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Short Abstract degli articoli scientifici

1. Bilateral Deficit and Bilateral Performance: Relationship with Sprinting and Change
of Direction in Elite Youth Soccer Players

ENG: The purpose of the study was to examine the differences in bilateral deficit (BLD)  
at different loadings during the half-squat jump (SJ) and horizontal counter movement jump (HCMJ) 
to determine if there is a relationship with linear sprint or change of direction (COD).  
The second goal was to check if fast players were more powerful in SJ and HCMJ than slow players 
in bilateral performance (BP). Twenty-seven male youth soccer players participated in the study. 

ITA: Lo scopo dello studio è stato quello di esaminare le differenze nel deficit bilaterale (BLD) 
a carichi differenti durante il mezzo-squat jump (SJ) e il counter movement jump orizzontale 
(HCMJ) per determinare se esiste una relazione con lo sprint lineare o il cambio di direzione 
(COD). Il secondo obiettivo era verificare se i giocatori veloci fossero più potenti in SJ e HCMJ 
rispetto ai giocatori lenti nella prestazione bilaterale (BP). Allo studio hanno partecipato 27 
giocatori di calcio giovanili maschi.

2. Gender differences in instep soccer kicking biomechanics, investigated through a 3D
human motion tracker system

ENG: This study aims at describing and comparing each other male and female soccer players 
kicking instep a stationary ball. The different measures we collected by the 3d motion capture 
system Movit G1 and the high-Speed camera (240 fps) were considered as dependent variables, 
whereas the gender was considered as the independent one. 

ITA: Questo studio si propone di descrivere e confrontare tra loro giocatori di calcio maschi  
e femmine che calciano di collo del piede un pallone fermo. Le diverse misure raccolte dal sistema 
di motion capture 3D Movit G1 e dalla telecamera ad alta velocità (240 fps) sono state considerate 
come variabili dipendenti, mentre il genere è stato considerato come variabile indipendente.

3. Fitness profiles of elite male Italian teams handball players

ENG: The aim of this study was to examine the fitness profile of the Italian national male Team-
Handball players of different competitive level. 

ITA: Lo scopo di questo studio è stato quello di esaminare il profilo di forma fisica dei giocatori 
della nazionale italiana maschile di pallamano a squadre di diverso livello agonistico.

4. Talent development environments in elite taekwondo population: a study within
an Italian context:

ENG: The aim of this study was to analyze the quality perception of the main talent development 
environments within the elite taekwondo population, through the Talent development 
environment Questionnaire (TdeQ-5).

ITA: Lo scopo di questo studio è stato quello di analizzare la percezione della qualità  
dei principali ambienti di sviluppo del talento all'interno della popolazione di taekwondo d'élite, 
attraverso il Talent development environment Questionnaire (TdeQ-5).
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5. Exploring the age of taekwondo athletes in the Olympic Games: an analysis from Sydney
2000 to Rio 2016

ENG: The aim of this study was to quantify the age at which taekwondo athletes competed  
in the Olympic Games and to provide initial insights into weight category changes over time. 

ITA: L'obiettivo di questo studio è stato quello di quantificare l'età in cui gli atleti di taekwondo 
hanno gareggiato ai Giochi Olimpici e di fornire le prime informazioni sulle variazioni  
della categoria di peso nel tempo.

6. Hypertrophic adaptations to a 6-week in-season barbell vs. flywheel squat added
to regular soccer training

ENG: The aim of this study was to compare the hypertrophic adaptations to barbell or flywheel 
squat exercise added to regular in-season soccer training. 

ITA: Lo scopo di questo studio è stato quello di confrontare gli adattamenti ipertrofici  
all'esercizio di squat con bilanciere o con volano aggiunto all'allenamento regolare di calcio 
durante la stagione.

7. Exploring the age of taekwondo athletes in the Olympic Games: an analysis from Sydney
2000 to Rio 2016

ENG: The aim of this study was to quantify the age at which taekwondo athletes competed  
in the olympic Games and to provide initial insights into weight category changes over time. 

ITA: Lo scopo di questo studio è stato quello di quantificare l'età in cui gli atleti di taekwondo 
hanno gareggiato ai Giochi olimpici e di fornire una prima visione dei cambiamenti della 
categoria di peso nel tempo.

8. Relative age effects and the youth-to-senior transition in Italian soccer: the underdog
hypothesis versus knock-on effects of relative age

ENG: This study aimed to : (a) provide further test of RAEs by exploring the birth quarter (BQ) 
distribution of 2,030 Italian players born from 1975 to 2001 who have played in any of the Youth 
National Italian Soccer Teams ; and (b) investigate how RAEs influence future career outcomes,  
by exploring the BQ distribution of players who completed the transition from youth squads to  
the Senior National Team (n = 182). 

ITA: Questo studio si proponeva di: (a) fornire un'ulteriore verifica dei RAE esplorando  
la distribuzione del trimestre di nascita (BQ) di 2.030 giocatori italiani nati dal 1975 al 2001  
che hanno giocato in una qualsiasi delle Squadre Nazionali Giovanili italiane di calcio; e (b) 
indagare come i RAE influenzino i risultati futuri della carriera, esplorando la distribuzione  
del BQ dei giocatori che hanno completato la transizione dalle squadre giovanili alla Nazionale 
maggiore (n = 182).

9. Relative age effect in Italian soccer: a cultural issue in talent management?

ENG: Relative age effect (RAE) is a well-known phenomenon among those involved in youth 
sports, especially when the sport being investigated is widespread and involves early selection  
for participation in national and international competitions. 
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ITA: L'effetto dell'età relativa (RAE) è un fenomeno ben noto a chi si occupa di sport giovanile, 
soprattutto quando lo sport oggetto di studio è molto diffuso e comporta una selezione precoce 
per la partecipazione a competizioni nazionali e internazionali.

10.	Hypertrophic adaptations to a 6-week in-season barbell vs. flywheel squat added
to regular soccer training:

ENG: The aim of this study was to compare the hypertrophic adaptations to barbell or flywheel 
squat exercise added to regular in-session soccer training.  

ITA: Lo scopo di questo studio è stato quello di confrontare gli adattamenti ipertrofici all'esercizio 
di squat con bilanciere o con volano aggiunto all'allenamento regolare di calcio durante  
la sessione.

11.	Temporal patterns of fatigue in repeated sprint ability testing in soccer players and acute
effects of different IHRs: a comparison between genders

ENG: The aim of this study was to investigate the acute effects of two different Initial Heart Rate 
(IHR) on fatigue when testing RSA in males and females’ soccer players and to compare  
the respective patterns of fatigue.  

ITA: Lo scopo di questo studio è stato quello di indagare gli effetti acuti di due diverse frequenze 
cardiache iniziali (IHR) sulla fatica durante il test RSA in giocatori di calcio maschi e femmine  
e di confrontare i rispettivi modelli di fatica.

12.	(Beyond) the field of play: contrasting deterministic and probabilistic approaches
to talent identification and development system

ENG: In this framework, the main aim of sport systems is to enhance predictability and reduce 
uncertainty, by investigating the causal relationship between entering a talent pathway  
and becoming an expert performer.  

ITA: In questo contesto, l'obiettivo principale dei sistemi sportivi è quello di migliorare  
la prevedibilità e ridurre l'incertezza, studiando la relazione causale tra l'ingresso in un percorso  
di talento e il diventare un performer esperto.

13.	All roads lead to Rome? Exploring birthplace effects and the ‘southern question’
in Italian soccer

ENG: This study aimed to investigate the presence of the “southern question” in Italian soccer. 

ITA: Questo studio si proponeva di indagare la presenza della "questione meridionale" nel calcio 
italiano.
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Abstract: The purpose of the study was to examine the differences in bilateral deficit (BLD) at different
loadings during the half-squat jump (SJ) and horizontal countermovement jump (HCMJ) to determine
if there is a relationship with linear sprint or change of direction (COD). The second goal was to check
if fast players were more powerful in SJ and HCMJ than slow players in bilateral performance (BP).
Twenty-seven male youth soccer players participated in the study. Players were divided in two groups,
faster and slower, according to their sprint performance (10 and 40 m). BLD average power with
body weight (BW) and 25%BW were significantly higher than 50%BW (p < 0.01). BLD during HCMJ
was significantly higher than BLD during SJ with BW, 25%BW and 50%BW (p < 0.01). There were no
statistical relationships between BLD and sprint or COD performance (p > 0.05). Fast players showed
significantly higher SJ power with all the different loads and HCMJ than slow players (p < 0.01),
and fast players lost more time executing COD-90◦ than slow players (p < 0.01). There were no
statistical differences between fast and slow players in BLD. BLD seems to be dependent on motor task,
contraction type and load and could not be a proper measure to estimate sprint and COD performance.
Faster players are confirmed to be more powerful players than slow players, and decrements in COD
could be a key benchmark to identify deficit between linear and COD performance.

Keywords: performance analysis; BLD; bilateral testing; unilateral testing; power

1. Introduction

Strength motor task assessments can be performed with bilateral (BL) or unilateral (UL) exercises.
When the sum of the force or power produced by each limb acting in the UL condition is larger
than the force or power generated in the BL condition, it is defined as the bilateral deficit (BLD)
phenomenon. [1–3]. The occurrence of the BLD has been showed in different contraction types:
isokinetic [4,5], isometric [6] and specific sport-related motor tasks [7]. Nevertheless, the elements
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that influence the BLD are not well defined in the literature. Several researchers have focused on
the potential mechanisms explaining this phenomenon, such as neural aspects [8], changes in motor
unit recruitment [9], force–velocity relationship [10], limb dominance [8], training preference [8] and
the postural behaviors in the UL jump [11]. Consequently, it seems plausible to consider the BLD as
a multifactorial phenomenon rather than due to a single factor.

Due to the diversity of the contractile elements and mechanisms that seem to be involved, the
BLD emerges significantly in all human movements, particularly when multiple joints are engaged [1].
On the other hand, when the action is accomplished by a single joint, the relevance of the BLD is less
evident [12]. Conversely, when the sum of the force or power produced by each limb acting in the UL
condition is smaller than the force or power generated in the BL condition, it is defined as the bilateral
facilitation (BLF) [8,13].

Considering all of the above, the selection of assessment procedures suitable to describe the player
strength profile plays a crucial role in defining the BLD. A previous study by Bishop et al. [14] reported
that a larger BLD in countermovement jump (CMJ) was associated with a faster change-of-direction
speed (CODS) during the 505 (r = −0.48 and r = −0.53, for left and right legs respectively) but not
with linear speed. Furthermore, Bračič et al. [15] showed a significant correlation between a smaller
BLD, high peak force production and a higher total impulse (r = −0.63; p < 0.01), suggesting that the
60 and 10 m sprint performances were associated with a lower BLD. Consequently, we can assume
that lower values of BLD are associated more with the performance of tasks where BL actions are
the primary requirement (e.g., volleyball, rowing, weightlifting, etc.); conversely, a higher value of
BLD can have more potential benefits during the performance of tasks that require UL actions [1]
(e.g., soccer, football, basketball and hockey, among others). Nevertheless, numerous researchers are
trying to explain BLD in different sports [10,14,15], but to date there is a lack of studies regarding BLD
applied in soccer players.

Soccer is a physically demanding sport where endurance, strength, explosive power and repeated
sprint abilities have been shown to be important factors in determining success [16–23]. During soccer
training and matches, lower-limb strength and power are crucial for executing different specific actions
such as accelerating, decelerating, changing direction or sprinting. Straight sprinting is the most
frequent action in goal situations in soccer [24]. Increasing the concentric explosive strength and
reactive strength improves the stride length and ground contact during the first meters in a sprint [25].
Horizontal and vertical power are important factors to explain sprint performance in soccer players.
Previous studies have been demonstrating strong correlations between squat, sprinting and jumping
performances in elite soccer players [26,27]. In addition, horizontal hop distance is a predictor of
lower body strength and power in soccer athletes [28]. Squat and vertical jump movements have
been systematically employed to explain sprint performance, showing substantial associations with
performance in short sprints [26]. In contrast, previous investigations have not found significant
relationships between strength, jump and sprint times [29,30]. Straight sprinting is considered one
of the key potentials for the effectiveness of COD performance [31], and a recent study showed
statistical correlations between linear straight sprinting, COD 90◦ and 180◦ performance tests [32].
COD can be considered multifactorial, defined as the ability to decelerate, reverse or change movement
direction and accelerate again [33,34]. The vast majority of actions or movements in soccer require
3-dimensional deceleration and acceleration, calling for rapid and agile CODs [35,36]. COD ability
has been considered one of the most useful soccer-specific tools in training sessions [37]. Previous
studies have shown improvements in COD due to eccentric overload training using flywheel and
vibration exercises [35], back squat strength training [38] and UL and BL squat training with flywheel
resistance exercises [39].

The relationship between UL strength training and COD in soccer has been largely
investigated [40–43]. Recently, Núnez et al. [39] demonstrated that UL strength training seems to
be more effective in improving COD abilities performance than the BL modalities. In addition,
Gonzalo-Skok et al. [43] showed that one training session per week for eleven weeks of UL eccentric
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overload, in addition to vibration training, improved the linear speed, jump performance and COD
ability more than the conventional strength training in youth soccer players. Furthermore, Gonzalo-Skok
et al. [44] showed that with two training sessions per week, BLD increased more than in BL strength
training in elite youth basketball players. Despite the existence of a large number of studies showing
relationships between all these variables, straight linear sprinting, jumping performance, CODs and
half-squat power are, for the most part, separate motor qualities; therefore, it is suggested that all of
them should be tested and trained individually [32]. Despite the relevance of the connections among
the BLD, COD abilities and soccer, there is a lack of investigations that have recently studied the
phenomenon of BLD applied to young soccer players. Consequently, the aim of this study was to
examine the differences between BLD at different loadings during half squat jumps (body weight (BW),
25%BW and 50%BW) and horizontal CMJ (HCMJ) and to determine if there was a relationship with
linear sprint (10, 20, 30 and 40 m) and COD. The second goal was to examine if fast players were
more powerful in squats (at different loadings) and horizontal jumps than slow players in bilateral
performance (BP).

2. Materials and Methods

2.1. Experimental Design

An observational study was designed to verify the given hypotheses. The measures obtained by
testing were considered to be dependent variables, whereas different factors, such as fast and slow
players and different loadings, were set as independent ones.

2.2. Participants

Twenty-seven young male soccer players from Aspire Academy Club’s U-17’s and 18′s Qatar
National Team (Doha, Qatar) participated in this study (n = 27; age: 18.5 ± 0.6 years; height:
175.4 ± 15 cm; body weight 67.5 ± 14.8 kg). Within the sample there were 23 players that participated
in the previous FIFA U-20 World Cup (Poland 2019). All subjects in the study had a minimum of
3 years’ experience in a professional football academy. Over the previous year, the players usually
trained 5 to 7 times per week (six to eight training sessions, two strength-training sessions, one or two
conditioning sessions, and two international club games every three weeks). Twenty-four players
competed at the international level and may be considered elite level for their age group. Before
undergoing assessment, all players with previous knee injuries or chronic lower limb injures did not
fulfil the eligibility criteria and were not considered. The methodology used was approved by the
Ethics Committee (Qatar Antidoping Lab, E2013000004) and conformed to the policy statement with
respect to the Declaration of Helsinki. All participants and their parents were informed of the risk and
benefits of the procedure and signed an informed consent for participation in the study.

2.3. Procedures

Data were collected during the preparation period for the FIFA-U20 World Cup. The experimental
stage consisted of two different phases. On day 1, the participants underwent the strength assessments
(squat jump at different loadings and horizontal jump). On day 2, the participants underwent all
speed assessments: COD and linear sprinting. A recovery time of 72 h was granted between day 1
and day 2 in order to reduce the effect of fatigue. To avoid any circadian influences on testing, all the
assessments were carried out at the same time each day. To ensure familiarization with the procedures,
participants conducted trial tests over 10 sessions, spanning three weeks prior to testing. Strength
testing was performed in an indoor gym (Aspire Academy, Doha, Qatar) where the environmental
conditions were considered optimal in terms of stability and reproducibility (10.30 a.m., 21 ± 0.5 ◦C
average temperature and 50% ± 2% relative humidity). COD and sprinting testing were performed
on an artificial turf homologated for international competitions. Players wore soccer shoes usually
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adopted during competitions. Participants refrained from any heavy training in the two days prior
to testing.

On testing day 1, BW was measured in order to compute BW25% and BW50%. During day 1,
all players performed a general warm up comprising 5 min cycling, 3 min ballistic stretching, 1 × 8
repetitions of back squats (Smith Machine) in bilateral and UL execution and 1 × 3 repetitions HCMJ at
50%, 70% and 90%, approximate capacity in BL and UL execution. During day 2, all players completed
a general warm up comprising 5 min bicycle, 3 min ballistic stretching, run for 30–40 m at gradually
increasing speeds and acceleration over 10–20 m, including taking off at maximum effort and sharp
COD at 90◦.

2.4. Squat Jump Test (SJ)

All the strength assessments during squatting were performed in three different approaches:
(a) BL execution, (b) UL execution pushing with left leg (ULL) and (c) UL execution pushing with
right leg (ULR). All assessments were recorded using a linear encoder (SmartCoachTM, EuropeAB,
Stockholm, Sweden). After the general warm up, each player performed three repetitions of BL,
ULL and ULR SJ with the Smith Machine (Multipower, Technogym tm, Gambettola, Italy) as the
specific warm up. For testing, players performed three repetitions of BL followed by three ULL

and ULR SJ. During the BL, participants were positioned at 90◦ knee angle [45] using a professional
goniometer (Baseline® Measurement, White Plains, NY, USA) and then performed the SJ a maximal
ballistic push off (positive phase, upward extension). During the ULL and ULR, participants performed
one-leg squats at 90◦ knee angle [46,47], and each player carried out a maximal ballistic push off [48].
Thirty seconds of recovery was set between BL, ULL and ULR repetitions, and two minutes of recovery
was set between the three different loadings. The testing sequence involved lifting the bar (7.3 kg) of
the Smith Machine without weights for the BW trial, and additional loading for the BW25% and the
BW50% trials. The best mean power (avg. power) and the best peak power trials with each load were
considered for the consequent statistical analysis [49,50].

2.5. Horizontal Countermovement Jump (HCMJ)

Participants stood on the starting point as per standing long jump. Hands were fixed on the
hips, and it was requested to hop and land, remaining stationary when landing (no additional hops
were allowed) until the test leader recorded the result [51]. If the players failed the landing phase
the test was considered invalid and was repeated. Subjects performed three jumps. Recovery time
between jumps was 1 min. The best performance in terms of horizontal distance (cm) was used for the
subsequent analysis.

2.6. Horizontal Countermovement Jump Single Leg (HCMJL and HCMJR)

Participants began standing, balancing on a single leg (the one to be tested) and then requested to
hop as far as possible landing on the same leg. Hands were fixed on the hips, and opposite leg swing
was permitted. As per HCMJ, subjects were requested to hop and land, remaining stationary when
landing (no additional hops were allowed) until the result was noted [51,52]. If subjects failed the
landing phase the test was considered invalid and was repeated. Subjects performed a total of three
jumps with each leg. Recovery time between jumps was 1 min. The best performance with each leg in
terms of horizontal distance (cm) was used for the subsequent analysis.

2.7. Bilateral Deficit (BLD)

The BLD was computed according to the following formula (Howards et al. [8]):

BLD (%) = [100 × (
bilateral

Right unilateral + Left unilateral
)] − 100, (1)
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This determines the ratio between the BL execution and the sum of the UL ones during ballistic
strength tasks (e.g., SJ and HCMJ).

2.8. Sprint Assessment (10, 20, 30 and 40 m)

Participants performed a maximal 40 m sprinting test. Two trials were considered. Split 10,
20 and 30 m times were also recorded (Smart-Fusion SportTM, Brisbane, Australia). Players started
each trial from a standing still position with their front foot 0.5 m behind the first timing gate.
They self-administered their starting. They were encouraged to perform the sprint as fast as possible
until the last gate [52]. Each trial was separated by two minutes of passive recovery, and the best
performance was used for the subsequent analysis.

2.9. Change of Direction Assessment (COD-90◦)

Participants performed a maximal 10 + 10 m “L” sprinting test (with a 90◦ change of direction) with
left and right turns. Players started each trial from a stationary standing position with their front foot
0.5 m behind the first timing gate (Smart-Fusion SportTM, Brisbane, Australia). They self-administered
their starting. They were encouraged to perform the sprint as fast as possible until the last gate [53].
Two trials for each side were considered. Each trial was separated by two minutes of passive recovery,
and the best performance was used for the subsequent analysis [54]. The best result for the right
and for the left COD-90◦ test was compared to the fastest 20 m straight-line sprint time. The loss of
speed caused by executing COD-90◦ (DEC-COD) was calculated as a percentage using a formula as in
previous studies [32]:

[(T COD-90◦ × 100)/T 20 m] − 100 (2)

T COD-90◦ = Time in COD-90◦ test
T 20 m = Time in maximal 20 m sprinting test

2.10. Data Analysis

Data are presented as the mean and standard deviation (M ± SD) and the range. The assumption
of normality was assessed using the Kolmogorov–Smirnov test. The intraclass correlation coefficients
(ICCs) for measures were provided as indices of relative reliability of the measurements. A correlation
matrix (r) describing the association of several variables was provided. To find significant differences
among the collected measures performing different testing (dependent variables), the different loadings
(BW, 25%BW, 50%BW) and HCMJ were set as independent variables, and analysis of variance (ANOVA)
was then performed. Subsequent post hoc tests performed with Bonferroni’s correction of significance
level were provided. The value of statistical significance was accepted as p ≤ 0.05. IBM SPSS 25.0
for Windows was used to analyze and process the collected data. The corresponding p values
were provided for each analysis (p ≤ 0.05). To assess how each sprinting performance parameter
(10 and 40 m) could behave in relation to the strength measures, the sample was divided in two groups:
“fast” and “slow” [31–54]. The two groups were created by computing the mean of the overall sample,
for each sprinting distance, and then allocating the players to the respective groups (below and above
the mean). To investigate the possible differences between the two groups “fast” and slow” in the
sprinting performance, a t-test for independent samples was performed showing significant differences
between groups (p ≤ 0.05). The effect size (ES) was determined, and the threshold values for Cohen’s
ES statistics were classified as trivial (0.0–0.19), small (0.2–0.59), moderate (0.6–1.1), large (1.2–1.9) and
very large (>2.0) [55].

3. Results

The ICCs as relative reliability of the measurements collected during testing were bilateral deficit
avg power (0.76 (0.52–0.89), p < 0.01), bilateral deficit peak power (0.14 (−0.33–0.53)), sprint time
(0.99 (0.98–0.99), p < 0.01) and change of direction time (0.88 (0.73–0.95), p < 0.01).
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Descriptive values of parameters measured and computed are shown in Tables 1 and 2. BL power
and BL HCMJ were significantly higher than UL power and UL HCMJ (right or left leg interchangeably,
p < 0.01).

The BLDs during SJ with different loadings (BW, 25%BW and 50%BW) and during HCMJ are
illustrated in Figure 1. BLDAvgPower with BW and 25%BW were significantly higher than 50%BW
(p < 0.01). BLDPeakPower with BW and 25%BW were significantly higher than 50%BW (p < 0.01).
BLD during HCMJ was significantly higher than BLD avg and peak power during SJ with BW, 25%BW
and 50%BW (p < 0.01). There are no statistical relationships between BLD in SJ and sprint or COD
performance (p > 0.05), except a moderate correlation between SJ BLD 25%BWAvg and COD-DEC on
the right side (r = −0.448). There are no statistical relationships between BLD in HCMJ and sprint or
COD performance (p > 0.05).

Table 1. Squat jump bilateral (B) and unilateral (L/R) tests performed with body weight (BW), 25%
body weight (25%BW) and 50% body weight (50%BW).

Variables Mean ± SD
Range

Max Min

BL Average Power (W)

BW 937.9 ± 114.2 ** 1157.7 728.9
25%BW 992.6 ± 159.7 ** 1529.6 798.1
50%BW 1064.4 ± 170.7 ** 1593.1 838

UL Average power (W)

BW 749.7 ± 92.3 978.1 587.1
25%BW 772.5 ± 107.3 1107.7 617.1
50%BW 755.9 ± 99.3 955.6 578.7

UR Average power (W)

BW 715.4 ± 86.7 917.2 547.3
25%BW 765.1 ± 94.8 971.8 647.7
50%BW 768.5 ± 105.2 987.7 585.1

BL Peak power (W)

BW 2921.9 ± 366.2 ** 4382 1265
25%BW 2962.6 ± 533.6 ** 4814 2310
50%BW 3042.1 ± 534.4 ** 4686 2333

UL Peak power (W)

BW 1845.9 ± 329.9 2551.4 1348.2
25%BW 1834.1 ± 352.1 2731 1399.7
50%BW 1730.1 ± 356.9 2384 1024.4

UR Peak power (W)

BW 1712.5 ± 295.9 2370.4 1209
25%BW 1766.8 ± 289.3 2524.3 1163.9
50%BW 1761.9 ± 362.8 2652.2 883.7

BL = bilateral; UL = unilateral left; UR = unilateral right; W (watts); ** Significantly different vs. unilateral power.
p < 0.01.
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Table 2. Sprinting, change of direction (COD) and horizontal countermovement jump test (HCMJ).

Variables Mean ± SD
Range

Max Min

Sprinting (s)

10 m 1.67 ± 0.06 1.84 1.53
20 m 2.91 ± 0.01 3.14 2.69
30 m 4.05 ± 0.12 4.37 3.77
40 m 5.19 ± 0.16 5.61 4.89

COD-90◦ (s)

COD-Left 4.10 ± 0.11 4.30 3.89
COD-Right 4.14 ± 0.17 4.46 3.82

COD-DEC (%)

Left 41.5 ± 3.8 49.1 54.3
Right 42.9 ± 5.4 33.4 35.5

HCMJ (cm)

HCMJ-Bilateral 235.1 ± 12.9 ** 271 208
HCMJ-Left 212.6 ± 7.8 232 190

HCMJ-Right 212.6 ± 11.2 239 189

COD-90◦ (s): change of direction time; COD-DEC (%): decrement (percentage) during change of direction;
** significantly different vs. unilateral countermovement jump (p < 0.01).
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Figure 1. Bilateral deficit (BLD) behaviors at three different loadings during squat jump and horizontal
countermovement jump. *: Significantly different vs. 50% body weight (BW) (p < 0.05); ¥: significantly
different vs. BW and 25%BW (p < 0.01); §: significantly different vs. all the others (p < 0.01).

The differences between fast and slow players are shown in Table 3. Fast players showed
significantly higher BPAvgPower with all different loads compared to slow players (except with 25%BW
in the fast players in 10 m) (p < 0.01, ES from 0.87 to 1.39). Fast players exhibited statistically higher
HCMJ than slow players (p < 0.01, ES = −0.83; and ES = −0.73 for fast players in 10 and 40 m
respectively). Fast players lost more time executing COD-90◦ than slow players (p < 0.01, ES = −1.30
and −1.16 for left and right leg, respectively, in fast players in 10 m; and p < 0.01, ES = −0.91 for left
leg in fast players in 40 m). There were no significant differences between fast and slow players in
COD-90◦ (p > 0.05). There are no statistical relationships between 10 m time and COD-90◦ (r = 0.46
(−0.01; 0.63), R2 = 0.22 (average time for left and right)), while a small association is detected between
40 m time and COD-90◦ (r = 0.58 (0.26; 0.77), R2 = 0.33 (average time for left and right)). There were no
statistical differences between fast and slow players in BLD.
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Table 3. Differences between fast and slow players in bilateral power, horizontal contra movement jump (HCMJ) and DEC-COD (%) (loss of speed caused by executing
COD-90◦).

Variables
Sprinting 10 m (s) Sprinting 40 m (s)

Fast (n = 18) Slow (n = 9) ES Fast (n = 17) Slow (n = 10) ES

BPAvg Power (W)

BW 966.1 ± 101.4 863.4 ± 102.8 * −0.87 ± 0.69↓↓ 980.9 ± 89.7 846.8 ± 95.3 ** −1.39 ± 0.70↓↓
25%BW 1010.8 ± 182.6 957.2 ± 99.8 −0.35 ± 0.62 1039.3 ± 176.3 909.4 ± 83.5 * −0.90 ± 0.61↓↓
50%BW 1101.5 ± 179.5 958.4 ± 59.1 ** −1.03 ± 0.58↓↓ 1116.2 ± 171.9 946.7 ± 74.2 ** −1.23 ± 0.60↓↓

BPPeak Power (W)

BW 2904.1 ± 598.2 2705.2 ± 284.8 −0.41 ± 0.61 2936.8 ± 607.1 2065.5 ± 260.4 −0.55 ± 0.60↓
25%BW 3052.5 ± 619.9 2846.3 ± 377.8 −0.39 ± 0.64 3159.1 ± 598.4 2667.8 ± 277.9 ** −1.01 ± 0.61↓↓
50%BW 3088.3 ± 750.8 2675.3 ± 220.3 * −0.71 ± 0.57↓↓ 3108.6 ± 764.1 2682.8 ± 238.4 * −0.72 ± 0.58↓↓

Jump (cm)

HCMJ 237.8 ± 12.9 227.5 ± 11.0** −0.83 ± 0.70↓↓ 238.1 ± 12.8 228.6 ± 12.5 ** −0.73 ± 0.71↓

COD 90◦

Left 4.08 ± 0.13 4.14 ± 0.09 0.50 ± 0.70 4.07 ± 0.12 4.17 ± 0.09 0.86 ± 0.73↓
Right 4.12 ± 0.18 4.17 ± 0.17 0.29 ± 0.72 4.10 ± 0.18 4.23 ± 0.12 0.77 ± 0.71↓

COD-DEC (%)

Left 42.7 ± 3.4 38.2 ± 3.1 ** −1.30 ± 0.80↓↓ 42.6 ± 3.5 39.1 ± 3.5 ** −0.91 ± 0.78↓↓
Right 44.3 ± 5.6 39.2 ± 2.5 ** −1.16 ± 0.66↓↓ 43.7 ± 5.6 41.6 ± 4.9 −0.46 ± 0.75

BP: bilateral performance; AVG: average; (W): watts; BLD (%): percentage of bilateral deficit; BW: body weight; COD-DEC (%): decrement (percentage) during change of direction.
** Significantly lower vs. fast players. p < 0.01. * Significantly lower vs. fast players (p < 0.05). ↓↓ Significantly different. ↓ Substantial difference.
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4. Discussion

The purpose of the study was to examine the differences in BLD at different loadings during
half squat jump and horizontal CMJ to determine if there was a relationship with linear sprint
(10, 20, 30 and 40 m) or COD, and to check if fast players were more powerful in squat jumps and
horizontal jumps than slow players in BP. To our knowledge this is the first study that analyzed elite
young soccer players’ BP and BLD in SJ and HCMJ in relation to the linear sprinting and COD ability.
The main findings of this study are the following: (i) BLD with low loads (i.e., BW, 25%BW) was
significantly higher than BLD with high loads (i.e., 50% BW); (ii) BLD during HCMJ was significantly
higher than BLD during SJ at different loads; (iii) no relationships were found between BLD and SJ,
HCMJ, sprint and COD performance; (iv) fast players showed significantly higher BPAvgPower and
HCMJ than slow players and (v) fast players lost more time executing COD-90◦ than slow players.

Psycharakis et al. [56] studied BLD in SJ as well as CMJ with BW and 10%BW in recreationally
active participants. They showed that BLD was present in SJ and CMJ at both loaded and unloaded
conditions, but the additional load did not have a significant influence on the magnitude of BLD in
both tests. In our case, present findings show a significantly higher percentage of BLD in SJ with BW
and 25%BW than 50%BW (−16%). Based on these results, we speculate that, as we increase the load,
BLD is reduced due to the lack of UL force in order to produce optimal levels of power. Moving this
concept to a practical application, it seems that SJ with 50%BW could be considered a high demanding
load in this ballistic strength task for this specific population of elite youth soccer players. Along this
line, BLD computed in HCMJ was an order of magnitude greater (from 28% to 40%) than the ones
developed in the selected vertical task with different loads. This finding suggests how BLD could
be considered a sensible phenomenon across the different jump tasks [14]. Furthermore, in line with
previous studies [1,4–7], our results demonstrate how BLD seems to be dependent on the motor task,
contraction type and load.

The relationship between BLD jump and sprint performance has been previously examined in
scientific literature. Bracic et al. [15] highlighted that the sprinters with higher CMJ BLD produced
a lower total impulse of force on the block and lower block velocity, which were related with 60 and 100 m
sprint performances. Showing the relationship between these two variables, the study suggested that
elite sprinters with high BLD in CMJ should have a lower performance during sprinting. In contrast,
the present findings shows no associations between the sprinting performance with SJ BLD at different
loadings and HCMJ BLD in elite young soccer players. Along the same line, Bishop et al. [14] did not
identify any relationships between BLD and sprint performance over both 10 and 30 m. Therefore,
the findings in the scientific literature cannot conclude that changes in the BLD of athletes may have
an influence on sprint performance.

In this study, no relationships between both BLD (SJ and HCMJ) and CODs variables have been
observed, except a moderate correlation between SJ BLD 25%BWAvgPower and COD-DEC in the right
leg (r = −0.448). Our findings are different from those previously reported by Bishop et al. [14],
which reported a moderate relationship between BLD in CMJ height and COD (expressed as deficit).
A possible explanation for this discrepancy could be that the strength assessments used in our study
differed from the ones by Bishop et al. [14] in the contraction type (concentric (SJ) vs. eccentric–concentric
(CMJ)), and in the type of movement (horizontal (HCMJ) vs. vertical (CMJ)). Likewise, the COD tests
used in the two studies were different (L-test 90◦ vs. 505), which required different cutting COD angles
(90◦ vs. 180◦) and starting type (standing vs. flying). Consequently, the differences found in the BLD
between the present study and one by Bishop et al. [14] might be attributed to factors related to task,
physiology and neuro physiology [12], which could provide different responses, whereas different
testing and measurement procedures are applied.

Linking the previous findings to the COD performance, present results show no significant
differences between the “faster” and “slower” players in COD-90◦ (p > 0.05). This result suggests
that “faster” players over 10 and 40 m are not necessarily fast in COD-90◦. Although both abilities
have been considered as fundamental for football performance [24], our results with elite young
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soccer players do not demonstrate a clear relationship between linear sprint and COD performance
(r from 0.46 to 0.58; R2 from 0.22 to 0.33). Therefore, based on the results of the present study, linear
sprinting and COD are separate motor qualities and should be specifically assessed and trained.
In addition to this, our results demonstrate how the “slower” players over 10 m showed a significantly
lower COD-DEC in left- and right-side executions (ES = 1.30 and ES = 1.16) than “faster” players.
Similarly, the “slower” players over 40 m showed a significantly lower DEC-COD in left side execution
than the “faster” players (p < 0.04, ES = 0.91). Present results are in line with the recent study of
Suarez-Arrones et al. [32] in which the fastest players lost more time performing the COD than their
slower counterparts. As a practical application, in cases where athletes present a high DEC-COD,
coaches should prescribe specific COD training in order to reduce the percentage of decrement.

Horizontal and vertical power are important factors to explain sprint performance in soccer
players [26,27]. While previous research showed statistical associations between squat strength/power,
horizontal and vertical jump with sprint performance [26], other studies presented contradictory
findings with no relationships between these parameters and sprint times [29,30]. To date, no study
has investigated in elite young soccer players if fast players are more powerful in SJ and HCMJ than
slow players. Our results show how “faster” players exhibited significantly higher BPAvgPower and
HCMJ than their “slower” counterparts, supporting the concept that improvements in lower body
strength/power would benefit sprint performance in elite young soccer players. By contrast, there were
no statistical differences between fast and slow players in BLD. Due to dissociations between BLD
(SJ, HCMJ) and sprint performance and the absence of differences between fast and slow players in
BLD, we can state that BLD is not a useful parameter to understand or estimate sprinting and COD
performance in elite young soccer players.

