnilp

maS
20

19

Excluded 
(n = 0)

Evaluated (n = 78)

Se
noitcel 20

21

Total Selected
(n = 26)

Total Unselected
(n = 52)

U11
(n = 26)

U12
(n = 26)

noitaulav
E

20
19

Se
noitcel 20

22
Se

noitcel 20
23

Selected
(n = 6)

Unselected
(n = 20)

Selected
(n = 11)

Unselected
(n = 15)

Selected
(n = 9)

Unselected
(n = 17)

laniF
sisylana

Fig. 1. Study design flowchart.  
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coaches’ teams with limited resources. 

2. Materials and methods 

2.1. Study sample and design 

A retrospective experimental design was fulfilled with data collected on September 15, 2019 on a sample of 78 football players from 
the Under 10 to Under 12 age categories, registered in the professional Italian football team Bologna Football Club 1909 participating 
in the first division. During their young categories, the players trained for 6 h a week (four workouts of 1.5 h each). In 2021, 2022 and 
2023 (Fig. 1), information on the selection process (Bernoulli outcome with selection and un-selection options) was gathered. Only 
twenty-six of them were selected for the juvenile (U18) professional team (age = 11.15 ± 0.74 years, height = 144.06 ± 6.74 cm, 
weight = 35.38 ± 4.56 kg), while 52 of them were unselected (age = 11.22 ± 0.83 years, height = 143.06 ± 8.34 cm, weight = 35.94 
± 6.24 kg). 

All participants and their parents received and filled out a written informed consent before the evaluations. The study followed the 
ethical principles provided by the Helsinki declarations and was approved by the Bioethics Committee of the University of Bologna 
(Approval code: 25027). 

2.2. Anthropometry 

All the anthropometrics features were evaluated by an expert anthropometrist following standard procedures [27]. Individual 
stature and sitting height have been measured to the nearest 0.1 cm by a GPM stadiometer (Zurich, Switzerland) and a rigid seating 
seat with noted height (40 cm). Then, the leg length was computed by subtracting the sitting height (excluding the seat height) from 
stature. Body mass was measured to the nearest 0.1 kg with the participant in a standing position on a calibrated electronic scale (Seca 
878 dr, Hamburg, Germany), wearing light indoor clothing and no shoes. Upper (relaxed and contracted upper arm) and lower (thigh 
and calf) limb perimeters, such as hip and waist circumferences, were measured to the nearest 0.1 cm with a non-stretchable tape (Seca 
201, Hamburg, Germany) at the following sites: midpoint between acromion and olecranon; midpoint between the inguinal fold and 
patellar; maximal bulk of calf; midpoint between the last rib and the iliac crest; maximal bulk of glutes. Humeral and femoral bone 
widths were respectively evaluated at elbow and knee condyles by a sliding calliper (GPM Feithierenstrasse, Susten) to the nearest 0.1 
cm. Skinfold thicknesses were obtained on the left side of the body to the nearest 1 mm with a Lange caliper (Beta Technology Inc., 
Houston, TX, USA) with a pressure of 10 g/mm2. Each skinfold thickness assessment was the average of three site-specific values within 
10 % of each other. The same trained operator took all measurements. The Technical Error of Measurement, assessed before the 
project, was <5 % for skinfolds and <1 % for other measurements. 

Body Fat Percentage (%F) was calculated using the validated skinfold equations [28]. Then, Fat Mass (FM) was computed by 
multiplying participant body mass and %F; the FFM was derived by subtracting FM from body mass. The choice of the appropriate 
equation for each subject was based on his maturational status. The choice of the appropriate equation for each subject was based on 
his maturational status. In this case, for all the subjects the skinfold equation for prepubescent white males was chosen. The total area 
(cm2) of the upper arm (TUA), calf (TCA), and thigh (TTA), the muscle area (cm2) of the upper arm (UMA), calf (CMA), and thigh 
(TMA), and the fat area (cm2) of the upper arm (UFA), calf (CFA), and thigh (TFA) were calculated [29]. In addition, arm fat index 
(AFI), calf fat index (FCI), and thigh fat index (TFI) were derived. 

