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The influence of biological maturity status on talent identification and development in youth soccer has been 
debated extensively. Alternative methods have thus recently emerged to estimate maturity status, such as the Pubertal 
Development Scale (PDS), but their relationship with physical capabilities of young soccer players still needs to be 
determined. The present study investigated the relationships of different PDS-derived pubertal status measures, 
chronological age, and relative age with selected performance variables in youth soccer. Sixty-one male soccer players 
were assessed for physical capabilities using field tests for sprinting, vertical jumps (countermovement jump, CMJ), 
intermittent high-intensity endurance, and repeated sprint ability. Chronological age was defined as the number of days 
since birth, and relative age was defined in terms of age quarters. PDS-derived measures of puberal status, otherwise, 
were determined as an average PDS score, a PDS category score, and a pubertal category. Chronological age, relative age, 
and measures of pubertal status were scarcely related (p > 0.05) to selected measures of soccer performance. Significant 
correlations were only found between different measures of pubertal status and the variable "work" in the CMJ test (range 
r = 0.33–0.36; p < 0.01) and between chronological age and CMJ height (r = −0.297; p = 0.02). The present results suggest 
that physical performance of young soccer players is poorly related to chronological age, relative age, and pubertal status. 
Potential effects of biological maturity status on physical capabilities may not be easily identifiable in a group of young 
soccer players narrowed in terms of chronological age and training status. 
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Introduction 

Talent identification refers to a complex 
process that arises from multiple factors that 
operate in various ways to identify individuals 
who have the potential to become elite players 
(Williams and Reilly, 2000). Those recognized as 
talented are given an invitation to join  

 
development programs where they can access a 
suitable learning environment that will enable 
them to fully develop their potential (Reilly et al., 
2000). Both processes of identifying and 
developing young talents have become topics of 
interest in modern soccer (Carling et al., 2009). 
Evidence-based support systems, that take a  
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comprehensive approach for talent identification 
and development, have emerged and are gradually 
replacing the dominant, non-scientific model of 
identifying promising youth soccer players based 
on the coach's subjective preconceived notion of 
the ideal player, which is limited in consistency 
and results in repetitive misjudgments (Williams 
and Reilly, 2000). Such holistic models consider the 
players' physical, technical, and psychosocial 
attributes and are essential in successful talent 
identification and development environments, but 
are also likely to be a fertile area for additional 
research (Kelly and Williams, 2020; Vaeyens et al., 
2008). 

There is speculation that the influence of 
relative age and biological maturation could 
negatively impact traditional and modern 
approaches to talent identification and 
development (Smith et al., 2018). Relative age 
refers to the variation in chronological age within a 
specific age group, which is determined by 
comparing individuals' dates of birth and the 
cutoff dates for that particular age group (Hill et 
al., 2020). Since youth athletes are traditionally 
grouped by chronological age (e.g., U10, U11, U12, 
etc.) to provide fair competition and equal 
opportunity, there could be a considerable age gap 
of up to 12 months among participants within the 
same cohort. Such a scenario is even more 
problematic when biological maturation is 
neglected (Hill et al., 2020). The advancement 
towards the state of maturity or adulthood that is 
characterized by status, timing and tempo can be 
referred to as biological maturation (for details, see 
Malina et al., 2019). Large interindividual 
variability rates characterize biological maturation 
and indicate that children within the same 
chronological age do not mature simultaneously, 
with some individuals maturing in advance or 
delayed relative to their peers (Jackowski et al., 
2011). Such considerable variability in somatic and 
biological growth has often been described in the 
literature (Hill et al., 2020), with potential 
consequences for variables associated with soccer 
performance (Kelly et al., 2021). Evidence suggests 
that there are significant advantages in height, lean 
body mass and components associated with 
performance in individuals with advanced 
maturity status (Figueiredo et al., 2009; Selmi et al., 
2020; Vaeyens et al., 2006). Hence, player selection 
biases may occur due to relative age and biological  
 

 
maturation and cause profound impacts on talent 
identification and development programs. 

Relative age and biological maturation 
should be acknowledged as separate constructs 
that exist and function independently. Such 
consideration might avoid potential selection 
biases and optimize processes for identifying and 
developing young talents in professional soccer 
academies (Hill et al., 2020). Recently, promising 
approaches have been developed and tested to 
group young soccer players based on their 
biological maturation instead of their 
chronological age (Cumming et al., 2017). These 
new competitive formats offer advantages for 
talent identification and development programs 
(Malina et al., 2019). However, implementing such 
innovative approaches in soccer is challenging 
since it requires appropriate methods that meet 
ethical and economically pragmatic criteria to 
assess biological maturity status (Leyhr et al., 
2020). Biological maturity status in youth athletes 
is commonly determined using various methods, 
categorized into skeletal, sexual or somatic 
maturity indicators (Baxter-Jones et al., 2005). 
Despite the accuracy of methods utilized in 
evaluating biological maturation, their 
effectiveness is constrained by factors such as 
equipment accessibility, analysis proficiency 
requisites, assessment methods’ invasiveness, as 
well as legal and ethical concerns coupled with 
time and financial restraints (Lloyd et al., 2014). To 
overcome such barriers, at least in part, Petersen et 
al. (1988) developed a scale that continuously 
measures pubertal status and significantly 
correlates with other methods of biological 
maturation. This scale, known as Pubertal 
Developmental Scale (PDS), includes questions on 
the gonads, adrenals, and growth factors that 
change the body during the pubertal period 
(Petersen et al., 1988). The PDS has been recently 
introduced as a valuable tool for estimating 
pubertal development in soccer studies (Perroni et 
al., 2018, 2019, 2023). However, it is currently 
unknown whether the PDS-derived measures of 
pubertal status are significantly related, and 
comparable to those found for chronological age 
and relative age, to the physical capabilities of 
soccer players. Hence, the present study 
investigated the relationships of chronological age, 
relative age, and PDS-derived pubertal status 
measures with selected performance variables in  
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young soccer players. 