Limitations

This study has been carried out with the aim to analyze BLD and BP during different strength
tasks and to analyze the relationships between sprinting and COD performance. For this reason,
UL performance was not distinctly considered. Therefore, further research must take into consideration
UL performance during strength tasks, and eventually the inter-limb asymmetries, in order to clarify the
relationship between those parameters. Due to the importance that BLD could have in the identification
of the neuromuscular profile in elite young soccer players, additional tests and kinetic parameters to
those used in the present study should be examined.

5. Conclusions

Based on the present results, BLD seems to be dependent on the motor task, contraction type and
load, and could not be a proper measure to predict or estimate sprint and COD performance in elite
young soccer players. Faster players have confirmed to be more powerful players than slow players,
and DEC-COD has proven to be a key benchmark for the purpose to identify deficits between linear
and COD performance.
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A B S T RAC   T
BACKGROUND: This study aims at describing and comparing each other male and female soccer players kicking instep a stationary ball. The 
different measures we collected by the 3D motion capture system Movit G1 and the High-Speed Camera (240 fps) were considered as dependent 
variables, whereas the gender was considered as the independent one.
METHODS: Twenty soccer well trained non-professional players: 10 men (age: 25.3±6.5 yrs; height 1.80±0.07 m; body mass 76.9±13.2 kg) and 
10 women (age: 19±3.34 yrs; height 1.64±0.07 m; body mass 58.2±7.2 kg) volunteered to participate in the study.
RESULTS: Gender differences were found, with a statistical significance (P<0.05) or interesting magnitude (Cohen d>0.5). The most relevant 
ones were the differences in hip extension of the kicking leg when the foot of the supporting one touches the ground, just before the impact on 
the ball (independent sample t-Test; P=0.03; Cohen d=1.64) and the speed of the ball, reached immediately after kicking (P<0.001;d=1.23).
CONCLUSIONS: These results, together with the greater pelvic acceleration shown by men compared to women, highlight the need to develop 
a gender-differentiated training model, in order to customize the kicking technique in women and to reduce the likelihood, currently higher than 
for men, of kicking related injuries.
(Cite this article as: Ruscello B, Esposito M, Siligato G, Lunetta L, Marcelli L, Pantanella L, et al. Gender differences in instep soccer kick-
ing biomechanics, investigated through a 3D human motion tracker system. J Sports Med Phys Fitness 2020;60:1072-80. DOI: 10.23736/S0022-
4707.20.10676-5)
Key words: Soccer; Imaging, three-dimensional; Exercise.
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Kicking is a soccer fundamental, which depends on
many different and complex factors (technique, 

foot-ball interaction, ball flight, etc.).1 Kicking is the 
characterizing technique of soccer and the ability to per-
form it skillfully is a vital requisite to play efficaciously 
at any level.2-5 Indeed, soccer would not be possible 
without mastering the fundamental abilities to control, 
dribble and kick the ball, for both passing or shooting 
at goal.6 Several researches have aimed at investigating 
the basics of kicking instep biomechanics, in order to 
provide insights of this technique and to report the rel-
evant information useful to train it properly, with the 

purpose of technique optimization and talent develop-
ment.7-12

A good knowledge of the kicking instep biomechanics, 
and its gender peculiarities, is definitively important to 
correctly manage the technical training in every level of 
players’ qualification, for both men and women.

Given the extremely dynamic and situational nature of 
soccer, it is impossible to describe all the variables that 
may influence the technical execution of ball kicking in 
open play situations.

For this reason, most of the studies regarding kick-
ing have been directed to investigate the ability to kick 
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The novelty of our approach is represented the most by 
the instruments we used, which combined a portable 3D 
motion capture system and a high speed camera, sampling 
at 240 fps, allowing an accuracy of measurement to be 
reached hardly in a usual in-field situation.

Materials and methods

Experimental approach to the problem

Using a descriptive study design, participants performed, 
in different days, one set of 10 repetitions each of kick-
ing instep a stationary ball, with power and precision. Rel-
evant physical variables were measured in order to verify 
our principal hypothesis: there are gender differences in 
kicking instep a stationary ball under a biomechanical 
standpoint. The different measures we collected by the 3D 
motion capture system and high-speed camera were con-
sidered as dependent variables, whereas the gender was 
considered as the independent one.

Before performing the experimental procedures, face 
validity was established using expert judgment procedures.

Subjects

Twenty soccer well trained non-professional players (10 
men, 10 women) volunteered to participate in the study. 
Men players (age: 25.3±6.5 yrs; height 1.80±0.07 m; body 
mass 76.9±13.2 kg) and women players (age: 19 ±3.3 yrs; 
height 1.64±0.07 m; body mass 58.2±7.2 kg) belong to 
two different soccer clubs, based in Rome, Italy, playing at 
the regional (men) and national (women) level. The play-
ers had at least 4.4 years (range: 1-11 years) of experience 
at this competitive level. A significant difference (P=0,01) 
in years of experience has been found between genders, 
probably due to the differences in ages. All participants 
perform three-four training sessions per week and play 4-5 
matches per month, during the competitive season. Kick-
ing instep a stationary ball requiring power and precision 
has been routinely included in the training sessions in the 
four weeks prior to the testing procedures.

Inclusion criteria to participate in the study were: 1) to 
have regularly competed during the competitive season; 
and 2) possession of a valid medical certificate, which 
would exclude current pathologies that contraindicated 
high intensity physical activities, such as hard kicking in-
step a stationary ball.

All subjects were healthy and clear of any drug con-
sumption. Each subject completed all trials in the same 
time of test days to eliminate any influence of circadian 

a stationary ball, as it may occur during penalties or free 
kicks.

Particularly relevant under a methodological standpoint 
is to describe possible differences between men and wom-
en’s soccer, in the biomechanical domain, to take into the 
opportune account while planning the specific training in-
terventions.8, 13

Women’s soccer is one of the most popular team sports 
in the world, as evidenced by the enormous interest aroused 
by the recent world championships, held in France in 2019.

The study of the complexity of women’s soccer perfor-
mance requires an ad-hoc approach, which does not con-
sider women’s soccer as a minor sport, mediated by male 
soccer. In other terms, what is true for men’s soccer does 
not always apply to women’s soccer, and vice versa.8, 14-16

Ball kicking is a complex movement from both a techni-
cal and biomechanical point of view, because it involves not 
only the foot, the ankle and the knee, but also the coxo-fem-
oral joint, which has great mobility on different planes and 
requires proper stabilization of the pelvis and trunk.12 It is 
an open kinetic chain skill, performed at high angular speed 
with the knee as its fulcrum and this is not only the most 
typical action of soccer but also the one that distinguishes 
soccer from most other sports. The biomechanics of kicking 
instep a stationary ball, currently available in the literature, 
mainly refers to adult male players. However, millions of 
players play soccer all over the world, belonging to both the 
male and female gender, and all age groups are involved.

For this reason, using the “adult male soccer player” 
model for training purposes is not always the best solu-
tion, since several errors may arise due to the different 
characteristics of the players, mainly attributable to the 
anthropometrics, anatomical, structural and physiological 
differences between genders and age groups.8

The need to investigate deeper the biomechanics of kick-
ing instep a stationary ball, performed from both men and 
women soccer players, and compare them, emerges clearly. 
The purpose to allow an informed coaching while referring 
to the specific technical training of this fundamental soccer 
skill. As previously reported, what is true for men’s soccer 
does not always apply to women’s soccer, and vice versa.17, 18 
For this reason, we decided to investigate deeper soccer kick-
ing instep biomechanics, availing of a novel 3D human mo-
tion tracker system, able to provide accurate information 
about the kinematics of this complex multiplanar movement.

The aim of this study was to identify the possible dif-
ferences, under a biomechanical standpoint, between men 
and women soccer players when engaged to kick instep a 
stationary ball, with precision and power.
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in the loading phase by swinging back and the support one 
is still in the flight phase (Figure 1);

2. the support (or stage 2), i.e. the instant when the 
planter foot of the supporting leg touches the ground, next 
to the stationary ball (Figure 2);

3. the impact (or stage 3), i.e. the propelling action of 
the foot on the ball by kicking (Figure 3).

These are the variables we considered in this study, re-
ferring to the three stages reported above:

a) stage 1:
•  hip extension of the kicking leg;
•  knee bending of the kicking leg;
•  extension of the supporting leg
•  pelvis acceleration.
b) Stage 2:
•  hip extension of the kicking leg;
•  bending of the kicking leg;
•  supporting leg extension
•  pelvis acceleration.
c) Stage 3:
•  kicking leg peak acceleration (distal third of the tibia);
•  pelvis acceleration.
To investigate the ball speed immediately after the im-

pact with the kicking foot a high-speed video footage (240 
fps) has been used.

variation. The Institutional Research Board (University of 
Rome “Tor Vergata”, Faculty of Medicine Ethical Com-
mittee) provided clearance for the procedures before the 
commencement of this study. Written informed consent 
was obtained from all the participants after familiarization 
and explanation of the benefit and risks involved in the 
procedures of this study. All participants were informed 
that they were free to withdraw from the study at any time 
without penalty. All procedures were carried out in accor-
dance with the Declaration of Helsinki of the World Medi-
cal Association as regards the conduct of clinical research.

Experimental procedures

The kicking tests were performed in October 2019, in 
two separate days, at the same hours of the day (i.e., 6-8 
pm) and the same day of the week (Tuesday) in a sport 
center (Rome, Italy), on a synthetic surface soccer pitch, 
approved by the Italian Football Association for national 
level competitions. The average weather conditions during 
the two testing days were fine, with an average tempera-
ture and wind speed of 17° and 6.1 m·s-1 on first day, 18° 
and 4.7 m·s-1 on last day respectively.

Three significant stages in kicking instep were analyzed 
under a kinematic point of view, considering these variables:

1. The loading (or stage 1), in which the kicking leg is 

Figure 1.—Captiks motion studio analyzer – phase 1.

25



GENDER DIFFERENCES IN INSTEP SOCCER KICKING BIOMECHANICS	RU SCELLO

Vol. 60 - No. 8	 The Journal of Sports Medicine and Physical Fitness	 1075

Figure 2.—Captiks motion studio analyzer – phase 2.

Figure 3.—Captiks motion studio analyzer – phase 3.
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The value of statistical significance was accepted with 
P≤0.05. The corresponding P values are given for each 
analysis.

IBM SPSS Statistics 25 and Microsoft Excel were used 
for all statistical procedures.

A flow-chart diagram summarizing the study protocol is 
provided in Figure 4.

Results

The anthropometric data of the subjects who participated 
in this study were analyzed under a statistical standpoint. 
Significant gender differences (P<0.05 and Cohen d Co-
hen>1) are reported in Table I.

The kinematics of the investigated anatomical seg-
ments, analyzed during the three significant stages of 
kicking instep are reported in Tables II, III, IV. Mean 
values±standard deviations, the 95% Interval Confidence 
for the mean together with the t-Test values are provided.

After calibrating the acquisition space, the space cov-
ered by the ball, derived from the video, has been divided 
by the measured time, thus obtaining the initial speed, ex-
pressed in meters per second (m∙s-1).

Instrumentation

To investigate the biomechanics of soccer kicking we 
made use of a 3D human motion tracker system (Movit 
System G1 by Captiks Srl, Rome, Italy).19, 20 The 5 Movit 
units (which can be networked with up to 15 other units if 
necessary), wireless send data to a receiving device (the 
receiver) connected to a personal computer (Acer Aspire 
F15 – Intel Core I7, 16 Gb RAM). Specifically, we ac-
quired data from the internal 3-axis digital-output accel-
erometers, which have a programmable full-scale range of 
±2 g, ±4 g, ±8 g and ±16 g, and integrates a 16-bit A/D 
converter, enabling simultaneous sampling of accelerom-
eters without requiring an external multiplexer. Data rate 
can range within 4 Hz–1000 Hz.

The 5 Movit units were housed as it follows:
•  In a belt and located at the subject’s spine level, be-

tween the second and the fifth lumbar vertebra (L2 and 
L5);

•  in two belts located on the right leg, at the medial 
third of the femur and the distal third of the tibia;

•  in two belts located on the left leg, at the medial third 
of the femur and the distal third of the tibia.

The personal computer runs proprietary software 
(termed Captiks Motion Studio SDK, CMS, by Captiks 
Srl) for motion analysis so that pitch (x) roll (y) and yaw 
(z) signals are A/D converted and further normalized, 
within 0–1 range.

To provide a high-speed video footage a Casio Exilim 
EX-ZR 100, set at 240 fps, has been used. The relevant 
data were processed using the Kinovea 0.8.27 software.

Statistical analysis

Data were processed by carrying out a descriptive analy-
sis, providing the mean, the standard deviation and the and 
95% confidence intervals (95% CIs). The assumption of 
normality was assessed using the Shapiro-Wilk test. To 
evaluate the gender differences in the kinematics of the 
considered phases, analyzed during the instep kicking, a 
t-Test was carried out for independent samples and the ef-
fect size was obtained by calculating the Cohen’s d.

The following values will be considered: d=0.20 small 
effect, d=0.50 medium effect, d=0.80 large effect and d>1 
huge effect.

Figure 4.—Flow-chart diagram summarizing the study protocol.

Table I.—��Samples anthropometrics and gender differences.

Men
M±SD

Women
M±SD

t-test for independent samples

t; df; P value Cohen’s d

Height (m) 1.80±0.07 1.64±0.07 5.02; 18; 0.001 * 2.26 *
Weight (kg) 76,9±13.2 58,2±7.2 3.93; 18; 0.001 * 1.75 *
Cohen d=0.20 small effect, d=0.50 medium effect, d=0.80 large effect and d>1 
huge effect
*significant P values.
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Excluded (N.=0)
- �All the volunteer 

players met the 
inclusion criteria

20 soccer players 
enrolled in the 
study (10 men;  

10 women)

Inclusion/
Exclusion 

criteria

20 soccer players met the eligible criteria
10 men (age: 25.3±6.5 yrs; height 1.80±0.07 m; body 
mass 76.9±13.2 kg) and 10 women (age: 19±3.34 yrs; 

height 1.64±0.07 m; body mass 58.2±7.2 kg)

- Descritive Statistics - Confidence Interval 95%
- Independent Sample t-test
- Cohen’s d for Effect Size

Kicking a stationary ball testing
- 20 subgroups (A, men, N.=10; B, women, N.=10
- 3D motion capture system Movit G1 (Captiks Srl, 

Rome, Italy)
- High Speed Camera (Casio Exilim EX-ZR 100, 

Japan, set at 240 fps)
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ly higher in women (-30.74°) than in men (-12.09°) with 
P<0.05 and an effect size of 1.64.

Other differences in the acceleration of the pelvis, in 
all the three analyzed stages, although not statistically 
significant, have been found. These accelerations are al-
ways greater in men. On the other hand, the acceleration 
of the kicking leg, detected in stage 3) is comparable, with 
a slightly higher value recorded in women, although not 
statistically significant.

The hip extension of the kicking leg, considered in stage 
1, is slightly greater in women, with an effect size of 0.57, 
indicating a medium effect. No significant gender differ-
ences were found in bending of the kicking leg and the 
extension of the supporting leg at the different stages in-
vestigated (stage 1 and 2).

The speed of ball immediately after the kicking has 
been computed and processed to find possible differenc-
es between genders.21 The relevant results are provided 

Table II shows the results of:
•  hip extension of the leg kicking the ball;
•  knee bending of the kicking leg;
•  supporting leg knee extension;
•  pelvis acceleration

at the moment in which the kicking leg is in the loading phase 
and the supporting leg is still in the flight phase (stage 1).

In Table III, the variables that were analyzed at the 
instant when the foot of the supporting leg touches the 
ground, before the impact with the ball (stage 2) were the 
same as in Table II.

Table IV shows the results of:
•  kicking leg peak acceleration;
•  pelvis acceleration

at the moment of the impact of the foot of the kicking leg 
with the ball (stage 3).

From these results, it can be seen that the values of the 
hip extension of the kicking leg, in stage 2, are significant-

Table II.—��Stage 1: descriptive statistics and t-test for independent sample: men vs. women.
Men Women t-test for independent samples

M±SD
95% IC for the mean

Upper case; 
Lower case

M±SD
95% IC for the mean

Upper case; 
Lower case

t; df; P value Cohen’s d

Hip Extension (°) -5.25±6.96 0.10; -10.61 -11.09±13.01 -1.80; -20.40 1.28; 18; 0.22 0.57
Knee bending of the kicking leg (°) 158.55±12.26 167.97; 149.13 165.39±9.09 171.85; 165.85 -1.29; 18; 0.21 -0.58
Supporting leg knee extension (°) 127.34±17.09 140.48; 114.20 123.95±13.70 133.76; 114.15 0.52; 18; 0.61 0.23
Pelvis acceleration (g) 0.74±0.42 1.06; 0.41 0.68±0.26 0.86; 0.50 0.30; 18; 0.77 0.12
Cohen’s d=0.20 small effect, d=0.50 medium effect, d=0.80 large effect and d>1 huge effect.

Table III.—��Phase 2: descriptive statistics and t-test for independent sample: men vs. women.
Men Women t-test for independent samples

M±SD
95% IC for the mean

Upper case; 
Lower case

M±SD
95% IC for the mean

Upper case; 
Lower case

t; df; p-value Cohen’s d

Hip Extension (°) -12.10±9.09 -5.11; -19.08 -30.74±13.25 -21.26; -40.22 3.53; 17; 0.03 * 1.64 *
Knee bending of the kicking leg (°) 84.07±14.75 95.41; 72.73 84.48±11.21 92.51; 76.46 0.81; 18; 0.94 0.03
Supporting leg knee extension (°) 156.44±7.40 162.12; 150.75 161.24±5.53 165.19; 157.27 -1.48; 18; 0.15 -0.66
Pelvis acceleration (g) 2.52±0.82 3.15; 1.90 2.17±0.32 2.40; 1.95 0.87; 11.49; 0.40 0.39
Cohen’s d=0.20 small effect, d=0.50 medium effect, d=0.80 large effect and d>1 huge effect.
*Significant P values.

Table IV.—��Phase 3: descriptive statistics and t-test for independent sample: men vs. women.
Men Women t-test for independent samples

M±SD 95% IC for the mean
Upper case; Lower case M±SD 95% IC for the mean

Upper case; Lower case t; df; P value Cohen’s d

Kicking leg peak acceleration; 11.50±1.61 12.73; 10.25 11.76±1.09 12.55; 10.99 -0.38; 18; 0.71 -0.16
Pelvis acceleration (g) 2.93±1.23 3.88; 1.99 2.37±0.52 2.74; 1.99 1.06; 12.27; 0.31 0.48
Cohen’s d=0.20 small effect, d=0.50 medium effect, d=0.80 large effect and d>1 huge effect
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the same training volume might cause poor training effects.
In a study carried out by Brooks et al. in women soccer22 

body composition, muscular strength, explosive power, 
aerobic power, acceleration, speed, and agility were test-
ed in each athlete participating in the study. Knee torque 
(KT) and hip torque (HT) were also measured on both 
legs. Kicking accuracy and velocity (KV) were examined. 
A correlation was found between KT and KV (r=0.93), 
as well as vertical jump and KV (r=0.91). Aerobic power 
(r=0.93), agility (r=0.88), and vertical jump (r=0.84) were 
highly correlated to Body Fat%. These data suggest that 
significant relationships do exist between peak knee and 
hip torque, agility, lean body mass, strength, and explosive 
power with soccer-specific variables such as kick velocity 
(KV).

Men have been shown to have a maximum linear speed 
of the knee and hip, and a maximum angular speed of the 
hip, knee and ankle greater than women do. All these fac-
tors are important because they affect what is the outcome 
of the shot; in fact, the speed of the ball kicked by women 
is lower than the speed of the ball kicked by men.7 How-
ever, these are just some of the factors that affect the instep 
kicking; in fact, the latter suffers a strong conditioning giv-
en by the lower muscle mass of the lower limbs of women, 
and also by the difference in the shape of the pelvis, wider 
in women that leads to a different level of muscle pattern 
activation of the muscles involved. On the basis of the re-
sults obtained in this study, it is possible to confirm, using 
a 3D motion capture system and high-speed recording, that 
there are significant gender differences (P<0.05) in the hip 
extension during the kicking instep, detected at the instant 
when the foot of the supporting leg touches the ground, 
(i.e. during the maximum extension phase of the kicking 
leg or backswing) before the ball impact (stage 2) and the 
ball velocity, immediately after the ball impact (Table V).

The relevance of these differences are witnessed by the 
huge effect sizes we computed (Cohen d=1.64 and 1.23 
respectively).

Women showed an average hip extension of -30.74°, 
while men showed an average hip extension of -12.09° 
(Table III). These results, in line with what already high-

in Table V. These results are in line with those found by 
other researchers,13 highlighting a meaningful difference 
(P<0.001; d=1.23) in ball speeds between genders.

Discussion

The biomechanics of instep soccer kick has been largely 
investigated, by the means of different instruments of mea-
surement, both in-field and in a lab setting. These results 
are reported by numerous studies. Nevertheless, a certain 
lack of investigations, referring to women’s soccer and 
its comparison with the men’s soccer, has been observed. 
Soccer research in exercise science has focused on men’s 
soccer, while women’s soccer has been underrepresented 
in training studies, as well as in studies focusing on physi-
ological variables.22 Considering the rapid development of 
women’s soccer and the level of technical specialization 
required to perform at the highest level, it seems very op-
portune to investigate the skill of instep kicking deeper, 
especially through in-field researches, so to provide the 
specific technical model of instep kicking to the women’s 
soccer coaches.

Considering that the popularity and professionalism of 
females soccer has increased markedly, few authors have 
examined the kinematics gender differences in instep soc-
cer kicking in recent years.3, 13, 23-29 What has emerged is 
that when women kick the ball, at some phases, they have 
a kinematics that differs from that of men, i.e. a wider 
maximum extension of the hip and a greater abduction of 
the hip at the time of impact with the ball, and a greater ad-
duction in the hip of the supporting limb during the phases 
of back swing, leg cocking and acceleration.

Some authors13, 30 found gender differences between 
soccer players, referring to the technical abilities and the 
anthropometrics features. Female soccer players showed 
better values than males in juggling test but worse in speed 
dribbling with ball and in shooting, as we did. Differences 
between gender in height and weight but no in BMI were 
also found. Considering gender differences in soccer per-
formance, cut-off used for male cannot apply to female be-
cause utilization of the same exercise and/or application of 

Table V.—��Initial speed of the ball recorded immediately after the ball impact of the kicking foot: men vs. women.
Men Women t-test for independent samples

M±SD 95% IC for the mean
Upper case; Lower case M±SD 95% IC for the mean

Upper case; Lower case t; df; P value Cohen’s d

Speed (m∙s-1) 25.88±3.68 29.56; 24.34 21.87±2.75 24.64; 20.57 4.36; 47; <0.001 1.23
Cohen’s d=0.20 small effect, d=0.50 medium effect, d=0.80 large effect and d>1 huge effect.
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greater extension of the hip shown by the women, contrib-
utes negatively to the final result of the kick, as it reduces 
the ability to maximize the speed of the foot in contact with 
the ball, leading to a reduction in the speed of the ball itself, 
as reported by Smith and Gilleard in 201631 and confirmed 
by the present study, carried out availing of a novel 3D mo-
tion capture system. These results, together with the great-
er pelvic acceleration shown by men compared to women, 
highlight the need to develop a gender-differentiated train-
ing model, in order to improve the kicking technique in 
women and to reduce the likelihood, currently higher than 
for men, of kicking related injuries such as anterior cruci-
ate ligament injuries and knee over-extensions.13
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lighted in the research carried out by Smith and Gilleard in 
2016,31 imply the acceptance of the hypothesis we tested.

A difference of moderate magnitude, with an effect size 
of 0.57, also occurred in the hip extension of the leg kick-
ing the ball, in stage 1 (Table II).

This increased articular Hip Range of Motion (ROM), 
shown by women may be due to several factors:

•  on average, from an anatomical point of view, women 
have a greater capsular-ligamentous laxity, due to the dif-
ferent constitution of the tendon muscle tissue;

•  on average, women are likely to have more lumbar 
lordosis than men;

•  on average, the woman’s pelvis is wider than that of 
the man, and the head of the femur tends to have a greater 
capacity for excursion because it tends to favor a valgus 
knee.

Moreover, although not significant, differences in the 
acceleration of the pelvis emerged in all three phases we 
analyzed; a greater acceleration produced by male subjects 
can contribute to the final result of the shot. In fact, in the 
study by Katis et al.8 it was shown that a higher speed of 
the ball kicked by men – as we found in our study too – 
may be due to a higher articular acceleration.

Finally, by analyzing the anthropometric data of the 
subjects who participated in this study, a significant gen-
der difference (P<0.05 and Cohen d Cohen>1) can be seen 
(Table I). These differences could help explain the greater 
power in kicking the ball generally shown by males, com-
pared to women. In fact, based on what reported by Bro-
phy et al in 201023 the greater muscle mass of the lower 
limbs in men and the greater length of the limbs - it may 
lead to have a more advantageous lever - can contribute to 
the speed of the ball after impact.

Limitation of this study

A limit of this research is certainly given by the sample size 
we achieved in our testing; to have a clearer picture of the 
differences between males and females in soccer kicking 
instep, it would be necessary to analyze a larger sample and 
possibly made up of professional players. Another possible 
limitation we should underline is represented by the differ-
ence in years of soccer experience found in the sample, due 
to probably the differences in ages, between genders.

Conclusions

The results obtained in this research, have shown that the 
kinematics of soccer kicking instep, differ in some signifi-
cant stages between males and females. In particular, the 

30



RUSCELLO 	 GENDER DIFFERENCES IN INSTEP SOCCER KICKING BIOMECHANICS

1080	 The Journal of Sports Medicine and Physical Fitness	A ugust 2020 

al. Differences between sexes in lower extremity alignment and muscle 
activation during soccer kick. J Bone Joint Surg Am 2010;92:2050–8. 
24.  Li Y, Alexander M, Glazebrook C, Leiter J. Quantifying Inter-Seg-
mental Coordination during the Instep Soccer Kicks. Int J Exerc Sci 
2016;9:646–56.
25.  Augustus S, Mundy P, Smith N. Support leg action can contribute to 
maximal instep soccer kick performance: an intervention study. J Sports 
Sci 2017;35:89–98. 
26.  Langhout R, Tak I, van der Westen R, Lenssen T. Range of motion 
of body segments is larger during the maximal instep kick than during 
the submaximal kick in experienced football players. J Sports Med Phys 
Fitness 2017;57:388–95. 
27.  Hunter AH, Angilletta MJ Jr, Pavlic T, Lichtwark G, Wilson RS. 
Modeling the two-dimensional accuracy of soccer kicks. J Biomech 
2018;72:159–66. 
28.  Nunome H, Inoue K, Watanabe K, Iga T, Akima H. Dynamics of sub-
maximal effort soccer instep kicking. J Sports Sci 2018;36:2588–95. 
29.  Peacock JC, Ball K. The influence of joint rigidity on impact effi-
ciency and ball velocity in football kicking. J Biomech 2018;71:245–50. 
30.  Borman KM, Kurdek LA. Gender differences associated with playing 
high school varsity soccer. J Youth Adolesc 1987;16:379–400. 
31.  Smith T, Gilleard W. Three-dimensional analysis of a lofted instep 
kick by male and female footballers. Eur J Sport Sci 2016;16:57–64. 

16.  Bradley PS, Dellal A, Mohr M, Castellano J, Wilkie A. Gender differ-
ences in match performance characteristics of soccer players competing in 
the UEFA Champions League. Hum Mov Sci 2014;33:159–71. 
17.  Ruscello B, Esposito M, Fusco C, Ceccarelli C, Pomponi S, Filetti 
C, et al. Acute effects of two different initial heart rates on testing the 
repeated sprint ability in elite women soccer players. J Sports Med Phys 
Fitness 2020;60:527–35. 
18.  Ruscello B, Esposito M, Partipilo F, Di Cicco D, Filetti C, Panta-
nella L, et al. Exercise-to-rest ratios in repeated sprint ability training in 
women’s soccer. J Sports Med Phys Fitness 2018;58:1790–9. 
19.  Costantini G, Casali D, Paolizzo F, Alessandrini M, Micarelli A, 
Viziano A, et al. Towards the enhancement of body standing balance re-
covery by means of a wireless audio-biofeedback system. Med Eng Phys 
2018;54:74–81. 
20.  Ricci M, Terribili M, Giannini F, Errico V, Pallotti A, Galasso C, et 
al. Wearable-based electronics to objectively support diagnosis of motor 
impairments in school-aged children. J Biomech 2019;83:243–52. 
21.  Alcock A, Gilleard W, Brown N AT, Baker J, Hunter A. Initial ball 
flight characteristics of curve and instep kicks in elite women’s football. J 
Appl Biomech 2012;28:70–7. 
22.  Brooks KA, Clark SL, Dawes JJ. Isokinetic Strength and Perfor-
mance in Collegiate Women’s Soccer. J Nov Physiother 2013;Suppl 3:1.
23.  Brophy RH, Backus S, Kraszewski AP, Steele BC, Ma Y, Osei D, et 

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.
Acknowledgements.—The authors wish to thank for their precious help all the players participating to the study and the engineer Laura Antenucci for her 
precious help and assistance.
History.—Manuscript accepted: May 5, 2020. - Manuscript revised: April 27, 2020. - Manuscript received: December 21, 2019.

31



656	 The Journal of Sports Medicine and Physical Fitness	 May 2021 

The Journal of Sports Medicine and Physical 
Fitness
May 2021
Vol. 61 - No. 5

O R I G I N A L  A R T I C L E
E X E R C I S E  P H Y S I O L O G Y  A N D  B I O M E C H A N I C S

Fitness profiles of elite male Italian teams handball players
Bruno RUSCELLO 1, 2, 3, 4, 5 *, Carlo CASTAGNA 1, 5, Riccardo CARBONARO 1, 5, 

Paolo Roberto GABRIELLI 1, 4, 5, Stefano D’OTTAVIO 1, 4, 5, 6

1School of Sport Sciences and Exercise, Faculty of Medicine and Surgery, Tor Vergata University, Rome, Italy; 2School of Sports and 
Exercise Sciences, San Raffaele University, Rome, Italy; 3Department of Industrial Engineering, Faculty of Engineering, Tor Vergata 
University, Rome, Italy; 4LUISS SportLab, LUISS University, Rome, Italy; 5Italian Team Handball Federation (Federazione Italiana 
Giuoco Handball), Technical Department, Performance Unit, Rome, Italy; 6Department of Clinical Science and Translational Medicine, 
Faculty of Medicine and Surgery, Tor Vergata University, Rome, Italy
*Corresponding author: Bruno Ruscello, School of Sport Sciences and Exercise, Faculty of Medicine and Surgery, Tor Vergata University, Via Montpellier 
1, 00133 Rome, Italy. E-mail: bruno.ruscello@uniroma2.it

A B S T RAC   T
BACKGROUND: The aim of this study was to examine the fitness profile of the Italian national male Team-Handball players of different com-
petitive level.
METHODS: Forty-one male handball players from the senior (N.=21, height 1.90±0.06m, body mass 94.04±11.59kg, BMI 26.13±2.45) to the 
junior category (N.=20, height 1.86±0.06m, body weight 84.99±12.52kg, BMI: 24.56±3.35) Italian National Teams participated in this study. 
Players were tested for lower and upper limbs muscle strength, change of direction ability and specific endurance. Lower limbs explosive 
strength was assessed with squat (SJ) countermovement (CMJ), stiff leg (stiffness) jumps. Explosive strength was assessed by measuring ki-
nematic aspects of squat and bench exercises. Change of direction ability was assessed with the 505 test. The Yo-Yo intermittent recovery test 
(YYIR1) was considered for specific endurance.
RESULTS: Large and significant differences (d>1; partial η2>0.14; P<0.01) between senior and junior national team players were found in 
anthropometrics, jumping, power, sprint, agility, and aerobic fitness (junior body weight accounting for 10% less than the senior one, P=0.021; 
SJ and CMJ in juniors smaller than the seniors by 15% and 12%, P=0.000 and P=0.001, respectively). Similar differences were found among 
positional roles (goalkeepers, backs, centers, pivots, wings), suggesting practical implications for training.
CONCLUSIONS: The differences between the competitive level and the playing role in relevant handball performance were reported in Italian 
national team players. The magnitude of the differences suggests the need of individual training approach when dealing with the young handball 
players.
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Team handball (TH) is a popular team sport with 
professional leagues in many countries, and major 

international championships are held regularly, includ-
ing the Olympic Games.1 It is an intermittent and strenu-
ous contact sport, the successful performance of which 
depends on the ability to perform repeated explosive 
muscular contractions required for jumping, sprinting, 
turning, changing directions, and throwing a ball.2-4 
Elite players’ handball studies reported performance dif-
ferences amongst player.5 Differences being observed in 

body size, speed, and lower limb power and handgrip 
strength.6

Hermassi et al.7 reported significant playing role (i.e., 
backs, pivots, wings) differences in neuromuscular and 
metabolic indicators of handball performance, in play-
ers of two different competitive leagues. Pivots were the 
players with the highest throwing velocity and wings were 
the fastest (15, 30 m sprint), strongest (countermovement 
jump), and most enduring (Yo-Yo intermittent recovery 
test, YYIR1) players. Backs showed consistently the low-
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tive international level. Before undergoing assessment, 
all players with previous or chronic injures did not fulfil 
the eligibility criteria and were not considered. The meth-
odology used was approved by the Ethics Committee of 
Tor Vergata University, Faculty of Medicine and Surgery 
(Rome, Italy) and conformed to the policy statement with 
respect to the Declaration of Helsinki. All participants and 
their parents were informed of the risk and benefits of the 
procedure and signed an informed consent for participa-
tion in the study.

Experimental procedures and instrumentation

Data were collected during the preparation period for the 
season 2019-2020, (October 2019). The experimental 
stage consisted of two different phases. On day 1, the par-
ticipants underwent the strength assessments (squat jump 
[SJ], counter movement jump [CMJ], stiff-leg jump test 
over seven repeated jumps [ST]; squat test with 50% body 
mass [ST-BW50%] at the Smith Machine; bench press with 
50% body mass [BP-BM50%]).22 On day 2, the partici-
pants underwent the agility and speed assessments (COD 
505 test)23 and the aerobic performance test (YYIR1). A 
recovery time of 48 hours was granted between day 1 and 
day 2 to reduce the effect of fatigue. In order to avoid any 
circadian influences on testing, all the assessments were 
carried out at the same time each day.

To ensure familiarization with the procedures, partici-
pants conducted trial tests, spanning three weeks prior to 
testing.

Strength and power testing were performed in an in-
door gym under stable environmental conditions (9.30-
12.00 a.m., 21±0.5° C average temperature and 50±2% 
relative humidity). The COD 505 and YYIR1 tests were 
performed on an indoor court homologated for interna-
tional handball competitions. Players wore shoes usually 
adopted during competitions. Participants refrained from 
any heavy training in the two days prior to testing. On 
testing day 1, Body Mass (BM) was measured to com-
pute BM50%. During day 1, all players performed a gen-
eral standardized warm up comprising 5 min cycling or 
running on treadmill, 3 min ballistic stretching exercis-
es, submaximal jumping (1×8 repetitions) in sequence. 
Before ST-BM50% and BP-BM50% tests, players per-
formed the required motor tasks with lighter weights and 
self-selected speed. During day 2, all players completed 
a general warm up comprising 5 min jogging, 3 min bal-
listic stretching, 20-30 m striding at gradually increasing 
speeds and 10-20 m accelerations, including sharp COD 
at 90° and180°.

est throwing velocity and sprint performance. According 
to these authors, the anthropometric differences between 
playing levels and playing positions may indicate the ad-
vantageous characteristics that the respective position de-
mands. Whereas the playing position differences in physi-
cal fitness characteristics may indicate training specificity.