Body mass index (BMI) was obtained as body mass (kg) and squared stature (m2) ratio. 

2.3. Maturity status (MS) 

An estimation of the years from peak height velocity (PHV), which is an indicator of the adolescent growth spurt, was made using 
the equation for boys developed by Mirwald et al. [30]. The participant year from PHV has been computed by subtracting the Maturity 
Offset (MO, computed through the Mirwald equation) from the chronological age, computed as the difference between birthdate and 
measurement date divided by 365.25. 

To overcome the potential biases due to the age effect and subjective growth spurt [31], we followed the approach proposed by 
Rommers and colleagues [24], who used age-specific z-scores to classify players according to their maturity status. All the predicted 
APHVs were averaged and standardized around a 0 mean value ± 1 deviation, for each category respectively. Then, players who were 
farther than |0.5| were classified as “earlier” (negative value), or “later” (positive value) maturing, while they were considered “on 
time” if − 0.5<z < 0.5 [24]. 

2.4. Relative age effect (RAE) 

The RAE value was computed according to the month of birth of each participant, subdividing each year into 3-month quartiles: Q1 
= January to March; Q2 = April to June; Q3 = July to September; Q4 = October to December. 

2.5. Physical performance tests 

We tested countermovement jump (CMJ), 15 m sprint and repeated sprint ability (RSA), and the HARRE test (Fig. 2). Sprint and 
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RSA tests were performed on a football field during the morning, with about 20 ◦C and 40 % humidity, with no rain and about 2 km/h 
of wind. Photoelectric cells recorded tested trial times in both RSA and sprint (Fusion Sport Smart Speed Timing Gates, Brisbane, 
Australia). 

CMJ and HARRE tests were performed during the afternoon in an indoor Gymnasium (~21 ◦C, 45 % humidity). Photoelectric cells 
recorded the flight time (Optojump next, Micrograte, Bolzano, Italy). All tests were assessed with technical clothes. Parents were asked 
not to assist with the evaluations. 

To assess explosive lower-body power, we used the CMJ test (Fig. 2, A). Each participant began the trial from an upright position, 
with the feet extra rotated by 15◦ and coinciding on the same acromion vertical line [32]. At the sound signal, the participant rapidly 
fell reaching a knee angle of about 90◦ where he was asked to perform the maximal push-off against the field, maintaining the hands on 
the waist for the entire jump. Three trials were performed, punctuated by 1 min of passive rest. Only the best jump was used for the 
analysis. 

The 15-m sprint test (Fig. 2, B) was performed on a football field with a grass surface [33]. Three reference lines were marked on the 
field at 0 and after 15 m (for photocells), and 50 cm before the starting line (for player). Each participant was positioned at the first line 
and was asked to run at the maximal speed possible after hearing the acoustic signal. Photocells started to record when the participant 
got the first line and interrupted when he reached the last line. Three trials were performed within 2 min of passive recovery. The best 
result was used for the analysis. 

RSA proposed test included six 40 m football field shuttled sprints (20 + 20 m sprints with 180◦ turns, Fig. 2, C) with passive 
recovery intervals of 20 s [34]. Starting from a fixed line, each participant might run at maximal speed for 20 m, where a second line 
was marked. After touching the 20 m line with a foot, he might return to the starting line (0 m) as fast as possible. A 20-s passive 
recovery was allowed between each shuttle. All players performed three trials and the only best time was considered for the final 
analysis. 

The Harre test (Fig. 2, D) was assessed according to a standardized protocol [35]. All participants were asked to complete the 
original circuit at maximal speed. If a participant committed a mistake the test was repeated; in case of two mistakes the test was 
considered unsuccessful. Three trials were performed, and the best time was collected. 

2.6. Bioelectric impedance analysis (BIA) 

Bioelectrical impedance measurements were carried out with a body impedance analyser (BIA 101 Anniversary, Akern, Florence, 
Italy) using an electric current at a frequency of 50 kHz. Each participant was asked to lie on a massage bed in the supine position with a 
lower limb angle of 45◦ compared to the median line of the body and the upper limb angle of 30◦ from the trunk. After cleansing the 
skin with alcohol, two Ag/AgCl low-impedance electrodes (Biatrodes Akern Srl, Florence, Italy) were placed on the back of the right 
hand at the midpoint of the styloid process and 5 cm far away, and two electrodes were placed on the back of the right foot at the 
midpoint of the malleolus process [36]. Two days before the evaluation, athletes were instructed to abstain from food and drink 
assumption for at least 4 h before the test and avoid any form of physical effort. The evaluation was assessed in a quiet room, with a 
temperature between 20 and 22 ◦C and 40 % humidity. 