Methods 
Participants 

Sixty-one well-trained young male soccer 
players (mean age: 13.5 ± 0.6 years; body height: 
169.0 ± 8 cm; body mass: 59.0 ± 10 kg) from amateur 
(n = 36) and professional (n = 26) soccer teams 
voluntarily participated in the study. All 
participants had a minimum of six years of 
continuous soccer training and competitive 
experience and played in both national and local 
championships. Participants had at least three 
training sessions per week (~90 to 120 min per 
session), with an official soccer match (60 min per 
match) at the end of the week. All participants 
followed a similar training program consisting of 
technical and tactical skill development and 
physical conditioning under the supervision of the 
same qualified physical trainer. They were free 
from injuries limiting their ability to train and 
complete the performance tests. They were 
accustomed to the testing procedures and were 
asked to abstain from strenuous exercise for at least 
24 h prior to the performance tests. The study was 
evaluated and approved by the local research 
ethics committee of the University of Turin 
(protocol n. 134685, approval date: 15 July 2016) 
and carried out in accordance with the most recent 
revision of the Declaration of Helsinki. All 
participants and their parents provided their 
written informed consent before the study began, 
after being informed about the experimental 
procedures, potential risks, and benefits of 
participation. 

Design and Procedures 

A descriptive correlation design was used 
to explore the relationship among age, biological 
maturity status, and variables of soccer-related 
performance. A convenience sample of youth 
soccer players was recruited, and chronological 
age, relative age, and PDS-derived measures of 
puberal status (Petersen et al., 1988) were then 
determined. Players’ anthropometric 
characteristics and physical capabilities using field 
tests for sprinting (10-m linear sprint test; Cronin 
and Templeton, 2008; Delaney et al., 2018), vertical 
jumps (countermovement jump test; Bosquet et al., 
2009), repeated sprint ability (7 × 34.2-m shuttle 
sprints with a slalom; Bangsbo, 1994), and  
 

 
intermittent high-intensity endurance (Yo-Yo 
intermittent recovery test level 1; Castagna et al., 
2006; Krustrup et al., 2003) were also determined. 
This battery of performance tests could describe 
the players’ neuromuscular and endurance 
characteristics. Performance testing was carried 
out at the beginning of a training season to limit the 
differences in training status among participants. 
Each testing session, conducted within the same 
week, spanned two days with an identical 
sequence. On the first day, players visited the 
medical room for anthropometric measurements 
and completed the PDS scale. They then followed 
a warm-up protocol (details below) and 
underwent anaerobic evaluations in this order: a 
countermovement jump, a 10-m linear sprint, and 
a repeated sprint ability test. To mitigate the effects 
of fatigue, participants received a 10 to 15-min 
recovery period after each test before the 
subsequent one. On the second day, after the same 
warm-up, players performed an intermittent high-
intensity endurance test. All testing sessions were 
completed under comparable environmental 
conditions (temperature range: 18–22°C) and 
within a designated time frame (14:00–18:00), 
using an artificial turf that met the standards set for 
competitions at a national level (Stiles et al., 2009). 
Prior to all performance tests, participants 
completed a standardized warm-up, which 
included ten minutes of submaximal running and 
five minutes of athletic drills (such as skipping and 
high-knee runs), with three minutes of dynamic 
stretching in between. All participants had prior 
knowledge of the testing protocols due to their 
regular involvement in soccer club assessments. 

Measures 

Anthropometric Evaluation 

All measurements were taken in the 
morning by the same trained evaluator. Body 
height was measured with a fixed stadiometer 
(model 702, Seca GmbH, Germany) and body mass 
with a digital scale (model 813, Seca GmbH, 
Germany), with precision of ± 0.1 kg and ± 0.1 cm, 
respectively. 

Pubertal Development 

The PDS was used to measure pubertal 
development, as it is a valid and reliable self-
assessment scale which significantly correlates 
with other measures of pubertal status, including  
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physician ratings (Petersen et al., 1988). This scale 
comprises five questions about gonadal, adrenal, 
and growth factors that alter the body during 
puberty. For each question, participants were 
asked to rate changes in body height, body hair, 
facial hair, skin, and voice, using a 4-point scale (1 
= has not begun yet, 2 = barely begun, 3 = definitely 
begun, 4 = seems complete). The PDS values were 
utilized to calculate the average PDS score 
(PDSavg5), the PDS category score (PDScat3), and the 
pubertal category. The PDSavg5 score was calculated 
by summing the responses of all five items, divided 
by the number of items. Otherwise, the PDScat3 
score was calculated by summing the body hair 
growth, voice change, and facial hair items. Finally, 
the pubertal category, obtained from the PDScat3 
score, was used to categorize participants as early 
pubertal (score = 3, 4, or 5), mid-pubertal (score = 6 
to 8), and late pubertal (score = 9 to 12) (Carskadon 
and Acebo, 1993). The Italian-translated version of 
the PDS (Perroni et al., 2014) was adopted in this 
study and used to relate soccer players' pubertal 
development and physical capabilities (Perroni et 
al., 2018). The questionnaire was completed 
individually in a conference room, with the silent 
presence of an investigator who helped when 
needed. 

Relative Age 

Chronological age was defined as the 
number of days since birth. Relative age, on the 
other hand, was defined based on age quarters. 
Participants were assigned to one of four relative 
age quartiles based on their month of birth, 
regardless the year of birth. Specifically, Q1 
referred to individuals born between January and 
March, Q2 to those born between April and June, 
Q3 referred to individuals born between July and 
September, and Q4 to those born from October to 
December. This categorization was chosen because 
the cutoff date for all sports in Italy, including 
soccer, is January 1st. 

Performance Evaluation 

Countermovement jump test. Each 
participant performed a vertical jump test using an 
optical time system (model Optojump, Microgate, 
Bolzano, Italy). This system has been proposed to 
be valid for estimating jumping height by 
measuring flight time as traditional contact mats 
do (Bosquet et al., 2009; Castagna et al., 2013). Each  
 

 
participant was instructed to maintain an initial 
standing position with the plantar part of the foot 
contacting the ground and hands on the hips. 
Then, they performed a countermovement until 
the knee angle was ~90° and immediately jumped 
as high as possible. All players performed three 
barefoot countermovement jumps (CMJ) 
interspersed with 2 min of rest in between. The 
highest jump with proper execution was used for 
the final data analysis. The CMJ is widely used as 
a valid and highly reliable (test-retest stability 
coefficient of 0.80–0.98) performance test to assess 
the explosive strength of the leg musculature of 
athletes (Bosco et al., 1983; Slinde et al., 2008). 
However, to account for the differences in body 
mass, CMJ data were converted into “work” by 
multiplying force (body mass × acceleration of 
gravity) × distance (jump height, in m). 