Other studies that investigated differences in anthro-
pometry and physiological performance characteristics 
between playing positions in elite senior players8-10 re-
ported wings as being lower and lighter than the rest of 
the handball players.11-13 No clear across the playing roles 
differences in physiological performance variables were 
reported warranting further studies.5, 14-21

The aim of this study was to examine the possible dif-
ferences, under a fitness standpoint and in relation to the 
different positional roles, between senior and junior male 
handball players, belonging to the Italian national teams.

Accordingly, the aims were: 1) to examine the anthro-
pometric and physiological performance characteristics in 
male junior and senior national players; and 2) to com-
pare the anthropometry and the physiological performance 
characteristics between court playing positions in male 
junior and senior Handball players. The study also aimed 
at providing the fitness profiles of these elite players, to es-
tablish some normative values able to inform the training 
process of developing sub-elite players.

Materials and methods

Experimental Approach to the problem

An observational study was designed to verify the given 
hypotheses. The measures obtained by testing were de-
pendent variables, whereas different factors, such as age 
group and positional roles, were set as independent ones. 
Before performing the experimental procedures, face va-
lidity was established using expert judgment procedures.

Subjects

Forty-one male handball players from the Italian Senior 
(N.=21; height 1.90±0.06 m; body mass 94.04±11.59 kg; 
BMI: 26.13±2.45 kg·m-2); and Under 21 (N.=20; height 
1.86±0.06 m; body mass 84.99±12.52 kg; BMI: 24.56±3.35 
kg·m-2) National Teams participated in this study.

All subjects in the study had a minimum of 5 years’ ex-
perience in a professional handball club. Over the previous 
year, the players usually trained 5 to 7 times per week. 
Both, Senior and Junior players may be considered elite 
level for their age group and competed at their respec-
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alternate trials, turning off their left and right foot, separat-
ed by a 2-3-minute passive rest period.42-45 Only attempts 
whereby the subject’s foot crossed the 15-m mark were 
recorded. Times were recorded to the nearest 0.01 seconds 
with the quickest of the 4 attempts used.

Although, the 505 test has been identified as a reliable 
test,46 it has been suggested that using the total time to 
complete the test as a measure of COD may not neces-
sarily accurately represent the COD ability of a player.47 
Thus, a player who is fast linearly may still perform well 
in a COD test, as their sprinting ability could mask any de-
ficiency in COD ability. Therefore, in addition to reporting 
total time for the 505 test, the COD deficit was calculated 
for each player, using the following equation: COD deficit 
= mean 505 time - mean 10 m time.47

Thus, the COD deficit % for both sides was calculated 
as the ratio between average 10 m time and the 505 time,47 
according to this formula:

COD deficit % = [1 - (10 m / COD 505)] × 100

Specific endurance

The YYIR1 test was performed as outlined by Krustrup 
et al.48 A standardized warm up prior to testing was com-
prised of 10 min of low intensity running, which involved 
basic run-throughs at an increasing tempo, dynamic 
stretching, and change of direction activities. The YYIR1 
was considered completed if the participant twice failed to 
reach the finish line in time (objective evaluation) or felt 
unable to complete another shuttle at the dictated speed 
(subjective evaluation). The total distance covered during 
the YYIR1 test was considered as the test “score.”7, 49

Statistical analysis

Data are presented as the mean and standard devia-
tion (M±SD) and 95% confidence interval for the mean 
(CI95%). The assumption of normality was assessed us-
ing the Shapiro-Wilk test. To find significant differences 
among the collected measures performing different testing 
(dependent variables), the different groups (senior play-
ers vs. junior players) and the Positional Roles were set as 
independent variables, and independent sample t-Test and 
analysis of variance (ANOVA) were then performed. In 
t-Test the CI95% for the differences are also provided. In 
ANOVA, subsequent post hoc tests performed with Bon-
ferroni’s correction of significance level were provided. 
To evaluate possible association between variables, a re-
gression analysis was performed. The values of r, R2 and 
line functions are provided. The value of statistical sig-

Jump testing

All jumping assessments were recorded using the Opto-
jump electronic system (Microgate, Bolzano, Italy), using 
the Bosco et al. protocol.24 After the standardized warm-
up, each player performed three SJ and CMJ as specific 
test prime.24-35 Players were requested to keep the hands 
in contact with the waist (fixed arms) during SJ and 
CMJ. Participant performed the SJ from a 90° squat posi-
tion according to the protocol dictated by Bosco et al.24 
Knee angle was set with the use of a handheld goniometer 
(Chinesport Goniometer, Udine, Italy). Best performances 
for SJ and CMJ were recorded for statistical analyses. To 
evaluate lower-leg reactive strength players performed a 
repeated straight-knees on the spot vertical jumping test 
consisting of seven repetitions. Best performances in con-
tact time, flight time and estimated height of jumping were 
considered as ST variables.

Power testing

Upper and lower limbs power was assessed considering 
ST-BM50% and BP-BM50%, respectively.

Between players normalization was promoted with a 
barbell load corresponding to 50% of the individual body 
mass. Force, Velocity and Maximum Power were mea-
sured by the means of the Gyko device (Microgate),36, 37 
directly mounted on the barbell.

First test consisted of a Squat exercise done with the 
BM50% extra load. The aim of the test was to rapidly 
extend the knees (concentric contraction) starting from a 
squatting position with 90° knee bending (to measure that, 
a professional goniometer has been used).

Second testing consisted of a rapid extension of the 
arms while pushing up the barbell as usually done in the 
barbell bench press.38, 39 Participants performed three trials 
for each testing routine and the best results were consid-
ered for the consequent statistical analysis.

Sprinting and agility testing

Participants performed a maximal “505” sprinting test 
(with a 180° change of direction) with left and right 
turns.40 They were positioned at 15 m from a turning point 
and timing gates were placed 10 m from the starting point 
and 5 m from the turning point (Witty System, Microgate). 
The players accelerated from the start, through the timing 
gates, turning 180° at the 15-m mark and sprinted back 
through the timing gates. They self-administered their 
starting. They were encouraged to perform the sprint as 
fast as possible until the last gate.41 Subjects completed 4 
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Fitness profiles and comparison between groups

In jumping tests (Table II), the values of SJ and CMJ (for 
both the flight time and the height) significantly differ with 
a large amplitude (P<0.01; d>1). So does the Stiffness 
Jump frequency (P=0.01; d=1.17).

In power testing (Table II), all the recorded values, ex-
cept for the squat speed, significantly differ in senior and 
junior players, with a large amplitude, highlighting the 
relevance of these parameters in discriminating the adult 
players from the younger ones.

We also performed a regression analysis associating the 
Squat power values and the Bench Press ones, in senior and 
junior players, respectively (Figure 1, 2). The r values rang-
ing from 0.78, (P<0.001) in senior players and 0.26 (P=0.27) 
in junior players. These analyses revealed an interesting 
pattern in senior players, where it seems that a harmonic and 
balanced growth in power both in upper and in lower limbs 
occurred (R2=0.60). Differently appears the situation with 
the junior players, where the R2 value of 0.06 witnesses of 
an independent growth of these body segments, thus setting 
proper goals in conditioning training, for this age group.

nificance was accepted as P≤0.05. IBM SPSS (SPSS Inc., 
Chicago, IL, USA) 25.0 for Windows was used to analyze 
and process the collected data. The corresponding p values 
were provided for each analysis (P≤0.05). The effect size 
(ES) was determined, and the threshold values for Cohen’s 
ES statistics were classified as trivial (0.0-0.19), small 
(0.2-0.59), moderate (0.6-1.1), large (1.2-1.9) and very 
large (>2.0) in t-testing.50 Effect Size (ES) in ANOVA was 
computed as partial η2, to assess meaningfulness of differ-
ences, with partial η2<0.01, 0.01< partial η2<0.06, 0.06< 
partial η2<0.14 and partial η2>0.14, as trivial, small, mod-
erate, and large ES, respectively.

Results
Descriptive values of parameters measured and computed 
– anthropometrics and jumping, power, sprint and agility, 
aerobic fitness testing – are shown in Table I, II, III, IV, V, 
together with the analyses of the differences between Senior 
and Junior players (independent t-test). In anthropometrics 
(Table I), body mass values significantly differ between cat-
egories with a moderate amplitude (P=0.021; d=0.75).

Table I.—��Anthropometrics.
Senior elite players

m±SD [CI95%]
Junior elite players

m±SD [CI95%]
Senior vs. junior

t; df; P; ES [CI95% for differences]

Height (m) 1.90 ±0.06* [1.87 - 1.93] 1.86±0.06* [1.83 - 1.89] 1.93; 39; 0.061; 0.66 [0.00 - 0.07]
Body mass (Kg) 94.04±11.60* [88.76 - 99.31] 84.99±12.52* [79.13 - 90.85] 2.40; 39; 0.021;* 0.75 [1.43 - 16.66]
BMI (Kg∙m-2) 26.13±2.45* [25.01 - 27.29] 24.56±3.35* [22.99 - 26.13] 1.72; 39; 0.093; 0.53 [-0.27 - 3.42]
P: P value; t: independent t-test; df: degree of freedom; ES: effect size as Cohen d; m: mean; SD: standard deviation; CI95%: confidence interval for the mean 95%.
*Statistically significant.

Table II.—��Jumping and power tests: group profiles and comparison senior-junior players.
Senior elite players

m±SD [CI95%]
Junior elite players

m±SD [CI95%]
Senior vs. junior

t; df; P; ES [CI95% for differences]

SJ FT (s) 0.513±0.034 [0.498 - 0.529] 0.473±0.031 [0.458 - 0.487] 3.99; 39; 0.000;* 1.22* [0.020 - 0.061]
SJ H (m) 0.325±0.042 [0.305 - 0.344] 0.275±0.036 [0.258 - 0.292] 4.00; 39; 0.000;* 1.28* [2.445 - 7.444]
CMJ FT (s) 0.602±0.03 [0.586 - 0.617] 0.566±0.032 [0.550 - 0.581] 3.49; 39; 0.001;* 1.09* [0.015 - 0.057]
CMJ H (m) 0.446±0.051 [0.422 - 0.469] 0.393±0.043 [0.373 - 0.413] 3.55; 39; 0.001;* 1.12* [2.267 - 8.270]
Stiffness CT (s) 0.211±0.032 [0.197 - 0.226] 0.225±0.034 [0.209 - 0.241] 1.32; 39; 0.194; 0.42 [-0.034 - 0.007]
Stiffness H (m) 0.337±0.077 [0.301 - 0.372] 0.361±0.051 [0.337 - 0.385] 1.19; 39; 0.240; 0.36 [-6.632 - 1.711]
Stiffness power (w∙Kg-1) 45.47±8.04 [41.81 - 49.13] 45.21±7.47 [41.71 - 48.70] 0.11; 39; 0.913; 0.03 [-4.645 - 5.177]
Stiffness jump frequency (Hz) 1.429±0.114 [1.377 - 1.481] 1.309±0.089 [1.266 - 1.351] 3.73; 39; 0.001;* 1.17* [0.055 - 0.185]
Stiffness Index 1.591±0.256 [1.474 - 1.707] 1.640±0.343 [1.479 - 1.801] 0.52; 39; 0.605; 0.16 [-0.240 - 0.141]
Squat power (w) 381.40±71.43 [348.71 - 414.10] 257.60±73.29 [223.30 - 291.90] 5.46; 39; 0.000;* 1.71* [77.95 - 169.65]
Squat speed (m∙s-1) 0.934±0.150 [0.865 - 1.002] 0.863±0.127 [0.803 - 0.922] 1.62; 39; 0.112; 0.51 [-0.017 - 0.158]
Squat force (N) 644.84±101.77 [598.52 - 691.17] 481.40±98.77 [435.17 - 527.63] 5.21; 39; 0.000;* 1.62* [100.04 - 226.84]
Bench press power (w) 279.28±70.43 [247.22 - 311.35] 178.59±50.99 [154.73 - 202.46] 5.22; 39; 0.000;* 1.64* [61.67 - 139.70]
Bench press speed (m∙s-1) 0.768±0.114 [0.716 - 0.819] 0.607±0.184 [0.521 - 0.692] 3.39; 39; 0.002;* 1.05* [0.065 - 0.256]
Bench press force (N) 459.71±81.99 [422.39 - 497.04] 355.31±67.65 [323.64 - 386.97] 4.43; 39; 0.000;* 1.38* [56.78 - 152.02]
SJ: squat jump; CMJ: countermovement jump; FT: flight time; H: height; CT: contact time; t: independent t-test; df: degree of freedom; P: P value; ES: effect size as 
Cohen d; m: mean; SD: standard deviation; CI 95%: confidence interval for the mean 95%.
*Statistically significant.
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The ratios we found were 73.22% and 69.32% for Se-
nior and Junior players, respectively.

In Sprint and Agility tests (Table III), no significant dif-
ferences were found between groups, except for the tri-

These concepts are reinforced by the assessment of a simple 
ratio between upper limbs power and lower limbs, performed 
both in senior and junior players, according to this formula:

Power % Ratio = [Bench Press Power/Squat Power] * 100

Figure 1.—Regression analysis between squat and bench press: power 
(W) – senior players.

Figure 2.—Regression analysis between squat and bench press: power 
(W) – junior players.

Table III.—��Sprint, agility (505) and fitness tests: group profiles and comparison senior-junior players.
Senior elite player
m±SD [CI95%]

Junior elite players
m±SD [CI95%]

Senior vs. junior
t; df; p; ES [CI95% for differences]

505 RT - 10 m (s) 1.859±0.106 [1.794-1.933] 1.878±0.067 [1.846-1.910] 0.63; 31; 0.527; 0.21 [-0.080 - 0.042]
505 RT - COD (s) 2.348±0.159 [2.246-2.458] 2.363±0.130 [2.301-2.424] 0.28; 31; 0.776; 0.10 [-0.118 - 0.088]
505 RT - TT (s) 4.207±0.238 [4.059-4.373] 4.241 ±0.164 [4.164-4.318] 0.48; 31; 0.633; 0.16 [-0.176 - 0.109]
505 RT - COD DEF (s) 0.489±0.129 [0.402-0.573] 0.484±0.126 [0.425-0.543] 0.10; 31; 0.918; 0.03 [-0.087 - 0.097]
505 RT - COD DEF (%) 20.66±4.60 [17.52-23.62] 20.32±4.46 [18.23-22.40] 0.21; 31; 0.834; 0.07 [18.37 - 22.54]
505 LT - 10 m (s) 1.823±0.095 [1.762-1.884] 1.893±0.076 [1.857-1.929] 2.29; 30; 0.029;* 0.81* [-0.132 - -0.007]
505 LT - COD (s) 2.299±0.159 [2.197-2.400] 2.330±0.125 [2.271-2.388] 0.60; 30; 0.548; 0.21 [-0.134 - 0.072]
505 LT - TT (s) 4.122±0.221 [3.981-4.263] 4.223 ±0.164 [4.146-4.300] 1.47; 30; 0.151; 0.52 [-0.241 - 0.039]
505 LT - COD DEF (s) 0.475±0.141 [0.385-0.565] 0.436±0.126 [0.377-0.495] 0.81; 30; 0.422; 0.29 [-0.059 - 0.138]
505 LT - COD DEF (%) 20.47±5.19 [17.17-23.76] 18.60±4.70 [16.39-20.80] 1.04; 30; 0.303; 0.37 [-1.77 - 5.51]
IR1 Yo-Yo: speed (km∙h-1) 15.97±0.80 [15.59-16.35] 15.32±0.61 [15.04-15.64] 2.94; 38; 0.006;* 0.91* [0.19 - 1.10]
IR1 Yo-Yo: distance (m) 1538.00±493.74 [1306.91-1769.08] 1143.15±362.78 [968.30-1318.01] 2.87; 38; 0.007;* 0.90* [152.57 - 741.02]
505 RT: 505 right turn; 505 RT - COD: right turn changes of direction; 505 RT COD DEF: COD Deficit; 505 LT: 505 left turn; 505 LT - COD: left turn changes of 
direction; 505 LT COD DEF: COD deficit; t: independent t-test; df: degree of freedom; P: P value; ES: effect size as Cohen d; m: mean; SD: standard deviation; CI 
95%: confidence interval for the mean 95%.
*Statistically significant.

Table IV.—��Anthropometrics per positional roles and comparisons.
Goalkeeper

m±SD
Back

m±SD
Center
m±SD

Pivot
m±SD

Wing
m±SD

ANOVA
(F; df; P; p. η2; power)

Height (m) 1.92±0.07 1.89±0.04 1.89±0.08 1.88±0.03 1.83±0.07 2.41; 4,41; 0.067; 0.21;* 0.63
Body mass (Kg) 95.02±10.35 90.14±13.54 90.90±4.46 98.73±11.03 80.13±11.06 2.82; 4,41; 0.039;* 0.23;* 0.71
BMI (Kg∙m-2) 25.73±1.80 25.08±3.30 25.84±1.68 28.04±3.18 23.85±2.47 2.13; 4,41; 0.097; 0.19;* 0.57
SD: standard deviation; m: mean; F: F ANOVA; df: degree of freedom; P: P value; p. η2: effect size as partial η2 squared; power: statistical power.
*Statistically significant.
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Anthropometrics

Table IV shows the anthropometrics recorded and sorted 
by positional roles (m±SD). Significant differences were 
found, with a large amplitude, in weight measures. We un-
derline the differences in all the recorded parameters found 
in the wings compared to all the other positional role.

Fitness profiles and comparison among positional roles

Table V and Table VI report the differences found in all the 
physical testing, underlining several different role-related 
profiles. P values and partial eta square are significant and 

als over 10 meters performed before turning on the left 
(P=0.029; d=0.81).

In aerobic performance, estimated through the IR1 yo-
yo test (Table IV), significant differences between groups 
were found, with a certain amplitude (d≥0.90). We then 
performed a one-way analysis of variance to establish pos-
sible role-related differences among the players. We con-
sidered five positional roles: the goalkeeper, the back, the 
center, the pivot and the wing as independent variables 
and all the testing results, including the anthropometrics, 
as the dependent ones. All the relevant results are provid-
ed in Table VI.

Table V.—��Jumping and power tests: positional role profiles and comparison.
Goalkeeper

m±SD
Back

m±SD
Center
m±SD

Pivot
m±SD

Wing
m±SD

ANOVA
(F; df; P; p. η2; power)

SJ FT (s) 0.461±0.042 0.505±0.034 0.511±0.023 0.451±0.027 0.511±0.028 5.56; 4,41; 0.001;* 0.38;* 0.96
SJ H (m) 0.262±0.048 0.314±0.042 0.320±0.029 0.251±0.029 0.320±0.036 4.92; 4,41; 0.003;* 0.35;* 0.93
CMJ FT (s) 0.572±0.046 0.590±0.033 0.595±0.010 0.544±0.041 0.603±0.030 3.17; 4,41; 0.025;* 0.26;* 0.77
CMJ H (m) 0.404±0.068 0.427±0.049 0.434±0.014 0.364±0.053 0.446±0.045 2.89; 4,41; 0.036;* 0.24;* 0.72
Stiffness CT (s) 0.241±0.048 0.219±0.034 0.195±0.023 0.213±0.028 0.219±0.029 1.13; 4,41; 0.359; 0.11; 0.32
Stiffness H (m) 0.350±0.031 0.343±0.070 0.307±0.064 0.342±0.074 0.377±0.045 0.89; 4,41; 0.479; 0.09; 0.25
Stiffness power (w∙Kg-1) 43.17±6.63 44.19±7.83 43.60±5.60 44.58±9.11 49.44±7.61 0.97; 4,41; 0.438; 0.09; 0.27
Stiffness jump Frequency (Hz) 1.32±0.07 1.37±0.14 1.48±0.11 1.36±0.13 1.35±0.09 1.19; 4,41; 0.333; 0.12; 0.33
Stiffness Index 1.50±0.30 1.58±0.32 1.57±0.14 1.63±0.40 1.73±0.29 0.61; 4,41; 0.660; 0.06; 0.18
Squat power (w) 325.53±81.37 327.56±112.42 314.02±81.38 354.81±86.61 290.79±89.35 0.44; 4,36; 0.777; 0.05; 0.141
Squat speed (m∙s-1) 0.940±0.119 0.867±0.162 0.855±0.082 0.930±0.155 0.929±0.136 0.55; 4,36; 0.699; 0.06; 0.168
Squat force (N) 576.83±115.51 577.64±147.97 563.30±51.22 576.60±102.47 533.05±152.65 0.19; 4,36; 0.938; 0.02; 0.087
Bench press power (w) 216.67±65.90 215.52±96.66 282.53±73.18 242.77±74.78 231.84±62.03 0.62; 4,36; 0.651; 0.06; 0.18
Bench press speed (m∙s-1) 0.634±0.168 0.629±0.187 0.785±0.049 0.641±0.161 0.804±0.121 2.52; 4,36; 0.058; 0.22; 0.65
Bench press force (N) 399.44±57.18 409.51±117.08 424.747±55.93 443.12±71.48 385.30±85.22 0.40; 4,36; 0.810; 0.04; 0.13
SD: standard deviation; m: mean; F: F ANOVA; df: degree of freedom; P: P value; p. η2: effect size as partial η2; power: statistical power.
*Statistically significant.

Table VI.—��Sprint and agility test (COD 505) and fitness test (IR1 Yo-Yo): positional role profiles and comparison.
Goalkeeper

m±SD
Back

m±SD
Center
m±SD

Pivot
m±SD

Wing
m±SD

ANOVA
(F; df; P; p. η2; power)

505 RT - 10 m (s) 1.94±0.06 1.84±0.08 1.86±0.07 1.89±0.08 1.87±0.07 1.22; 4,32; 0.325; 0.15;* 0.33
505 RT - COD (s) 2.30±0.18 2.38±0.12 2.29±0.13 2.44±0.17 0.27±0.09 1.51; 4,32; 0.227; 0.18;* 0.40
505 RT - TT (s) 4.24±0.19 4.23±0.20 4.16±0.20 4.34±0.24 4.15±0.11 0.77; 4,32; 0.553; 0.10; 0.21
505 RT - COD DEF (s) 0.36±0.19 0.54±0.08 0.43±0.07 0.55±0.12 0.39±0.12 3.60; 4,32; 0.018;* 0.35;* 0.81
505 RT - COD DEF (%) 15.47±6.65 22.43±2.53 18.53±2.49 22.26±3.59 17.23±4.77 4.15; 4,32; 0.009;* 0.38;* 0.86
505 LT - 10 m (s) 1.94±0.08 1.84±0.09 1.89±0.05 1.90±0.09 1.82±0.09 1.61; 4,32; 0.200; 0.19;* 0.43
505 LT - COD (s) 2.36±0.12 2.33±0.14 2.19±0.08 2.39±0.16 2.25±0.05 1.63; 4,32; 0.196; 0.19;* 0.43
505 LT - TT (s) 4.29±0.13 4.17±0.21 4.07±0.12 4.29±0.22 4.06±0.09 1.69; 4,32; 0.182; 0.20;* 0.48
505 LT - COD DEF (s) 0.42±0.16 0.48±0.12 0.30±0.05 0.49±0.15 0.43±0.12 1.49; 4,32; 0.233; 0.18; 0.40
505 LT - COD DEF (%) 17.65±6.06 20.61±4.32 13.60±20.06 20.26±5.29 19.23±5.06 1.54; 4,32; 0.218; 0.18; 0.41
IR1 Yo-Yo: speed (km∙h-1) 15.37±0.25 15.27±0.82 16.37±0.25 15.67±0.75 16.10±0.66 3.40; 4,39; 0.019;* 0.29;* 0.80
IR1 Yo-Yo: distance (m) 1050.00±140.00 1114.67±476.14 1780.00±200.00 1380.00±396.58 1616.00±439.47 3.82; 4,39; 0.011;* 0.31;* 0.85
SD: standard deviation; m: mean; 505 RT: 505 right turn; 505 RT - COD: right turn changes of direction; 505 RT COD DEF: COD Deficit 505 LT: 505 left turn; 505 
LT - COD: left turn changes of direction; 505 LT COD DEF: COD Deficit; F: F ANOVA; df: degree of freedom; P: P value; p. η2: effect size as partial η2; power: 
statistical power
*Statistically significant.
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lected and specialized for positional role-related, purposes 
(i.e., bigger sizes in Pivots and Goalkeepers, lighter and 
shorter ones in Wings; Table IV). It seems of a practical 
implication the difference we found in body mass between 
senior and junior players (Table I), thus considering the 
relevance of a certain bodybuilding to be designed in adult 
players, while maintaining BMI within a substantial parity 
between ages.

Strength of lower limbs

Explosive strength of lower limbs measured through the 
Bosco’s jumping test protocols,24, 30-32, 60 revealed a sub-
stantial superiority of the senior players compared with the 
Junior ones, in SJ and in CMJ. Explosive strength of lower 
limbs is a major goal to be achieved through the opportune 
methodologies of training over the fundamental period of 
growth of young players.61, 62

Positional role-related differences were also observed 
(Table V), suggesting specific path of training while deal-
ing with these motor abilities. Dynamic and explosive 
strength in lower limbs are crucial components in handball 
performance,63, 64 witnessing the relevance of some related 
skills, such as sprinting, jumping and bouncing (Table II, 
V). The significance and the magnitude of the differences 
we found between ages (P<0.001; d>1) in SJ and CMJ 
suggest practical implications to be considered when de-
signing plurennial training plans.

Power

Senior players lower and upper limbs power values were 
significantly (P<0,001) and practically (d>1 large mag-
nitude), higher than Junior players (P<0,001). This sug-
gesting specific goals to be achieved when dealing with 
young elite-players’ training. This result is reinforced by 
the regression analysis we performed, where correlated 
upper and lower limbs power values differed significantly 
between senior and junior players (Figure 1, 2). No sig-
nificant differences were found among positional roles in 
power values, suggesting equal relevance of power vari-
ables across the playing roles.63

Lower and upper limbs power is crucial in handball per-
formance.63 Indeed, the ability to move fast over the court 
to win opponent resistance and to throw with efficacy the 
ball with speed and precision are fundamental in hand-
ball.63 The large magnitude in differences found between 
competitive levels (d>1) suggests the need of specific and 
intensive training aimed at properly develop these relevant 
abilities in youth handball.65

large in squat jump and in countermovement jump (SJ, 
CMJ) for both flight time and height (P<0.05; η2>0.14). 
Some effect sizes, reported as η2 in bench press speed, 
seems to have some practical implications. Some differ-
ences emerged (P<0.05; η2>0.14) suggesting practical im-
plications. In this context the centers and the wings seem 
to have a better aerobic condition than the other roles.

Discussion

To our knowledge this is the first study that analyzed the 
fitness profile of Italian elite handball players. The results 
revealed significant and practical differences between 
competitive level and playing roles across relevant hand-
ball variables.

Team handball has a complex dynamic structure, where 
the level of specialization required for different roles is 
very high.51-53 This level of specialization requires spe-
cial attention when designing training interventions aimed 
at the specific development of certain game skills, being 
them physical, technical or tactical. In our study we con-
sidered five different roles, assuming similar demands for 
comparable roles.4 Actually, we should also consider the 
requests from different game systems, where players might 
be called to develop different motor tasks depending on 
the game tactic adopted. The technical staff must therefore 
have a deep knowledge of the skills required to the differ-
ent players in relation to the role and the game system, to 
optimize their performance, through proper training rou-
tines. The same concept applies to the coaching procedures 
to be considered when dealing with the junior players or 
the senior ones, considering the different maturity status. 
We should reinforce the concept that in order to maximize 
the outcome of any training process, coaches should be 
aware of the importance of the individualization, the speci-
ficity and the progressivity principles of training.54, 55

Anthropometrics

Anthropometrics values seems to confirm the relevance of 
such measures on the maturity status of the players (i.e., 
senior vs. junior players); in this context, weight measures 
are the most discriminating ones. Anthropometrics play an 
important role in drawing role-related profiles, being the 
wings the shortest and the lightest players with a smaller 
BMI, among the others. The observed effect size values 
suggest of practical implications of these findings in the 
process of training and selecting players. To sum up, an-
thropometrics is important in handball, as reported in sev-
eral studies56-59 highlighting different body sizes to be se-
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their magnitude, confirm the need of individual approach 
of training, especially when dealing with the young hand-
ball players, to properly develop the physical abilities re-
quired for this sport discipline, such as explosive strength, 
power, sprinting abilities, and agility. Very important 
seems to be the aerobic components of performance, in 
order to keep a high level of efficiency, especially for the 
positive effects on repeated sprint ability,74, 75 both in the 
game and in tournaments.
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Sprinting and agility

No significant differences were found between senior and 
junior players while considering several parameters de-
scribing sprinting and agility skills, indicating these abili-
ties as the most important in this sport discipline under a 
physical standpoint (Table III).66-68 Significant differences 
were found in the ability of sprinting and in agility tasks 
(i.e., turning rapidly or changing of direction) while re-
ferred to the positional roles (Table VI). This aspect sug-
gests practical implications in designing and administering 
training processes. The ability to sprint and accelerate and 
to change direction with agility is crucial in handball.66-68 
Most of the practices and drills designed for training pur-
poses rely on the exploitation of these motor skills. The 
absence of differences between senior and junior players 
in these abilities sustain the relevance of sprinting and 
agility skills, as the primary performance component since 
the very childhood of players. The coordinative nature of 
agility suggests the need of an early intervention on this 
ability (i.e., 6-14 years),69, 70 together with the proper de-
velopment of muscle power, this latter to be designed in 
later stages.

Aerobic fitness

The aerobic performance tested through the YYIR1 re-
vealed interesting differences between ages (senior vs. ju-
nior players; Table III) and among positional roles (Table 
VI). The aerobic components of handball, although not 
primarily involved in the physiological pathways while 
performing at high intensity, as it happens with the an-
aerobic ones, are nonetheless very important in handball, 
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ments. Therefore, the need of designing specific training 
programs aimed at improving this capacity is emphasized.

Conclusions

Based on the present results, the current performance pro-
files of Italian elite handball players, analyzed under the 
standpoints of age (senior vs. junior players) and the po-
sitional roles, are provided. The differences we found and 
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For several years, researchers have stressed the impor-
tance of understanding the processes of talent develop-

ment, rather than identification and selection, as recruiting 
athletes who distinguish themselves in certain parameters 
at a given time, is not the most productive and sustain-
able methodology.1-6 Indeed, several studies have shown 
that this is illusory because of the complexity of imple-
menting it, especially in periods of prepubertal or puberty 
growth.7-10

Therefore, the researchers turned their attention to un-
derstand the environmental characteristics of effective tal-

ent development because the environment, and the way in 
which it is configured and may support talent development, 
is considered a determining factor for sporting success.11-16

Martindale et al.17 based on interviews with athletes, 
coaches and sports psychologists, developed the Tal-
ent Development Environment Questionnaire (TDEQ), 
a Likert scale psychometric questionnaire, to quantify 
and understand athletes’ perceptions of the quality of 
development environments, with the aim of monitor-
ing and strengthening talent development practices. The 
questionnaire consists of 59 items grouped into 7 fac-

COPYRIGHT©
 2022 EDIZIONI MINERVA MEDICA

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.

42



TALENT DEVELOPMENT ENVIRONMENTS IN ELITE TAEKWONDO POPULATION�APOLLARO

Vol. 62 - No. 5	 The Journal of Sports Medicine and Physical Fitness	 619

APOLLARO
TALENT DEVELOPMENT ENVIRONMENTS IN ELITE TAEKWONDO POPULATION

its psychometric properties and to study the perception of 
the quality of the main talent development environments, 
within the elite taekwondo population, in athletes belong-
ing to the National Team of the Italian Taekwondo Fed-
eration (FITA) and to some of the best national Amateur 
Sports Associations (ASA) or domestic Clubs.

Materials and methods

Participants

One hundred and seven (107) black belt taekwondo ath-
letes (age: 19.66±3.90 years), belonging to the junior and 
senior categories volunteered to participate in this study. 
Specifically, one part of the population consisted of 47 
athletes (age: 19.98±2.68 years) of the Italian National 
Team; the other part of the population included 60 athletes 
(age=19.46±4.68 years) of twelve ASA, affiliated with 
FITA for the 2018/2019 season, from four Italian regions 
(Calabria =3; Puglia =4; Lazio =4; Veneto =1).

In line with the characteristics for which the question-
naire was designed,17, 19, 21 all participants were consid-
ered athletes with identified potential, engaged in devel-
opment and in active competitive national and / or inter-
national competitions, in the season 2018/2019. Secondly, 
ASAs were recruited from northern (N=1), central (N=4) 
and southern (N=7) regions to involve geographically di-
verse development environments. Details of the popula-
tion composition by development environment are given 
in Table I.

Written informed consent was obtained from all the 
participants after familiarization and explanation of the 
benefit and risks involved in the procedures of this study. 
All participants were informed that they were free to with-
draw from the study at any time without penalty. The In-
stitutional Research Board (the Ethical Committee of the 
School of Sports and Exercise Sciences, Tor Vergata Uni-
versity, Rome, Italy, Faculty of Medicine and Surgery) ap-
proved our research protocol and provided clearance for 
the procedures before the commencement of this study. All 
procedures were carried out in accordance with the Dec-
laration of Helsinki of the World Medical Association28 as 
regards the conduct of clinical research.

tors including: “long-term development focus,” “qual-
ity preparation,” “communication,” “understanding the 
athlete,” “support network,” “challenging and supportive 
environment,” “long-term development fundamentals.” 
Martindale et al.,18 studying the ecological validity of the 
questionnaire, found that “quality preparation” and “ath-
lete understanding” were the main discriminating factors 
in the effectiveness of British sports academies of swim-
ming and rugby in terms of progression of players to the 
senior elite level.

The development of TDEQ has led several research-
ers to use it to fill gaps in multiple research areas: for 
example, Wang et al.19 used it to study the impact of envi-
ronmental factors on athletes’ goals, Li et al.20 to explore 
the relationship between the talent development environ-
ment and mental toughness. Other studies focused on 
reviewing the factorial structure of TDEQ with the aim 
of improving its psychometric properties as the factor 
“long-term development focus” contained a large number 
of items and, in addition, there was a conceptual overlap 
between some factors. From the study by Wang et al.,19 
a 6-factor structure emerged with 36 items studied, sub-
sequently, by Li et al.21 through exploratory and confir-
matory factorial analysis, because it was a relatively new 
scale. The exploratory factorial analysis led to a 5-factor 
structure with 28 items and good reliability (α= from 0.79 
to 0.86), called the Talent Development Environment 
Questionnaire (TDEQ-5). The five factors were labelled 
as: “long-term development focus,” “alignment of expec-
tations,” “communication,” “holistic quality preparation” 
and “support network.” However, the authors, although 
they concluded that TDEQ-5 was an easier questionnaire 
to use to assess talent development environments, sug-
gested further examining its psychometric properties in 
future research.