2.7. Statistical analysis 

Descriptive statistics such as mean, standard deviation (SD), and observed frequencies (%) were calculated. For continuous 

Fig. 2. Physical performance tests: A, CMJ; B, 15 m sprint; C, 20 m RSA; D, HARRE test.  
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variables, residual curve distribution was checked by the Shapiro–Wilk test. Whether a variable did not meet the normality 
assumption, its skewness was verified, and a location-scale transformation was applied. 

Differences in the frequencies were tested by the chi-squared (χ2) test, with Fisher’s exact test. In addition, the contribution of each 
variable for the test statistic was reported. To compare continuous variables means between selected and unselected players for each 
category (U10-12), the One-Way ANOVA was assessed with the Bonferroni post hoc test. The type I error level (p) probability was 
settled at 5 % (0.05). To check the power of the statistical tests applied, the power analysis for one-way ANOVA was computed with the 
following criteria: the number of subjects in each group, the significance level selected, the group means and the error variance. The 
mean power achieved was 0.73. 

Then, the linear discriminant function analysis (LDA) through stepwise criteria was performed on anthropometric, body compo-
sition variables and motor performance parameters to classify subjects into the different sports categories, according to Fisher’s 
approach. The MANOVA statistic was performed, and Wilk’s lambda (λ) values were reported. Also, the average posterior probability 
classification was estimated to see the percentage of observations correctly classified in each group. Since groups were selected and 
unselected players, only one discriminant function was produced, and the canonical correlation, eigenvalue, F, and p values were 
reported. Finally, the standardized coefficient of the discriminant function was calculated to obtain a projection of the data that 
explained the maximal separation between the two groups. 

All the statistical analyses were performed with STATA® software for Windows 10, version 17 (Publisher: StataCorp. 2021. Stata 
Statistical Software: Release 17. College Station, TX, USA, StataCorp LP). 

3. Results 

Table 1 shows differences in frequencies of birth quartiles and maturity status between selected and unselected players. Generally, 
most players were born in the first six months of the year, for selected (n = 20, 76.92 %) and unselected (n = 35, 67.31 %) youths. As 
regards maturity status, boys on time were prevalent (n = 30, 40.54 %), while earlier youths were 21 (28.37 %). However, no sig-
nificant differences appeared between selected and unselected players in both RAE (χ2 = 5.46, p = 0.14) and MS (χ2 = 0.74, p = 0.69). 

When clustered for categories, 88.89 % of U10 selected players were born in the first quartile and 88.24 % of U10 unselected 
footballers were born in quartile one or two. Regarding maturity status, significant differences appeared only in the youngest category. 
However, the percentage of players who matured later was double in U11 unselected players (40 % vs 20 %). 

Table 1 
Differences in RAE and Maturity status prevalence between selected and unselected players.   