Ten-meter linear sprint test. Linear sprint 
performance was evaluated using a valid and 
reliable 10-m standing start sprint test (Cronin and 
Templeton, 2008; Delaney et al., 2018). Two 
photoelectric cells (Polifemo, Microgate, Udine, 
Italy) placed 0.75 m above the ground and 
positioned 10 m apart with the first timing gate at 
0.5 m from the start were used. All participants 
performed three linear sprint attempts, 
interspersed with 5-min rest intervals. The best 10-
m sprint time was used for further analysis. 

Yo-Yo intermittent recovery test. The Yo-Yo 
Intermittent Recovery Test level 1 (YYIRT1) was 
used to assess aerobic fitness. It is recognized as a 
valid indicator of physical performance related to 
soccer matches (Krustrup et al., 2003). Previous 
research has reported a substantial intraclass 
correlation coefficient of 0.78, further affirming its 
reliability (Fanchini et al., 2014). The YYIRT1 was 
performed according to the procedures suggested 
by Krustup et al. (2003) and Castagna et al. (2006). 
All participants performed 2 × 20-m sprints, back 
and forth, with their speed progressively 
increasing between starting and finishing lines, 
controlled by audible bleeps. After each running 
bout, participants were allowed a 10-s rest interval 
to recover, during which they jogged around a 
cone placed 5 m behind the starting line. 
Participants experienced increasing increments of 
speed until they either failed twice to reach the line 
when the sound signal was given or were too tired 
to keep running at the required speed despite  
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verbal encouragement. The measurement of the 
total distance covered was regarded as the 
outcome of the test (Krustrup et al., 2003). 

Repeated sprint ability test. A Repeated 
Sprint Ability (RSA) test, consisting of seven 34.2 
m shuttle sprints with a slalom on a turf surface, 
was performed to measure the ability to repeatedly 
produce maximal or near maximal short-duration 
sprints with brief recovery periods (Bangsbo, 
1994). Each sprint was followed by 25 s of passive 
recovery, during which the participant jogged back 
to the starting line (Wragg et al. 2000). Verbal 
feedback was given at 5, 10, 15, and 20 s of the 
recovery period. Researchers instructed all 
participants to exert maximum effort during each 
sprint and avoid pacing themselves. Each sprint 
time was recorded to the nearest 0.01 s using a 
digital chronometer connected to photoelectric 
cells (S30-A, Digitech, Trieste, Italy) positioned at 
the starting and finishing lines. Both total time 
(RSATT), which is the sum of the seven 34.2-m 
shuttle sprints with a slalom, and a fatigue index 
(RSAFI), a measure of the performance decline 
demonstrated over the entire RSA test, were 
recorded and used for the final data analysis 
(Fitzsimons et al., 1993). 

Statistical Analysis 

Descriptive statistics are reported as mean 
± standard deviation. The normality assumption 
was verified using the Shapiro-Wilk W-test. A one-
way multivariate ANOVA was used to compare 
physical and performance variables among 
pubertal categories, followed by Tukey’s post-hoc 
tests. A correlation matrix assessed correlations 
between PDS-derived measures of pubertal status 
(PDSavg5, PDScat3, and pubertal category). 
Correlation analyses were also performed to 
determine the relationship among chronological 
age, relative age, and PDS-derived measures of 
pubertal status with selected measures of physical 
performance (CMJ height, CMJ "work", 10-m linear 
sprint time, YYIRT1 covered distance, and RSATT 
and RSAFI). The correlation coefficient (r) and the 
standard error of estimate (SEE) were reported as 
a result of each linear regression model. The level 
of significance was set at p < 0.05. All the analyses 
were conducted using SPSS Statistics 26.0 and 
RStudio. 

 
 
 

 
Results 

Sixty-one well-trained young male soccer 
players participated in the investigation. 
According to the positional roles, they were 
categorized as defenders (n = 25), midfielders (n = 
13), strikers (n = 15), and goalkeepers (n = 8). Most 
participants were aged 13 (n = 25; 41%) or 14 (n = 
34; 56%), with two players aged 12 and 15. Figure 
1 illustrates the relationship between chronological 
age, expressed as the number of days since birth, 
and the PDSavg5. There was a large interindividual 
variability in pubertal status within the same age 
group in the studied population. In particular, 
participants were classified as early pubertal (n = 
13; 21%), mid-pubertal (n = 32; 53%), and late 
pubertal (n = 16; 26%). Table 1 shows the 
descriptive data of the selected measures of 
physical performance, grouped by PDS-derived 
indices of the pubertal category. Significant 
differences between pubertal categories were 
revealed for body height (F(2,58) = 12.6; p < 0.001), 
body mass (F(2,58) = 11.8; p < 0.001) and work in the 
CMJ test (F(2,58) = 6.0; p < 0.001), with early pubertal 
players showing lower measures in all variables. 

As expected, correlation coefficients 
between different PDS-derived measures of 
pubertal status, namely, PDSavg5, PDScat3, and the 
pubertal category, were relatively high (range r = 
0.84–0.91; p < 0.05). Such PDS indices, however, 
were scarcely related to selected measures of 
physical performance. Significant correlations 
were only found between different PDS-derived 
measures of pubertal status and "work" in the CMJ 
test (range r = 0.33–0.36; p < 0.01). Table 2 shows 
Pearson’s correlation coefficients between PDS-
derived pubertal development indices and selected 
physical performance measures. 

Descriptive data of the selected measures 
of physical performance, grouped by chronological 
age and relative age (four quarters according to the 
player's birth month), are reported in Table 3. 
Pearson’s correlation coefficients between 
chronological age, relative age, and selected 
measures of physical performance are shown in 
Table 4. Similar to the PDS-derived measures of 
pubertal status, both chronological age and relative 
age were poorly related to selected measures of 
physical performance. A significant correlation 
was only found between chronological age and 
CMJ height (r = −0.297; p = 0.02) (Table 4). 
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Table 1. Descriptive statistics (mean ± standard deviation) of the anthropometric indicators 
and selected measures of soccer performance, grouped by PDS-derived indices of the 

pubertal category. 