The relevance of a specific tool for assessing the influ-
ence of the environment on talent development processes 
was highlighted by several researchers from several coun-
tries who, at the same time, stressed the absence of such 
a tool for their language. To this end, it was considered 
appropriate and efficient to adapt the TDEQ as a known, 
valid and reliable tool to assess the main characteristics 
of talent development environments in different national 
contexts;22-27 thus, allowing intercultural comparisons 
and to further examine the psychometric properties of the 
questionnaire both in its original form17 and in subsequent 
versions.19, 21

In line with the above, the objective of this study was 
to develop a first Italian version of TDEQ-521 to analyze 

Table I.—��Sample biodata.
Variables Total sample

(N.=107)
National team

(N.=47)
ASA

(N.=60)
Male, N. (%) 59 (55.1%) 26 (55.3%) 33 (55%)
Female, N. (%) 48 (44.9%) 21 (44.7%) 27 (45%)
Beginning age (years; M±SD) 7.79±4.1 7.13±2.82 8.32±4.90
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Procedures

The questionnaires were administered to the National 
Team in the period of December 2018 - January 2019, dur-
ing four technical meetings, held in this time frame. The 
compilation was completed at the Giulio Onesti Olympic 
Training Center in Rome, Italy, before the morning train-
ing session, under the supervision of the coach and the 
researchers. Unlike the National Team, the ASA athletes 
filled in the questionnaire online, using “Google Modules,” 
to facilitate the involvement of geographically different 
development environments. The questionnaires were ad-
ministered in the period from December 2018 to January 
2019, in conjunction with that of the National Team.

Statistical analysis

The Exploratory Factor Analysis (EFA) was carried out 
with the principal component analysis (PCA) extraction 
method on the overall population (N.=107) to find the la-
tent factors in all the proposed items (N.=28); the Promax 
oblique rotation method (k=4) was used to make the facto-
rial solution more interpretable.30 In order to evaluate the 
reliability of the individual factors, a reliability analysis 
was carried out by calculating Cronbach’s alpha (α). Pear-
son’s correlation was calculated to determine the relation-
ship between the individual factors. Descriptive statistics 
(mean±standard deviation) were measured for all individ-
ual item scores and for each factor (negatively formulated 
items were counted in reverse). Independent sample t-tests 
were performed to identify possible differences between 
the two analyzed development environments and to deter-
mine the magnitude of the effect of the differences the Co-
hen’s d was calculated, with the following values: d<0.20; 
0.21<d<0.50; 0.51<d<0.80; 0.81<d<1; d > 1, considered 
respectively as null, small, medium, large and giant ef-
fects. Statistical significance was accepted with P<0.05. 
All the data were tabulated in a spreadsheet designed for 
this purpose in Microsoft Excel for Windows (Microsoft 
Corp., Redmond, WA, USA) and then processed using the 
IBM SPSS 25 software (SPSS Inc., Chicago, IL, USA).

Results

Principal component analysis

Bartlett’s sphericity test was significant [χ2(378)=1599.30; 
P<0.0001], thus allowing to reject the null hypothesis that 
the correlation matrix was an identity matrix, while the 
KMO sample adequacy index was satisfactory (0.90). 
From the PCA, seven factors emerged that explained 

Measures

Talent Development Environment Questionnaire-5

The Talent Development Environment Questionnaire 
(TDEQ-5)21 is a 6-point Likert Scale psychometric ques-
tionnaire (1= “strongly disagree;” 6= “strongly agree”) 
with five main factors so labeled. Factor 1 – “long-term 
development:” six items related to the extent to which 
the development programs are specifically designed to 
facilitate the long-term success of the athletes (e.g., “My 
training is specifically designed to help me develop ef-
fectively in the long term”). Factor 2 – “holistic qual-
ity preparation:” seven items (all formulated in a nega-
tive way) relating to the extent to which the interven-
tion programs are prepared both inside and outside the 
sports facilities (e.g., “I am rarely encouraged to plan 
for how I would deal with things that might go wrong”). 
Factor 3 – “support network:” six items related to the 
extent to which a coherent, accessible and wide-ranging 
support network is available to the athletes in all areas 
(e.g., “I can pop in to see my coach or other support staff 
whenever I need to”). Factor 4 – “communication:” four 
items related to the extent to which the coach commu-
nicates effectively with the athlete in both formal and 
informal contexts (e.g., “My coach and I regularly talk 
about things I need to do to progress to the top level in 
my sport”). Factor 5 – “alignment of expectations:” five 
items relating to the extent to which the objectives for 
sports development are consistently set and aligned (e.g., 
“The advice my parents give me fits well with the advice 
I get from my coaches”).

The TDEQ-5 was translated from English into Italian 
by the authors of this study, independently. With the aim 
of producing a conceptually and semantically compre-
hensible translation, equivalent to the original question-
naire, they discussed the translations about some words, 
concepts and terms used, in order to eventually agree 
on a single version. After, an intermediate step of back-
ward translation of the Italian TDEQ-5 was carried out 
to create a comparison with the original English TDEQ-
5 and detect any misunderstandings or inaccuracies in 
the translation process.22 The next step was a short cog-
nitive interview29 with a sample of ten subjects (15-25 
years old) to verify the comprehensibility of the scale 
in general (“Did you have difficulty filling in the ques-
tionnaire?”) and of the items (“Which questions did you 
have difficulty understanding?” “Did they all seem un-
derstandable to you?”). No subsequent changes were re-
quested.
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the fourth factor and items 2, 4 and 10 in the second factor, 
because they had a good semantic affinity with these fac-
tors.17, 19, 21

These four factors, so organized, have been labeled:
•  factor 1 – “long-term development,” which combines 

the two factors “long-term development” and “communi-
cation” of the original questionnaire in one dimension and 
includes eleven items (two formulated in a negative way) 
related to the extent to which the coach and staff specifi-
cally design development programs and communicate suc-
cessfully to facilitate the long-term success of the athletes;

•  factor 2 – “holistic quality preparation” includes four 
items of the “holistic quality preparation” of the original 
questionnaire with a total of eight items (four formulated 
in a negative way), related to the extent to which the inter-
vention programs are prepared both inside and outside the 
sports facilities;

•  factor 3 – “alignment of expectations” includes three 
items of the “alignment of expectations” factor of the orig-
inal questionnaire, with a total of five items related to the 
extent to which the goals for sports development are con-
sistently set and aligned;

•  factor 4 – “support network” contains three “support 
network” items from the original questionnaire with a total 
of four items (one negatively formulated) related to the 
extent to which a consistent, accessible and broad-based 
support network is available to the athlete.

The reliability and correlation analyses of the Italian 
version of the TDEQ are shown in Table IV.

67.99% of the variance, with saturations not less than 0.38. 
However, from the saturation matrix a strong representa-
tiveness of the original structure of TDEQ-5 was identi-
fied, within the first four factors, that explained most of the 
variance (56.68%) (Table II, III).

Italian TDEQ version

For interpretation purposes, in this exploratory phase it 
was decided not to exclude any item and not to factor in 
with a number of items less than or equal to three. There-
fore, item 23 was included in the third factor, item 12 in 

Table II.—��Principal component analysis: variance explained.

Factor
Initial eigenvalues Extraction sums of squared Rotation

Total % of variance Cumulative % Total % of variance Cumulative % Total
1 11.26 40.20 40.20 11.26 40.20 40.20 10.16
2 1.87 6.66 46.86 1.87 6.66 46.86 7.18
3 1.53 5.46 52.32 1.53 5.46 52.32 6.17
4 1.22 4.36 56.68 1.22 4.36 56.68 3.92
5 1.11 3.95 60.63 1.11 3.95 60.63 4.82
6 1.05 3.73 64.36 1.05 3.73 64.36 2.00
7 1.02 3.63 67.99 1.02 3.63 67.99 1.33
Extraction method: principal component analysis.

Table III.—��Principal component analysis: pattern matrix.

Items
Factor

1 2 3 4 5 6 7
Item 25 0.86
Item 19 0.83
Item 22 0.83
Item 28 0.78
Item 21 0.76
Item 26 0.76
Item 7 0.71
Item 8 0.61
Item 17 0.60
Item 13 0.60
Item 6 0.57
Item 5 0.74
Item 3 0.74
Item 11 0.71
Item 16 0.42
Item 27 0.38
Item 20 0.74
Item 15 0.68
Item 24 0.57
Item 14 0.47
Item 9 0.90
Item 18 0.87
Item 1 0.39
Item 23 0.85
Item 12 0.63
Item 2 0.93
Item 4 0.44
Item 10 0.89

Table IV.—��Reliability analysis and correlation coefficients of the 
Italian TDEQ version.
Variables N. α 1 2 3 4
TDEQ-5 (Total Scale) 28 0.93
1. Long-term development 11 0.93 0.72** 0.76** 0.51**
2. Holistic quality preparation 8 0.75 0.66** 0.54**
3. Alignment of expectations 5 0.74 0.45**
4. Support network 4 0.63
*P<0.05; **P<0.01.
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the Norwegian (α= from 0.68 to 0.82;27) and English (α= 
from 0.79 to 0.86;21) versions.

Specifically, factor 1 – “long-term development” was 
perceived as the most performing component of develop-
ment environments in the overall population. The athletes 
stated that staff members seem to be in perfect tune with 
what is perceived as the best for them and to design spe-
cifically training processes aimed at helping them to de-
velop effectively in the long term. This factor, analyzed 
in the two development environments, emerged as the 
strength of the ASA’s environment with average scores of 
five or more in nine out of eleven items. On the contrary, 
the National environment provides an effective “long-term 
development,” although with some areas of possible im-
provement. In particular, these results are in line with what 
emerged in young Caribbean track and field athletes26 in 
that the factor “long-term development” was not only per-
ceived very positively by these athletes but also presented 
four strength points as in our taekwondo population. In ad-
dition, very high scores on the factor “long-term develop-
ment” were also given by the Norwegian junior elite foot-
ballers27 and the English elite football academy players31 
confirming this factor as one of the key strengths of all 
high-level environments engaged in the care and develop-
ment of talent.

Secondly, factor 2 – “holistic quality preparation” was 
identified as the least performing component of the devel-
opment environments in the overall population. Within 
this factor, athletes do not perceive that their coaches make 
time available to talk to their parents about them and what 
they are trying to achieve: this situation is particularly evi-
dent in the national environment, representing its weakest 
point. In fact, this factor emerged as an area of improve-
ment in the National environment with average scores 
of four or less in three of eight items, in line with what 
emerged from the item-by-item analysis in young Carib-
bean track and field athletes26 with three areas of improve-
ment. Although the total scale score is below the other 
three dimensions, it is overall acceptable and in line with 
findings in other studies.27, 31

Thirdly, factor 3 – “alignment of expectations” is a com-
ponent of development environments that worked well in 
the overall population. In particular, athletes have stated 
that they spend most of their time developing skills and 
abilities that coaches say they will need to compete suc-
cessfully at the highest level or professionally and to be 
involved in most decisions about their sports development. 
This factor also worked quite well in the young Caribbean 
track and field athletes26 and in the Norwegian junior elite 

Descriptive statistics

Descriptive statistics have been calculated for all individ-
ual item scores and for each factor31-33 given the recom-
mendation to use item scores together with factor scores 
in practical applications of TDEQ.17, 18 Items with a score 
of five or higher were classified as strengths of the de-
velopment environment while items with a score of four 
or lower were classified as areas of improvement of the 
development environment. The total score of each factor 
was calculated by adding the degrees of agreement of each 
item. The four factors and their respective items are dis-
cussed later and in detail in Supplementary Digital Mate-
rial 1: Supplementary Table I.

Discussion

Currently, the care and development of talent is one of the 
central themes in international sports culture debate;34-36 
but to our knowledge, this is the first study that aims at 
studying the quality perception of the talent development 
environments within an Italian context. To this purpose, 
the TDEQ-521 has been used as an internationally known, 
valid and reliable tool22-27 to develop a first Italian version 
to analyze its psychometric properties and to study the 
perception of the quality of the main talent development 
environments, within the elite taekwondo population, in 
athletes belonging to the National Team of FITA and to 
some of the best national ASA or domestic Clubs.

In recent years, the short version of the TDEQ by Li et 
al.21 has been proposed and adapted in different cultural 
and sporting contexts, with the aim of studying its psy-
chometric properties and quantifying athletes’ perceptions 
by analyzing individual item and factor scores, identify-
ing the strengths and weaknesses of developmental en-
vironments and comparing athletes of different ages and 
performance levels. Thomas et al.26 analyzed the factorial 
structure of the TDEQ-5 to assess the development envi-
ronments of talented youth track and field athletes in the 
Caribbean region; confirmatory factor analysis revealed 
adequate model fit of a re-specified model and moderate to 
low reliability in the five subscales, with the factors “long-
term development focus” and “alignment of expectations” 
below the adequate value of 0.60. In contrast, Gangsø et 
al.27 investigated the Norwegian junior-elite football play-
ers’ perception of their talent development environment 
using an early Norwegian version of the TDEQ-5; all five 
subscales presented adequate to good reliability values. In 
our study, sufficient to excellent reliability was reported on 
the four subscales with values similar to those reported in 
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ASAs and the National team.41, 42 To this end, in addition 
to the results from the item-by-item analysis of the scale 
and the strengths and weaknesses of the environments, 
professionals engaged at the highest level in this combat 
sport are encouraged to pay attention to the significant dif-
ferences found in the “long-term development,” “holistic 
quality preparation” and “alignment of expectations” fac-
tors between the ASA environment and the National envi-
ronment. Similar differences were reported in Norwegian 
junior elite footballers27 where the scale values “holistic 
quality preparation,” “communication” and “alignment of 
expectations” were able to discriminate athletes from Nor-
wegian football academies ranked in the top five and the 
bottom five. Therefore, the planning of targeted interven-
tions to standardize and improve the perception of these 
specific environmental factors, monitoring the impact of 
interventions over time through the use of the TDEQ,33 
with the aim of facilitating the transition of athletes from 
the ASA environment to the National environment and 
optimizing the programs and resources put in place to 
achieve sporting excellence, assumes a relevant and prac-
tical importance.

Limitations of the study

Although this Italian version of TDEQ presents a strong 
representativeness of the original structure of TDEQ-5 
within the first four factors and a good reliability in the 
four subscales, further studies should be carried out to 
evaluate the factorial structure (e.g., confirmatory factor 
analysis) and investigate other psychometric properties 
(e.g., test-retest). The first factor does not seem to dis-
criminate between the two subscales “long-term develop-
ment” and “communication” of the original questionnaire. 
In addition, factors five, six and seven include a number of 
items less than or equal to two, resulting in interpretation 
difficulties. This may be related to the fact that the TDEQ 
has been recognized by the authors as having gender-relat-
ed limitations, cultural needs and specific characteristics 
of sport as it is designed as a generic tool to monitor talent 
development in sports;17, 19, 21 as such, its application may 
not be sensitive to the specific environmental characteris-
tics of a given sport.31, 32

Lastly, we know that athletes in both environments have 
been practicing this discipline since the age of 7.79±4.14, 
so they have about 10-14 years of experience in their ASA. 
Specifically, since our goal was to provide a general over-
view of the quality of the main talent development envi-
ronments within the Italian taekwondo, we have not inves-
tigated about the quantity of experiences (years, number 

footballers,27 presenting, in both cases, scores similar to 
the “communication” factor, which has in the Italian ver-
sion been included in the factor “long-term development.” 
these findings highlight the importance placed by coaches 
and staff on effective communication to facilitate the long-
term success of athletes and the importance of setting and 
aligning goals for sports development.14-16, 37, 38

Finally, factor 4 – “support network” was perceived as 
a solid component of the development environments in the 
overall population. Athletes are guaranteed the opportu-
nity to meet their coach or another member of the technical 
staff when they need to and to have access to a variety of 
different types of professionals to help them in their sports 
development. These results are in line with that perceived 
by Norwegian junior elite footballers,27 elite youth foot-
ball academy English players31 and professional female 
footballers32 but in disagreement with that found in young 
Caribbean track and field athletes26 where, with an average 
score of 3.78, the factor “support network” was consid-
ered the least functioning component of the environment. 
The authors argued that this substantial difference with 
other elite sporting contexts could be due to the fact that 
in more advanced sporting nations talent development is 
conducted through specialized organizations unlike in the 
Caribbean context.

The main findings of this study showed that the devel-
opment environments, overall, are equipped with a tech-
nical staff capable of designing excellent development 
programs, communicating effectively with the athlete, 
preparing appropriate intervention programs, consistently 
organizing goals for sports development and providing a 
solid support network for the athletes. This high percep-
tion of developmental environments by the elite taekwon-
do population identified in the five dimensions could be 
justified by the fact that taekwondo only became an of-
ficial Olympic sport two decades ago, relatively later than 
other combat sports,39 increasing the interest of national 
federations at the highest level in investing resources in 
this discipline in recent years as it has been confirmed 
as one of the 25 core sports for the Tokyo 2020 Olympic 
Games.40 In this direction, the FITA in recent years has 
launched a program called “search, selection and prepara-
tion (S.S.&P.)” with the aim of selecting athletes on whom 
to invest federal resources in order to implement the iden-
tified physical and technical-tactical potential to compete 
at the highest levels.41, 42 The strength of this program, in 
line with current research,7-10 is that identification does not 
guarantee progress in the process unless supported by on-
going development and monitoring of the athlete by the 
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8.  Deprez D, Coutts AJ, Fransen J, Deconinck F, Lenoir M, Vaeyens R, 
et al. Relative age, biological maturation and anaerobic characteristics in 
elite youth soccer players. Int J Sports Med 2013;34:897–903. 
9.  Romann M, Fuchslocher J. The need to consider relative age ef-
fects in women’s talent development process. Percept Mot Skills 
2014;118:651–62. 
10.  Andronikos G, Elumaro AI, Westbury T, Martindale RJ. Relative age 
effect: implications for effective practice. J Sports Sci 2016;34:1124–31. 
11.  Martindale RJ, Collins D, Daubney J. Talent development: A guide 
for practice and research within sport. Quest 2005;57:353–75. 
12.  Martindale RJ, Collins D, Abraham A. Effective talent develop-
ment: the elite coach perspective within UK sport. J Appl Sport Psychol 
2007;19:187–206. 
13.  Martindale RJ, Mortimer P. Talent development environments: Key 
considerations for effective practice. In Collins D, Richards H, Button A, 
editors. Performance psychology: a practitioner’s guide. Oxford: Elsevier; 
2010.
14.  Henriksen K, Stambulova N, Roessler KK. Holistic approach to ath-
letic talent development environments: A successful sailing milieu. Psy-
chol Sport Exerc 2010;11:212–22. 
15.  Henriksen K, Stambulova N, Roessler KK. Riding the wave of an 
expert: A successful talent development environment in kayaking. Sport 
Psychol 2011;25:341–62. 
16.  Larsen CH, Alfermann D, Henriksen K, Christensen MK. Successful 
talent development in soccer: the characteristics of the environment. Sport 
Exerc Perform Psychol 2013;2:190–206. 
17.  Martindale RJ, Collins D, Wang JC, McNeill M, Lee KS, Sproule J, 
et al. Development of the talent development environment questionnaire 
for sport. J Sports Sci 2010;28:1209–21. 
18.  Martindale RJ, Collins D, Douglas C, Whike A. Examining the eco-
logical validity of the Talent Development Environment Questionnaire. J 
Sports Sci 2013;31:41–7. 
19.  Wang CK, Sproule J, McNeill M, Martindale JJ, Lee KS. Impact of 
the Talent Development Environment on Achievement Goals and Life As-
pirations in Singapore. J Appl Sport Psychol 2011;23:263–76. 
20.  Li C, Martindale R, Sun Y. Relationships between talent development 
environments and mental toughness: the role of basic psychological need 
satisfaction. J Sports Sci 2019;37:2057–65. 
21.  Li C, Wang CK, Pyun Y, Martindale R. Further development of the 
talent development environment questionnaire for sport. J Sports Sci 
2015;33:1831–43. 
22.  Brazo-Sayavera J, Olivares PR, Andronikos G, Martindale RJ. Spanish 
version of the Talent Development Environment Questionnaire for sport: 
cultural adaptation and initial validation. PLoS One 2017;12:e0177721. 
23.  Costa AM, Grazina C, Miragaia D, Crisóstomo L, de Carvalho PG. 
Contexto de desenvolvimento desportivo em clubes de natação: um estu-
do preliminar sobre as perceções dos nadadores portugueses. Rev Iberoam 
Psicol Ejerc Deporte 2017;12:231–6.
24.  Siekańska M, Wojtowicz A. Polish version of research based Model 

of collegiate meetings, etc.) of the sample belonging to the 
National Team. Therefore, the significant differences we 
found could be influenced by the degree of experience of 
the athletes of the National Team within this environment, 
as the questionnaires were administered during four col-
legiate meetings and during these meetings new athletes 
of national interest joined in this specific environment. 
Therefore, it seems very opportune for future studies the 
analysis of the variability of perceptions about the same 
development environment, not only in the National envi-
ronment but also in the ASA environment, with reference 
to the geographical distribution.23

Conclusions

The main objective of this study was to provide an ini-
tial insight into talent development environments in an 
unexplored cultural context such as Italy. To this end, we 
developed a first version of the TDEQ-5 to analyze its 
psychometric properties and to quantify the perception of 
the quality of the main development environments within 
the elite taekwondo population. Our results evidencing the 
strengths and weaknesses of the different development 
environments surveyed thus allowing the stakeholders 
who find themselves governing national / international 
and Club environments (e.g., coaches, trainers, managers, 
sport psychologists) to plan targeted interventions to op-
timize the programs and resources put in place to achieve 
sporting excellence. Moreover, this data adds to the stud-
ies that have proposed and adapted the TDEQ in an in-
creasing number of cultural and sporting contexts,21-27 al-
lowing a comparison on a global scale and underlining the 
importance given to the care of the sporting environment. 
In fact, in line with what has also been verified by other au-
thors,11-17, 37, 38 the results we obtained make us understand 
how we can worry more advantageously on the manage-
ment of the environment, of which the training facilities 
(e.g., specific sports training environments, family, school) 
are subject to human management and, therefore, perfect-
ible and always improvable.
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Abstract 

BACKGROUND: The aim of this study was to quantify the age at which taekwondo athletes 

competed in the Olympic Games and to provide initial insights into weight category changes over 

time. METHODS: For the first analysis, the study included all 611 taekwondo athletes who competed 

in the Olympics between 2000 and 2016; for each sex, a three-way ANOVA (edition of Olympic 

Games, competitive achievement, weight category) was performed to detect differences in the age of 

athletes. For the second analysis, we considered all 109 taekwondo athletes who took part in more 

than one edition of the Olympics between 2000 and 2016; chi-squared goodness of fit tests were 

performed to study the number of participations and changes in weight category of these athletes. 

RESULTS: Female athletes, with a mean age of 23.8 ± 4.1 years, are significantly younger (p=0.001) 

than their male counterparts, with a mean age of 25.1 ± 3.9 years. In weight category, lighter athletes 

being younger than heavier ones in both females (22.7 ± 3.7 vs 24.5 ± 4.2 yrs., p=0.04) and males 

(23.6 ± 3.8 vs 26.7 ± 3.8 yrs., p=0.001; 24.2 ± 3.5 vs 26.7 ± 3.8 yrs., p=0.001). When an athlete 

reaches Olympic competition several times, he/she generally competes in the same weight category 

(p=0.001) and takes part in two consecutive editions (p=0.001). Heavier athletes have greater 

longevity at Olympic level than lighter athletes (p=0.002). CONCLUSIONS: The current data 

provides important information for national federations engaged in the selection of athletes for 

Olympic competitions. 

Key words: Olympic games; Long-term development; Weight category; Combat sports. 
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Introduction 

The age of peak competitive performance may vary between athletes in different sports and events, 

depending on the specific skills and attributes required for success in a particular event (1). In sports 

such as track & field, the age of peak performance is determined by personal record performances 

where performance measurement is based on centimetres or seconds (1,2,3). On the contrary, as recently 

highlighted (4), in combat sports the World Championships and Olympic Games are considered the 

two most important indicators of professional success for athletes, since there is no measurement used 

to establish world record performances. 

Combat sports account for an important part of the medals awarded at the Summer Olympics. The 

current schedule of the Olympic Games includes fencing, boxing, taekwondo, karate, judo, Greco-

Roman wrestling and freestyle wrestling. However, the inclusion of these sports in the Olympic 

programmes has followed different paths over time; fencing and wrestling were already present in 

the programme of the 1896 Olympic Games while karate was introduced at the 2020 Olympic Games 

(5). In this context, a broad knowledge about the characteristics of combat sports athletes of different 

ages and performance levels is crucial (6) to provide, to the coaches and the national federations, 

important information to optimize long-term development and decision-making processes when 

selecting athletes for major competitions (7-9).  

After participating in the 1988 Seoul Olympic Games and the 1992 Barcelona Olympic Games as a 

demonstration sport, taekwondo became an official Olympic sport at the 2000 Sydney Olympic 

Games. Under the leadership of World Taekwondo, which regulates Olympic competitions and 

World Championships, taekwondo has gained popularity over time and confirmation as one of the 25 

core sports for the Tokyo 2020 Olympic Games (10-11). Combat sports, such as taekwondo, involve an 

oppositional relationship between two athletes striving to win the match (12); consequently, many 

aspects are considered important to achieve successful competitive performance in taekwondo, 

including a high degree of technical-tactical competence supported by physiological, psychological 

(13-16) and sport context-specific components such as periodization strategies (17-18) and nutritional 

preparation (19-20). The various rule changes that have taken place over the last decade (21-23), impacting 

on the kinematic and physiological profile of the fight (24-25), have made taekwondo an even more 

dynamic sport.

Although some studies have investigated the profiles (26-29) and the effect of relative age (30-31) of 

Olympic taekwondo athletes, no previous study has investigated the age at which taekwondo athletes 

competed in the Olympic Games, considering all editions of participation, competitive achievement 

and weight category. In judo, Franchini et al. (4) explored the age at which athletes participated in 

World Championships and Olympic Games, over a 25-year interval, taking into account achievement 
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performance and weight category in the analysis. The authors reported that generally female athletes, 

with a mean age of 24.9 ± 3.9 years, were significantly younger than their male counterparts, with a 

mean age of 25.4 ± 3.8 years.  

In line with the above, the objectives of the present study were 1) to examine the age at which 

taekwondo athletes competed in the Olympic Games, 2) to compare the age of taekwondo athletes 

who won medals, placed 5th/7th and were defeated in the eliminatory phases, 3) to compare the age of 

taekwondo athletes in different weight categories, 4) to monitor taekwondo athletes who have taken 

part in multiple editions of the Olympic Games for changes in weight category over time and 5) to 

examine whether there was a change in the age category distribution over the period of taekwondo's 

participation in the Olympic Games.  

Methods 

Participants and data collection 

The present study included all 611 taekwondo athletes (females = 300; males = 311) who competed 

in the 5 Olympics between 2000 and 2016. Birth dates, competitive achievements and weight 

categories were collected from publicly available online sources (www.olympic.org and 

www.olympiandatabase.com). The use of data from open access sites has been previously described 

in other studies (4,30,32) and there are no ethical issues involved in the analysis and interpretation of the 

data used as these were obtained in a secondary form and not from direct experimentation. 

Procedures 

Taekwondo athletes were divided by gender (female and male), edition of the Olympic Games 

(Sydney 2000, Athens 2004, Beijing 2008, London 2012, Rio 2016), competitive achievement (1st-

3rd placers, i.e. one gold, one silver and one or two bronze medal winners; 5th and 7th placers, i.e. 

defeated in the repechage and bronze medal matches; 9th placers and below, i.e. defeated in the 

eliminatory phases), weight category (flyweight, featherweight, middleweight and heavyweight) and 

age category (< 20 years, 20-25 years, 25-30 years and > 30 years). 

Statistical analysis 

Data were tabulated and organized in a Microsoft Excel worksheet and then reported and analysed 

using IBM SPSS 25 software (SPSS Inc., Chicago, IL). Based on previous studies (30-31) that did not 

find the relative age effect in the Olympic taekwondo population (from Sydney 2000 to Rio 2016), 

the age of each athlete was calculated as follows: year of the Olympic edition - year of birth of the 

athlete = age of athlete. For each variable, the normality of the data distribution was examined using 
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a Shapiro–Wilk test. Descriptive statistics (Mean ± Standard Deviation [95% confidence intervals]) 

were used to summarize the collected data and were presented when considered relevant. A Student's 

t-test for independent samples was used to compare male and female athletes. The Effect Size (ES) 

was determined, and the threshold values for Cohen’s ES statistics were classified as trivial (0.0 – 

0.19), small (0.2 – 0.59), moderate (0.6 – 1.1), large (1.2 – 1.9) and very large (> 2.0) (33). As this 

analysis revealed age differences between the sexes, each group was analysed separately (4). Thus, for 

each sex, a three-way ANOVA (edition of Olympic Games, competitive achievement and weight 

category) was performed with Tukey's post-hoc tests, when appropriate, to detect significant 

differences in the age of athletes from different groups; ES in ANOVA was computed as partial 2, 

with partial 2 < 0.01, 0.01 < partial 2 < 0.06, 0.06 < partial 2 < 0.14 and partial 2 > 0.14, as trivial, 

small, moderate, and large ES, respectively (34). Chi-squared (χ2) goodness of fit tests and odds ratio 

(95% confidence intervals) were performed to study the athletes who took part in more than one 

edition of the Olympic Games; chi-square (χ2) tests of independence were performed to identify the 

association between edition of the Olympic Games and the age categories. For these analyzes, ES 

was reported using Cramer's V as small (0.06 - 0.17), medium (0.18 - 0.29) and large (> 0.30) (35). 

Statistical significance was accepted at p < 0.05. 

 

Results 

Female taekwondo athletes were younger (23.8 ± 4.1 years) than male taekwondo athletes (25.1 ± 3.9 

years) (t = 4.01, p = 0.001, d = 0.33, small, confidence interval of the differences = 0.67; 1.95). 

For female taekwondo athletes, no main effects were found for edition of the Olympic Games (F2,240 

= 0.96; p = 0.43, 2
p = 0.02, small) and competitive achievement (F2,240 = 0.99; p = 0.37, 2

p = 0.01, 

small). However, main effects were found by weight category (F3,240 = 2.9; p = 0.04, 2
p = 0.03, small) 

(Table I). 

Female taekwondo athletes in the flyweight category were younger (p = 0.04) than those in the 

heavyweight category (Table I). 
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Table I. - Descriptive statistics (M ± SD [95% CI]) of the chronological age (years) of female 

taekwondo athletes according to Olympic edition, competitive achievement and weight category. 

 

 

Olympic edition 

Sydney 

2000 

Athens 

2004 

Beijing 

2008 

London 

2012 

Rio 

2016 

 

 

 

 

Female 

taekwondo 

athletes 

(N = 300) 

 

24.4 ± 4.5 
[23.1 - 25.7] 

 

23.5 ± 4 
[22.5 - 24.5] 

 

23.1 ± 4.2 
[22.1 - 24.2] 

 

23.6 ± 3.8 
[22.6 - 24.5] 

 

24.5 ± 4.1 
[23.5 - 25.5] 

Competition achievement 

1st-3rd 5th / 7th ≥ 9th 

 

23.3 ± 3.2 
[22.6 - 24.1] 

 

24.3 ± 4.6 
[23.3 - 25.3] 

 

23.8 ± 4.3 
[23.1 - 24.5] 

Weight category 

-49kg “Fly” -57kg “Feather” -67kg “Middle” +67kg “Heavy” 

 

22.7 ± 3.7a 
[21.9 - 23.6] 

 

23.6 ± 3.8 
[22.7 - 24.5] 

 

24.4 ± 4.5 
[23.3 - 25.4] 

 

24.5 ± 4.2 
[23.6 - 25.5] 

Notes: 1st-3rd: one gold, one silver and one or two bronze medal winners, 5th / 7th: defeated in the repechage and bronze medal matches, 

≥ 9th: defeated in the eliminatory phases. aSignificantly younger (p = 0.04) when compared to heavyweight category. 

 

 

For male taekwondo athletes, there was no main effect by edition of the Olympic games (F4,251 = 0.37; 

p = 0.85, 2
p = 0.01, small) and by competitive achievement (F2,251 = 1.75; p = 0.16, 2

p = 0.01, small). 

However, main effects by weight category were also found for male taekwondo athletes (F3,251 = 9.11; 

p = 0.001, 2
p = 0.1, moderate) (Table II). 

Male taekwondo athletes in the flyweight category were younger than those in the middleweight (p 

= 0.001) and heavyweight (p = 0.001) categories. Athletes in the featherweight category were younger 

than those in the middleweight (p = 0.02) and heavyweight (p = 0.001) categories (Table II). 
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Table II. - Descriptive statistics (M ± SD [95% CI]) of the chronological age (years) of male 

taekwondo athletes according to Olympic edition, competitive achievement and weight category. 

 

 

Olympic edition 

Sydney 

2000 

Athens 

2004 

Beijing 

2008 

London 

2012 

Rio 

2016 

 

 

 

 

Male 

taekwondo 

athletes 

(N = 311) 

 

25 ± 4 
[23.9 - 26.1] 

 

25.2 ± 3.5 
[24.3 - 26.1] 

 

25.3 ± 4.1 
[24.2 - 26.3] 

 

25.4 ± 3.9 
[24.5 - 26.4] 

 

24.7 ± 4.3 
[23.6 - 25.7] 

Competition achievement 

1st-3rd 5th / 7th ≥ 9th 

 

24.4 ± 3.3 
[23.7 - 25.2] 

 

25.7 ± 4.1 
[24.8 - 26.5] 

 

25.1 ± 4.1 
[24.5 - 25.8] 

Weight category 

-58kg “Fly” -68kg “Feather” -80kg “Middle” +80kg “Heavy” 

 

23.6 ± 3.8a 
[22.7 - 24.4] 

 

24.2 ± 3.5b 
[23.4 - 25] 

 

26 ± 3.9 
[25.1 - 26.9] 

 

26.7 ± 3.8 
[25.9 - 27.6] 

Notes: 1st-3rd: one gold, one silver and one or two bronze medal winners, 5th / 7th: defeated in the repechage and bronze medal matches, 

≥ 9th: defeated in the eliminatory phases. aSignificantly younger when compared to middleweight (p = 0.001) and heavyweight (p = 

0.001) categories, bsignificantly younger when compared to middleweight (p = 0.02) and heavyweight (p = 0.001) categories. 

 

 

Considering the main effects found for the weight category, we then considered all the athletes who 

took part in more than one edition of the Olympic Games for further analysis. This study included 

109 athletes for a total of 242 participations out of 611 Olympic passes (39.61%). 

For the first analysis, 1) we compared athletes who took part in more than one edition of the Olympic 

Games keeping the same weight category over time with athletes who took part in more than one 

edition of the Olympic Games changing weight category over time and 2) we compared athletes who 

took part in 2 consecutive editions (i.e., one four-year period) with athletes who took part in 2 non-

consecutive or in ≥ 3 consecutive editions (i.e., two or more four-year periods) (the details of the 

athletes are shown in Figure I).   

A difference was observed between athletes who took part in several editions of the Olympic Games 

keeping the same weight category over time and athletes who took part in several editions of the 

Olympic Games changing weight category over time (76.15% vs 23.85%; χ2
(1) = 29.807; p = 0.001; 

V = 0.52, large; OR = 3.19, 95% CI = 1.79-5.69); at the same time a difference was observed between 

athletes who took part in 2 consecutive editions and athletes who took part in 2 non-consecutive 

editions or in ≥ 3 consecutive editions (74.31% vs 25.69%; χ2
(1) = 25.771; p = 0.001; V = 0.49, large; 

OR = 2.89, 95% CI = 1.63-5.12). 
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In the second analysis, 1) considering the athletes who took part in 2 consecutive editions, we 

compared the athletes of the lighter categories (fly and feather) with the athletes of the heavier 

categories (middle and heavy) and 2) considering the athletes who took part in 2 non-consecutive or 

in ≥ 3 consecutive editions, we compared the athletes of the lighter categories (fly and feather) with 

the athletes of the heavier categories (middle and heavy). For this analysis, the athletes were divided 

into two groups (light and heavy) on the basis of the main effects found for the weight category and 

the athletes who changed category over time were placed in a group taking into consideration their 

last participation (the details of the athletes are shown in Figure I). 