Selected unselected   

n % n % χ2
(3) p 

RAE 
U10     6.12 0.11 

Q1 8 88.89 8 47.06 1.70  
Q2 0 0.00 7 41.18 3.70  
Q3 0 0.00 1 5.88 0.52  
Q4 1 11.11 1 5.88 0.20  

U11     2.40 0.49 
Q1 7 63.64 5 33.30 1.30  
Q2 1 9.09 2 13.30 0.10  
Q3 2 18.18 5 33.30 0.50  
Q4 1 9.09 3 20.00 0.50  

U12     0.06 0.99 
Q1 2 33.33 7 35.00 0.01  
Q2 2 33.33 6 30.00 0.02  
Q3 1 16.67 3 15.00 0.00  
Q4 1 16.67 4 20.00 0.03  

Maturity status 
U10     6.33 <0.05* 

E 0 0.00 8 47.06 3.33  
L 5 71.43 7 23.53 3.00  
OT 2 28.57 1 29.41 0.00  

U11     1.16 0.56 
E 4 40.00 4 26.67 0.30  
L 2 20.00 6 40.00 0.80  
OT 4 40.00 5 33.33 0.06  

U12     0.38 0.83 
E 1 16.67 4 20.00 0.00  
L 1 16.67 6 30.00 2.00  
OT 4 66.67 10 50.00 1.80  

note: n, number of observations; χ2, chi-squared statistical test; p, p-value. 
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Figs. 3 and 4 show some statistically significant differences that emerged in body fat between selected (right side) and unselected 
(left side) players. Specifically, Fig. 3 shows that selected players had a lower amount of skinfold on triceps (8.56 ± 1.62 vs 9.61 ±
2.28, p < 0.05), biceps (3.94 ± 1.68 vs 5.28 ± 2.19, p ≤ 0.01), medial (6.60 ± 2.25 vs 8.03 ± 2.73, p < 0.05) and lateral calf (7.27 ±
1.85 vs 8.62 ± 2.15, p ≤ 0.01). 

Fig. 4 shows that unselected players had higher fat areas in lower limbs than selected (ΔCFA = − 2.05, p < 0.05; ΔTFA = − 2.00, p ≤
0.05). Also, significant differences emerged in percentage fat mass (selected = 13.02 % vs unselected = 14.80 %, p < 0.05). 

Considering the differences within each age group (Table 2), in U10 the differences mainly concern trunk length, longer in the 
selected sample, maturity offset and age at PHV, which is most anticipated in the selected sample. Biceps and calf skinfolds and calf fat 
area were significantly thinner in the selected sample. In U11 significant differences were only observed for motor tests: the selected 
athletes presented a significantly better performance in 15 m sprint (s) and RSA. No significant differences were observed in U12. 

Tables 3 and 4 show the LDA results. The stepwise procedure identified three predictor variables (Table 3). Repeated Sprint Ability 
(RSA) entered the discriminant analysis first, followed by Age at PHV and, lastly, humerus width. By this function, 42.1 % of selected 
players and 85,3 % of unselected subjects were correctly classified. 

Table 4 shows the standardized coefficients for the canonical variable. The canonical correlation equals 0.49 and the RSA test 
reports the highest coefficient absolute value (1.03) that indicates the most contributory factor in discriminating between the teams, 
followed by APHV (0.75) and Humerus width (0.47). 

4. Discussion 

This study first aimed to compare maturation, body, and physical features between selected and unselected adolescent football 
players of an Italian elite football club, according to their age-related category. We have taken into consideration both biological (MS) 
and chronological (RAE) maturation methods and their prevalence in each age-related category (U10–U12). 

Despite the total sample of groups did not report differences in RAE and MS prevalence, the percentage of all selected players who 
were born in the first quarter of the year was higher than in non-selected. Malina et al. reported that, since sport-specific skills are 
related to years of sports experience, footballers who were born in the first trimester could be advantaged in the selection process [37]. 
Also, despite the wider part of early footballers in the youngest category (U10) not being promoted to professional teams, the 
U10-selected players were predicted to get the peak height velocity earlier than unselected teammates. It is to be noticed that the age at 
the PHV indicates a specific moment in time, while the classification in maturity categories indicates broader groupings. Therefore, the 
two things could reflect different evaluations. In the present study, the age at PHV seems to be a more indicative parameter in the 
selection. Although the following findings could appear in contrast with previous research showing that selected players were more 
biologically mature than their unselected counterparts [38], the small sample size could have negatively affected our results. 

Regarding anthropometry and body composition, we found that selected and unselected footballers exhibited different charac-
teristics. Although some of our results were not statistically significant, we found characteristics that agree with previous studies [5,16, 
19,21]. Figueiredo and collaborators analysed data from players who were 11–12 and 13–14 years old and divided them into drop-out 
(players who abandoned), club (players selected for the same club), and elite (players who were selected from elite clubs) groups [16]. 