 
Early pubertal

(n = 13) 
Mid pubertal

(n = 32) 
Late pubertal 

(n = 16) 

Age (years) 13.2 ± 0.4 13.7 ± 0.5 13.7 ± 0.6 

Body height (cm) 160.8 ± 6.3 171.5 ± 6.0 a 170.6 ± 7.9 a 

Body mass (kg) 48.8 ± 10.3 61.5 ± 7.9 a 63.0 ± 9.1 a 

CMJ (cm) 29.6 ± 2.9 30.2 ± 4.9 29.5 ± 3.0 

CMJ “Work” (J) 142.5 ± 40.4 182.2 ± 37.3 a 182.8 ± 32.1 a 

10-m linear sprint (s) 1.86 ± 0.08 1.84 ± 0.09 1.82 ± 0.12 

YYIRT1 (m) 1255 ± 382 1174 ± 382 1214 ± 396 

RSATT (s) 49.2 ± 1.6 49.7 ± 2.4 49.3 ± 2.4 

RSAFI (%) 4.26 ± 1.70 4.13 ± 2.42 4.25 ± 2.17 

CMJ, countermovement jump; CMJ “Work”, estimated work at the countermovement jump; YYIRT1, 
Yo-Yo intermittent recovery test level 1; RSA, repeated sprint ability; TT; total time; FI, fatigue 

index. a significant difference from “Early pubertal”, p < 0.05 
 
 
 
 
 
 
 

Table 2. Correlation and standard error of the estimate (SEE) between PDS-derived indices 
of pubertal development and selected measures of physical performance. 

 PDSavg5 PDScat3 Pubertal category 

 r SEE r SEE r SEE 

CMJ −0.006 4.04 −0.013 4.04 −0.007 4.04 

CMJ “Work” 0.366 † 36.95 0.351 † 37.18 0.336 † 37.39 

10-m linear 
sprint 

−0.215 0.09 −0.220 0.09 −0.153 0.09 

YYIRT1 0.066 379.89 0.026 380.59 −0.031 380.54 

RSATT −0.109 2.38 −0.115 2.37 0.018 2.39 

RSAFI 0.028 2.20 −0.045 2.20 0.002 2.20 

Note. CMJ, countermovement jump; CMJ “Work”, estimated work at the countermovement jump; 
YYIRT1, Yo-Yo intermittent recovery test level 1; RSA, repeated sprint ability; TT; total time; FI, 

fatigue index. † p < 0.01 
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Table 3. Descriptive statistics (mean ± standard deviation) of the anthropometric indicators and 
selected measures of physical performance, grouped by chronological age and relative age. 

 Q1 Q2 Q3 Q4 

Age group, 13-yrs     

N (count) 11 2 8 4 

Body height (cm) 163.7 ± 7.8 169.5 ± 0.7 167.6 ± 10.3 170.3 ± 8.2 

Body mass (kg) 52.2 ± 11.3 58.2 ± 4.8 56.2 ± 12.7 61.5 ± 13.0 

CMJ (cm) 30.2 ± 2.7 29.9 ± 1.7 31.3 ± 6.9 30.3 ± 4.8 

CMJ “Work” (J) 155.4 ± 42.3 170.3 ± 4.4 174.3 ± 60.6 186.4 ± 60.2 

10-m linear sprint (s) 1.85 ± 0.07 1.88 ± 0.04 1.83 ± 0.12 1.81 ± 0.15 

YYIRT1 (m) 1396.4 ± 347.5 1500.0 ± 28.3 1382.5 ± 405.6 895.0 ± 318.9 

RSATT (s) 48.4 ± 2.2 48.1 ± 0.7 48.8 ± 2.8 50.4 ± 1.0 

RSAFI (%) 3.33 ± 1.84 2.91 ± 1.05 4.81 ± 2.41 5.71 ± 1.39 

Age group, 14-yrs     

N (count) 19 7 7 1 

Body height (cm) 168.8 ± 5.4 175.4 ± 5.0 173.0 ± 9.9 170.0 

Body mas (kg) 59.3 ± 7.9 68.4 ± 4.1 62.9 ± 10.9 63.9 

CMJ (cm) 29.3 ± 4.4 29.3 ± 1.7 29.3 ± 2.5 25.4 

CMJ “Work” (J) 171.1 ± 37.0 196.2 ± 12.0 179.9 ± 26.5 159.2 

10-m linear sprint (s) 1.84 ± 0.09 1.83 ± 0.06 1.82 ± 0.14 1.96 

YYIRT1 (m) 1059.8 ± 369.4 1104.2 ± 384.7 1177.5 ± 308.9 1321.4 

RSATT (s) 50.1 ± 2.4 50.2 ± 3.0 49.4 ± 2.4 49.9 

RSAFI (%) 3.99 ± 2.74 4.07 ± 1.75 4.30 ± 1.68 4.97 

Q1–Q4, age quarter; CMJ, countermovement jump; CMJ “Work”, estimated work at the 
countermovement jump; YYIRT1, Yo-Yo intermittent recovery test level 1; RSA, repeated sprint 

ability; TT; total time; FI, fatigue index 
 
 
 

Table 4. Correlation and standard error of the estimate (SEE) between chronological age (days 
since birth), relative age (year’s quartile), and selected measures of physical performance. 

 Chronological age Relative age, 13-yrs Relative age, 14-yrs 

 r SEE r SEE r SEE 

CMJ −0.297 † 3.86 −0.002 3.04 0.194 4.44 

CMJ “Work” 0.002 39.71 0.122 31.85 0.201 49.02 

10-m linear 
sprint 

−0.089 0.09 0.032 0.10 −0.130 0.09 

YYIRT1 −0.242 369.45 −0.099 341.01 0.087 376.92 

RSATT 0.197 2.34 0.068 2.30 −0.069 2.39 

RSAFI −0.068 2.19 0.333 1.72 0.190 2.68 

Note. CMJ, countermovement jump; CMJ “Work”, estimated work at the countermovement jump; 
YYIRT1, Yo-Yo intermittent recovery test level 1; RSA, repeated sprint ability; TT; total time; FI, fatigue 

index. † p < 0.01 
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Figure 1. Scatter-plot of the relationship between chronological age (years) and the 
average PDS score (PDSavg5). The 95% confidence area for each pubertal category is 

represented by a colored ellipse (i.e., early pubertal (green, n = 13); mid-pubertal (orange, 
n = 32), and late pubertal (blue, n = 16)). 