No difference was reported between the athletes of the lighter and heavier categories considering the 

athletes who took part in 2 consecutive editions (50.62% vs 49.38%; χ2
(1) = 0.012; p = 0.912; V = 

0.01, small; OR = 1.03, 95% CI = 0.55-1.90); on the contrary, a difference was reported between the 

athletes of the lighter categories and the athletes of the heavier categories considering the athletes 

who took part in 2 non-consecutive editions or in ≥ 3 consecutive editions (21.43% vs. 78.57%; χ2
(1) 

= 9.143; p = 0.002; V = 0.57, large; OR = 3.67, 95% CI = 1.14-11.79). 

 

***Figure I near here*** 

Figure I. – a) Female taekwondo athletes (N = 44) and b) male taekwondo athletes (N = 39) who 

have taken part in several editions of the Olympic Games while maintaining the same weight category 

over time; c) Female taekwondo athletes (N = 11) and d) male taekwondo athletes (N = 15) who took 

part in more than one edition of the Olympic Games changing weight category over time. Notes: In 

figures I (c) and I (d), the arrow pointing upwards to the right indicates that the athlete participated in a higher weight category in 

his/her successive edition, the arrow pointing downwards to the right indicates that the athlete participated in a lower weight category 

in his/her successive edition, the arrow pointing to the right indicates that the athlete kept the same weight category in his/her successive 

edition. 

 

No association was shown between edition of the Olympic Games and age category for both females 

(χ2
(12)

 = 14.181; p = 0.289; V = 0.13, small) (Figure II (a)) and males (χ2
(12)

 = 7.666; p = 0.811; V = 

0.09, small) (Figure II (b)). 

***Figure II near here*** 

Figure II. – Age category distribution (%) over time for a) female taekwondo athletes and b) male 

taekwondo athletes at the Olympic Games (2000-2016). 
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Discussion 

To our knowledge, this is the first study that has analysed the age at which taekwondo athletes 

competed in the Olympic Games considering all editions of taekwondo participation in the Olympic 

Games, competitive achievement and weight category. The main findings concerned the weight 

category where, regardless of gender, lighter athletes are younger than heavier ones. No difference in 

age was found between all editions of participation and in final classification for both female and 

male athletes. Overall, taekwondo athletes are most represented in the 20-25 age category with the 

same percentage in both sexes; in females the < 20 age category has a similar value to the 25-30 age 

category, while in males the < 20 age category has a similar value to the > 30 age category. 

Franchini et al. (4), exploring the age at which judo athletes participated in the World Championships 

and Olympic Games between 1993 and 2018, involved the last six Olympic Games participations in 

the analysis by considering the same variables used in our study, thus allowing a direct comparison 

between these two Olympic combat sports. 

Specifically, no age difference was found when comparing all editions of taekwondo participation in 

the Olympic Games in both sexes. In judo, only the female athletes who took part in the London 2012 

and Rio 2016 Olympics were significantly older than the female athletes who participated in the 

Atlanta 1996 Olympics, while no significant difference emerged for their male counterparts. These 

results appear to be in line as in both judo and taekwondo, compared since the Sydney 2000 Olympics 

when taekwondo became an Olympic sport, no age difference was found between the editions. 

Our data did not reveal any age difference regarding the competitive achievement in both sexes. In 

judo (considering both the World Championships and the Olympic Games), only significantly 

younger female athletes performed worse in the preliminary rounds, whereas no significant difference 

emerged for their male counterparts. According to the authors, this could be the consequence of the 

important selectivity of these events in terms of participation where probably only athletes who are 

successful in high-level preparatory competitions manage to reach such important competitions. 

Taekwondo also uses a highly selective qualification system for the Olympic Games, which until the 

London 2012 Olympic Games was based on world and continental qualification competitions, while 

since the Rio 2016 Olympic Games on world ranking and continental qualification competitions (36-

37). In judo, the world ranking-based qualification system for the Olympic Games was first used at the 

2012 London Olympics (38). Franchini & Julio (32) studied how long-term and short-term performance 

in competitions valid to gain world ranking points predict performance for the Olympic Games. The 

authors identified that 24% and 26% of judo performances at the London 2012 Olympic Games, for 

females and males respectively, could be predicted by variables derived from world ranking. In 

contrast, in taekwondo, no studies have investigated how point and qualifying competitions influence 
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selectivity and success in the Olympic Games, and future studies should investigate this aspect to 

justify the absence of age differences in the final classification of the Olympic Games. 

With regard to weight category, it is important to note that our data is in line with what emerged in 

judo (considering both the World Championships and the Olympic Games) where lighter athletes are 

generally younger than heavier athletes in both sexes. A first hypothesis discussed by the researchers, 

which attempts to explain the age differences in the weight category, revolves around the process of 

rapid weight loss in the pre-competition period where it would appear that elite judo athletes use more 

aggressive methods particularly at the beginning of their careers (39). In taekwondo it would also 

appear that elite athletes begin to lose weight at younger ages in order to compete at the highest level, 

confirming evidence from judo that competition at high levels is associated with worsened weight 

management behaviours (19,39). 

A second hypothesis in judo is that athletes change their weight category as they age. Although this 

is a common observation and recently highlighted in taekwondo, where older athletes tend to abandon 

the passive model in favour of not losing weight at all (20), no previous study has shown this change 

in weight categories in combat sports. In this regard, another objective of the present study was to 

monitor taekwondo athletes who took part in multiple editions of the Olympic Games for changes in 

weight category over time. 

The most important results show that, generally, when a taekwondo athlete reaches the Olympic 

competition more than once in his career, he competes in the same weight category and takes part in 

two consecutive editions. Secondly, athletes in the lighter categories seem to have more difficulty in 

reaching Olympic competition more than twice in their career. In this regard, considering that 

taekwondo athletes at the Olympic level compete in four weight categories while in other 

international competitions (such as World Championships and ranking competitions) in eight weight 

categories, the hypothesis is that athletes, when unable to maintain the Olympic weight category of 

their first participation, will compete in adjacent weight categories during the four-year period (23,37), 

and then return to the same Olympic weight category in their next participation and retain a likely 

competitive advantage. The possible difficulties resulting from similar long-term weight management 

and the greater competitiveness in term of participants in the selection process of the lighter categories 

could represent a barrier for these athletes and result in shorter Olympic careers. In contrast, double 

participation in two Olympic four-year terms and three or more consecutive participations seem to be 

more characteristic of athletes competing in the heavier categories. The hypothesis is that heavier 

athletes have greater longevity at Olympic level than lighter athletes, probably due to less 

competitiveness in these categories and easier weight management. Another important hypothesis to 

consider could stem from the differences found in technical-tactical behaviors in taekwondo athletes 
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of different weight categories who participated in the 2012 London Olympics (40). This study found 

that both male and female athletes in the lighter categories (fly and feather) performed more 

anticipated, posterior and linear actions at both impact zones (head and trunk) with the left and front 

leg than those in the heavier categories (middle and heavy). Specifically, lighter female athletes 

performed more indirect actions, anticipated and posterior counterattacks, linear actions, to the head 

and trunk, with the left leg and open guard than heavier athletes. Conversely, heavier female athletes 

performed more defensive actions (blocks and cuts) than lighter ones because these defensive actions 

do not require a global move to perform them. Lighter male athletes performed more actions (direct, 

indirect, back, circular, spin, at the head and trunk, left and right leg, front and back and closed guard) 

than heavier athletes. This tendency of the heavier male and female athletes in performing fewer 

actions has also been reported at other competitive levels (41-42) and has been attributed to the higher 

energy demands in heavier athletes to perform kicks and punches, due to the greater mass in the arms 

and legs, resulting in a lower fight pace and longer recovery times compared to the lighter athletes 

(43-44). These differences found in the technical-tactical behaviors, between the athletes of the lighter 

categories and the athletes of the heavier categories, could have a different impact on the 

physiological level in the long term and consequently on the duration of the athlete's competitive 

career, so the relationship between these factors in taekwondo deserves particular attention and 

further research in the future.   

This twofold and divergent aspect in the duration of the Olympic career, found by comparing the 

lightest and heaviest athletes in our study, may provide more of an explanation for the fact that lighter 

athletes are generally younger than heavier athletes in the Olympic taekwondo population, rather than 

the common observation that athletes change their weight category as they age. However, it seems 

relevant to highlight that the possible reasons for age differences in weight category may be unique 

to the context analysed. Judo athletes, for example, compete in seven weight categories in both 

Olympic and world competition, unlike taekwondo. Therefore, weight management during the four-

year period may be influenced by the specific regulations of each discipline and, to this end, future 

studies are encouraged to investigate this aspect in different combat sports and competitive levels. 

Finally, our data showed no significant change in the different age categories in either gender. In 

judo, only for female athletes there was a significant increase in the 25-30 years category and a 

significant decrease in the 20-25 years category from the Atlanta 1996 Olympics to the Rio 2016 

Olympics, in parallel with a significant and progressive decrease in the < 20 years category. These 

progressive increases in the age of female athletes were justified by the authors as a potential increase 

in competitiveness over time as women's judo was introduced to the Olympic Games 20 years after 

men's judo (5). Therefore, considering that taekwondo is a younger Olympic sport than judo and most 
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Olympic combat sports and that it was introduced to the Olympic Games in parallel for both sexes, 

the absence of changes in the different age categories will have to be interpreted in the long term, also 

taking into consideration future participations of taekwondo in the Olympic Games. 

Conclusions 

The present study is the first to investigate the age at which taekwondo athletes competed in the 

Olympic Games and the first to provide initial insights into weight category changes over time. 

Female taekwondo athletes, with a mean age of 23.8 ± 4.1 years, are significantly younger than their 

male counterparts, with a mean age of 25.1 ± 3.9 years. Regardless of gender, no difference in age 

was found between all editions of participation, in the final classification and no significant change 

occurred in the different age categories. The main results concerned the weight category where, 

generally, lighter athletes are younger than heavier ones. When a taekwondo athlete reaches the 

Olympic competition several times in his career, he/she generally competes in the same weight 

category and takes part in two consecutive editions. Athletes in the lighter categories seem to have 

more difficulty in reaching Olympic competition more than twice in their career. In contrast, double 

participation in two Olympic four-year terms and three or more consecutive participations seem to be 

more characteristic of athletes competing in the heavier categories. This twofold aspect could provide 

more justification for the fact that lighter athletes are generally younger than heavier athletes in the 

Olympic taekwondo population. The current data derived from the study of all taekwondo 

participations in the Olympic Games not only provides additional knowledge about this increasingly 

popular combat sport, but also important information for national federations engaged at the highest 

level in the selection of athletes and long-term development processes for Olympic competitions. 
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Hypertrophic adaptations to a 6-week in-season barbell vs. flywheel squat added to regular 

soccer training 

Original research article 

Abstract 

BACKGROUND: The aim of this study was to compare the hypertrophic adaptations to barbell or 

flywheel squat exercise added to regular in-season soccer training. METHODS: Quadriceps’ (rectus 

femoris [RF], vastus medialis [VM] and vastus lateralis [VL]) cross-sectional area (CSA) in its 

portions (proximal [PROX], middle [MID], and distal [DIST]) was measured on both legs before and 

after a 6-week barbell (80 to 90 % one-maximum repetition; n=7) or flywheel (0.0611 to 0.0811 

Kg·m2; n=7) in an U19 professional soccer team using a 3T magnetic resonance imagery. Both groups 

underwent 5 sets × 6 reps per session of squat separated by 3-min rest, while controlling the time 

under tension (within 0.5 and 0.8 s). RESULTS: The barbell squat group experienced moderate CSA 

increments in the VMMID and the VLDIST of the right leg (d=0.98–0.99). Additionally, the flywheel 

group experience large CSA increments in the RFMID, VLPROX and VLMID  of the right leg (d=1.00–

1.84). On average, flywheel squat training largely produced greater force during exercise compared 

to the barbell squat training (29.2 vs. 12.2 N·kg-1; d=5.95), whereas the barbell squat training 

produced moderately greater power output (10.5 vs. 9.7; d=0.52). CONCLUSIONS: Barbell squat 

training seems to be more effective for VM hypertrophy whereas flywheel squat triggers greater RF 

and VL hypertrophy as complementary to regular field-based soccer practice and competition within 

a short range of time (6 weeks) during the in-season. These findings can be considered also from 

either strength or reconditioning perspective based on the increase in the quadriceps muscles’ CSA 

as mechanism underlying strength/power adaptations. 

Keywords: testing, cross-sectional area, force, power, hypertrophy. 
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Introduction 

Young soccer players cover 7000–10,000 m and change activity approximately every 4 s 

during an official match.1 To cope with these physical demands, players need adequate levels of 

muscle strength to achieve successful physical outcomes2 and reduce the risk of non-contact 

musculoskeletal injuries2. Particularly, thigh (hamstring or quadriceps) muscle tears are the most 

common muscle injuries in male soccer players and are associated with significant time loss and high 

financial costs for the player and clubs.3 It is therefore paramount that strength and conditioning 

coaches identify and optimize methods that can efficiently enhance muscle strength capacity of 

professional soccer players.2 

The mechanisms underlying strength/power adaptations are largely associated with increases 

in the cross-sectional area (CSA) of the muscle (hypertrophy methods) among other factors (neural 

mechanisms).4,5 Collegiate-level soccer player exhibited similar CSA adaptations to a 6-week back 

squat program (3 sets of 75% one-repetition maximum [1RM]) of two different eccentric durations 

(2 vs. 4 s).6 Changes in morphology (i.e., anatomical CSA, muscle thickness) and architecture (i.e., 

fascicle length, pennation angles) in response to resistance training have been widely described in 

non-athletic populations,7 but available information in soccer players is currently limited to one 

study.6 However, the aforementioned study quantified the total thigh CSA using MRI, without 

considering the specific muscle regions.6 This could be of importance as a recent study in 

professional soccer players showed that different region-specific responses can be observed 

throughout MRI during different strength exercises.8 Additionally, CSA adaptations following 

resistance training have been attributed to the region-specific muscle activation assessed by the 

magnetic resonance images (MRI) during the training session.9,10 Thus, considering that specific 

muscle areas might be selectively activated during different strength exercises, it would be of interest 

to examine changes in specific muscle CSA after resistance training interventions.  

A diverse range of either traditional resistance, plyometric11 or flywheel12 training 

interventions can effectively improve muscle strength, power, jump, and change of direction 

measures in male soccer players of varying competitive standards. Traditional resistance training 

programs involving free weights and weight stack machines based on the use of gravity-dependent 

loads have shown to achieve desirable structural and neural adaptions in athletes.13 Nonetheless, 

these training modalities are limited by the load lifted in the concentric phase and typically 

significantly underload the eccentric component of the exercise task.14 This is of importance given 

that the occurrence of thigh muscle strains in soccer is generally believed to be related with the 

presence of repetitive high force eccentric actions in soccer, such as the ones observed during high-
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speed running, where the lengthening demands placed on the muscle could exceed the mechanical 

limits of the tissue.15 To date, studies comparing the effectiveness of traditional barbell vs. flywheel 

training have been conducted in non-athletic populations, showing that flywheel training may lead to 

superior16 or similar13,17 gains in muscle mass. Additionally, intervention studies comparing the 

effectiveness of barbell vs. flywheel training in soccer players have been conducted on field or 

laboratory-based performance test, without information available on skeletal muscles’ structural 

adaptations.11,12 Thus, it would be of interest to examine changes in muscles’ CSA after either 

barbell or flywheel training in soccer players.  

Based on the aforementioned information, the aim of this study was to compare the CSA 

effects of barbell or flywheel squat exercise added to regular in-season soccer training. A secondary 

aim was to compare the kinetic (force and power) responses during the squat exercise throughout the 

intervention. 

Methods 

Experimental approach to the problem 

A randomized controlled design was adopted to compare the short-term (6 weeks) effects of 

the two different training protocols (barbell vs. flywheel) squat on the quadriceps’ CSA during the 

in-season (April-May 2019). The training intervention consisted of 5 sets × 6 reps per session of squat 

separated by 3-min rest, while controlling the time under tension (within 0.5 and 0.8 s).18 Quadriceps’ 

(rectus femoris [RF], vastus medialis [VM] and vastus lateralis [VL]) cross-sectional area (CSA) in 

its portions (proximal [PROX], middle [MID], and distal [DIST]) was measured on both legs before 

and after a 6-week barbell or flywheel using a 3T MRI. Specifically, both groups underwent a baseline 

testing to assess the individual one-maximum repetition (1RM), then 6 familiarization sessions over 

a two-week period, pre-intervention MRI assessment, then the intervention which consisted of 16 

sessions (3 sessions for the first 5 weeks, and one session in the last week), and finally a post-

intervention MRI. Quadriceps’ CSA was tested in the week before the commencement of the study, 

and in the last week of the intervention (2 days after the last session). A detailed description of the 

training intervention is reported in table 1. 

During the intervention period, the participants were not involved in congested fixtures, and 

the intervention sessions were always performed on the match day plus 2, minus 4 and minus 2, before 

the players’ regular soccer practice on the field (4 practice sessions per week). No further lower body 

resistance training was performed. A detailed description of the weekly program is reported in table 
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2. No control group was used since it would have resulted in an unethical and impactable approach,

not suitable for the present in-season design.19 

**Table 1 and 2 near here** 

Subjects 

Sixteen outfield professional U19 male soccer players from the same team competing in U19 

Italian first league (Campionato Primavera) voluntarily participated in the present study. After 

exclusion of two players due to muscle injury throughout the intervention, 14 players (Mean ± 

standard deviation [SD]; age = 18 ± 1 years old, body mass = 76.2 ± 6.9 kg, height 182 ± 6 cm), were 

randomly assigned to barbell squat group (FW, n=7) or and flywheel squat group (FD, n=7). The 

players trained 4 times per week, for a total training volume of ~8 hours / week of soccer plus ~50 

minutes of strength workout in the gym, and one competitive game per week. All the participants 

were injury-free during the last 8 weeks before the beginning of the study and had a minimum of 7-

years professional football background. None of the players were involved with the first team’ 

practice sessions for the whole period of the study. All players had the right foot as dominant. 

The Institutional Board of the Faculty of Medicine, University Tor Vergata, Rome provided 

clearance for the procedures before the commencement of this study. Written informed consent was 

obtained from all the participants after familiarization and explanation of the benefit and risks 

involved in the procedures of this study. All participants were free to withdraw during the study period 

at any time without penalty. All procedures were conducted in accordance with ethical standards for 

sport sciences studies.20 

Procedures 

Magnetic Resonance Imagery 

The CSA of the quadriceps muscles (RF, VM and VL), measurements of the thigh were 

performed on both legs (right leg was the dominant for all the subjects) using a 3T whole-body imager 

with surface phased-array coils (Siemens Magnetom Symphony TIM 1.5 T, Gradient 30mT/m, 

intensity 125 T/m/s slew rate) similarly to that described elsewhere.8,21 All the scans were performed 

with the subjects positioned inside the magnet, the thighs of both legs were kept parallel to the MRI 
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table, and a custom-made foot-restrain device was used to standardize and fix limb position and to 

avoid any compression of thigh muscles. The players were supine on the MR-gurney with thighs 

covered with one 32- and 2 flexible 4-channel coils, respectively in the proximal and distal segments. 

12 cross-sectional images of both thighs were obtained, starting at the distal margin of the ischial 

tuberosity. Acquisition time of the imaging sequence was 16 s. A parametric image was generated 

from transverse relaxation time mapping sequence using a workstation. Scout images and anatomical 

landmarks were obtained to ensure identical and time-efficient positioning in pre- and post- scans. 

Muscles’ transverse relaxation time of the dominant leg (all right) were measured using OSIRIX 

program for review and display of DICOM images. 

The total thickness of each of VM, RM and VL in its portions (PRO, MID and DIST) was 

assessed. Using the fat- suppressed images to detect any confounding artifact (i.e., vessels, fat), a 

circular region of interest was selected for individual muscles in each of the transverse relaxation time 

mapping images where muscles were visible. The vastus intermedius was not considered due to the 

impossibility to distinguish between vastus lateralis both anatomically and on MRI images , and its 

weak connection to soccer-specific tasks. All images were independently analyzed by one accredited 

radiologist, blinded to the origin of any image. 

Training intervention 

A standardized generic warm-up lasting approximately 20 min were performed by both 

intervention group. This consisted of approximately 5-min dynamic stretching, and half squat (3 sets 

of 10 repetitions body weight, separated by 45-s rest). Then, a specific activation was performed 

according to the specific group (see below). The participants of both groups were instructed to 

perform the concentric phase (knee and hip extension) and to reach approximately 90° of knee 

bending during the eccentric phase (knee and hip flexion) within 0.5 to 0.8 s. Environmental 

temperature was kept to 21 ± 1°C in the gym. A mirror was placed opposite to the participants to let 

them visually check their technique. 

After the generic warm-up (described above), the barbell squat group performed a specific 

warm-up based on 70% of 1RM (which was directly determined previously using the procedure 

outlined by Sheppard & Triplett 22). During the intervention, training intensity (in kg) ranged from 

80 and 90 % 1RM throughout the intervention (5% increases every 2 weeks starting at 80%, 85% and 

90% in the 1st, 3rd, and 5th week, respectively). Each set was interspersed by 3 min of passive recovery. 

This training intensity and progression was in line with the American College of Sports Medicine 

which recommends 3-6 sets of 1-12 repetitions with 70-100% 1RM for advanced individuals.23 As 

specific warm-up, the flywheel group performed two sets of 10 repetitions squats on the flywheel 
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device (Desmotec D.11 device – Desmotec, Biella, Italy) with a fixed inertia of 0.006 Kg·m2 

separated by 45-s rest between sets. During the intervention, intensity ranged from 0.0611 to 0.0811 

Kg·m2, which was within the range of practical recommendations using flywheel exercise in athletes. 

14 Rather than using a fixed inertia, we adopted an individualized inertia based on players’ capacity. 

The participants were instructed to perform the concentric phase of the flywheel half squats with 

maximal velocity, and the eccentric phase until the thighs were parallel to the ground.2,14 Each set 

was interspersed by 3 min of passive recovery. In addition to number of sets, repetitions and rest 

between sets, to ensure relatively comparable conditions between the two interventions, we 

standardized the time under tension between 0.5 to 0.8 s. This was based on a meta-analysis which 

indicated that hypertrophic adaptations occur in this range18 whereby acute exercise stress could vary 

between intervention group.24 

Kinetic responses during exercise 

Kinetic responses during the flywheel squat were recorded using a miniature compression 

load cell that measured force through the pull of the strap. Two contact panels were connected to a 

computer equipped with the dedicated software (D11-Full, Desmotec D-Soft, Desmotec, Biella, Italy) 

sampling at 25 Hz. The participant was connected to the device by a strap with one end tied to the 

device and the other to a waistcoat worn. The strap was tightened not to allow the respondent to move 

up. During the squat execution, the contact panels measured the force that the participant produces 

and which is read on the computer (good test-retest reliability; α = 0.889).25 

For the barbell squat, kinetic responses were recorded using a high-frequency Video Camera 

(Go Pro Hero 5, USA) sampling at 60 frames per second with a resolution of 1080 pixels. The camera 

was placed laterally at 1.6 m apart of the center of mass of each subject. Afterwards, the videos were 

analyzed using the BioMovie Software (Infolabmedia, Torino, Italy). The performance area was 

calibrated by calculating the pixels’ size of the chosen one area, and trajectory of the barbell was 

automatically tracked by the video analysis software using specific purposeful algorithms based on 

the spatiotemporal parameters as similarly described by Sañudo, et al. 26. This allowed to calculate 

the force produced based on the barbell’ acceleration and the weight lifted. Then, power was 

calculated by multiplying the instantaneous force with the corresponding speed every 0.01 s. The 

software generated an automated graph that synchronized itself to the video from which the force and 

power outputs were extrapolated. This system showed excellent levels of reproducibility (coefficient 

of variation < 4.5%).27 A sample kinetic data collection during the barbell squat was illustrated in 

Figure 1. 
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Average power (W·Kg-1) and the average force (N·Kg-1) produced during the squat execution 

were scaled by individual body mass and retained as indicators of kinetic responses during exercise. 

Average values between considering both concentric and eccentric phases were presented.  

**Figure 1 near here** 

 

Statistical Analysis  

Before the commencement of the study, the hypothesis of no between-group differences in 

the pre-intervention CSA was tested (P > 0.05). Shapiro-Wilk test revealed that CSA data were 

normally distributed within each evaluation moment. A paired-sample t-test was used to compare 

muscle’ CSA before and after the intervention (within groups), whereas an independent sample t-test 

to compare acute kinetic responses during exercise (between groups). The magnitude of differences 

(d) and associated 95% confidence intervals (95% CIs) were computed on t statistic and degrees of 

freedom,28 and interpreted according to Rhea’s recommendation for strength training interventions 

of highly-trained individuals: trivial (d < 0.25), small (d = 0.25–0.50), moderate (d = 0.50–1.00), large 

(d > 1.0). When 95% confidence intervals overlapped positive and negative values, the effect was 

deemed to be unclear. To provide practical indications about changes in force and power output 

during the squat exercise, the smallest worthwhile change (SWC) was calculated by multiplying 0.3 

by the between-subjects’ CV.29  

Data were presented as mean and 95% CI unless otherwise stated. Data analyses were 

performed in R software (R-4.1.1 for Windows; R core Team, Vienna, Austria).  

 

Results 

The barbell squat group experienced moderate CSA increments in the VMMID and the VLDIST 

of the right leg (d [95% CIs] = -0.99 [-1.92; -0.06] and -0.98 [-1.91; -0.05], respectively; P < 0.05) 

whereas no significant changes were observed in the left leg (P > 0.05). Additionally, the flywheel 

group experience large CSA increments in the RFMID, VLPROX and VLMID (d [95% CIs] = -1.01 [-

1.94; -0.08], -1.00 [-1.93; -0.07] and -1.84 [-2.83; -0.84], respectively; P < 0.05). A detailed 

description of CSA adaptations to barbell and flywheel squat training is reported in table 3.  

For force output, the SWC was 0.34 and 0.86 N·kg-1, whereas for power output was 0.34 and 

0.31 W·kg-1, for the barbell and flywheel squat respectively (Figure 2; see shaded area). On average, 
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flywheel squat training largely produced greater force during exercise compared to the barbell squat 

training (29.2 ± 1.5 vs. 12.2 ± 0.1 N·kg-1; d [95% CIs] = 5.95 [4.91; 6.98]; P < 0.001; Figure 2A). 

However, traditional barbell squat training produced moderately greater power output during exercise 

compared to flywheel squat training (10.5 ± 0.6 vs. 9.7 ± 0.5; d = 0.52 [0.09; 0.95]; P = 0.023; Figure 

2B).  

**Table 3 and figure 2 near here** 

Discussion 

This is the first study to examine CSA adaptations following traditional resistance (i.e., 

barbell) or flywheel squat training during the competitive period in professional young soccer players. 

Muscle hypertrophy is considered one important goal to be achieved in youth sport as a foundation 

for further improvements in strength and power.5,30 In this randomized controlled trial, we observed 

that U19 professional soccer players can benefit from either barbell and flywheel squat exercise added 

to regular training and competitive schedule three times per week. Both training interventions seem 

to promote meaningful CSA increments of dominant leg. Specifically, barbell squat seems to be more 

effective for VM hypertrophy whereas flywheel squat for RF and VL hypertrophy. These findings 

can be considered also from either strength or reconditioning perspective based on the increase in the 

quadriceps muscles’ CSA as mechanism underlying strength/power adaptations. 

The RFMID adaptations of the right leg after flywheel squat training compared to the non-

significant changes in RF muscle after barbell squat training might be explained by the greater RF 

use during flywheel compared to barbell squat.31 On the other hand, the barbell squat group 

experienced moderate increments in the CSA of the right VMMID, whereas no significant VM 

adaptations were observed in the flywheel group. This seems to be in contrast to extensive studies 

reporting greater muscle use collected throughout MRI31 and activation throughout 

electromyography.32 Thus, further research is warranted to clarify greater increases in VM following 

barbell (isotonic) squat compared to flywheel squat. In this context, it is clear that regular soccer 

practice characterized by frequent kicking and associated stimulation of VM muscles, may have 

interfered with the training intervention. The flywheel group experience moderate increments in the 

CSA of the VLPROX and VLMID, whereas the barbell squat group increased the CSA of the VLDIST.

Our observed greater VL growth following flywheel training than barbell squat might be supported 

by the greater VL activation, and the resulting mechanical stress promoting hypertrophy.32-34 

However, the aforementioned studies have been conducted in non-athletic populations underling the 
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need of further research in soccer players or other athletic populations to better understand 

physiological factors leading to muscle hypertrophy. 

It is not possible to directly compare free weights vs. iso-inertial exercise due their different 

inherent unit of measure to calibrate intensity (weight in kg vs. inertia in Kg·m2). Thus, to ensure 

relatively comparable conditions between the two interventions, we adopted a quasi-identical time 

under tension (0.5 to 0.8 s) with same number of sets, repetitions and rest between sets. This is of 

importance as different time under tension could positively (if longer) or negatively (if shorter) 

mediate intracellular anabolic signalling, promoting different hypertrophic responses.18 

Based on the well-established association between strength- / power-based capacities and 

muscles’ CSA, our findings might be comparable to other ones examining the effectiveness of barbell 

squat training in young soccer players during the in-season throughout 8 to 12 weeks as 

complementary of regular soccer training.11 In general, our findings are supported by extensive 

evidence supporting the usefulness of flywheel training to promote skeletal muscle adaptations in 

various healthy and athletic population.16 Specifically, significant increases in quadriceps muscle 

volume have been observed in healthy men aged 39 years old following a 5-week flywheel squat 

training (4 sets of 7 reps/session)33 as well as in 30–53 year men and women following 5-week 

unilateral leg extension flywheel training.34 Whereas a wide range of studies has proven the 

beneficial effects of squat-based flywheel training in soccer players,12 no information was available 

regarding changes in muscle size. Thus, it is challenging to compare our findings with the available 

published research in this area. Nonetheless, based on the well-established association between 

strength- / power-based capacities and muscles’ CSA, our findings might be comparable to other ones 

examining the effectiveness of squat-based flywheel training in soccer players during the in-season. 

For example, improved isokinetic strength of the thigh muscles, change of direction capacity,19 

jumping and linear sprinting ability, injury incidence and severity35 as well as body composition36 

have been observed following flywheel training based on squat or leg curl exercise in soccer players. 

The lack of significant changes in the non-dominant (left) leg could be explained by the fact 

that players were involved in an-season intervention, being less sensitive to resistance training 

compared to the pre-season or off-season.11 Additionally, the whole week load (including field 

training) could have resulted in load differences between players. Consequently, performance 

adaptations to a given training intervention could be mediated by the physiological demands imposed 

by field practice as recently revealed in an U19 professional soccer team.37  

When directly comparing resistance training according to the eccentric emphasis, one study 

have examined changes in CSA following barbell squat training, demonstrating positive effects on 
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CSA irrespective of the eccentric duration (2 vs. 4 s).6 Additionally, a recent study showed that either 

barbell or flywheel squat training were equally effective in improving sprint time and jump height in 

amateur soccer players, whereas barbell squat promoted a more than two-fold larger increase in 1RM 

maximal partial squat strength than flywheel.38 Taken, together with our findings, this may suggest 

that both traditional resistance and eccentric training may promote similar performance and structural 

adaptations. However, further research is warranted to support our findings. 

On average, flywheel squat training largely produced greater force during exercise compared 

to the barbell squat training, which could be attributed to higher electromyographic activity noted 

during the eccentric phase, which also result in greater mechanical stress and associated hypertrophic 

responses.32 Indeed, muscle activation during free weight exercise is far from maximal throughout 

the range of motion, except for the last repetition at the point of failure to raise the weight. In contrast, 

the inertia of flywheel offers unrestrained resistance in each action, evoking maximal or near-

maximal activation throughout the set, with force progressively decreasing with fatigue.32 On the 

other hand, traditional barbell squat training produced moderately greater power output during 

exercise compared to flywheel squat training, which could be attributed to the movement speed during 

the concentric phase of the squat. Despite of the moderate-to-large effect sizes, our comparison in 

acute kinetic responses during exercise should interpreted with caution based on the different 

methodologies adopted to collect force and power data. Indeed, ergometer (flywheel) and 2D video-

analysis (barbell) possess different measurement error, and thus data quality might be skewed by the 

different data collection methods employed. Thus, it is important that future studies adopt the same 

motion analysis system to compare acute kinetic / kinematic responses during exercise. 

To our knowledge, this is the first randomized controlled trial to compare traditional barbell 

to flywheel squat added to regular soccer training. Such information is applicable for strength and 

conditioning coaches involved with young soccer players. In this context, evidence suggests that > 

70% soccer players start their professional career between 17 and 19 years old (under 19, U19).39 In 

this context, strength, and body size (which is related to muscle CSA)4 have been reported as main 

factor to select young professional soccer players.40 Thus, it is expected that players at this age and 

stage of development are ready to strength train. Additionally, it is important to examine the 

responsiveness to strength training throughout the competitive schedule, given the lower sensitivity 

to training-induced adaptations during the in-season compared to pre- or off-season.11  

It is important to underline some limitations inherent to this study. This is a case study limited 

to 7 subjects per intervention group. Thus, our results should be interpreted with caution when 

generalizing to the generic U19 soccer player population. Additionally, muscle hypertrophy occurs 
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when muscle protein synthesis exceeds muscle protein breakdown and results in positive net balance 

in cumulative periods, which can be achieved throughout protein ingestion alongside resistance 

training.41 However, it was not possible to control the protein intake. Additionally, no control group 

was included. Although it could have strengthened the study design, it was not ethically acceptable 

to benefit some players in detriment of others. Importantly, the two protocols (barbell vs flywheel) 

were not exactly matched (exercise intensity). Indeed, both power and force are significantly different 

between the exercises, therefore the two groups did not undergo an accurately comparable 

intervention. For instance, greater average force has been reported for flywheel training, and this 

could explain the greater CSA adaptations reported. 

Practical applications 

Either traditional barbell or flywheel resistance exercise seems to be effective to promote 

quadriceps’ hypertrophy in U19 soccer players during the in-season three times per week, as 

complementary to regular field-based soccer practice and competition within a short range of time (6 

weeks). Specifically, barbell squat seems to be more effective for VM hypertrophy whereas flywheel 

squat for RF and VL hypertrophy. Notwithstanding, these CSA gains were only observed in the 

dominant leg. Thus, further studies are warranted to explore the interference of field-based practice 

and competition on changes in muscles’ CSA. Despite of the same time under tension, flywheel 

training allows to produce greater force output than barbell / free weights training, which can be 

considered also from either strength or reconditioning perspective based on the relevance of the 

quadriceps muscles for soccer players.  
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Tables 

Table 1. Progression of a 6-week in-season traditional barbell or flywheel squat in an under-19 professional soccer team. 

Familiarization Intervention 

Week 1st 2nd 1st 2nd 3rd 4th 5th 6th 

MRI assessment ↓ ↓ 

Training frequency (sessions) 3 3 3 3 3 3 3 1 

Squat training intensity 

Barbell free weight (%1RM) 70 70 80 85 90 

Flywheel (Kg·m2) 0.006 0.006 0.0611 to 0.0811 0.0611 to 0.0811 0.0611 to 0.0811 0.0611 to 0.0811 0.0611 to 0.0811 0.0611 to 0.0811 

1RM, one-maximum repetition; MRI, magnetic resonance imagery 
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Table 2. In-season weekly training program for the under-19 professional soccer team involved in a 

6-week in-season traditional barbell or flywheel squat.