Fig. 3. Skinfolds comparisons between selected and unselected players. 
Note: triangles represent mean values. 
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In their results, all elite players were heavier and taller than drop-out groups. Also, the sum of skinfolds appeared lower in both club 
and elite groups. In addition, a study in which the authors compared selected U11 players for elite vs non-elite teams of the same club 
showed that elite footballers were taller and had lower values for skinfold measurements [20]. Considering the club included in our 
study as an elite club, the selected players had less fat in the biceps, triceps, and medial and lateral calf skinfolds. Finally, the skinfold 
thickness in adolescent football players has been negatively correlated with cardiorespiratory fitness, especially for the triceps and calf 
anatomical sites [39]. Although we did not test the cardiorespiratory fitness in our sample, the above-mentioned results could justify 
discrepancies among selected and unselected footballers. 

Differently, Gravina and colleagues analysed 66 footballers divided into first-team players and reserves of four categories 
(U11–U14). Despite no significant differences emerging, the first-team players were taller and heavier and presented lower levels of 
body fat than the reserves. These results are also in line with research that investigated older adolescents. 

For example, Nughes and colleagues investigated U15–U17 categories and found that selected players were taller and heavier than 
non-selected ones [5]. Also, Gil and colleagues highlighted similar characteristics in 14-year-old players, who collectively presented 
lower levels of fat mass (especially in their lower limbs) as in our selected footballers [19]. In an 11-year study carried out in France, 
U16 players selected for international clubs were taller and heavier than footballers who did not acquire a professional contract [40]. 
Although no significant results appeared in body composition, players from all categories selected for international or professional 
clubs showed a lower level of body fat compared to amateurs. Anthropometric features such as height and weight remain relevant 
characteristics that could help in scouting and promotion. In addition, body composition should be more debated among football 
professionals. However, younger categories should be considered to better predict the anthropometric trend of talented players. 

Concerning physical performance, only the U11 selected players resulted faster than unselected players in both sprint and RSA 
tests. Differently, no significant differences appeared in jumped height (lower limb power) and the coordination test. Considering the 
first evaluation assessed for assigning footballers to the first-time teams or the reserves, the results of Gravina [21] showed that the first 
teams’ players (10–14 years) were faster than the reserves (flat sprint and sprint with cones). In contrast, no differences appeared in 
CMJ, squat jump and drop jump tests. Also, our results are in accordance with Figueredo et al., who found that U11-12 players selected 
for the elite clubs performed greater sprint and agility shuttle run tests than players who dropped out [16]. In addition, elite players did 
not significantly differ in CMJ when compared to club or drop-out categories. However, they found that both the squat jump and CMJ 
tests differed among elite and drop-out groups when players were older (U13-14). These discrepancies may reflect how conditional 
abilities development better emerges in adolescent maturation (>13 years old; 35). To the best of our knowledge, just one study 
reported power differences already from 11 years old, but the players assessed a broad jump performance (horizontal distance; 18). 
The speed may be more relevant in the youngest footballers’ field performance, and the power needed for vertical jump could be offset 
against height discrepancies and fewer situations with air tackles. Differently, when considering older categories, better strength and 
speed characteristics emerged in players selected for the elite than in recreational teams [9], in line with field-specific requests [18]. 

This study lastly aims to understand whether any anthropometric, performance or maturation feature could discriminate between 
selected and unselected players. According to the above-debated results, we found that the RSA test was the best predictor, followed by 
the age at the peak of height velocity (APHV) and the humeral width. To our knowledge, few studies computed the discriminant 
analysis in youth football players and age-specific-category comparisons are difficult. However, Nughes et al. who investigated U17 

Fig. 4. Fat areas comparisons between selected and unselected players. 
Note: triangles represent mean values. 
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Table 2 
Differences in anthropometric characteristics, body composition parameters and motor performance between selected and unselected players in the U10, U11 and U12 samples.  