 
 
 
 
 
 
 
Discussion 

To the best of the authors' knowledge, this 
study is the first to characterize the relationship 
among different PDS-derived measures of pubertal 
status, chronological age, relative age, and selected 
performance variables within a group of well-
trained young soccer players that was narrowed in 
terms of age and training status. The principal 
novel finding of this investigation was that 
physical performance, except the vertical jump, of 
young soccer players seemed not to be related to 
chronological age, relative age, or different PDS-
derived measures of pubertal status. This is 
somewhat surprising considering the reports 
indicating that differences in chronological age 
between the youngest and oldest individuals 
within an age group and/or advanced maturity  
 

status within the same cohort have been linked to 
advantages in body height, lean body mass, and 
performance (Figueiredo et al., 2009; Vaeyens et al., 
2006). Significant correlations were only found 
between different PDS-derived measures of 
pubertal status and the variable "work" in the CMJ 
test and between chronological age and CMJ 
height. Such findings agree with prior reports on 
the potential impact of chronological age and/or 
biological maturation on young soccer players' 
neuromuscular performance, particularly the 
vertical jump (Perroni et al., 2014; Radnor et al., 
2021). It is worth noting, however, that there were 
more players born in the first quarter of the 
selection year than in any other quarter of the year. 
This over-representation of players born in the first 
part of the selection year has also been reported in 
other sports and is of paramount importance for  
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the identification and development of talent. 

Traditionally, youth soccer competitions 
have been organized into annual age groups (e.g., 
U10, U11, U12, etc.) in which athletes are divided 
into categories to ensure fair competition and equal 
opportunity. Consequently, there may be almost 
12 months of difference between the youngest and 
the oldest athletes in the same cohort, where those 
who are born early in the selection year (e.g., first 
birth quarter) tend to have anthropometric and 
physical advantages compared with those born 
later in the selection year (e.g., fourth birth quarter) 
(Smith et al., 2018). This difference in chronological 
age between the youngest and oldest individuals 
within an age category is commonly referred to as 
relative age; the outcomes arising from this 
phenomenon are known as the relative age effect 
(Hill et al., 2020). The relative age effect is 
problematic because it leads to a skewed 
distribution of birth dates in many sports, with an 
over-representation of athletes who were born in 
the first half of the selection year (Helsen et al., 
2000, 2005). Such over-representation suggests that 
traditional approaches to talent identification and 
development in soccer are mostly based on 
physical capabilities rather than technical or 
tactical skills (Chmura et al., 2022; Helsen et al., 
2000). Nevertheless, our findings confirm the 
existing literature by showing that the proportion 
of players born in the first quarter of the selection 
year (50.8%) is much higher than the proportion of 
players born in all other quarters (49.2%). This 
skewed birthdate distribution towards an earlier 
birthdate from the age group cutoff date contrasts 
with the even distribution of birthdates in the 
Italian population. The potential causes and 
consequences of this overrepresentation have yet 
to be fully understood, though interest in this 
curious phenomenon has increased exponentially 
in recent years (Jakobsson et al., 2021).   

The relative age effect has often been 
highlighted in soccer literature (e.g., Smith et al. 
(2018)), while few scientific reports have attempted 
to explore physical advantages purported for 
relatively older players (e.g., Carling et al., 2009). 
Surprisingly, our research findings did not support 
previous studies (Carling et al., 2009; Deprez et al., 
2012; Hirose, 2009; Lovell et al., 2015) which 
indicate that soccer players who are born in the 
first quarter of the selection year tend to have 
greater body height and mass compared to those  
 

 
born in the fourth quarter, although the small 
sample size makes our data hardly generalizable 
(Table 3). It has been previously reported that 
players born in the last quarter tend to mature 
earlier, offsetting the relative age effect and thus 
competing physically with their relatively older 
teammates (Deprez et al., 2012, 2013). Whether 
differences in body size, regardless of biological 
maturity status, might impact selected 
performance variables of young soccer players 
remains to be elucidated. Some findings, 
nevertheless, indicate that when considering 
players at the representative level, there is limited 
disparity in physical abilities between individuals 
born within the initial and final quarters of their 
respective age categories (Lovell et al., 2015). The 
present results confirm this observation and 
further indicate the absence of significant 
correlations between chronological age, relative 
age, and physical capabilities in young soccer 
players, despite the significant correlation between 
chronological age and CMJ height (Table 4). These 
findings confirm that the relative age effect on 
selected performance variables may not be easily 
identifiable in a relatively narrow group of young 
soccer players regarding chronological age and 
training status. The findings also suggest that 
coaches and talent scouts demonstrate a bias 
towards players who possess superior physical 
abilities, since individuals born in the fourth 
quarter of the selection year tend to mature earlier 
(Deprez et al., 2013); this enable them to better 
physically compete against their comparatively 
older peers. This hypothesis, however, could not 
be tested in the context of the present study and 
remains a topic for future investigations. 

The general assumption is that biological 
maturation may influence the processes of 
identifying and developing young talents in soccer 
academies (Hill et al., 2020; Zanetti et al., 2021). 
Biological maturation is characterized by large 
interindividual variability rates and indicates that 
children within the same chronological age do not 
mature simultaneously, with some individuals 
maturing in advance or delayed relative to their 
peers (Jackowski et al., 2011). However, advanced 
maturity status within the same cohort is 
associated with advantages in body size, fat-free 
mass, and fitness components of importance for 
youth soccer performance (Figueiredo et al., 2009; 
Vaeyens et al., 2006). Interestingly, there is no  
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evidence of overrepresentation of early maturing 
players in the studied sample (see Table 1; early 
pubertal, 21% vs. late pubertal, 26%). This finding 
is similar to a previous study (Grendstad et al., 
2020) and indicates that players' physical 
capabilities, combined with other technical, 
tactical, and psychosocial attributes, and not 
biological maturity status per se, impact the 
processes of selecting young talents in soccer 
academies. This speculation is confirmed by our 
study since PDS-derived measures of pubertal 
status were scarcely related to selected measures of 
physical performance (Table 2). Hence, advanced 
maturity status per se is not always linked to 
advantages in terms of physical and physiological 
characteristics in young soccer players. There were, 
however, significant relationships among 
chronological age, biological maturity status, and 
the vertical jump in the studied population (Table 
2). The vertical jump was determined using a CMJ, 
a simple, valid, and reliable surrogate of the 
explosive strength of the leg musculature of 
athletes (Bosco et al., 1983; Slinde et al., 2008). CMJ 
test results, primarily adjusted by body mass, 
might indicate that older players or those 
advanced in maturity status outperform their 
younger or less mature counterparts (Tables 2 and 
4) (Perroni et al., 2018). Whether vertical jumps are 
more susceptible than other physical capabilities 
for identifying variations in biological maturation 
within a relatively narrow sample of youth soccer 
players in terms of chronological age and training 
status is uncertain and warrants further 
investigation. 