Day Intervention Field practice 

Monday Off 

Tuesday ↓ Starters (≥ 60 min): foam roller, upper body and biking 

(~45 min); 

Non-starters (< 60 min): warm-up, SSGs, aerobic training, 

upper body (~60 min). 

Wednesday ↓ Warm-up (~15 min), agility and quickness (~10 min), 

tactical (~30 min), SSGs (~20 min) and high-intensity 

aerobic training (~15 min) 

Thursday Warm-up (~15 min), tactical (~20 min), set pieces (~15 

min) and SSGs (~30 min) 

Friday ↓ Warm-up (~15 min), set pieces (~15 min), Tactical (~15 

min), SSGs (~10 min) and shooting (~10 min). 

Saturday Off 

Sunday Match at 11 AM 

SSGs, small-sided games 
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Table 3. Thigh cross-sectional area before and after a 6-week in-season barbell or flywheel squat in an under-19 professional soccer team. 

Variable Barbell squat (n = 7) Flywheel squat (n = 7) 

Before After P d (95% CIs) Before After P d (95% CIs) 

Right leg 

RFPROX 22.5 (19.4; 25.6) 23.5 (20.4; 26.6) 0.268 -0.46 (-1.35; 0.43) 24.9 (21.3; 28.5) 22.7 (18.5; 26.8) 0.192 0.55 (-0.34; 1.45) 

RFMID 24.8 (21.2; 28.3) 26.4 (23.7; 29.0) 0.351 -0.38 (-1.27; 0.51) 21.4 (18.4; 24.5) 23.7 (20.2; 27.2) 0.037 -1.01 (-1.94; -0.08)

RFDIST 12.9 (10.6; 15.3) 15.6 (13.7; 17.5) 0.159 -0.61 (-1.51; 0.29) 13.4 (9.8; 16.9) 14.7 (11.4; 17.9) 0.087 -0.77 (-1.68; 0.14)

VMPROX 22.7 (18.8; 26.5) 25.7 (22.9; 28.6) 0.085 -0.78 (-1.69; 0.14) 22.5 (18.5; 26.5) 23.3 (19.3; 27.2) 0.690 -0.16 (-1.04; 0.72)

VMMID 28.3 (26.3; 30.3) 32.2 (28.3; 36.0) 0.040 -0.99 (-1.92; -0.06) 26.4 (24.4; 28.5) 28.6 (26.7; 30.4) 0.063 -0.86 (-1.78; 0.06)

VMDIST 31.4 (26.4; 36.4) 31.7 (27.3; 36.2) 0.923 -0.04 (-0.92; 0.84) 27.4 (24.8; 29.9) 27.3 (21.4; 33.3) 0.992 0.00 (-0.88; 0.88) 

VLPROX 36.3 (31.8; 40.9) 33.7 (28.9; 38.4) 0.347 0.39 (-0.5; 1.28) 30.8 (26.4; 35.3) 33.7 (28.3; 39.1) 0.038 -1.00 (-1.93; -0.07)

VLMID 29.7 (24.0; 35.5) 32.5 (30.4; 34.5) 0.387 -0.35 (-1.24; 0.54) 26.2 (22.1;  30.5) 32.3 (26.6; 37.9) 0.003 -1.84 (-2.83; -0.84)

VLDIST 14.0 (10.0; 18.0) 18.2 (13.7; 22.6) 0.041 -0.98 (-1.91; -0.05) 15.1 (12.4; 18.2) 18.3 (15.6; 21.0) 0.091 -0.76 (-1.67; 0.15)

Left leg 

RFPROX 23.8 (20.8; 26.8) 26.2 (22.4; 30.0) 0.169 -0.59 (-1.49; 0.31) 22.3 (19.5; 25.2) 22.6 (19.9; 25.3) 0.855 -0.07 (-0.95; 0.81)

RFMID 26.4 (23.3; 29.5) 25.9 (23.9; 27.9) 0.750 0.13 (-0.76; 1.01) 21.8 (20.2; 23.5) 23.1 (21.0; 25.2) 0.315 -0.41 (-1.31; 0.48)

RFDIST 15.8 (11.4; 20.3) 17.2 (14.6; 19.7) 0.368 -0.37 (-1.26; 0.52) 12.7 (10.6; 14.9) 14.8 (12.1; 17.5) 0.208 -0.53 (-1.43; 0.36)

VMPROX 24.3 (21.5; 27.1) 23.3 (20.9; 25.7) 0.268 0.46 (-0.43; 1.36) 23.2 (19.5; 26.9) 23.5 (21.1; 25.8) 0.888 -0.06 (-0.94; 0.83)

VMMID 28.3 (24.6; 31.9) 28.7 (24.5; 32.9) 0.795 -0.10 (-0.98; 0.78) 24.8 (22.4; 27.1) 25.6 (22.5; 28.8) 0.371 -0.37 (-1.25; 0.52)

VMDIST 32.8 (27.5; 38.1) 30.1 (26.6; 33.7) 0.205 0.54 (-0.36; 1.44) 28.8 (24.3; 33.3) 26.0 (21.2; 30.8) 0.140 0.64 (-0.26; 1.55) 

VLPROX 35.0 (30.0; 40.0) 39.6 (34.8; 44.5) 0.200 -0.54 (-1.44; 0.35) 31.5 (27.0; 36.0) 35.9 (28.8; 43.0) 0.159 -0.61 (-1.51; 0.3)

VLMID 30.5 (26.2; 34.8) 36.7 (30.5; 42.9) 0.058 -0.88 (-1.80; 0.04) 28.6 (24.6; 32.6) 32.2 (29.2; 35.2) 0.074 -0.82 (-1.73; 0.10)

VLDIST 22.3 (14.9; 29.8) 24.9 (18.3; 31.5) 0.250 -0.48 (-1.37; 0.40) 21.7 (16.4; 27.0) 24.0 (20.1; 27.9) 0.115 -0.70 (-1.60; 0.21)

CIs, confidence intervals; RF, rectus femoris; VL, vastus lateralis; VM, vastus medialis; PROX, proximal portion; MID, medial portion; DIST, distal portion. 
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Figures’ caption and legend 

Figure 1. Sample kinetic data collection during the barbell squat. 

Figure 2. Force (a) and power (b) produced throughout a 6-week in-season traditional barbell or 

flywheel squat in an under-19 professional soccer team. 

The dotted-filled area is the smallest worthwhile change for the barbell squat group, whereas the grey-filled area is the 

smallest worthwhile change for the flywheel group; *, significant between-group differences (P < 0.05); CIs, confidence 

intervals. 
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METHODS: For the first analysis, the study included all 611 taekwondo athletes who competed in the Olympics between 2000 and 2016; for 
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the age of athletes. For the second analysis, we considered all 109 taekwondo athletes who took part in more than one edition of the Olympics 
between 2000 and 2016; chi-squared goodness of fit tests were performed to study the number of participations and changes in weight category 
of these athletes.
RESULTS: Female athletes, with a mean age of 23.8±4.1 years, are significantly younger (P=0.001) than their male counterparts, with a mean 
age of 25.1±3.9 years. In weight category, lighter athletes being younger than heavier ones in both females (22.7±3.7 vs. 24.5±4.2 years, P=0.04) 
and males (23.6±3.8 vs. 26.7±3.8 years, P=0.001; 24.2±3.5 vs. 26.7±3.8 years, P=0.001). When an athlete reaches Olympic competition several 
times, he/she generally competes in the same weight category (P=0.001) and takes part in two consecutive editions (P=0.001). Heavier athletes 
have greater longevity at Olympic level than lighter athletes (P=0.002).
CONCLUSIONS: The current data provides important information for national federations engaged in the selection of athletes for Olympic 
competitions.
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The age of peak competitive performance may vary be-
tween athletes in different sports and events, depend-

ing on the specific skills and attributes required for success 
in a particular event.1 In sports such as track and field, the 
age of peak performance is determined by personal record 
performances where performance measurement is based 
on centimeters or seconds.1-3 On the contrary, as recently 
highlighted,4 in combat sports the World Championships 
and Olympic Games are considered the two most impor-
tant indicators of professional success for athletes, since 
there is no measurement used to establish world record 
performances.

Combat sports account for an important part of the 
medals awarded at the Summer Olympics. The current 
schedule of the Olympic Games includes fencing, box-
ing, taekwondo, karate, judo, Greco-Roman wrestling 
and freestyle wrestling. However, the inclusion of these 
sports in the Olympic programs has followed different 
paths over time; fencing and wrestling were already pres-
ent in the program of the 1896 Olympic Games while 
karate was introduced at the 2020 Olympic Games.5 In 
this context, a broad knowledge about the characteristics 
of combat sports athletes of different ages and perfor-
mance levels is crucial6 to provide, to the coaches and the 
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Materials and methods

Participants and data collection

The present study included all 611 taekwondo athletes (fe-
males =300; males =311) who competed in the 5 Olympics 
between 2000 and 2016. Birth dates, competitive achieve-
ments and weight categories were collected from publicly 
available online sources (www.olympic.org and www.
olympiandatabase.com). The use of data from open access 
sites has been previously described in other studies4, 30, 32 
and there are no ethical issues involved in the analysis and 
interpretation of the data used as these were obtained in a 
secondary form and not from direct experimentation.

Procedures

Taekwondo athletes were divided by gender (female and 
male), edition of the Olympic Games (Sydney 2000, Ath-
ens 2004, Beijing 2008, London 2012, Rio 2016), com-
petitive achievement (1st-3rd placers, i.e. one gold, one 
silver and one or two bronze medal winners; 5th and 7th 
placers, i.e. defeated in the repechage and bronze medal 
matches; 9th placers and below, i.e. defeated in the elimi-
natory phases), weight category (flyweight, featherweight, 
middleweight and heavyweight) and age category (<20 
years, 20-25 years, 25-30 years and >30 years).

Statistical analysis

Data were tabulated and organized in a Microsoft Excel 
worksheet and then reported and analyzed using IBM 
SPSS 25 software (SPSS Inc., Chicago, IL, USA). Based 
on previous studies30, 31 that did not find the relative age 
effect in the Olympic taekwondo population (from Sydney 
2000 to Rio 2016), the age of each athlete was calculated 
as follows: year of the Olympic edition-year of birth of 
the athlete = age of athlete. For each variable, the normal-
ity of the data distribution was examined using a Shapiro-
Wilk Test. Descriptive statistics (mean±standard deviation 
[95% confidence intervals]) were used to summarize the 
collected data and were presented when considered rel-
evant. A Student’s t-test for independent samples was used 
to compare male and female athletes. The Effect Size (ES) 
was determined, and the threshold values for Cohen’s ES 
statistics were classified as trivial (0.0-0.19), small (0.2-
0.59), moderate (0.6-1.1), large (1.2-1.9) and very large 
(>2.0).33 As this analysis revealed age differences between 
the sexes, each group was analyzed separately.4 Thus, for 
each sex, a three-way ANOVA (edition of Olympic Games, 
competitive achievement and weight category) was per-

national federations, important information to optimize 
long-term development and decision-making processes 
when selecting athletes for major competitions.7-9

After participating in the 1988 Seoul Olympic Games 
and the 1992 Barcelona Olympic Games as a demonstra-
tion sport, taekwondo became an official Olympic sport at 
the 2000 Sydney Olympic Games. Under the leadership of 
World Taekwondo, which regulates Olympic competitions 
and World Championships, taekwondo has gained popu-
larity over time and confirmation as one of the 25 core 
sports for the Tokyo 2020 Olympic Games.10, 11 Combat 
sports, such as taekwondo, involve an oppositional rela-
tionship between two athletes striving to win the match;12 
consequently, many aspects are considered important to 
achieve successful competitive performance in taekwon-
do, including a high degree of technical-tactical compe-
tence supported by physiological, psychological13-16 and 
sport context-specific components such as periodization 
strategies17, 18 and nutritional preparation.19, 20 The various 
rule changes that have taken place over the last decade,21-23 
impacting on the kinematic and physiological profile of 
the fight,24, 25 have made taekwondo an even more dynam-
ic sport.

Although some studies have investigated the pro-
files26-29 and the effect of relative age30, 31 of Olympic 
taekwondo athletes, no previous study has investigated 
the age at which taekwondo athletes competed in the 
Olympic Games, considering all editions of participation, 
competitive achievement and weight category. In judo, 
Franchini et al.4 explored the age at which athletes par-
ticipated in World Championships and Olympic Games, 
over a 25-year interval, taking into account achievement 
performance and weight category in the analysis. The 
authors reported that generally female athletes, with a 
mean age of 24.9±3.9 years, were significantly younger 
than their male counterparts, with a mean age of 25.4±3.8 
years.

In line with the above, the objectives of the present 
study were 1) to examine the age at which taekwondo 
athletes competed in the Olympic Games; 2) to compare 
the age of taekwondo athletes who won medals, placed 
5th/7th and were defeated in the eliminatory phases; 3) to 
compare the age of taekwondo athletes in different weight 
categories; 4) to monitor taekwondo athletes who have 
taken ;part in multiple editions of the Olympic Games for 
changes in weight category over time; and 5) to examine 
whether there was a change in the age category distribu-
tion over the period of taekwondo’s participation in the 
Olympic Games.
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were younger (P=0.04) than those in the heavyweight cat-
egory (Table I).

For male taekwondo athletes, there was no main effect 
by edition of the Olympic games (F4,251 = 0.37; P=0.85, 
η2

P=0.01, small) and by competitive achievement (F2,251 = 
1.75; P=0.16, η2

P=0.01, small). However, main effects by 
weight category were also found for male taekwondo ath-
letes (F3,251 = 9.11; P=0.001, η2

P=0.1, moderate) (Table II).
Male taekwondo athletes in the flyweight category were 

younger than those in the middleweight (P=0.001) and 
heavyweight (P=0.001) categories. Athletes in the feath-
erweight category were younger than those in the middle-
weight (P=0.02) and heavyweight (P=0.001) categories 
(Table II).

Considering the main effects found for the weight cat-
egory, we then considered all the athletes who took part in 
more than one edition of the Olympic Games for further 
analysis. This study included 109 athletes for a total of 242 
participations out of 611 Olympic passes (39.61%).

For the first analysis: 1) we compared athletes who took 
part in more than one edition of the Olympic Games keep-
ing the same weight category over time with athletes who 
took part in more than one edition of the Olympic Games 
changing weight category over time; and 2) we compared 
athletes who took part in 2 consecutive editions (i.e., one 
four-year period) with athletes who took part in 2 non-con-
secutive or in ≥ 3 consecutive editions (i.e., two or more 

formed with Tukey’s post-hoc tests, when appropriate, to 
detect significant differences in the age of athletes from 
different groups; ES in ANOVA was computed as partial 
η2, with partial η2<0.01, 0.01<partial η2<0.06, 0.06<par-
tial η2<0.14 and partial η2>0.14, as trivial, small, moder-
ate, and large ES, respectively.34 χ2 goodness of fit tests 
and odds ratio (95% confidence intervals) were performed 
to study the athletes who took part in more than one edi-
tion of the Olympic Games; χ2 tests of independence were 
performed to identify the association between edition of 
the Olympic Games and the age categories. For these ana-
lyzes, ES was reported using Cramer’s V as small (0.06-
0.17), medium (0.18-0.29) and large (>0.30).35 Statistical 
significance was accepted at P<0.05.

Results
Female taekwondo athletes were younger (23.8±4.1 years) 
than male taekwondo athletes (25.1±3.9 years) (t=4.01, 
P=0.001, d=0.33, small, confidence interval of the differ-
ences =0.67; 1.95).

For female taekwondo athletes, no main effects were 
found for edition of the Olympic Games (F2,240 =0.96; 
P=0.43, η2

P=0.02, small) and competitive achievement 
(F2,240 = 0.99; P=0.37, η2

P=0.01, small). However, main ef-
fects were found by weight category (F3,240 = 2.9; P=0.04, 
η2

P=0.03, small) (Table I).
Female taekwondo athletes in the flyweight category 

Table I.—��Descriptive statistics (m±SD [95% CI]) of the chron-
ological age (years) of female taekwondo athletes according to 
Olympic edition, competitive achievement and weight category 
(N.=300).
Parameters Values
Olympic edition

Sydney 2000 24.4±4.5 y [23.1-25.7]
Athens 2004 23.5±4 y [22.5-24.5]
Beijing 2008 23.1±4.2 y [22.1-24.2]
London 2012 23.6±3.8 y [22.6-24.5]
Rio 2016 24.5±4.1 y [23.5-25.5]

Competition achievement
1st-3rd 23.3±3.2 y [22.6-24.1]
5th/7th 24.3±4.6 y [23.3-25.3]
≥9th 23.8±4.3 y [23.1-24.5]

Weight category
-49 kg “Fly” 22.7±3.7 y a [21.9-23.6]
-57 kg “Feather” 23.6±3.8 y [22.7-24.5]
-67 kg “Middle” 24.4±4.5 y [23.3-25.4]
+67 kg “Heavy” 24.5±4.2 y [23.6-25.5]

1st-3rd: one gold, one silver and one or two bronze medal winners, 5th / 7th: 
defeated in the repechage and bronze medal matches, ≥ 9th: defeated in the 
eliminatory phases.
aSignificantly younger (P=0.04) when compared to heavyweight category.

Table II.—��Descriptive statistics (m±SD [95% CI]) of the chron-
ological age (years) of male taekwondo athletes according to 
Olympic edition, competitive achievement and weight category 
(N.=311).
Parameters Values
Olympic edition

Sydney 2000 25±4 y [23.9-26.1]
Athens 2004 25.2±3.5 y [24.3-26.1]
Beijing 2008 25.3±4.1 y [24.2-26.3]
London 2012 25.4±3.9 y [24.5-26.4]
Rio 2016 24.7±4.3 y [23.6-25.7]

Competition achievement
1st-3rd 24.4±3.3 y [23.7-25.2]
5th/7th 25.7±4.1 y [24.8-26.5]
≥9th 25.1±4.1 y [24.5-25.8]

Weight category
-58 kg “Fly” 23.6±3.8 y a [22.7-24.4]
-68 kg “Feather” 24.2±3.5 y b [23.4-25]
-80 kg “Middle” 26±3.9 y [25.1-26.9]
+80 kg “Heavy” 26.7±3.8 y [25.9-27.6]

1st-3rd: one gold, one silver and one or two bronze medal winners, 5th / 7th: 
defeated in the repechage and bronze medal matches, ≥ 9th: defeated in the 
eliminatory phases.
aSignificantly younger when compared to middleweight (P=0.001) and 
heavyweight (P=0.001) categories; bsignificantly younger when compared to 
middleweight (P=0.02) and heavyweight (P=0.001) categories.
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who took part in 2 consecutive editions and athletes who 
took part in 2 non-consecutive editions or in ≥3 consecu-
tive editions (74.31% vs. 25.69%; χ2

(1) = 25.771; P=0.001; 
V=0.49, large; OR=2.89, 95% CI: 1.63-5.12).

In the second analysis, 1) considering the athletes who 
took part in 2 consecutive editions, we compared the ath-
letes of the lighter categories (fly and feather) with the 
athletes of the heavier categories (middle and heavy) and 
2) considering the athletes who took part in 2 non-con-

four-year periods) (the details of the athletes are shown in 
Figure 1).

A difference was observed between athletes who took 
part in several editions of the Olympic Games keeping the 
same weight category over time and athletes who took part 
in several editions of the Olympic Games changing weight 
category over time (76.15% vs. 23.85%; χ2

(1) =29.807; 
P=0.001; V=0.52, large; OR=3.19, 95% CI: 1.79-5.69); at 
the same time a difference was observed between athletes 

Figure 1.—A) Female taekwondo athletes (N.=44); and B) male taekwondo athletes (N.=39) who have taken part in several editions of the Olympic 
Games while maintaining the same weight category over time; C) female taekwondo athletes (N.=11); and D) male taekwondo athletes (N.=15) who 
took part in more than one edition of the Olympic Games changing weight category over time.
In Figure 1C, D, the arrow pointing upwards to the right indicates that the athlete participated in a higher weight category in his/her successive edi-
tion, the arrow pointing downwards to the right indicates that the athlete participated in a lower weight category in his/her successive edition, the 
arrow pointing to the right indicates that the athlete kept the same weight category in his/her successive edition.
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Olympic Games and age category for both females (χ2
(12) 

=14.181; P=0.289; V=0.13, small) (Figure 2A and males 
(χ2

(12) =7.666; P=0.811; V=0.09, small) (Figure 2B).

Discussion
To our knowledge, this is the first study that has ana-
lyzed the age at which taekwondo athletes competed in 
the Olympic Games considering all editions of taekwondo 
participation in the Olympic Games, competitive achieve-
ment and weight category. The main findings concerned 
the weight category where, regardless of gender, lighter 
athletes are younger than heavier ones. No difference in 
age was found between all editions of participation and 
in final classification for both female and male athletes. 
Overall, taekwondo athletes are most represented in the 
20-25 age category with the same percentage in both sex-
es; in females the <20 age category has a similar value to
the 25-30 age category, while in males the <20 age cat-
egory has a similar value to the >30 age category.

Franchini et al.,4 exploring the age at which judo ath-
letes participated in the World Championships and Olym-
pic Games between 1993 and 2018, involved the last six 
Olympic Games participations in the analysis by consider-
ing the same variables used in our study, thus allowing 
a direct comparison between these two Olympic combat 
sports.

Specifically, no age difference was found when compar-
ing all editions of taekwondo participation in the Olympic 
Games in both sexes. In judo, only the female athletes who 
took part in the London 2012 and Rio 2016 Olympics were 
significantly older than the female athletes who participat-
ed in the Atlanta 1996 Olympics, while no significant dif-
ference emerged for their male counterparts. These results 
appear to be in line as in both judo and taekwondo, com-
pared since the Sydney 2000 Olympics when taekwondo 
became an Olympic sport, no age difference was found 
between the editions.

Our data did not reveal any age difference regarding 
the competitive achievement in both sexes. In judo (con-
sidering both the World Championships and the Olym-
pic Games), only significantly younger female athletes 
performed worse in the preliminary rounds, whereas no 
significant difference emerged for their male counterparts. 
According to the authors, this could be the consequence 
of the important selectivity of these events in terms of 
participation where probably only athletes who are suc-
cessful in high-level preparatory competitions manage to 
reach such important competitions. Taekwondo also uses 

secutive or in ≥ 3 consecutive editions, we compared the 
athletes of the lighter categories (fly and feather) with the 
athletes of the heavier categories (middle and heavy). For 
this analysis, the athletes were divided into two groups 
(light and heavy) on the basis of the main effects found for 
the weight category and the athletes who changed category 
over time were placed in a group taking into consideration 
their last participation (the details of the athletes are shown 
in Figure 1).

No difference was reported between the athletes of the 
lighter and heavier categories considering the athletes who 
took part in 2 consecutive editions (50.62% vs. 49.38%; 
χ2

(1) =0.012; P=0.912; V=0.01, small; OR=1.03, 95% CI: 
0.55-1.90); on the contrary, a difference was reported be-
tween the athletes of the lighter categories and the athletes 
of the heavier categories considering the athletes who 
took part in 2 non-consecutive editions or in ≥3 consecu-
tive editions (21.43% vs. 78.57%; χ2

(1) =9.143; P=0.002; 
V=0.57, large; OR=3.67, 95% CI: 1.14-11.79).

No association was shown between edition of the 

Figure 2.—Age category distribution (%) over time for A) female tae-
kwondo athletes and B) male taekwondo athletes at the Olympic Games 
(2000-2016).
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difficulty in reaching Olympic competition more than 
twice in their career. In this regard, considering that tae-
kwondo athletes at the Olympic level compete in four 
weight categories while in other international competitions 
(such as World Championships and ranking competitions) 
in eight weight categories, the hypothesis is that athletes, 
when unable to maintain the Olympic weight category of 
their first participation, will compete in adjacent weight 
categories during the four-year period,23, 37 and then return 
to the same Olympic weight category in their next partici-
pation and retain a likely competitive advantage. The pos-
sible difficulties resulting from similar long-term weight 
management and the greater competitiveness in term of 
participants in the selection process of the lighter catego-
ries could represent a barrier for these athletes and result 
in shorter Olympic careers. In contrast, double participa-
tion in two Olympic four-year terms and three or more 
consecutive participations seem to be more characteristic 
of athletes competing in the heavier categories. The hy-
pothesis is that heavier athletes have greater longevity at 
Olympic level than lighter athletes, probably due to less 
competitiveness in these categories and easier weight 
management. Another important hypothesis to consider 
could stem from the differences found in technical-tactical 
behaviors in taekwondo athletes of different weight cat-
egories who participated in the 2012 London Olympics.40 
This study found that both male and female athletes in the 
lighter categories (fly and feather) performed more antici-
pated, posterior and linear actions at both impact zones 
(head and trunk) with the left and front leg than those in 
the heavier categories (middle and heavy). Specifically, 
lighter female athletes performed more indirect actions, 
anticipated and posterior counterattacks, linear actions, 
to the head and trunk, with the left leg and open guard 
than heavier athletes. Conversely, heavier female athletes 
performed more defensive actions (blocks and cuts) than 
lighter ones because these defensive actions do not require 
a global move to perform them. Lighter male athletes per-
formed more actions (direct, indirect, back, circular, spin, 
at the head and trunk, left and right leg, front and back and 
closed guard) than heavier athletes. This tendency of the 
heavier male and female athletes in performing fewer ac-
tions has also been reported at other competitive levels41, 42 
and has been attributed to the higher energy demands in 
heavier athletes to perform kicks and punches, due to the 
greater mass in the arms and legs, resulting in a lower fight 
pace and longer recovery times compared to the lighter 
athletes.43, 44 These differences found in the technical-
tactical behaviors, between the athletes of the lighter cat-

a highly selective qualification system for the Olympic 
Games, which until the London 2012 Olympic Games 
was based on world and continental qualification competi-
tions, while since the Rio 2016 Olympic Games on world 
ranking and continental qualification competitions.36, 37 
In judo, the world ranking-based qualification system for 
the Olympic Games was first used at the 2012 London 
Olympics.38 Franchini and Julio32 studied how long-term 
and short-term performance in competitions valid to gain 
world ranking points predict performance for the Olym-
pic Games. The authors identified that 24% and 26% of 
judo performances at the London 2012 Olympic Games, 
for females and males respectively, could be predicted by 
variables derived from world ranking. In contrast, in tae-
kwondo, no studies have investigated how point and quali-
fying competitions influence selectivity and success in the 
Olympic Games, and future studies should investigate this 
aspect to justify the absence of age differences in the final 
classification of the Olympic Games.

With regard to weight category, it is important to note 
that our data is in line with what emerged in judo (con-
sidering both the World Championships and the Olympic 
Games) where lighter athletes are generally younger than 
heavier athletes in both sexes. A first hypothesis discussed 
by the researchers, which attempts to explain the age differ-
ences in the weight category, revolves around the process 
of rapid weight loss in the precompetition period where it 
would appear that elite judo athletes use more aggressive 
methods particularly at the beginning of their careers.39 In 
taekwondo it would also appear that elite athletes begin 
to lose weight at younger ages in order to compete at the 
highest level, confirming evidence from judo that compe-
tition at high levels is associated with worsened weight 
management behaviours.19, 39

A second hypothesis in judo is that athletes change their 
weight category as they age. Although this is a common 
observation and recently highlighted in taekwondo, where 
older athletes tend to abandon the passive model in favour 
of not losing weight at all,20 no previous study has shown 
this change in weight categories in combat sports. In this 
regard, another objective of the present study was to moni-
tor taekwondo athletes who took part in multiple editions 
of the Olympic Games for changes in weight category 
over time.

The most important results show that, generally, when a 
taekwondo athlete reaches the Olympic competition more 
than once in his career, he competes in the same weight 
category and takes part in two consecutive editions. Sec-
ondly, athletes in the lighter categories seem to have more 
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tween all editions of participation, in the final classifica-
tion and no significant change occurred in the different 
age categories. The main results concerned the weight 
category where, generally, lighter athletes are younger 
than heavier ones. When a taekwondo athlete reaches the 
Olympic competition several times in his career, he/she 
generally competes in the same weight category and takes 
part in two consecutive editions. Athletes in the lighter cat-
egories seem to have more difficulty in reaching Olympic 
competition more than twice in their career. In contrast, 
double participation in two Olympic four-year terms and 
three or more consecutive participations seem to be more 
characteristic of athletes competing in the heavier catego-
ries. This twofold aspect could provide more justification 
for the fact that lighter athletes are generally younger than 
heavier athletes in the Olympic taekwondo population. 
The current data derived from the study of all taekwondo 
participations in the Olympic Games not only provides ad-
ditional knowledge about this increasingly popular combat 
sport, but also important information for national federa-
tions engaged at the highest level in the selection of ath-
letes and long-term development processes for Olympic 
competitions.
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ABSTRACT
Relative Age Effects (RAEs) appear largely throughout youth soccer. However, little is known about how 
RAEs at youth levels can impact transition at senior levels. Accordingly, this study aimed to : (a) provide 
further test of RAEs by exploring the birth quarter (BQ) distribution of 2,030 Italian players born from 1975 
to 2001 who have played in any of the Youth National Italian Soccer Teams ; and (b) investigate how RAEs 
influence future career outcomes, by exploring the BQ distribution of players who completed the 
transition from youth squads to the Senior National Team (n = 182)    Chi-square statistics revealed 
significantly skewed BQ distributions for all Youth squads (P values <0.0001), and for the cohort of 
players who completed the transition (P = 0.003). In contrast, results from the Odds Ratios highlighted 
how BQ4s were more likely to transition from youth-to-senior compared to BQ1s . Results showed BQ1s 
remained overrepresented at senior level due to a residual bias effect. Whereas BQ4s who were able to 
overcome selection processes at youth levels recorded the highest likelihood of competing at senior 
levels. Involving players’ career trajectories in RAEs studies is needed to understand how RAEs impacts 
career outcomes of early selected players.
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Introduction

To provide every child with an equal opportunity to develop, 
youth sport organisations adopt a strategy that follows a cut-off 
criterion whereby players are grouped based on their birthdate 
(Gil et al. 2020). During this age-based system, those who are 
born near the beginning of the annual selection year (e.g., 
January 1st in Italy) can be almost one year older than those 
who are born near the end of the selection year (e.g., 
December 31st in Italy). As a result of the timing of one’s birth 
within a given (bi)annual-age group, an individual can be rela
tively older or younger in comparison to their peers (Musch and 
Grondin 2001). Research has shown how from a very young age 
relatively older athletes have increased selection opportunities 
into Talent Identification Development Systems (TIDS) due to 
relative age advantages (Till and Baker 2020). This selection bias 
is labelled Relative Age Effect (RAE), which is a well-known 
phenomenon, having been observed in various individual and 
team sports across the globe (e.g., Costa et al. 2013; Yagüe et al. 
2018; Pérez-González et al. 2021).

Generally, it was assumed that relatively older players tend 
to be more biologically mature than their younger counterpart 
and thus favoured by their physical and athletic advantages 
(Cobley et al. 2009). However, recent findings in this research 
area have suggested how relative age and maturation are two 
different constructs which need to be separated (see Towlson 
et al. 2021 for a detailed discussion). Sport systems tend to 

select children based on their current level of performance as 
young as aged 9 years (Baker et al. 2018), and it seems obvious 
that when selecting athletes this early in the course of their 
development, any age-related difference is well marked (Doyle 
et al. 2017). An 11-month difference in age represents almost 
a year of experiences and opportunities to practice (Aune et al. 
2018), which in relative terms means that a 10-year-old child 
born in January, has 10% more time to practice, and develop, 
compared to their younger peers born instead in December. 
This highlights how higher performance standards at the 
beginning of the developmental process, often attributed to 
innate ability, are more likely due to chronological age (Doyle 
et al. 2017).

Further theoretical support for the explanation of RAEs was 
given by Kelly et al. (2022), who used the Personal Assets 
Framework to explain the immediate (i.e., personal engage
ment in activities, appropriate settings and organisational 
structures, and quality social dynamics), short-term (i.e., com
petence, confidence, connection, and character), and long-term 
(i.e., performance, participation, and personal development) 
developmental outcomes due to RAEs. For example, athletes 
born at the begin of the competition year are provided with 
greater openings to elite developmental programs due to their 
age, and consequently experiment longer developmental 
advantages, thus benefit from the increased exposure to sport- 
specific motor experiences, to quality coaches and facilities, 
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and from the regular involvement in higher competition levels 
from a young age (Ibàñez et al. 2018). This creates differences in 
opportunity for growth, as early born athletes have more time 
and possibility to develop and fulfil their true potential, sug
gesting how they may enhance their sport-specific skills faster 
than their younger peers (Doncaster et al. 2020). This rise in 
sporting competence leads them to increase their performance 
standards and to experiment early successes, that in turn result 
in higher levels of confidence and motivation (Aune et al. 2018; 
Kelly et al. 2022), that eventually rise to further improvement of 
performance.

The higher developmental opportunities experimented by 
the relatively older athletes could augment their likelihood of 
becoming the better athletes in the long term. Research has 
shown how RAEs affect the early phase of senior career in team 
sports (Lupo et al. 2019) and influence the likelihood of achiev
ing world class performance in individual sport (Brustio et al. 
2019). Some studies use the overrepresentation of relatively 
older athletes at senior level to indicate that they remain to be 
considered the most “talented”, proving the long-term effects 
of relative age (e.g., Tribolet et al. 2019; Kelly et al. 2022). As an 
example, recently in Italian soccer, Brustio et al. (2018) found 
a skewed birthdate distribution favouring relatively older 
players in all playing categories at youth and senior levels 
(U15, U16, U17; Primavera [U20], and Serie A [i.e., Italian 
Premier League]). In detail, examination of the BQ distribution 
across all youth Italian soccer categories showed how only 5%, 
6%, 11% and 10% of players who played at U15, U16, U17 and 
Primavera level were born in the last quartile, respectively. 
These low percentages indicate most relatively younger 
players, who may have the potential to excel in adulthood, 
are overlooked by youth sport organisations, being under- 
represented across all elite age-group categories. This causes 
a smaller pool of talented later born players to select from at 
senior levels (Kelly et al. 2022). In other words, when Italian 
soccer clubs will select players, from the youth leagues, for their 
senior teams, the likelihood of selecting a player born in 
January, rather than one born instead in December will be 
much higher. Players are selected from a pool of players already 
affected by the relative age effect, indicating the existence of 
a residual bias labelled “knock-on effect” of relative age phe
nomenon (Mujika et al. 2009; Lovell et al. 2015).

In line with these observations, literature has found that 
despite the presence of RAEs both at youth and senior 
levels, relatively younger players able to enter the system 
at an earlier age are the ones who possess the greater 
likelihood of achieving the professional status. More speci
fically, research conducted in rugby union (Kelly et al. 
2021a), cricket (Kelly et al. 2022); basketball (Kelly et al. 
2021b), and soccer (Kelly et al. 2020a) has shown how 
later born players are less likely to be selected by academy 
systems but are more likely to transition into senior squads 
once selected. These findings are explained using the 
“underdog hypothesis” (Gibbs et al. 2012), whereby it has 
been suggested that relatively younger players may hold 
the greatest potential for success at the adult level, due to 
being required to develop superior technical, tactical, phy
sical, psychological, and social skills in order to compete 

with their relatively older and more advanced peers 
(Schorer et al. 2009; Gibbs et al. 2012; McCarthy et al. 
2016). This body of research shows it is important to cap
ture players' career trajectories to better understand how 
age group structures can impact senior opportunities for 
young players who enter talent pathways at youth levels.