Variable selected U10 unselected U10  selected U11 unselected U11  selected U12 unselected U12  

mean SD mean SD t (1, 24) mean SD mean SD t (1, 24) mean SD mean SD t (1, 24) 

Body mass (kg) 32.46 4.05 31.44 3.60 0.66 36.83 4.92 35.07 4.21 0.96 40.43 6.36 37.37 2.37 1.14 
Stature (cm) 139.21 6.03 137.05 6.23 0.85 146.40 6.79 142.80 3.95 1.68 148.37 8.98 147.43 3.16 0.25 
Trunk length (cm) 70.30 2.60 66.61 2.78 3.01a 60.21 39.69 70.83 2.94 − 1.04 73.37 4.25 72.68 2.59 0.37 
Leg length (cm) 69.66 2.97 70.44 5.37 − 0.36 74.25 4.84 71.97 3.25 1.42 75.52 5.17 74.75 1.49 0.35 
BMI 16.96 1.78 16.88 1.22 0.12 17.21 1.52 17.13 1.48 0.13 18.91 1.79 17.62 0.96 1.68 
PHV − 3.48 0.30 − 3.86 0.30 2.84b − 2.87 0.35 − 3.10 0.34 1.61 − 2.37 0.55 − 2.47 0.35 0.41 
APHV 13.40 0.23 13.71 0.29 − 2.49a 13.79 0.29 13.81 0.30 − 0.23 14.10 0.48 14.24 0.30 − 0.68 
Humeral w. (cm) 5.61 0.36 5.37 0.32 1.63 5.66 0.31 5.69 0.27 − 0.19 5.92 0.40 5.62 0.24 1.59 
Femural w. (cm) 8.35 0.35 8.14 0.35 1.33 8.63 0.33 8.47 0.42 1.01 9.07 0.52 8.62 0.36 1.81 
TUA (cm2) 29.03 4.73 27.65 4.63 0.67 32.24 6.64 33.62 6.32 − 0.52 36.75 7.17 31.17 1.57 1.70 
UMA (cm2) 21.72 3.56 19.91 3.35 1.19 24.06 5.10 24.51 4.31 − 0.24 26.58 5.28 22.65 1.60 1.62 
UFA (cm2) 7.31 1.69 7.74 1.98 − 0.51 8.19 2.01 9.11 2.87 − 0.87 10.17 2.95 8.51 1.81 1.18 
UFI (%) 25.11 3.53 27.93 4.47 − 1.52 25.41 3.06 26.77 5.80 − 0.67 27.56 4.82 27.24 5.26 0.13 
TCA (cm2) 62.71 9.10 63.62 7.56 − 0.25 70.14 7.75 66.45 11.51 0.88 76.89 17.59 86.59 31.55 − 0.91 
CMA (cm2) 54.78 7.62 52.93 5.19 0.68 59.95 7.29 55.42 9.45 1.27 63.62 15.41 74.29 32.01 − 1.07 
CFA (cm2) 7.94 2.19 10.69 3.16 − 2.18a 10.18 3.33 11.04 3.92 − 0.56 13.27 4.35 12.29 1.81 0.48 
CFI (%) 12.53 2.39 16.56 3.63 − 2.79b 14.52 4.52 16.65 5.11 − 1.05 17.41 4.12 15.42 4.45 0.94 
TTA (cm2) 119.61 16.82 118.71 14.60 0.13 132.81 16.74 130.20 19.33 0.34 149.09 30.00 124.36 35.37 1.57 
TMA (cm2) 101.85 14.20 98.43 11.77 0.61 112.44 13.41 107.06 13.70 0.96 124.31 23.04 104.01 31.07 1.62 
TFA (cm2) 17.76 3.89 20.28 4.46 − 1.33 20.37 5.46 23.13 6.80 − 1.06 24.78 9.35 20.35 6.05 1.00 
TFI (%) 14.78 2.27 17.01 2.86 − 1.88 15.23 3.09 17.49 3.25 − 1.71 16.32 3.85 16.83 3.67 − 0.26 
BF (%) 12.15 2.07 13.10 2.29 − 0.97 13.23 2.58 14.47 3.65 − 0.92 16.37 4.06 14.02 2.67 1.21 
FM (kg) 3.97 1.01 4.16 1.28 − 0.37 4.92 1.32 5.20 1.83 − 0.41 6.65 2.18 5.36 1.02 1.27 
FFM (kg) 28.42 3.56 27.06 2.75 1.00 31.91 4.08 30.01 2.87 1.35 33.41 4.52 32.92 1.42 0.24 
RX (Ω) 616.73 73.08 650.06 52.99 − 1.24 622.40 55.72 641.59 56.14 − 0.85 603.82 74.25 642.80 38.46 − 1.12 
XC (Ω) 64.69 3.26 66.96 7.57 − 0.80 67.66 7.56 67.39 6.74 0.10 65.11 9.61 68.28 3.09 − 0.72 
PA 6.07 0.59 5.91 0.57 0.62 6.25 0.62 6.02 0.34 1.15 6.18 0.55 6.10 0.31 0.32 
CMJ (cm) 24.18 4.39 23.29 3.10 0.55 26.69 3.69 24.09 3.58 1.73 28.51 4.07 27.18 3.60 0.71 
15 m sprint (s) 2.97 0.13 3.02 0.07 − 1.12 2.71 0.11 2.83 0.12 − 2.52a 2.67 0.14 2.64 0.06 0.44 
RSA (s) 6.63 0.19 6.78 0.30 − 1.34 6.27 0.25 6.52 0.29 − 2.08a 6.30 0.32 6.13 0.24 1.07 
HARRE test (s) 14.47 1.01 14.59 0.71 − 0.33 13.63 1.06 13.96 1.82 − 0.54 13.50 0.91 13.34 0.84 0.36 