Some limitations of the present study 
should be mentioned. The most prominent 
limitation was the assessment of biological 
maturation (Baxter-Jones et al., 2005). Biological 
maturity status in youth athletes is determined  

 
using various methods, categorized into skeletal, 
sexual or somatic maturity indicators. 
Nevertheless, although these methods are deemed 
valid and reliable, they are constrained by factors 
such as the accessibility of equipment, necessity for 
proficiency in analysis techniques, time and cost 
implications, invasiveness of some measurements, 
as wells as legal and ethical concerns (Lloyd et al., 
2014). Alternative methods for estimating 
biological maturity status, such as self-reported 
puberty status, have been recently proposed and 
introduced in soccer studies, but their limitations 
in accuracy are still debated (Malina et al., 2012, 
2019). The studied convenience sample size is 
relatively small within each group and narrowed 
in terms of age and the competitive level, as can be 
seen in Table 3. The small sample size, particularly 
in some quarters, makes descriptive statistics 
unreliable to those groups, and therefore, 
generalizing players from other chronological ages 
and competing at different levels should be made 
with caution. 

Conclusions 
These findings indicate that the potential 

effects of age and biological maturation on selected 
performance variables might not be easily 
identifiable in a group of young soccer players 
narrowed in terms of chronological age and 
training status. Biologically advanced soccer 
players, therefore, had no physical advantages and 
could equally compete physically with their 
respective biologically delayed teammates. 
Whether such findings would be related to a 
selection phenomenon that started before the 
studied age (13–14 years), however, cannot be 
concluded and should be a topic of future studies. 

 

 

Author Contributions: Conceptualization: F.P., S.A., C.C. and C.F.B.; methodology: F.P., S.A., D.S. and C.F.B.; 
formal analysis: S.A., M.B.L.R. and D.S.; writing—original draft preparation: F.P., S.A. and C.F.B.; writing—
review & editing: L.C., R.B., L.G., C.B., M.B.L.R., C.C., E.G. and D.S.; visualization: S.A.; supervision: L.G., C.B. 
and M.B.L.R. All authors have read and agreed to the published version of the manuscript. 

Funding Information: This research received no external funding. 

Institutional Review Board Statement: This study was conducted following the principles of the Declaration 
of Helsinki, and approved by the Institutional Ethics Committee of the University of Turin (protocol code 
134685; approval date: 15 July 2016). 

Informed Consent: Informed consent was obtained from the parents of all participants included in the study. 

 



 by Fabrizio Perroni et al. 129 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
Conflicts of Interest: The authors declare no conflict of interest. 

Received: 10 May 2023 

Accepted: 19 February 2024 

 

References 
Bangsbo, J. (1994). Fitness Training in Football: A Scientific Approach. August Krogh Institute, University of 

Copenhagen.  
Baxter-Jones, A. D. G., Eisenmann, J. C., & Sherar, L. B. (2005). Controlling for Maturation in Pediatric Exercise 

Science. Pediatric Exercise Science, 17(1), 18–30. https://doi.org/10.1123/pes.17.1.18  
Bosco, C., Luhtanen, P., & Komi, P. V. (1983). A simple method for measurement of mechanical power in 

jumping. European Journal of Applied Physiology and Occupational Physiology, 50(2), 273–282. 
https://doi.org/10.1007/BF00422166  

Bosquet, L., Berryman, N., & Dupuy, O. (2009). A comparison of 2 optical timing systems designed to measure 
flight time and contact time during jumping and hopping. Journal of Strength and Conditioning Research, 
23(9), 2660–2665. https://doi.org/10.1519/JSC.0b013e3181b1f4ff 

Carling, C., le Gall, F., Reilly, T., & Williams, A. M. (2009). Do anthropometric and fitness characteristics vary 
according to birth date distribution in elite youth academy soccer players? Scandinavian Journal of 
Medicine & Science in Sports, 19(1), 3–9. https://doi.org/10.1111/j.1600-0838.2008.00867.x  

Carskadon, M. A., & Acebo, C. (1993). A self-administered rating scale for pubertal development. Journal of 
Adolescent Health, 14(3), 190–195. https://doi.org/10.1016/1054-139x(93)90004-9  

Castagna, C., Ganzetti, M., Ditroilo, M., Giovannelli, M., Rocchetti, A., & Manzi, V. (2013). Concurrent validity 
of vertical jump performance assessment systems. Journal of Strength and Conditioning Research, 27(3), 
761–768. https://doi.org/10.1519/JSC.0b013e31825dbcc5  

Castagna, C., Impellizzeri, F. M., Chamari, K., Carlomagno, D., & Rampinini, E. (2006). Aerobic fitness and yo-
yo continuous and intermittent tests performances in soccer players: a correlation study. Journal of 
Strength and Conditioning Research, 20(2), 320–325. https://doi.org/10.1519/R-18065.1  

Chmura, P., Oliva-Lozano, J. M., Muyor, J. M., Andrzejewski, M., Chmura, J., Czarniecki, S., Kowalczuk, E., 
Rokita, A., & Konefał, M. (2022). Physical Performance Indicators and Team Success in the German 
Soccer League. Journal of Human Kinetics, 83, 257–265. https://doi.org/10.2478/hukin-2022-0099 

Cronin, J. B., & Templeton, R. L. (2008). Timing light height affects sprint times. Journal of Strength and 
Conditioning Research, 22(1), 318–320. https://doi.org/10.1519/JSC.0b013e31815fa3d3  

