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                                      Locomotor Performance in Highly-Trained Young 
Soccer Players: Does Body Size Always Matter?

players   [ 52 ]  , an overall performance picture can 
be gained with the assessment of a player’s loco-
motor profi le, i. e., determined by the maximal 
running speeds supported by both the aerobic 
(maximal aerobic speed, MAS) and anaerobic 
(maximal sprinting speed, MSS) systems   [ 10   ,  43 ]  . 
These 2 key locomotor speeds have received 
growing attention in the scientifi c literature and 
coaching community in the past years, especially 
because of their ability to predict high-intensity 
exercise performance   [ 3   ,  6   ,  10   ,  44   ,  56]  . Addition-
ally, these 2 locomotor speeds can be easily iden-
tifi ed and assessed by means of low-cost fi eld 
tests   [ 9   ,  41 ]  . With respect to actual on-fi eld run-
ning performance during games, the value of 
these 2 running speeds is straightforward both in 
adult   [ 51 ]   and adolescent   [ 7 ]   players: positive, 
moderate-to-large relationships have actually 
been reported between match running perform-
ance and these 2 key running speeds (at least for 
some playing positions)   [ 7   ,  51 ]  . However, from a 
selection and/or player development perspective 
in adolescent players, the informative nature of 
locomotor performance may be more problem-

        Introduction
 ▼
   Among the numerous factors that contribute to 
success in soccer, tactical and technical skills are 
probably the most important ones. As such, suc-
cessful teams and players are not necessarily fi t-
ter and faster than the less successful ones 
  [ 7   ,  8   ,  15   ,  17   ,  39   ,  42 ]  . Nevertheless, well-developed 
physical capacities are still believed to be impor-
tant aspects to reach success in soccer   [ 52 ]  . For 
example, speed capabilities may be crucial at 
decisive moments in the game to win the ball or 
overrun an opponent   [ 18 ]  . Additionally, well-
developed physical capacities may allow for a 
decreased relative exercise intensity during 
games   [ 43 ]  , which might delay both acute and 
accumulated fatigue. For these reasons, physical 
capacities represent an important component of 
young players testing batteries, both from a 
selection or talent identifi cation perspective.
  While a myriad of physical qualities such as 
acceleration, maximal sprinting speed, agility, 
coordination or maximal aerobic power have 
been suggested to be important in young soccer 
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                                      Abstract
 ▼
   To examine the eff ects of body size on locomo-
tor performance, 807 15-year-old French and 64 
Qatari soccer players participated in the present 
study. They performed a 40-m sprint and an 
incremental running test to assess maximal 
sprinting (MSS) and aerobic speeds, respectively. 
French players were advanced in maturity, taller, 
heavier, faster and fi tter than their Qatari coun-
terparts (e. g., Cohen’s d =  + 1.3 and + 0.5 for body 
mass and MSS). However, when adjusted for body 
mass (BM), Qatari players had possibly greater 
MSS than French players (d =  + 0.2). A relative age 
eff ect was observed within both countries, with 
the players born in the fi rst quarter of the year 

being taller, heavier and faster that those born 
during the fourth quarter (e. g., d =  + 0.2 for MSS 
in French players). When directly adjusted for 
BM, these MSS diff erences remained (d =  + 0.2). 
Finally, in both countries, players selected in 
National teams were taller, heavier, faster and 
fi tter than their non-selected counterparts (e. g., 
d =  + 0.6 for MSS in French players), even after 
adjustments for body size (d =  + 0.5). Diff erences 
in locomotor performances between players 
with diff erent phenotypes are likely mediated 
by diff erences in body size. However, when con-
sidering more homogeneous player groups, body 
dimensions are unlikely to substantially explain 
the superior locomotor performances of older 
and/or international players.