Accordingly, this study aimed to explore the complex rela
tionship between the date of birth, the likelihood of being 
selected by talent identification and development system, and 
the opportunity to complete the transition and compete at 
senior level. For this reason, this study was divided into two 
parts: Part 1 explored the BQ distribution of 2,030 Italian 
players born from 1975 to 2001 (both years included) who 
have played in any of the Youth National Italian Soccer Teams 
(i.e., U15, U16, U17, U18, U19, U20, and U21); Part 2 recorded 
career trajectories of these players to investigate how RAEs 
influence future career outcomes, by exploring the BQ distri
bution of players who completed the transition from youth 
levels to the Senior National Team (n = 182) and those who 
eventually achieved the Super International Achievers (SIA) 
status (i.e., playing at a senior level in a UEFA European 
Champions and/or FIFA World Championship; n = 58). For 
Part 1 of the study, it was hypothesised RAEs were largely 
present at youth levels due to the immediate and short-term 
effects of relative age. For Part 2 of the study, it was hypothe
sised RAEs remain present in the cohort of players who com
pleted the transition, and their presence rather that because 
of the long-term effects of relative age, whereby relatively 
older players remain to be considered the most “talented” 
even at senior level, was expected only due to a residual 
bias labelled “knock-on effect” of relative age, whereby, in 
contrast, are the relatively younger players the ones with the 
greatest likelihood to complete the transition due to the 
effects of the “underdog hypothesis”.

Methods

Subjects

In Part 1 of this study, a total sample of 2,030 male Italian soccer 
players were included. To be eligible for inclusion, a player 
must have been born from 1975 to 2001 (both years included) 
and must have been selected at least once during their career 
to play for any Youth National Italian Soccer Team (U15: n =  
431; U16: n = 722; U17: n = 736; U18: n = 855; U19: n = 708; U20: 
n = 671; U21: n = 511). One player could have been registered 
in more than one youth team, depending on how many times 
they were selected for (i.e., a player during their youth career 
could have been selected to play for the U15 team and for the 
U16 team).

For Part 2 of this study, players who made the successful 
transition from the Youth National Teams to the Senior National 
Team (n = 182), as well as players who went on to play a UEFA 
European Championship or a FIFA World Championship with 
the Senior National Team (i.e., players who achieved SIA status; 
n = 58) were included. Because all data were freely available 
from the internet, no approval by an Ethical Committee was 
required.
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Procedures

The data for this study (i.e., players’ birthdates and selections) 
were obtained from the official data centre of the Italian Soccer 
Federation (Federazione Italiana Giuoco Calcio; FIGC), which 
were allocated on the FIGC website (https://www.figc.it). The 
birth month of each player was used to define the BQ, which 
was then allocated into one of the four quartiles: (a) BQ1 =  
January, February, and March, (b) BQ2 = April, May, and June, 
(c) BQ3 = July, August, and September, and (d) BQ4 = October, 
November, and December. The observed birthdate distribution 
of the Youth National Teams was calculated for each BQ and 
compared to the expected distribution of an assumed equal 
number of players in each BQ (Schorer et al. 2009).
Subsequently, the observed birthdate distribution of the
players who successfully made the transition to the Senior
National Team, and of the players who achieved the SIA
Status, was also calculated. Moreover, in order to gain a full 
understanding of any bias effects, the Senior National Team 
and SIA were compared to both the uniform distribution and to 
the U15 player BQ distribution.

Statistical analysis

In Part 1 of this study, the observed Youth National Teams BQ 
distributions were compared against the expected BQ distribu
tion based on the assumption that the BQs were equally dis
tributed (Schorer et al. 2013). In Part 2 of this study, to explore 
the youth-to-senior transition, the BQ distribution of players 
who successfully progressed to play for the Senior National 
Team as well as the BQ distribution of players who then 
achieved SIA status were compared both to the uniform dis
tribution (i.e., assumed equal BQs distribution) and to the 
expected distribution (i.e., U15 BQ distribution) (Kelly et al. 
2020b). A chi-square (×2) goodness-of-fit test was used to 
compare the observed and expected BQ distributions. As the 
chi-square does not reveal the magnitude of difference 

between quartile distributions for significant chi-square out
puts, effect sizes (Cramer’s V), was also used. The Cramer’s 
V was interpreted as follows: a value of 0.06 or more indicated 
a small effect size, 0.17 or more indicated a medium effect size, 
and 0.29 or more indicated a large effect size (Cohen 1998). 
Odds Ratios (ORs) and 95% Confidence Intervals (CIs) were used 
to compare BQs for achievement of youth and senior status, 
with the youngest group used as reference (BQ4), as previously 
conducted in other relative age studies (Brustio et al. 2018). The 
ORs were calculated and interpreted following the procedures 
outlined by Szumilas (2010), with CIs including 1 (i.e., 95% CI 
0.90–1.10) marked no association. Results were considered sig
nificant for P < 0.05.

Results

The frequency and percentage of the Youth National Teams 
distributions from each BQ, the results from the chi-square 
tests, and the results from the ORs are shown in Table 1. The 
observed BQ distribution for the U15, U16, U17, U18, U19, U20, 
and U21 were significantly skewed when compared to the 
expected BQ distribution (all P < 0.0001; effect sizes ranged 
from medium to large; BQ1 range from 34.4% to 46.7%, BQ2 
from 24.8% to 29.4%, BQ3 from 18.1% to 22.7%, and BQ4 from 
7.2% to 15.2%; overall mean: BQ1 = 41.4%, BQ2 = 27.2%, BQ3 =  
20.5%, and BQ4 = 10.8%). The ORs showed an increased like
lihood of relatively older players being selected for every Youth 
National Teams (i.e., from U15 to U21), with the highest ORs 
recorded between BQ1 and BQ4 (ranging from 2.4 [U20] to 
6.5 [U15]).

The observed BQ distribution of the senior cohorts (i.e., 
Senior National Team and SIA), as well as the uniform and 
the expected distributions, are separately displayed in 
Figure 1. When comparing both senior cohorts to the uni
form distribution, results show RAEs remain present in the 
Senior National Team cohort, as relatively older players are 
overrepresented (×2 (3) = 13.956, P = 0.003, Cramer’s V =  

Table 1. Birthdate distribution of the International Youth Italian football players compared to the uniform distribution. The uniform distribution was of 25% for each 
birth quarter.

National team BQ1 (expected) BQ2 (expected) BQ3 (expected) BQ4 (expected) X2 P V Effect BQ4 vs. BQ1 OR (95% CI)

U21 177 (128.3) 150 (128.3) 117 (128.3) 69 (128.3) 50.579 <0.0001 0.18 Medium 2.57 (1.77–3.72)
% 34.5 29.2 22.8 13.5
U20 243 

(168)
179 

(168)
148 

(168)
102 

(168)
62.512 <0.0001 0.18 Medium 2.40 (1.75–3.28)

% 36.2 26.6 22 15.2
U19 284 

(179)
201 

(179)
146 

(179)
85 

(179)
119.743 <0.0001 0.24 Medium 3.34 (2.43–4.60)

% 39.7 28 20.4 11.9
U18 370 

(224)
239 

(224)
186 

(224)
101 

(224)
170.152 <0.0001 0.25 Medium 3.66 (2.75–4.88)

% 41 26.7 20.8 11.5
U17 357 (200.5) 224 (200.5) 147 (200.5) 74 

(200.5)
218.998 <0.0001 0.3 Large 4.82 (3.51–6.63)

% 44.5 27.9 18.3 9.3
U16 396 (211.3) 219 (211.3) 163 (211.3) 67 

(211.3)
271.379 <0.0001 0.33 Large 5.91 (4-29-8.15)

% 46.9 25.9 19.3 7.9
U15 266 (136.5) 134 (136.5) 110 (136.5) 35 

(136.5)
203.895 <0.0001 0.35 Large 7.60 (4.97–11.62)

% 48.8 24.6 20.2 6.4

Bold = statistically significant at P < 0.05.
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0.16; BQ1 = 33% vs. BQ4 = 14.2%), although this was not 
statistically significant for the SIA Status cohort (×2 (3) =  
1.448, P = 0.694, Cramer’s V = 0.08; BQ1 = 31% vs. BQ4 =  
20.7%). In contrast, relatively younger players recorded sig
nificantly higher conversion rates, whereby BQ4s had the 
largest proportion of players who successfully transitioned 
out of the Youth National Teams to play for the Senior 
National Team (BQ1 = 7.2% vs. BQ4 = 11.1%) and achieve 
SIA status (BQ1 = 2.2% vs. BQ4 = 5.1%; see Figure 2). 
Indeed, statistical analysis showed how the BQ distributions 
of both senior cohorts were significantly skewed when 
compared to the U15 BQ distribution (Senior National 
Team: X2 (3) = 21.681, P < 0.0001, Cramer’s V = 0.20; SIA: X2 

(3) = 18.328, P < 0.001, Cramer’s V = 0.32), which favoured 
relatively younger players. Furthermore, the ORs showed 
an increased likelihood of relatively younger players to suc
cessfully make the transition youth-to-senior (Senior 
National Team: BQ4 vs. BQ1 = 2.81, 95% CI = 1.34–5.89; SIA: 
BQ4 vs. BQ1 = 4.31, 95% CI = 1.22–15.24).

Discussion

This is the first study that has provided an overview of the 
selection processes into and transition out of the Italian 
national soccer talent pathway. Results from Part 1 of the 
study showed that RAEs were strongly present across every 
Youth National Team from U15 to U21. This indicates how 
relatively older players are more likely to being considered as 
“talented” at youth level. Results from Part 2 of the study 
showed how BQ4s recorded the largest proportion of players 
who successfully made the youth-to-senior transition, thus 
highlighting the overrepresentation of early born players at 
senior level is probably due to a residual bias effect, which 
will be further discussed later.

Findings from Part 1 which showed strong RAEs presence at 
youth levels are in line with the functional perspective of the 
society, whereby people, social systems, and all aspects of 
society are evaluated according to its functionality and on 
their ability to meet their goals. In the context of soccer, any 

Figure 1. Birth date distribution of the international Italian soccer players who successfully completed the transition from youth-to-senior. The uniform distribution was 
of 25% for each birth quarter.

Figure 2. Conversion of talent for each BQ.
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performance that yields a victory is functional and preferred 
over a defeat (Delaney 2015). Applying this functional perspec
tive to the talent identification system when selecting players, 
head coaches would ask themselves whether that player would 
be a good fit for the team, answering questions like: “Who will 
perform best in a relatively short timeframe?” (Baker et al. 
2018). In this perspective, head coaches select players for short- 
term goals (i.e., next tournament, next game), concerned in 
trying to find the best age group player, informing their deci
sion-making independently of players’ birthdate, nor potential, 
but rather by current performance evaluations (i.e., the ends 
justify the means; Delaney 2015).

When selecting players based on their current level of per
formance, for most relatively younger athletes, the probability 
of being selected is lower than for relatively older athletes 
(Bjørndal et al. 2018). Athletes born earlier in the year have 
more motor experiences in the sport context, whereby they are 
able to attain higher performance standards, which ensure 
them greater openings to talent pathways. This can in turn 
exacerbate the inequalities, providing relatively older athletes 
even more opportunities for sport-specific growth (Helsen et al. 
1998). BQ1 players are therefore favoured at the beginning of 
the selection process due to relative age advantages which 
provide them more opportunity to be selected by talent devel
opment organisations (Doyle et al. 2017; Aune et al. 2018), and 
continue to be favoured in the next developmental stages due 
to advantages derived by being included from an early age in 
talent development programmes.

The findings from Part 2 of this study showed how, even 
though relatively older players remained overrepresented in 
the cohort of players who transitioned to the Senior National 
Team, BQ4 had the largest proportion of players who com
pleted the pathway from entry to expertise (i.e., “underdog 
hypothesis”). Thus, the presence of RAEs at senior level is 
probably due to a residual bias effect (i.e., “knock-on effect”). 
More specifically, in our study population of 2,030 Italian soccer 
players who played for any of the Youth Italian National Soccer 
teams, more than the 40% of them were born in the first 
quartile, while instead only the 10% were born in the last 
quartile. Consequently, when we examined players' future 
career outcomes, early born players remained overrepresented 
in the cohort of players who completed the transition from 
youth-to-senior only because they were much more repre
sented at youth level. Therefore, our study highlighted how 
RAEs at senior level are perhaps consequential of RAEs at youth 
levels (Mujika et al. 2009; Lovell et al. 2015), highlighting how 
contrary to expectations, and despite the longer developmen
tal advantages, most relatively older players may fail to make 
the transition. This shows the importance of studying RAEs at 
more than one timepoint by involving players’ career trajec
tories to understand how age group structures impact career 
outcomes of players who enter the sport system at youth level.

Based on the results of our study, relatively younger players 
who enter the national system at a younger age are more likely 
to experience soccer success at senior level, compared to the 
relatively older players who enter the system at the same age. 
Relatively younger players may be challenged by older peers 
(Schorer et al. 2009) and have to develop certain technical 
proficiencies and/or tactical awareness to counteract with 

them (Schorer et al. 2009; Gibbs et al. 2012; McCarthy et al. 
2016). It has been suggested that since BQ4 players have to 
face greater challenges in order to have the opportunity to fulfil 
their potential, in that they are less likely to be selected by 
talent development organisations, they develop a more robust 
coping mechanism (Roberts and Stott 2015), learning to “work 
harder”, which then results in facilitate resilience and improved 
motivation (Schorer et al. 2009), which can in turn help them 
building the required character to successfully complete the 
youth-to-senior transition (Kelly et al. 2022). It is also plausible 
to suggest that relatively younger players who, despite the 
longer developmental advantages and advanced psychosocial 
skills of their relatively older peers, can overcome selection 
processes, may be the ones more accurately selected by head 
coaches (Gil et al. 2020).

These late advantages for the relatively younger players are 
experimented only by the few of them who were able to enter 
the system at a younger age, and who have therefore had the 
opportunity to develop in high-quality environment. While the 
vast majority of them, being overshadowed by their older 
peers, will soon lose interest in sporting activities, and may 
experiment early drop-out from sport (Kelly et al. 2022). On 
the other side of the same coin, our study highlighted many 
relatively older players that win at youth level, are not prepared 
for the next step at senior level and may fail to make the 
transition (Abbott and Collins 2004). Therefore, these findings 
revealed how in adopting a functional approach to talent 
identification (i.e., Who is the most functional player for the 
team?), sport systems put an overemphasis on players' current 
level of performance and are losing talent at both spectrum of 
the developmental stage (i.e., initial de-selection of relatively 
younger players and later de-selection of relatively older 
players). Considering youth players performance is the result 
of developmental advantages (e.g., hours of training, psycho
social skills), which may be also exacerbated by the relative age, 
a functional approach to talent identification may be thus 
required only if sport systems’ aim is to win at youth level and 
are valued on their ability to produce the few who eventually 
make it. In contrast, a functional approach to talent develop
ment (i.e., What is needed to be the next most functional 
player?) may be more appropriated to nurture players for 
senior-level successes, as in turn this will cause sport systems 
to be judged on their impact on the many.

Study limitations

When interpreting the findings from this study, it is also impor
tant to consider its limitations. First, playing positions were not 
included as a variable in this study. Recent research has shown 
that goalkeeper and forwards are more affected by RAEs in 
comparison to defenders and midfielders (Pérez-González 
et al. 2021). Including playing positions when studying RAEs 
in sport is important to better understand who is more vulner
able to this selection bias. Second, only one appearance with 
any of the Youth National Italian Football Teams was required 
to be included in this study, whereas some players could have 
played in considerably more games. Therefore, career durations 
should be a variable included to better study RAEs’ long-term 
development outcomes. Finally, this study did not make 
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a distinction between playing a friendly match or an official 
match. In considering the different requirements needed for 
players to play internationally during a major tournament and 
to play in a friendly match, a more appropriate data analysis 
would have included this variable of diversification, even if the 
authors would highlight when young players are selected to 
play at the international level, both in a friendly or in an official 
match, they face in both cases, a strict process of selection 
policy.

Practical implications and future directions

RAEs are an unintended form of age discrimination and talent 
wastage (e.g., Doyle et al. 2017; Romann et al. 2021). Thus, it is 
important to consider possible solutions to eradicate RAEs from 
sports, avoiding loss of talent, and offering directions for future 
research. Avoiding early selection and early de-selection are 
two possible and viable solutions to prevent the loss of talent 
(i.e., RAEs) (Tribolet et al. 2019; Romann et al. 2020). Moreover, 
Kelly et al. (2020b) proposed to have a more flexible chronolo
gical approach, whereby early birth quartiles (i.e., BQ1s) and 
late birth quartiles (i.e., BQ4) should be offered the opportunity 
to “play-up” (e.g., Kelly et al. 2021c) and “play-down”. 
Additionally, in an attempt to remove particular selection 
time points and specific chronological age groups, Kelly et al. 
(2020a) introduced the birthday-banding, whereby athletes 
move up to their next age group based on their birthday.

Recently, Hancock (2021) has conducted a qualitative 
research, based upon the social agent’s model (Hancock et al. 
2013), studying RAE in an elite Canadian youth ice-hockey 
team. This is a different approach to the study of RAEs, whereby 
they are investigated through the lens of social agent point of 
view (i.e., athletes, coaches, and parents). For this reason, con
sidering the cohesion between athlete and environment, ath
lete and socio-cultural constraints (e.g., Hancock et al. 2013), 
a further key to the interpretation of RAEs presence in sport 
may be to investigate the athletes’ perceptions of the youth 
sport development environment through the administration of 
the Talent Development Environment Questionnaire (i.e., 
TDEQ-5, 45) (e.g., Gangsø et al. 2021; Apollaro et al. 2022).

Conclusion

This was the first study to investigate the influence of the 
relative age on the selection into and successful transition out 
of a national talent pathway in soccer. Results from Part 1 of the 
study showed how the selection processes of the Youth Italian 
National Teams are highly influenced by RAEs, with relatively 
older players overrepresented across every Youth squad, due to 
immediate and short-term effects of relative age. Results from 
Part 2 showed BQ1 players remain overrepresented in the 
cohort of players who completed the transition to the Senior 
National Team, but only due to a residual bias (i.e., “knock-on 
effect”), as statistical analyses have highlighted relatively 
younger players, selected for Italy at youth levels, are the 
ones more likely to complete the transition from entry to 
expertise (i.e., “underdog hypothesis). This study showed how 
inequalities of opportunities for development characterise 
youth soccer in Italy. It highlighted how most relatively younger 

players, who may have the potential to succeed, are oversha
dowed by their older peers, causing a loss of talent at the begin 
of the developmental process; and how most relatively older 
players that were considered ready for youth sport, are not able 
to complete the transition to senior sport, causing a loss of 
talent at the end of the developmental process. Moving for
ward, as youth performance appears as the result of develop
mental advantages in an attempt to avoid the loss of talent at 
both spectrum of the developmental process, a cultural Change 
is needed, one that will guarantee a passage from a functional 
approach to talent identification to a functional approach to 
talent development.

Acknowledgments

The authors acknowledge Daniele Petrone from the “Department of 
Infectious Diseases - Istituto Superiore di Sanità – Rome, Italy” for his help 
with the statistical part of the article.

Disclosure statement

No potential conflict of interest was reported by the authors.

Author Contributions

GM, AK, GA and BR have given substantial contributions to the conception 
and design of the manuscript to acquisition, analysis and interpretation of 
the data. GM, AK, GA and BR have participated to drafting the manusript. All 
authors revised it critically. All authors read and approved the final version 
of the manuscript.

Funding

The authors reported there is no funding associated with the work featured 
in this article.

ORCID

Gabriele Morganti http://orcid.org/0000-0001-9448-3872
Adam L. Kelly http://orcid.org/0000-0003-4929-1067
Gennaro Apollaro http://orcid.org/0000-0002-0427-037X
Bruno Ruscello http://orcid.org/0000-0002-5381-9146

References

Abbott A, Collins D. 2004. Eliminating dichotomy between theory and 
practice in talent identification and development: considering the role 
of psychology. J Sports Sci. 22(5):395–408. doi:10.1080/ 
02640410410001675324.

Apollaro G, Pantanella L, Esposito M, Ruscello B. 2022. Talent development 
environments in elite taekwondo population: a study within an Italian 
context. J Sports Med Phys Fitness. 62(5):618–625. doi:10.23736/S0022- 
4707.21.12282-0.

Aune TK, Ingvaldsen RP, Vestheim OP, Bjerkeset O, Dalen T. Relative age 
effects and gender differences in the national test of numeracy: 
a population study of Norwegian children. Front Psychol. 9: 1091. 2018

Baker J, Schorer J, Wattie N. 2018. Compromising talent: issues in identify
ing and selecting talent in tport. Quest. 70(1):48–63. doi:10.1080/ 
00336297.2017.1333438.

Bjørndal CT, Luteberget LS, Till K, Holm S. 2018. The relative age effect in 
selection to international team matches in Norwegian handball. Plos 
One. 13(12):e0209288. doi:10.1371/journal.pone.0209288.

6 G. MORGANTI ET AL.

107

https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.1080/02640410410001675324
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.23736/S0022-4707.21.12282-0
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1080/00336297.2017.1333438
https://doi.org/10.1371/journal.pone.0209288
https://doi.org/10.1371/journal.pone.0209288
https://doi.org/10.1371/journal.pone.0209288
https://doi.org/10.1371/journal.pone.0209288
https://doi.org/10.1371/journal.pone.0209288
https://doi.org/10.1371/journal.pone.0209288
https://doi.org/10.1371/journal.pone.0209288
https://doi.org/10.1371/journal.pone.0209288


Brustio PR, Kearney PE, Lupo C, Ungureanu AN, Mulasso A, Rainoldi A, 
Boccia G. 2019. Relative age influences performance of world-class 
track and field athletes even in the adulthood. Front Psychol. 10:1395. 
doi:10.3389/fpsyg.2019.01395.

Brustio PR, Lupo C, Ungureanu AN, Frati R, Rainoldi A, Boccia G. 2018. The 
relative age effect is larger in Italian soccer top-level youth categories 
and smaller in Serie a. Plos One. 13(4):e0196253. doi:10.1371/journal. 
pone.0196253.

Cobley S, Baker J, Wattie N, McKenna J. 2009. Annual age-grouping and athlete 
development: a meta-analytical review of relative age effects in sport. 
Sports Med. 39(3):235–256. doi:10.2165/00007256-200939030-00005.

Cohen J. 1998. Statistical power analysis for the behavioral sciences. 
Hillsdale (NJ): L. Erlbaum Associates.

Costa AM, Marques MC, Louro H, Ferreira SS, Marinho DA. 2013. The relative 
age effect among elite youth competitive swimmers. Eur J Sport Sci. 13 
(5):437–444. doi:10.1080/17461391.2012.742571.

Delaney T. 2015. The functionalist perspective on sport. In: Giulianotti R, 
editor. Routledge handbook of the sociology of sport. London: 
Routledge; pp. 18–29.

Doncaster G, Medina D, Drobnic F, Gómez-Díaz AJ, Unnithan V. 2020. 
Appreciating factors beyond the physical in talent identification and 
development: insights from the FC Barcelona sporting model. Front 
Sports Act Living. 2:91. doi:10.3389/fspor.2020.00091.

Doyle JR, Bottomley PA, Angell R. 2017. Tails of the travelling Gaussian 
model and the relative age effect: tales of age discrimination and 
wasted talent. Plos One. 12(4):e0176206. doi:10.1371/journal.pone. 
0176206.

Gangsø K, Aspvik NP, Mehus I, Høigaard R, Sæther SA. 2021. Talent devel
opment environments in Football: comparing the top-five and 
bottom-five-ranked Football Academies in Norway. Int J Environ Res 
Public Health. 18(3):1321. doi:10.3390/ijerph18031321.

Gibbs BG, Jarvis JA, Dufur MJ. 2012. The rise of the underdog? The relative 
age effect reversal among Canadian-born NHL hockey players: a reply to 
Nolan and Howell. Int Rev Sociol Sport. 47(5):644–649. doi:10.1177/ 
1012690211414343.

Gil SM, Bidaurrazaga-Letona I, Martin-Garetxana I, Lekue JA, Larruskain J. 2020. 
Does birth date influence career attainment in professional soccer?. Sci Med 
Football. 4(2):119–126. doi:10.1080/24733938.2019.1696471.

Hancock DJ. 2021. Exploring relative age effects in Youth Ice Hockey 
through a single team case study and composite narratives. Front 
Sports Act Living. 3:658953. doi:10.3389/fspor.2021.658953.

Hancock DJ, Adler AL, Côté J. 2013. A proposed theoretical model to explain 
relative age effects in sport. Eur J Sport Sci. 13(6):630–637. doi:10.1080/ 
17461391.2013.775352.

Helsen WF, Starkes JL, Van Winckel J. 1998. The influence of relative age on 
success and dropout in male soccer players. Am J Hum Biol. 10 
(6):791–798. doi:10.1002/(SICI)1520-6300(1998)10:6<791:AID- 
AJHB10>3.0.CO;2-1.

Ibàñez SJ, Mazo A, Nascimento J, Garcìa-Rubio J. 2018. The relative age effect 
in under-18 basketball: effects on performance according to playing 
position. Plos One. 13(7):e0200408. doi:10.1371/journal.pone.0200408.

Kelly AL, Brown T, Reed RC, Côté J, Turnnidge J. 2022. Relative age effects in 
male cricket: a personal assets approach to explain immediate, 
short-term, and long-term developmental outcomes. Sports. 10(3):39. 
doi:10.3390/sports10030039.

Kelly AL, Jackson DT, Taylor JJ, Jeffreys MA, Turnnidge J. 2020a. “Birthday- 
Banding” as a strategy to moderate the relative age effect: a case study 
into the England Squash talent pathway. Front Sports Act Living. 
2:573890. doi:10.3389/fspor.2020.573890.

Kelly AL, Jiménez Sáiz SL, Lorenzo Calvo A, de la Rubia A, Jackson DT, 
Jeffreys MA, Ford C, Owen D, Santos SDLD. 2021b. Relative age effects 
in basketball: exploring the selection into and successful transition out 
of a national talent pathway. Sports. 9(7):101. doi:10.3390/ 
sports9070101.

Kelly AL, Till K, Jackson D, Barrell D, Burke K, Turnnidge J. 2021a. Talent 
identification and relative age effects in English male rugby union 

pathways: from entry to expertise. Front Sports Act Living. 3:640607. 
doi:10.3389/fspor.2021.640607.

Kelly AL, Wilson M, Gough L, Knapman H, Morgan P, Cole M, Jackson DT, 
Williams CA. 2020b. A longitudinal investigation into the relative age effect 
in an English professional football club: exploring the ‘underdog hypoth
esis’. Sci Med Football. 4(2):111–118. doi:10.1080/24733938.2019.1694169.

Kelly AL, Wilson M, Jackson DT, Goldman DE, Turnnidge J, Côté J, 
Williams CA. 2021c. A multidisciplinary investigation into “playing-up” 
in academy football according to age phase. J Sports Sci. 39(8):854–864. 
doi:10.1080/02640414.2020.1848117.

Lovell R, Towlson C, Parkin G, Portas M, Vaeyens R, Cobley S. 2015. Soccer 
player characteristics in English lower-league development pro
grammes: the relationships between relative age, maturation, anthro
pometry and physical fitness. Plos One. 10(9):e0137238. doi:10.1371/ 
journal.pone.0137238.

Lupo C, Boccia G, Ungureanu AN, Frati R, Marocco R, Brustio PR. 2019. The 
beginning of senior career in team sport is affected by relative age 
effect. Front Psychol. 10:1465. doi:10.3389/fpsyg.2019.01465.

McCarthy N, Collins D, Court D. 2016. Start hard, finish better: further 
evidence for the reversal of the RAE advantage. J Sports Sci. 34 
(15):1461–1465. doi:10.1080/02640414.2015.1119297.

Mujika I, Vaeyens R, Matthys SP, Santisteban J, Goiriena J, Philippaerts R. 
2009. The relative age effect in a professional football club setting. 
J Sports Sci. 27(11):1153–1158. doi:10.1080/02640410903220328.

Musch J, Grondin S. 2001. Unequal competition as an impediment to 
personal development: a review of the relative age effect in sport. Dev 
Rev. 21(2):147–167. doi:10.1006/drev.2000.0516.

Pérez-González B, León-Quismondo J, Bonal J, Burillo P, Fernández-Luna Á. 
2021. The new generation of professional Soccer talent is born under the 
bias of the RAE: relative age effect in International Male Youth Soccer 
Championships. Children. 8(12):1117. doi:10.3390/children8121117.

Roberts SJ, Stott TA. 2015. A new factor in UK students’ university attain
ment: the relative age effect reversal? Qual Assur Educ. 23(3):295–305. 
doi:10.1108/QAE-01-2013-0008.

Romann M, Javet M, Cobley S, Born DP. 2021. How relative age effects 
associate with Football players’ market values: indicators of losing talent 
and wasting money. Sports. 9(7):99. doi:10.3390/sports9070099.

Romann M, Rüeger E, Hintermann M, Kern R, Faude O. 2020. Origins of 
relative age effects in youth football—a nationwide analysis. Front 
Sports Act Living. 2:1–7. doi:10.3389/fspor.2020.591072.

Rosenthal R, Jacobson L. 1968. Pygmalion in the classroom: teacher expectation 
and pupil’s intellectual development. New York, NY: Holt, Rinehart & Winston.

Schorer J, Cobley S, Busch D, Brautigam H, Baker J. 2009. Influences of 
competition level, gender, player nationality, career stage and playing 
position on relative age effects. Scand J Med Sci Sports. 19(5):720–730. 
doi:10.1111/j.1600-0838.2008.00838.x.

Schorer J, Wattie N, Baker JR. 2013. A new dimension to relative age effects: 
constant year effects in German youth handball. Plos One. 8(4):e60336. 
doi:10.1371/journal.pone.0060336.

Szumilas M. 2010. Explaining odds ratios [published correction appears in 
J Can Acad Child Adolesc Psychiatry 24(1): 58], 2015. J Can Acad Child 
Adolesc Psychiatry. 19(3):227–229.

Till K, Baker J. 2020. Challenges and [Possible] solutions to optimizing talent 
identification and development in sport. Front Psychol. 11:664. doi:10. 
3389/fpsyg.2020.00664.

Towlson C, MacMaster C, Parr J, Cumming S. 2021. One of these things is 
not like the other: time to differentiate between relative age and biolo
gical maturity selection biases in soccer? Sci Med Football. doi:10.1080/ 
24733938.2021.1946133.

Tribolet R, Watsford ML, Coutts AJ, Smith C, Fransen J. 2019. From entry to 
elite: the relative age effect in the Australian football talent pathway. 
J Scie Med Sport. 22(6):741–745. doi:10.1016/j.jsams.2018.12.014.

Yagüe JM, de la Rubia A, Sánchez-Molina J, Maroto-Izquierdo S, Molinero O. 
2018. The relative age effect in the 10 best leagues of male professional 
Football of the Union of European Football Associations (UEFA). J Sports 
Sci Med. 17(3):409–416.

SCIENCE AND MEDICINE IN FOOTBALL 7

108

https://doi.org/10.3389/fpsyg.2019.01395
https://doi.org/10.3389/fpsyg.2019.01395
https://doi.org/10.3389/fpsyg.2019.01395
https://doi.org/10.3389/fpsyg.2019.01395
https://doi.org/10.3389/fpsyg.2019.01395
https://doi.org/10.3389/fpsyg.2019.01395
https://doi.org/10.3389/fpsyg.2019.01395
https://doi.org/10.3389/fpsyg.2019.01395
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.1371/journal.pone.0196253
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.1080/17461391.2012.742571
https://doi.org/10.1080/17461391.2012.742571
https://doi.org/10.1080/17461391.2012.742571
https://doi.org/10.1080/17461391.2012.742571
https://doi.org/10.1080/17461391.2012.742571
https://doi.org/10.1080/17461391.2012.742571
https://doi.org/10.1080/17461391.2012.742571
https://doi.org/10.1080/17461391.2012.742571
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.1371/journal.pone.0176206
https://doi.org/10.3390/ijerph18031321
https://doi.org/10.3390/ijerph18031321
https://doi.org/10.3390/ijerph18031321
https://doi.org/10.3390/ijerph18031321
https://doi.org/10.3390/ijerph18031321
https://doi.org/10.3390/ijerph18031321
https://doi.org/10.3390/ijerph18031321
https://doi.org/10.3390/ijerph18031321
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1177/1012690211414343
https://doi.org/10.1080/24733938.2019.1696471
https://doi.org/10.1080/24733938.2019.1696471
https://doi.org/10.1080/24733938.2019.1696471
https://doi.org/10.1080/24733938.2019.1696471
https://doi.org/10.1080/24733938.2019.1696471
https://doi.org/10.1080/24733938.2019.1696471
https://doi.org/10.1080/24733938.2019.1696471
https://doi.org/10.1080/24733938.2019.1696471
https://doi.org/10.3389/fspor.2021.658953
https://doi.org/10.3389/fspor.2021.658953
https://doi.org/10.3389/fspor.2021.658953
https://doi.org/10.3389/fspor.2021.658953
https://doi.org/10.3389/fspor.2021.658953
https://doi.org/10.3389/fspor.2021.658953
https://doi.org/10.3389/fspor.2021.658953
https://doi.org/10.3389/fspor.2021.658953
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1520-6300(1998)10:6%3C791:AID-AJHB10%3E3.0.CO;2-1
https://doi.org/10.1371/journal.pone.0200408
https://doi.org/10.1371/journal.pone.0200408
https://doi.org/10.1371/journal.pone.0200408
https://doi.org/10.1371/journal.pone.0200408
https://doi.org/10.1371/journal.pone.0200408
https://doi.org/10.1371/journal.pone.0200408
https://doi.org/10.1371/journal.pone.0200408
https://doi.org/10.1371/journal.pone.0200408
https://doi.org/10.3390/sports10030039
https://doi.org/10.3390/sports10030039
https://doi.org/10.3390/sports10030039
https://doi.org/10.3390/sports10030039
https://doi.org/10.3390/sports10030039
https://doi.org/10.3390/sports10030039
https://doi.org/10.3390/sports10030039
https://doi.org/10.3390/sports10030039
https://doi.org/10.3389/fspor.2020.573890
https://doi.org/10.3389/fspor.2020.573890
https://doi.org/10.3389/fspor.2020.573890
https://doi.org/10.3389/fspor.2020.573890
https://doi.org/10.3389/fspor.2020.573890
https://doi.org/10.3389/fspor.2020.573890
https://doi.org/10.3389/fspor.2020.573890
https://doi.org/10.3389/fspor.2020.573890
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3390/sports9070101
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1080/02640414.2020.1848117
https://doi.org/10.1080/02640414.2020.1848117
https://doi.org/10.1080/02640414.2020.1848117
https://doi.org/10.1080/02640414.2020.1848117
https://doi.org/10.1080/02640414.2020.1848117
https://doi.org/10.1080/02640414.2020.1848117
https://doi.org/10.1080/02640414.2020.1848117
https://doi.org/10.1080/02640414.2020.1848117
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.3389/fpsyg.2019.01465
https://doi.org/10.3389/fpsyg.2019.01465
https://doi.org/10.3389/fpsyg.2019.01465
https://doi.org/10.3389/fpsyg.2019.01465
https://doi.org/10.3389/fpsyg.2019.01465
https://doi.org/10.3389/fpsyg.2019.01465
https://doi.org/10.3389/fpsyg.2019.01465
https://doi.org/10.3389/fpsyg.2019.01465
https://doi.org/10.1080/02640414.2015.1119297
https://doi.org/10.1080/02640414.2015.1119297
https://doi.org/10.1080/02640414.2015.1119297
https://doi.org/10.1080/02640414.2015.1119297
https://doi.org/10.1080/02640414.2015.1119297
https://doi.org/10.1080/02640414.2015.1119297
https://doi.org/10.1080/02640414.2015.1119297
https://doi.org/10.1080/02640414.2015.1119297
https://doi.org/10.1080/02640410903220328
https://doi.org/10.1080/02640410903220328
https://doi.org/10.1080/02640410903220328
https://doi.org/10.1080/02640410903220328
https://doi.org/10.1080/02640410903220328
https://doi.org/10.1080/02640410903220328
https://doi.org/10.1080/02640410903220328
https://doi.org/10.1080/02640410903220328
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.1006/drev.2000.0516
https://doi.org/10.3390/children8121117
https://doi.org/10.3390/children8121117
https://doi.org/10.3390/children8121117
https://doi.org/10.3390/children8121117
https://doi.org/10.3390/children8121117
https://doi.org/10.3390/children8121117
https://doi.org/10.3390/children8121117
https://doi.org/10.3390/children8121117
https://doi.org/10.1108/QAE-01-2013-0008
https://doi.org/10.1108/QAE-01-2013-0008
https://doi.org/10.1108/QAE-01-2013-0008
https://doi.org/10.1108/QAE-01-2013-0008
https://doi.org/10.1108/QAE-01-2013-0008
https://doi.org/10.1108/QAE-01-2013-0008
https://doi.org/10.1108/QAE-01-2013-0008
https://doi.org/10.1108/QAE-01-2013-0008
https://doi.org/10.3390/sports9070099
https://doi.org/10.3390/sports9070099
https://doi.org/10.3390/sports9070099
https://doi.org/10.3390/sports9070099
https://doi.org/10.3390/sports9070099
https://doi.org/10.3390/sports9070099
https://doi.org/10.3390/sports9070099
https://doi.org/10.3390/sports9070099
https://doi.org/10.3389/fspor.2020.591072
https://doi.org/10.3389/fspor.2020.591072
https://doi.org/10.3389/fspor.2020.591072
https://doi.org/10.3389/fspor.2020.591072
https://doi.org/10.3389/fspor.2020.591072
https://doi.org/10.3389/fspor.2020.591072
https://doi.org/10.3389/fspor.2020.591072
https://doi.org/10.3389/fspor.2020.591072
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1371/journal.pone.0060336
https://doi.org/10.1371/journal.pone.0060336
https://doi.org/10.1371/journal.pone.0060336
https://doi.org/10.1371/journal.pone.0060336
https://doi.org/10.1371/journal.pone.0060336
https://doi.org/10.1371/journal.pone.0060336
https://doi.org/10.1371/journal.pone.0060336
https://doi.org/10.1371/journal.pone.0060336
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1080/24733938.2021.1946133
https://doi.org/10.1016/j.jsams.2018.12.014
https://doi.org/10.1016/j.jsams.2018.12.014
https://doi.org/10.1016/j.jsams.2018.12.014
https://doi.org/10.1016/j.jsams.2018.12.014
https://doi.org/10.1016/j.jsams.2018.12.014
https://doi.org/10.1016/j.jsams.2018.12.014
https://doi.org/10.1016/j.jsams.2018.12.014
https://doi.org/10.1016/j.jsams.2018.12.014


109



110



111



112



113



114



115



116



117



118



119



120



121



122



123



124



125



126



127



128



129



130



131



132



133



134



135



136



137



138



139



140



141



142



143



144



145



146



147



148



149



150



Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=fsas20

Soccer & Society

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/fsas20

All roads lead to Rome? Exploring birthplace
effects and the ‘southern question’ in Italian
soccer

Gabriele Morganti, Adam L. Kelly, Gennaro Apollaro, Laura Pantanella, Mario
Esposito, Alberto Grossi & Bruno Ruscello

To cite this article: Gabriele Morganti, Adam L. Kelly, Gennaro Apollaro, Laura Pantanella,
Mario Esposito, Alberto Grossi & Bruno Ruscello (2023): All roads lead to Rome? Exploring
birthplace effects and the ‘southern question’ in Italian soccer, Soccer & Society, DOI:
10.1080/14660970.2023.2226077

To link to this article:  https://doi.org/10.1080/14660970.2023.2226077

Published online: 19 Jun 2023.