Cumming, S. P., Lloyd, R. S., Oliver, J. L., Eisenmann, J. C., & Malina, R. M. (2017). Bio-banding in Sport: 
Applications to Competition, Talent Identification, and Strength and Conditioning of Youth Athletes. 
Strength & Conditioning Journal, 39(2), 34–47. https://doi.org/10.1519/ssc.0000000000000281  

Delaney, J. A., Cummins, C. J., Thornton, H. R., & Duthie, G. M. (2018). Importance, Reliability, and Usefulness 
of Acceleration Measures in Team Sports. Journal of Strength and Conditioning Research, 32(12), 3485–3493. 
https://doi.org/10.1519/JSC.0000000000001849  

Deprez, D., Coutts, A. J., Fransen, J., Deconinck, F., Lenoir, M., Vaeyens, R., & Philippaerts, R. (2013). Relative 
age, biological maturation and anaerobic characteristics in elite youth soccer players. International 
Journal of Sports Medicine, 34(10), 897–903. https://doi.org/10.1055/s-0032-1333262  

Deprez, D., Vaeyens, R., Coutts, A. J., Lenoir, M., & Philippaerts, R. (2012). Relative age effect and Yo-Yo IR1 
in youth soccer. International Journal of Sports Medicine, 33(12), 987–993. https://doi.org/10.1055/s-0032-
1311654  

Fanchini, M., Castagna, C., Coutts, A. J., Schena, F., McCall, A., & Impellizzeri, F. M. (2014). Are the Yo-Yo 
intermittent recovery test levels 1 and 2 both useful? Reliability, responsiveness and interchangeability 
in young soccer players. Journal of Sports Sciences, 32(20), 1950–1957. 
https://doi.org/10.1080/02640414.2014.969295  

 
 



130  Assessment of performance in youth soccer players: should we consider the maturation status? 

Journal of Human Kinetics, volume 93, July 2024 http://www.johk.pl 

 
Figueiredo, A. J., Goncalves, C. E., Coelho, E. S. M. J., & Malina, R. M. (2009). Youth soccer players, 11-14 years: 

maturity, size, function, skill and goal orientation. Annals of Human Biology, 36(1), 60–73. 
https://doi.org/10.1080/03014460802570584  

Fitzsimons, M., Dawson, B., Ward, D., & Wilkinson, A. (1993). Cycling and running tests of repeated sprint 
ability. Australian Journal of Science and Medicine in Sport, 25, 82–87.  

Grendstad, H., Nilsen, A. K., Rygh, C. B., Hafstad, A., Kristoffersen, M., Iversen, V. V., Nybakken, T., 
Vestbostad, M., Algroy, E. A., Sandbakk, O., & Gundersen, H. (2020). Physical capacity, not skeletal 
maturity, distinguishes competitive levels in male Norwegian U14 soccer players. Scandinavian Journal 
of Medicine & Science in Sports, 30(2), 254–263. https://doi.org/10.1111/sms.13572  

Helsen, W. F., Hodges, N. J., Van Winckel, J., & Starkes, J. L. (2000). The roles of talent, physical precocity and 
practice in the development of soccer expertise. Journal of Sports Sciences, 18(9), 727–736. 
https://doi.org/10.1080/02640410050120104  

Helsen, W. F., van Winckel, J., & Williams, A. M. (2005). The relative age effect in youth soccer across Europe. 
Journal of Sports Sciences, 23(6), 629–636. https://doi.org/10.1080/02640410400021310  

Hill, M., Scott, S., Malina, R. M., McGee, D., & Cumming, S. P. (2020). Relative age and maturation selection 
biases in academy football. Journal of Sports Sciences, 38(11-12), 1359–1367. 
https://doi.org/10.1080/02640414.2019.1649524  

Hirose, N. (2009). Relationships among birth-month distribution, skeletal age and anthropometric 
characteristics in adolescent elite soccer players. Journal of Sports Sciences, 27(11), 1159–1166. 
https://doi.org/10.1080/02640410903225145  

Jackowski, S. A., Erlandson, M. C., Mirwald, R. L., Faulkner, R. A., Bailey, D. A., Kontulainen, S. A., Cooper, 
D. M., & Baxter-Jones, A. D. (2011). Effect of maturational timing on bone mineral content accrual from 
childhood to adulthood: evidence from 15 years of longitudinal data. Bone, 48(5), 1178–1185. 
https://doi.org/10.1016/j.bone.2011.02.010  

Jakobsson, J., Julin, A. L., Persson, G., & Malm, C. (2021). Darwinian Selection Discriminates Young Athletes: 
the Relative Age Effect in Relation to Sporting Performance. Sports Medicine Open, 7(1), 16. 
https://doi.org/10.1186/s40798-021-00300-2  

Kelly, A., Wilson, M. R., Jackson, D. T., Goldman, D. E., Turnnidge, J., Cote, J., & Williams, C. A. (2021). A 
multidisciplinary investigation into "playing-up" in academy football according to age phase. Journal of 
Sports Sciences, 39(8), 854–864. https://doi.org/10.1080/02640414.2020.1848117  

Kelly, A. L., & Williams, C. A. (2020). Physical Characteristics and the Talent Identification and Development 
Processes in Male Youth Soccer: A Narrative Review. Strength & Conditioning Journal, 42(6), 15–34. 
https://doi.org/10.1519/ssc.0000000000000576  

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A., Pedersen, P. K., & Bangsbo, J. 
(2003). The yo-yo intermittent recovery test: physiological response, reliability, and validity. Medicine & 
Science in Sports & Exercise, 35(4), 697–705. https://doi.org/10.1249/01.MSS.0000058441.94520.32  

Leyhr, D., Murr, D., Basten, L., Eichler, K., Hauser, T., Ludin, D., Romann, M., Sardo, G., & Honer, O. (2020). 
Biological Maturity Status in Elite Youth Soccer Players: A Comparison of Pragmatic Diagnostics With 
Magnetic Resonance Imaging. Frontiers in Sports and Active Living, 2, 587861. 
https://doi.org/10.3389/fspor.2020.587861  

Lloyd, R. S., Oliver, J. L., Faigenbaum, A. D., Myer, G. D., & De Ste Croix, M. B. (2014). Chronological age vs. 
biological maturation: implications for exercise programming in youth. Journal of Strength and 
Conditioning Research, 28(5), 1454–1464. https://doi.org/10.1519/JSC.0000000000000391  

Lovell, R., Towlson, C., Parkin, G., Portas, M., Vaeyens, R., & Cobley, S. (2015). Soccer Player Characteristics 
in English Lower-League Development Programmes: The Relationships between Relative Age, 
Maturation, Anthropometry and Physical Fitness. PLoS One, 10(9), e0137238. 
https://doi.org/10.1371/journal.pone.0137238  

Malina, R. M., Coelho, E. S. M. J., Figueiredo, A. J., Carling, C., & Beunen, G. P. (2012). Interrelationships among 
invasive and non-invasive indicators of biological maturation in adolescent male soccer players. Journal 
of Sports Sciences, 30(15), 1705–1717. https://doi.org/10.1080/02640414.2011.639382  

 
 



 by Fabrizio Perroni et al. 131 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
Malina, R. M., Cumming, S. P., Rogol, A. D., Coelho, E. S. M. J., Figueiredo, A. J., Konarski, J. M., & Koziel, S. 