note: w., width; sk, skinfold; SD, standard deviation; t, student’s t statistical test. 
a , -value<0.05. 
b , p-value<0.01. 
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groups found that dribbling skills, 15-m sprint time and height were the best predictors for cub promotion [5]. Although the RSA test 
requests a change of direction, the players’ speed seems to be a common ability among elite footballers worldwide. Accordingly, both 
the 15-m sprint and RSA performance were the best discriminants among U12–U15 of elite and non-elite football players [22]. 
Regarding APHV, it has been demonstrated that advanced or earlier maturity could be associated with functional capacities such as 
speed and power, which are considered the best predictors for classification as elite and non-elite football players [37]. Uncharac-
teristically, we found that the humeral width could be an additional useful parameter in predicting football selection. Although no 
previous results reported similar results for footballers, the humeral size has been correlated with stature and age development [41, 
42]. These characteristics are in line with Nughes’ study in which the stature discriminated by competitive player level. Anthropo-
metric features such as the skeletal width could be considered for further investigation in juvenile sports. 

The main strength of this study was the description of several anthropometrical and physical profiles among Italian younger 
football players, and the understanding of how they could contribute to the selection process. However, this paper presents some 
limitations such as the size dimension sampled from only one football club, and the estimation of maturity status by Mirwald equations 
that may underestimate APHV with a later observed APHV and overestimate with an earlier observed APHV [43]. Also, no football role 
information was investigated and the reasons why players were unselected have not been investigated. Finally, the statistical power 
achieved was lower than the desired value and the investigators did not evaluate the players’ football experience due to a bias in 
measuring it. 

5. Conclusion 

Many aspects could influence the decision-making of football professionals in selecting talented players. Selected players could 
exhibit lower fat mass and greater physical abilities. Also, the ability to run speeder, the earlier age at growth spurt, and the humeral 
width discriminated among selection groups in elite football teams. These findings suggest that for adolescent categories run per-
formance is still the best predictor, but other physical and biological features could support the selection process. 
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Table 3 
Selected variables by LDA.  

Step Variable Wilks’ λ F (3, 74) p Tolerance 

1 RSA 0.939 10.13 <0.01a 0.752 
2 APHV 0.864 5.81 0.02a 0.886 
3 Humeral w. 0.796 1.87 0.18 0.770 

note: Humeral w., humeral width; F, Snedecor-Fisher statistic’s test; p, p-value. 
a , statistically significant. 

Table 4 
Standardized coefficients for canonical variables and test with successive roots removed.  

Function Canonical corr. Eigenvalue Variance Wilks’ λ χ2
(3) p 

1 0.49 0.31 1 0.76 12 <0.01a  

Standardized function coefficients 

RSA APHV Humeral width 
1.03 0.75 0.47 

note: corr., correlation; χ2, chi-squared statistical test; p, p-value. 
a statistically significant. 
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