Affi  liations Affi  liation addresses are listed at the end of the article 
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atic. For instance, it is during the early phase of adolescence (i. e., 
11–15 years) that between-player diff erences in growth, matu-
ration and, hence, body dimensions within a similar age group 
are the greatest   [ 36 ]  . Experimental studies have shown that 
body dimensions, and especially muscle mass, explains a large 
fraction of the between-subject diff erences in muscle power 
output during non weight-bearing physical performance meas-
ures, both in adults   [ 47 ]   and adolescents   [ 16 ]   (with the larger 
the muscle mass, the greater the power). This is related to the 
generally reported proportional relationship between muscle 
physiological cross-sectional area and muscle force production 
capacity   [ 27 ]  . This relationship might however not always be 
true: it was recently shown in young soccer players that regular 
soccer training increases knee extensors strength relative to 
muscle cross-sectional area   [ 30 ]  . The benefi cial eff ect of body 
dimensions, including muscle and body mass, on locomotor 
(weight-bearing) performance is however, likely related to the 
nature of the performance test. Since the mean force applied 
during the ground contact phase is the greatest determinant of 
sprint running performance, and since these forces are very-
largely related to a runner’s body mass   [ 57 ]  , body mass has gen-
erally a benefi cial eff ect on sprint running performance (at least 
when considering homogeneous populations presenting with 
similar training background and body composition). This rela-
tionship was demonstrated with fi eld-based measures both in 
adult athletes   [ 50  ,  57]   and adolescent soccer players   [ 19   ,  41 ]  . In 
contrast, when considering aerobic-related performances, 
results are less straightforward. While the relationship between 
blood vessels cross-sectional area and maximal aerobic power 
  [ 2 ]   suggests a benefi cial eff ect of muscle mass on the absolute 
maximal oxygen uptake, it is worth noting that during weight-
bearing activities such as running, athletes have also to over-
come their own body mass. It appears that the longer the event, 
the greater the detrimental eff ect of excessive body dimensions 
  [ 31   ,  54   ,  57 ]  . While positive relationships were reported between 
MAS and body mass   [ 41 ]  , body mass was shown to be detrimen-
tal for Yo-Yo test performance   [ 19 ]  . Therefore, the observed var-
iations in maturation and body dimensions   [ 20   ,  36 ]   may prevent 
an accurate estimation of adolescent players’ “true” locomotor 
profi le. In support of this hypothesis, the players preferentially 
selected in soccer academies   [ 21] , fi rst youth teams   [ 22   ,  25 ]   or 
National teams   [ 24 ]   are consistently more advanced in age (play-
ers born earlier in the year) and/or in maturation. They also 
present greater body size and generally outperform their smaller 
and lighter counterparts by up to 5–20 %   [ 20         – 23   ,  25 ]  . In youth 
soccer elite teams and academies, this phenomenon leads to a 
systematic exclusion of the youngest and less mature players, 
whose physical (and soccer) potential might only be revealed 
later after puberty   [ 37 ]  .
  To partial out the potential eff ect of maturation and/or body size 
on physical performances and better reveal adolescent players’ 
“true” potential, several approaches have been used so far. These 
include, for example, group means statistical adjustments on 
chronological age   [ 11   ,  12   ,  36 ]  , estimates of pubertal status 
  [ 40   ,  53]  , body dimensions   [ 11   ,  36   ,  40 ]  , or the use of allometric 
scaling   [ 13   ,  32   ,  41 ]  . While group-mean adjustments render pos-
sible the understanding of the independent eff ect of age, matu-
ration and/or body dimensions on physical performances   [ 40 ]  , 
they do not allow, like allometric scaling, adjustments at the 
individual level   [ 32 ]   (which is likely crucial from a selection/
identifi cation perspective to avoid exclusion of the less mature/
shorter and smaller players). The disadvantages of allometric 