M. (2019). Bio-Banding in Youth Sports: Background, Concept, and Application. Sports Medicine, 49(11), 
1671–1685. https://doi.org/10.1007/s40279-019-01166-x  

Perroni, F., Castagna, C., Amatori, S., Gobbi, E., Vetrano, M., Visco, V., Guidetti, L., Baldari, C., Rocchi, M. B. 
L., & Sisti, D. (2023). Use of Exploratory Factor Analysis to Assess the Fitness Performance of Youth 
Football Players. Journal of Strength and Conditioning Research, 37(7), e430–e437. 
https://doi.org/10.1519/JSC.0000000000004414  

Perroni, F., Fittipaldi, S., Falcioni, L., Ghizzoni, L., Borrione, P., Vetrano, M., Del Vescovo, R., Migliaccio, S., 
Guidetti, L., & Baldari, C. (2019). Effect of pre-season training phase on anthropometric, hormonal and 
fitness parameters in young soccer players. PLoS One, 14(11), e0225471. 
https://doi.org/10.1371/journal.pone.0225471  

Perroni, F., Pintus, A., Frandino, M., Guidetti, L., & Baldari, C. (2018). Relationship Among Repeated Sprint 
Ability, Chronological Age, and Puberty in Young Soccer Players. Journal of Strength and Conditioning 
Research, 32(2), 364–371. https://doi.org/10.1519/JSC.0000000000001799  

Perroni, F., Vetrano, M., Rainoldi, A., Guidetti, L., & Baldari, C. (2014). Relationship among explosive power, 
body fat, fat free mass and pubertal development in youth soccer players: a preliminary study. Sport 
Sciences for Health, 10(2), 67–73. https://doi.org/10.1007/s11332-014-0175-z  

Petersen, A. C., Crockett, L., Richards, M., & Boxer, A. (1988). A self-report measure of pubertal status: 
Reliability, validity, and initial norms. Journal of Youth and Adolescence, 17(2), 117–133. 
https://doi.org/10.1007/BF01537962  

Radnor, J. M., Staines, J., Bevan, J., Cumming, S. P., Kelly, A. L., Lloyd, R. S., & Oliver, J. L. (2021). Maturity 
Has a Greater Association than Relative Age with Physical Performance in English Male Academy 
Soccer Players. Sports (Basel), 9(12), 171. https://doi.org/10.3390/sports9120171  

Reilly, T., Bangsbo, J., & Franks, A. (2000). Anthropometric and physiological predispositions for elite soccer. 
Journal of Sports Sciences, 18(9), 669–683. https://doi.org/10.1080/02640410050120050  

Selmi, M. A., Sassi, R. H., Yahmed, M. H., Giannini, S., Perroni, F., & Elloumi, M. (2020). Normative Data and 
Physical Determinants of Multiple Sprint Sets in Young Soccer Players Aged 11–18 Years: Effect of 
Maturity Status. Journal of Strength and Conditioning Research, 34(2), 506–515. 
https://doi.org/10.1519/JSC.0000000000002810  

Slinde, F., Suber, C., Suber, L., Edwen, C. E., & Svantesson, U. (2008). Test-retest reliability of three different 
countermovement jumping tests. Journal of Strength and Conditioning Research, 22(2), 640–644. 
https://doi.org/10.1519/JSC.0b013e3181660475  

Smith, K. L., Weir, P. L., Till, K., Romann, M., & Cobley, S. (2018). Relative Age Effects Across and Within 
Female Sport Contexts: A Systematic Review and Meta-Analysis. Sports Medicine, 48(6), 1451–1478. 
https://doi.org/10.1007/s40279-018-0890-8  

Stiles, V. H., James, I. T., Dixon, S. J., & Guisasola, I. N. (2009). Natural turf surfaces: the case for continued 
research. Sports Medicine, 39(1), 65–84. https://doi.org/10.2165/00007256-200939010-00005  

Vaeyens, R., Lenoir, M., Williams, A. M., & Philippaerts, R. M. (2008). Talent identification and development 
programmes in sport : current models and future directions. Sports Medicine, 38(9), 703–714. 
https://doi.org/10.2165/00007256-200838090-00001  

Vaeyens, R., Malina, R. M., Janssens, M., Van Renterghem, B., Bourgois, J., Vrijens, J., & Philippaerts, R. M. 
(2006). A multidisciplinary selection model for youth soccer: the Ghent Youth Soccer Project. British 
Journal of Sports Medicine, 40(11), 928–934. https://doi.org/10.1136/bjsm.2006.029652  

Williams, A. M., & Reilly, T. (2000). Talent identification and development in soccer. Journal of Sports Sciences, 
18(9), 657–667. https://doi.org/10.1080/02640410050120041  

Wragg, C. B., Maxwell, N. S., & Doust, J. H. (2000). Evaluation of the reliability and validity of a soccer-specific 
field test of repeated sprint ability. European Journal of Applied Physiology, 83(1), 77–83. 
https://doi.org/10.1007/s004210000246  

Zanetti, V., Aoki, M. S., Bradley, P., Carling, C., Marino, T. K., & Moreira, A. (2021). Running Performance and 
Hormonal, Maturity and Physical Variables in Starting and Non-Starting Elite U14 Soccer Players 
During a Congested Match Schedule. Journal of Human Kinetics, 80, 287–295. 
https://doi.org/10.2478/hukin-2021-0096 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