Submit your article to this journal 

View related articles 

View Crossmark data

151

https://www.tandfonline.com/action/journalInformation?journalCode=fsas20
https://www.tandfonline.com/action/journalInformation?journalCode=fsas20
https://www.tandfonline.com/action/journalInformation?journalCode=fsas20
https://www.tandfonline.com/action/journalInformation?journalCode=fsas20
https://www.tandfonline.com/action/journalInformation?journalCode=fsas20
https://www.tandfonline.com/action/journalInformation?journalCode=fsas20
https://www.tandfonline.com/action/journalInformation?journalCode=fsas20
https://www.tandfonline.com/action/journalInformation?journalCode=fsas20
https://www.tandfonline.com/loi/fsas20
https://www.tandfonline.com/loi/fsas20
https://www.tandfonline.com/loi/fsas20
https://www.tandfonline.com/loi/fsas20
https://www.tandfonline.com/loi/fsas20
https://www.tandfonline.com/loi/fsas20
https://www.tandfonline.com/loi/fsas20
https://www.tandfonline.com/loi/fsas20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14660970.2023.2226077
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14660970.2023.2226077
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14660970.2023.2226077
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14660970.2023.2226077
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14660970.2023.2226077
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14660970.2023.2226077
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14660970.2023.2226077
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14660970.2023.2226077
https://doi.org/10.1080/14660970.2023.2226077
https://doi.org/10.1080/14660970.2023.2226077
https://doi.org/10.1080/14660970.2023.2226077
https://doi.org/10.1080/14660970.2023.2226077
https://doi.org/10.1080/14660970.2023.2226077
https://doi.org/10.1080/14660970.2023.2226077
https://doi.org/10.1080/14660970.2023.2226077
https://doi.org/10.1080/14660970.2023.2226077
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=fsas20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
https://www.tandfonline.com/doi/mlt/10.1080/14660970.2023.2226077
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14660970.2023.2226077&domain=pdf&date_stamp=2023-06-19


All roads lead to Rome? Exploring birthplace effects and the 
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ABSTRACT
The expression “southern question” is used in reference to the poverty 
and economic underdevelopment, less advanced social relations, and 
clientelist style of politics that characterize South-Italy compared to 
North and Central Italy. This study aimed to investigate the presence of 
the “southern question” in Italian soccer. Accordingly, we examined the 
birthplace distribution of 2,012 Italian soccer players who have played in 
any national representative team (U15: n = 466; U16-U21: n = 1,939; Senior 
Team: n = 217). Chi-square analysis revealed an overrepresentation of 
players born in North and Central Italy, in all cohorts, compared to 
national norms (all P values < 0.0001). Odds ratios showed that players 
born in North and Central Italy had the greatest likelihood of representing 
Italy internationally at both youth and senior levels compared to players 
born in South Italy (ranging from 2 to 3.2). Factors that negatively impact 
upon South-Italy players’ soccer developmental journey have been pro
posed and discussed.

Introduction

Since its unification in 1861, Italy has been characterized by a strong North-South divide.1 

Throughout the years, the southern region of Italy has generally been underdeveloped compared 
to the northern region, despite the large amount of attention that this part of Italy has received by 
academics, scientists, and politicians.2 Dating back to 1861, Pasquale Villari, writing in the Milanese 
magazine La Perseveranza [Perseverance], proposed the expression “southern question”. This 
referred to the banditry, the mafia, and the poverty of the southern citizens, which were typical 
aspects coupled with South Italy and indicates the possible historical manner of the social and 
political issues of this part of Italy.3 Today, the expression “southern question” is still used in 
reference to the assortment of problems (e.g. weaker economic development, less advanced social 
relations, and lower key aspects of civil life) that characterize the southern part of Italy compared to 
the rest of the country.4

The discourse of the “southern question” contrasts the industrialized and civilized Northern 
territory, rational and orderly, to a backward South, mainly agricultural, poor, and underdeveloped 
from an economic perspective.5 Typically, the expression “southern question” depicts the South as 
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a weight that hinders the North, also describing the South as an internal “other” with respect to the 
rest of the country. These regional disparities were frequently object of national policies, which 
starting from the 1950s have been focussed on the industrial development of the South, particularly 
with the state-owned agency Cassa per il Mezzogiorno (Fund for the South). This was initially 
effective in tackling most of the dualisms present in the country, but progressively became an 
instrument of waste and money misallocation (i.e. poor investments and rampant corruption),6 and 
ended up re-exacerbating the regional disparities that are often seen today.7

The territorial inequalities in Italy reveal a dualism [i.e. North vs. South] without equal in any 
Western countries, encompassing the entire gamut of civil and economic development indicators.8 

Gross Domestic Product (GDP) per head (i.e. a monetary measure to assess the economic output of 
a particular area per person) of a certain nation or region is considered a useful indicator to 
understand the level of development and prosperity of respective areas, as well as being correlated to 
the quality of infrastructures and of institutions, scientific endowments, and levels of education.9 In 
2018, Rosès and Wolf explored Western-Europe’s economic development based on 173 regions, 
which revealed the five poorest (i.e. the ones that recorded the lowest level of GDP per head) were 
all concerningly from South Italy (i.e. Apulia, Basilicata, Calabria, Campania, and Sicily).10 In line 
with this, Iammarino and colleagues outlined how South Italy recorded a much lower GDP per head 
when compared to the European and national averages.11 Additionally, in 2010, the Italian National 
Institute of Statistics (ISTAT) launched the project “Benessere Equo e Sostenibile” (BES; Fair and 
Sustainable Wellbeing), with the aim of assessing the progress of society from an economic 
perspective as well as from a social and environmental outlook.12 The data from the BES project 
are open access, released from ISTAT, and underscore the socioeconomic and cultural differences 
present between the North, Centre, and South of Italy. Some examples from the BES include: (a) 
employment rates (North = 72.9%; Centre = 68.3%; South = 48.5%), (b) the proportion of people 
with at least a diploma (North = 65.7%; Centre = 68.1%; South = 54%), and (c) the number of people 
suffering from severe material deprivation (North = 3.6%; Centre = 5.5%; South = 13.6%).13 

Moreover, recent data from ISTAT shows how families’ average annual incomes are higher in the 
North and Central macro-regions (North = €43,908; Centre = €38,689; South = €32,801).14

Italian territorial inequalities are also underlined by an heterogenous distribution of sporting 
facilities and infrastructures throughout the nation. To be specific, six (Apulia, Basilicata, Calabria, 
Campania, Sardinia, and Sicily) of South Italy’s micro-regions (i.e. distinct territorial unit with 
clearly marked boundaries below the regional level) are under several levels of criticality regarding 
their sporting facilities.15 As an example, in 2012, the North-West had 52,330 sport facilities (354 
for 100,000 inhabitants), the North-East had 37,200 (352 for 100,000 inhabitants), the Centre had 
29,080 (271 for 100,000 inhabitants), and the South had 30,280 (149 for 100,000 inhabitants), which 
was in comparison to the national average of 264 facilities for 100,000 inhabitants. This suggested 
how, in 2012, the only macro-region (i.e. territorial entity made up of several regions; North, Centre, 
and South) of Italy to have less sport facilities than the national average was South Italy. The distinct 
lack of sport facilities in southern Italy could have important implications on physical activity and 
youth sport participation, particularly since research has shown how proximity to sport infrastruc
tures as well as both public and private recreational facilities is positively associated with physical 
activity and sport participation (see Wicker and colleagues for a discussion16), in both children and 
adolescents.17

Where someone is born and raised can directly impact their access and opportunities to 
engage in youth sport activities, which has a subsequent influence on talent identification and 
development processes.18 For example, Côté and colleagues highlighted the extent to which 
one’s place of birth can affect youth sport opportunities and subsequent developmental out
comes. They showed how birthplace (i.e. where someone is born) was a greater contributor to 
success in professional sport compared to relative age (i.e. when someone is born).19 However, 
research conducted in this discipline has revealed inconsistent results. In Swedish tennis, for 
instance, early research from Carlson concluded how elite players predominantly came from 
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rural areas,20 whereas, in North American ice-hockey, Curtis and Birch demonstrated that living 
in remote areas negatively impacted the likelihood of being identified as talented for the 
National Hockey League.21 In the same way, more recent studies that have focussed on 
community size and community density for investigations of birthplace effects continued to 
record inconsistent findings,22 underlining a considerable variation in the advantage of where 
someone is born.23

With the exception of size and density, there are many other environmental features that 
characterize the community in which sport is practiced. For instance, communities’ physical aspects 
(i.e. access to facilities, presence of green spaces, open spaces, playgrounds, and proximity to sport 
clubs and/or organizations) can influence the types of activities performed by the younger genera
tion (i.e. structured practice and unstructured play), thus favouring interactions with coaches and 
peers.24 Other variables that influence sport participation rates are the communities’ socioeconomic 
and cultural status. Generally, research has highlighted a positive relationship between sports 
participation and higher socioeconomic status of parents.25 But similarly, literature has produced 
some inconclusive results across different nations and sports regarding the direction of the effect. 
For example, soccer is considered a relatively cheap sport to engage in from a very young age.26 

Based on this notion, Uehara and colleagues in their study suggested how poorer children have an 
increased likelihood of participating in soccer-specific play and thus facilitating their development 
of expertise in Brazilian soccer.27 In contrast, however, a recent study by Allison and Barranco 
revealed how North American female soccer players participating in the National Women’s Super 
League (the first soccer tier in the United States) generally derived by “whiter, less black or Latino, 
more suburban, and less socioeconomically disadvantaged [hometowns] than the national averages, 
with higher per capita, median household, and median family incomes” (pp. 8–9)28. This is largely 
due to the “pay-to-play” model via private academies that is adopted across the United States, which 
subsequently limits the access to organized youth soccer activities to those who cannot afford the 
fees.29 These within-sport and between-country differences may reflect variances in the youth 
soccer development systems of those countries (e.g. formal vs. less formal participation and 
recruitment systems),30 further highlighting the need to better understand the role of birthplace 
effects based on individual sociocultural circumstances.

The territorial inequalities of the various macro-regions and micro-regions of Italy could 
influence Italian children’s and adolescents’ development in sport. Accordingly, the purpose of 
our study was to investigate the presence of the “southern question” (i.e. birthplace effects) 
phenomena and its impact on Italian soccer. Specifically, our aim was to examine the birthplace 
of both youth and senior Italian national soccer team players and whether it influences the 
likelihood of being selected. Due to Italian territorial inequalities that favour the North and 
Centre of the country, we hypothesized that Italian soccer players born in the South are under
represented across every national youth and senior team in comparison to those from the North 
and Centre who are overrepresented.

Methods

Subjects

A total sample of 2,103 Italian male soccer players were included in this current study. To 
be eligible for inclusion, a player must have been born from 1975 onwards (2005 was 
the year of birth of the youngest player), and must have been selected at least once by the 
date of the study (May, 2021) to play for any youth (Under 15 [U15]: n = 466; U16, U17, 
U18, U19, U20, and U21 [U16-U21]: n = 1,939) or senior (n = 217) national Italian soccer 
team. One player could have been registered in more than one youth team depending on 
how many times they were selected (i.e. a player could have been selected to play for the 
U15 team and for the U16 team during their youth career). Players not born in Italy and 
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players whose birthplaces were not retrievable were omitted from the study (n = 180). 
Because all data were freely available from the internet, no approval by an ethical commit
tee was required.

Procedures

The data for this study (i.e. player’s birthplace and team selection) were obtained from the official 
data centre of the Italian Soccer Federation (Federazione Italiana Giuoco Calcio; FIGC), which were 
open access on the FIGC website (https://www.figc.it/it/nazionali/nazionali-in-cifre/convocazioni- 
di-un-giocatore/?squadraid=12) and Transfermarkt website (https://www.transfermarkt.it/). Italy is 
comprised of 20 micro-regions (see Figure 1), subdivided into the three macro-regions (i.e. North, 
Centre, and South). Players were classified based on both their macro-region and micro-region of 
birth. Youth and senior national teams’ observed birthplace distribution was calculated for every 
macro-region and micro-region and then compared to the expected distribution, which was based 
on the general population norms that were obtained by census statistics.31

Figure 1. Italian map showing the micro-regions of Italy, divided by macro-regions (North, Center, South).
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Data analysis

A Chi-Square (χ2) goodness-of-fit test was used to compare the observed birthplace distribution of 
each soccer cohort against the expected birthplace distribution based on general population norms. 
Since chi-square statistics cannot reveal the magnitude and the direction of an existing relationship, 
the effect size (Cramer’s V) and odds ratios (Ors) were calculated. The Cramer’s V was interpreted 
as follows: a value of 0.06 or more indicated a small effect size, a value of 0.17 or more indicated 
a medium effect size, and a value of 0.29 or more indicated a large effect size.32 The Ors and 95% 
confidence intervals (CIs) were calculated for the macro-regions (i.e. North vs. Centre; North vs. 
South; Centre vs. South), as well as for the micro-regions, as previously conducted in other 
birthplace effects studies.33 The Ors were calculated and interpreted following the procedures 
outlined by Szumilas,34 with CIs including 1 (i.e. CI 0.90–1.10) marked no association. Results 
were considered significant for P < 0.05. Statistical Analysis were conducted using Microsoft 
Excel,35 and maps of Italy were produced using Microsoft Excel.36

Results

The observed birthplace distribution of each macro-region for the youth and senior national teams, 
as well as the general population norms, are presented in Figure 2. Descriptive statistics, in terms of 
frequency and percentage of distribution of players’ macro-region of birth for each national team, as 
well as the results from chi-square statistics, are shown in Table 1. The observed macro-region 
distributions for U15, U16-U21, and the senior national team were significantly different from the 
general population norms (all P values < 0.0001; effect sizes ranged from medium to large; North 
observed mean (expected mean) = 48.1% (38.9%), Centre observed mean = 27% (17%), South 
observed mean = 24.9% (44%)). Table 2 shows the observed distribution of each micro-region 
across all Italian national soccer teams, which was also significantly different from the expected 
distribution (χ2 = 491.15; P < 0.001; small effect size).

The descriptive Ors for the macro-regions are presented in Table 3. The Ors showed an 
increased likelihood of players born in the North and in the Centre of being selected for the U15 
national team and U16-U21 national teams compared to players born in the South, with the highest 

Figure 2. Birthplace distribution per macro-regions for the Italian national soccer teams.
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Ors being Centre vs. South (U15: 2.41, CI 1.67–3.48; U16-U21: 2.76, CI 2.31–3.30). Furthermore, 
players born in the Centre and in the North also recorded an increased likelihood of being selected 
for the senior national team compared to players born in the South, with the highest Ors being 
Centre vs. South (3.21, CI 1.35–2.81).

Figure 3 shows a map of Italy’s micro-regions, coloured with different gradations of blue 
according to Ors’ values (darker colour indicate higher Ors). Ors for all micro-regions were 
calculated based on the likelihood of players of being selected to play for any of the Italian 
national soccer teams. Players born in Tuscany (a central micro-region) had the greatest 
likelihood of representing Italy compared to the rest of the country (1.92, CI 1.50–2.45). In 
contrast, players born in the eight of South Italy’s micro-regions recorded the lowest like
lihood of being selected to play for the national squads compared to the rest of the country, 
having recorded the following Ors: Abruzzo = 0.53 (CI 0.32–0.88), Apulia = 0.50 (CI 0.39– 
0.65), Basilicata = 0.13 (CI 0.03–0.43), Calabria = 0.69 (CI 0.50–0.96), Campania = 0.83 (CI 

Table 1. Birthplace distribution per macro-region for the international youth and senior Italian soccer players compared to the 
general population norms.

National Team North (expected) Center (expected) South (expected) χ2 P V Effect

Senior National Team 96 (84.6) 67 (36.9) 54 (95.5) 44.123 <0.0001 0.32 Large
% 44.2 (38.9 30.9 (17) 24.9 (44)
U16-U21 948 (756.2) 512 (329.6) 479 (853.2) 313.705 <0.0001 0.28 Medium
% 48.9 26.4 24.7
U15 238 (181.7) 110 (79.2) 118 (205) 80.460 <0.0001 0.29 Large
% 51.1 23.6 25.3

Note: Bold = statistically significant at P < 0.05.

Table 2. Birthplace distribution per micro-region for the international Italian soccer players compared to the general population 
norms.

Birthplace (Micro-Regions) N° of total players observed N° of total players expected % observed % expected

Aosta Valley (North) 4 3.6 0.19 0.17
Piedmont (North) 146 130.7 6.95 6.22
Liguria (North) 60 43.3 2.85 2.06
Lombardy (North) 402 301.4 19.12 14.34
Trentino A-A (North) 17 35.7 0.81 1.70
Veneto (North) 177 150.9 8.42 7.18
FVG (North) 49 35.1 2.33 1.67
Emilia-Romagna (North) 167 112.9 7.94 5.37
Tuscany (Centre) 198 103.2 9.42 4.91
Umbria (Centre) 33 26.1 1.57 1.24
Marche (Centre) 48 46.9 2.28 2.23
Lazio (Centre) 270 188.3 12.84 8.96
Abruzzo (South) 23 43.5 1.09 2.07
Molise (South) 1 11.6 0.05 0.55
Campania (South) 235 282.7 11.18 13.45
Apulia (South) 92 182.7 4.38 8.69
Basilicata (South) 3 23.1 0.14 1.10
Calabria (South) 62 89.5 2.95 4.26
Sicily (South) 80 227.9 3.81 10.84
Sardinia (South) 35 63.7 1.67 3.03

Table 3. Ors of the birthplace distribution (macro-regions) for the international youth and senior Italian soccer players.

National Team OR North vs. South (95% CI) OR Center vs. South (95% CI) OR Center vs. North (95% CI)

U15 2.28 (1.69–3.06) 2.41 (1.67–3.48) 0.94 (0.67–1.33)
U16-U21 2.23 (1.93–2.59) 2.76 (2.31–3.30) 1.24 (1.05–1.46)
Senior National Team 2.01 (1.29–3.13) 3.21 (1.35–2.81) 1.60 (0.97–2.63)

Note: Bold = statistically significant (CIs including 1 mark no association).
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0.69–1.00), Molise = 0.09 (CI 0.01–0.67), Sardinia = 0.55 (CI 0.36–0.83), and Sicily = 0.35 (CI 
0.27–0.46).

Additional analyses were conducted to further explore the possible Italian territorial inequalities, 
in terms of progressing towards national soccer squads. Three micro-regions of Italy were taken as 
reference (i.e. Lombardy [North]; Lazio and Tuscany [Centre]) and compared to other three micro- 
regions of Italy (i.e. Apulia, Campania, and Sicily [South]). The results from these comparisons are 
shown in Table 4. These underlined Lombardy, Lazio, and Tuscany (North and Centre) had an 
increased likelihood of being selected for the national teams, with the highest OR being Tuscany vs. 
Sicily (5.47, CI 3.86–7.75).

Overall, these results showed an overrepresentation of players born in North and Central Italian 
regions compared to their compatriots born in the South in both youth and senior teams.

Figure 3. Map of Italy with micro-regions separated by white lines and coloured according to ORs for being selected to play for 
any of the Italian national soccer team.

Table 4. Ors of the birthplace distribution (micro- 
regions) for gaining selection into a national Italian 
team.

Comparison (Regions) OR (95% CI)

Lombardy vs. Campania 1.60 (2.02–1.28)
Lazio vs. Campania 1.72 (1.34–2.22)
Tuscany vs. Campania 2.31 (1.72–3.10)
Lombardy vs. Sicily 3.80 (2.83–5.10)
Lazio vs. Sicily 4.08 (2.98–5.60)
Tuscany vs. Sicily 5.47 (3.86–7.75)
Lombardy vs. Apulia 2.65 (1.98–3.55)
Lazio vs. Apulia 2.85 (2.08–3.89)
Tuscany vs. Apulia 3.81 (2.70–5.38)

Note: Bold = statistically significant (CIs including 1 mark 
no association).
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Discussion

Italy is characterized by socioeconomic and cultural differences between the North, Centre, and 
South of the country that has been labelled as the “southern question”.37 To our knowledge this was 
the first study that has explored the “southern question” (i.e. birthplace effects) in the Italian soccer 
landscape. The results highlighted soccer players born in the North and Centre of the country have, 
from a young age and during the initial entry point into the national pathway (i.e. U15), the greatest 
likelihood of being selected to play for the Italian national squads compared to their equivalents 
born in the South.

There is a common belief that players need to be exposed to large volumes of structured practice 
to acquire expertise in soccer.38 As a result, a large proportion of countries have started offering 
players more practice and competition in their primary sport (i.e. soccer) during childhood.39 In 
line with this, Italian soccer has adopted an early specialization and identification pathway, which 
encourages children to enter soccer academies from a very young age (e.g. 6-years-old). 
Importantly, Italian children and adolescents’ access to these optimal developmental environments 
is based on a “pay-to-play” model, whereby parents are required to pay an annual fee. Accordingly, 
the help and financial support of parents (i.e. their socioeconomic status) may act as a constraint on 
Italian individuals’ development in soccer.40 In the context of the current findings, South Italy’s 
disadvantages in terms of the socioeconomic and cultural status compared to the rest of the 
country,41 may limit access to talent pathway of children and adolescents born and raised in the 
Southern regions, eventually limiting their long-term development in soccer. A recent study 
conducted by the FIGC highlighted how South Italy recorded fewer players aged between 5 and 
16 years involved in organized soccer activities compared to North and Central Italy.42 Enrolment 
in soccer at early ages enables children to acquire early skill advantages, which could inevitably 
cause a rise in performance levels.43 As such, children from North and Central Italy are more likely 
to be recognized as talented and may dispose of greater openings to talent pathways later in their 
young career.

Research has highlighted how the sport spatial landscape (e.g. distribution of athletes and clubs, 
structures competitions, and location of successful underage clubs) could offer critical information 
regarding athletes’ equity of opportunity for development in every sport association.44 In this 
regard, the Italian soccer spatial landscape appears unequal across the country. More specifically, 
soccer in Italy has always been a place where the geographical divisions between the North and the 
South of the country are shown. Historically, soccer in Italy was mostly present in the North, where 
there were cities, green grass, free time, and, above all, finances were often held.45 Contrarily, in 
South Italy, soccer has increased at a slower rate. For instance, ten years after the first world conflict, 
only 11% of the players lined up from the South’s soccer teams were born in South Italy.46 Today, 
the Italian national training soccer centre is in Central Italy. In line with this, the Serie A (i.e. Italy’s 
top male league) has often showed an overrepresentation of teams from the North and the Centre, 
with northern teams generally more successful than any other team across the country,47 while 
southern teams often in a struggle to maintain their elite status.48 As an example, from 1975 
onwards, on 46 seasons of the Serie A, only five of these were won by a club not from North Italy 
(AS Roma in 1982–83 and 2000–01; SSC Napoli 1986–87 and 1989–90; SS Lazio 1999–00). This is 
an important factor to consider, because from U15 onwards, the FIGC organize elite youth national 
championships in which professional teams’ youth teams take part. Considering that the majority of 
professional clubs reside in the North and Centre of Italy, these two macro-regions are over
represented across all age-groups categories.

Elite youth clubs are high-quality environment where young players can fulfil their potential. 
Recent findings have highlighted how proximity to successful youth clubs is a central factor in talent 
development,49 as once young athletes reach a high level of performance, they are often required to 
leave their former local club in favour of a high-performance club where they can have access to 
better training facilities and are followed by expert coaches.50 As such, young players born in North 
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and Central Italy may have access to greater developmental opportunities, as well as benefit from 
the increased exposure to sport specific motor experiences, to quality coaches and facilities, and 
from the regular involvement in higher competition levels from a young age.51 In contrast, in South 
Italy, the lack of talent clubs and facilities means youngsters born in this macro-region have less 
openings for higher-level developmental opportunities in soccer. Accordingly, this creates differ
ences in opportunity for soccer growth between players born in North and Central Italy and players 
born instead in the South. Moreover, young players who play in elite youth clubs are exposed to 
a greater social visibility, which could augment their likelihood of being selected to play for the 
youth national teams.52 For instance, in Brazilian soccer, Teoldo and colleagues showed how a large 
pool of young talented players use to migrate from their hometowns to develop in high- 
performance youth teams, which ensure them better training conditions and facilities, also aug
menting their visibility to youth national teams’ head coaches.53 Indeed, it is worth presuming 
national teams’ head coaches select players from the best elite youth clubs throughout the country. 
As such, in our study, the lower presence of players from the South in the Italian national youth 
representatives could be attributed to the underrepresentation of South Italy’s youth soccer clubs at 
national level.

Young athletes who grow up at a greater distance from high performance clubs may face 
additional challenges, such as requiring additional resources for transportation,54 or may need to 
leave their families to be able to continue chase their dream of becoming successful senior athletes.55 

In other words, because of the distance and/or lack of elite youth clubs in South Italy, many soccer 
talents born in the South: (a) will not have the possibility of developing in high-quality environ
ment, and (b) will not have a higher social visibility, unless they are willing to migrate in the North 
and Central regions. Therefore, presuming that the underrepresentation in the national soccer 
representatives of players born in the South is due to a lack of talent in these regions, it would be 
unfair and unlikely to be true. Rather, these birthplace effects, cause a loss of talent, as players born 
in the South who may have the potential to succeed are being overshadowed by players born in 
other regions of the country; particularly as soccer in the South is no less popular in comparison to 
North and Central regions.56 As such, similarly to relative age effects (RAEs),57 the regional 
disparities in the Italian soccer presented in this paper represents an unintended form of talent 
wastage.58 This could have adverse implications for the Italian Soccer Federation, as it could impact 
the pool of talented players to select from senior level and therefore need to be managed 
accordingly.

The Matthew effect is used to describe how, in society, “the rich get richer” and “the poor get 
poorer”.59 This notion has been already explored in sport as part of a theoretical framework (i.e. the 
Social Agent’s Model) used to explain RAEs.60 The Matthew effect can also be used here to explain 
longer developmental advantages experimented by children and adolescents from North and 
Centre Italy. The socioeconomic constraints that characterize youth Italian soccer (i.e. the “pay- 
to-play” model), may impact on children and adolescents’ access to first developmental experiences 
in soccer. Families with lower socioeconomic and cultural conditions, mostly present in the 
Southern regions, may be discouraged to have children involved in soccer activities, undermining 
their interactions with the soccer environment (e.g. early abilities, connections with peers and 
coaches) and their development. This causes an initial performance gap between children and 
adolescents from South Italy and players from North and Central Italy, who, due to their higher 
social class and have greater access to facilities, are more likely of being involved in soccer practices. 
This will have a subsequent impact on their subsequent selection opportunities, eventually widen 
the already existent gap in terms of long-term developmental soccer opportunities between players 
from North and Central Italy and players from the South (i.e. “the rich get richer” and “the poor get 
poorer”). As such, these longer developmental advantages experimented over time (i.e. training 
sessions and seasons) by Italian children and adolescents born in the regions of the North and 
Centre impact on their likelihood of becoming the better players in the future (i.e. career), and 
indeed the results of our study showed how they remain to be overrepresented even at senior level.

SOCCER & SOCIETY 9

160



Summing up, human development is dependent on an intertwined relationship between the 
individual and their environment. Our study highlighted how talent selection and development 
processes in Italian soccer are not done on a levelling playing field, and proposed how in South 
Italy, the lack of sporting infrastructures, lower socioeconomic status, and fewer professional 
soccer clubs and youth academies, negatively impact on soccer developmental trajectory for 
children born in this macro-region. Considering that every sport association’s aim should be 
providing equitable opportunities for participation and success in sport, the FIGC should evolve 
accordingly by increasing its awareness of its developmental soccer pathways to try to give every 
talent a chance.

Limitations

When interpreting the results of this study, it is important to consider its limitations. First, only 
one appearance with any of the Italian national soccer teams was required to be included in this 
study. However, some players could have played in considerably more games. Career duration 
and/or appearances could be a variable included to understand the influence of birthplace on 
long-term development outcomes. Second, this study did not make a distinction between 
playing a friendly or an official match. Considering the different requirements needed for 
players to play internationally during a major tournament and to play in a friendly match, 
a more appropriate data analysis could have included such distinction. Third, this study has 
only taken in consideration players’ place of birth. However, a player may be born in 
a particular region of Italy and then moved elsewhere in the country in their younger age. 
Finally, we derived the sociocultural and economic status from census statistics. Another 
possible method could have been to investigate the sociocultural and economic status associated 
with national representatives. It is, however, worth considering that this evaluation of the 
“southern question” provides valuable insights on birthplace effects in Italy and offers 
a foundational approach for future studies.

Conclusions

The Stadio Olimpico [Olympic Stadium] is the largest sports stadium in Rome, Italy, seating 
over 70,000 spectators. Rebuilt for the Men’s FIFA World Cup in 1990, the Stadio Olimpico is 
home to AS Roma and SS Lazio as well as host of the Coppa Italia final and many national 
team fixtures. Indeed, thousands of young (and senior) Italian soccer players dream of 
representing their national team in their capital at the Stadio Olimpico. However, in the 
context of the male Italian national teams, we questioned whether all roads lead to Rome. This 
figurative expression means that all choices, methods, or actions lead to the same result or 
goal, and a metaphor that nicely queries the reality of Italian soccer players. Based on our 
findings, it appears not all roads necessarily lead to Rome for aspiring Italian soccer players. 
Specifically, this paper was the first to examine the presence of the “southern question” (i.e. 
birthplace effects) in the Italian national soccer teams, with results showing the presence of 
a skewed distribution of birthplaces that favours players born in North and Central Italy. 
Moving forward, key stakeholders employed within the FIGC are encouraged to focus their 
attention on creating more equitable talent pathways across the country and widen the pool of 
potential talent. Moreover, future research in this area would benefit from examining the 
socioeconomic and cultural backgrounds of selected payers and further explore the Italian 
soccer landscape (i.e. distribution of players across the national territory). This would high
light some patterns of migration and help to better understand the challenges that youth 
Italian players need to overcome to become successful senior players.
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EPILOGO

Concludiamo questa stimolante raccolta di articoli scientifici curata dal Luiss Sport Lab, un centro 
studi di eccellenza dedicato all'analisi e alla ricerca nel campo dello sport. Questa pubblicazione 
riflette l'impegno costante e l'entusiasmo dei ricercatori, degli esperti e degli appassionati che 
compongono la comunità del Luiss Sport Lab.

Attraverso gli articoli raccolti, abbiamo esplorato le dinamiche complesse del mondo dello sport, 
sia sul campo che al di fuori. Dai meccanismi fisiologici che guidano le prestazioni atletiche, alle 
implicazioni sociali e psicologiche degli eventi sportivi, ogni contributo ha offerto una prospettiva 
unica su uno degli aspetti più affascinanti della vita umana: il movimento e di conseguenza lo sport.

Il Luiss Sport Lab racchiude la necessaria innovazione per la crescita nel campo della ricerca 
sportiva. La diversità di argomenti trattati in questa raccolta, riflette la multidisciplinarietà che 
ha caratterizzato il nostro approccio. Questa diversità è la chiave per comprendere le molteplici 
sfaccettature dello sport e per sviluppare soluzioni innovative, che possano migliorare attraverso 
l’applicazione non solo la performance ma anche il benessere degli atleti.

Chiudiamo questo lavoro con la consapevolezza che il Luiss Sport Lab potrà rappresentare un’area 
d’interesse e di sviluppo non solo dello sport all’interno dell’Università ma diventare anche un 
acceleratore di innovazione per tutta la metodologia dell’allenamento da utilizzare. 
Si ringraziano tutti coloro che contribuiscono quotidianamente allo studio con l’intento di migliorare 
comportamenti e metodiche per la crescita non solo del singolo ma anche della squadra. 

Infine, tutti quelli che hanno lavorato alla raccolta di pubblicazioni scientifiche che hanno 
menzionato il Luiss Sport Lab.
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Capitolo 1 - Introduzione

A cura del Luiss Sport Lab