scaling are, in contrast, that it cannot be used to compare diff er-
ent populations (since the exponent to control for body size is 
likely population-dependent   [ 32 ]  ), and it also changes the units 
of measure (e. g., s to s.kg  − exp ). Such changes may be problematic 
to practitioners who are used to traditional performance values.
These 2 methods have however, not been compared directly; it is 
unknown whether both adjustment methods lead to similar 
conclusions. It is also worth noting that while chronological age 
and body dimensions are easy-to-get measures associated with 
low error of measurements   [ 5 ]  , the use of estimates of maturity 
status as independent variables is questionable for several rea-
sons. Bone age-based methods are expensive and time consum-
ing, dependent of the bone analysed and the methods of 
assessment (e. g., Greulich-Pyle, Tanner-Whitehouse, Gilsanz-
Ratib or Fels). Non-invasive methods based on anthropometric 
measures   [ 45 ]   are more practical, but the eff ect of ethnicity on 
the validity of biological maturity estimates is unclear   [ 34 ]  . 
Additionally, the interrelationships among the diff erent meth-
ods is poor   [ 35 ]  . In this latter study in young Portuguese soccer 
players   [ 35 ]  , the classifi cation of their maturation status was 
actually dependent on the method used (i. e., the use of skeletal 
age, stage of pubic hair, predicted age at peak height velocity or 
percentage of predicted adult height suggested diff erent matu-
ration status in some players). It is also unclear whether body 
dimensions have a consistent impact on physical performances, 
since diff erences in body size can result from the well-known 
variations in age and/or maturation   [ 20   ,  36 ]  , but also from diff er-
ences in genotypic backgrounds (e. g., nationality and/or ethnic-
ity)   [ 48   ,  55 ]  . Since more mature/older players   [ 20   ,  36 ]   or those 
selected for National teams generally present both greater body 
dimensions and physical performances   [ 21   ,  23   ,  25 ]  , the selective 
impact of body size on physical capacities is also diffi  cult to decipher.
  The fi rst aim of the present study was to (re)examine the specifi c 
impact of body dimensions on locomotor profi le in highly-
trained soccer players. We fi rst compared diff erent player groups 
known to diff er in body size, as it is the case for players with dif-
ferent phenotypes (i. e., French vs. Qatari players)   [ 48   ,  55 ]   or 
players varying in chronological age and/or maturation levels 
  [ 20   ,  36 ]  . In a second time, we also investigated how body size 
aff ects the expected diff erences in physical performances 
between players of diff erent playing standards (i. e., players 
selected in National teams vs. those non-selected   [ 21   ,  23   ,  25 ]  ). 
Given the strong infl uence of body dimensions on locomotor 
performance   [ 19   ,  41 ]  , all between-group diff erences in locomo-
tor performances were expected to be abolished, or at least 
largely reduced, after statistical adjustments for body dimen-
sions. The second aim was to compare the eff ectiveness of diff er-
ent statistical approaches to partial out the eff ect of body size on 
locomotor performance (i. e., group-mean adjustments and allo-
metric scaling).

    Methods
 ▼
    Participants
  Data from 807 Under 15 (U15) French and 64 Qatari soccer play-
ers were included in the present study (     ●  ▶     Table 1  ). The best 14 
outfi eld players of each of the 30 French regions for 2 consecu-
tive years formed the French players group. Outfi eld Qatari play-
ers were representatives of the Aspire Academy, which can be 
compared to an elite regional/national center in European coun-
tries. Within each country, players were divided into one of 4 
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groups (based on the quarters of the year) according to their 
date of birth in the selection year. Finally, players were also 
divided into sub-groups based on whether they were pre-
selected and/or played for their National teams (Under 15 and 
Under 16 year-old teams, French and Under 15 to under 19 year-
old teams, Qatari players) (     ●  ▶     Fig. 1  ). The age at peak height 
velocity (PHV) was used as a relative indicator of somatic matu-
rity representing the time of maximum growth in stature during 
adolescence as described by Mirwald et al.   [ 45 ]  . The age at PHV 
is the most commonly used indicator of maturity in longitudinal 
studies of adolescence   [ 34 ]  . The ethnicity of French players was 
mixed and included Whites, Blacks, and North African Arabs. 
Due to both ethical considerations and the fact that there is no 
possible ethnical description for players with mixed ancestries, 
French players were considered as a unique ethnic group. Eth-
nicity of Qatari players was Middle Eastern Arab (considered as 
White on the Census forms, as were the Canadian adolescents 
who served to determine the initial regressions to estimate age 
at PHV   [ 45 ]  ). The eff ect of ethnicity on the validity of biological 
maturity estimates using the procedures described above is 
presently unknown; the equation was therefore assumed to be 

valid for both populations. In the present study, the average esti-
mate of age at PHV (     ●  ▶     Table 1  ) was close to the range previously 
described for European boys (13.8–14.2 years,   [ 34 ]  ). French 
players participated on average in ~8 h of combined soccer-spe-
cifi c training and competitive play per week (4–5 soccer training 
sessions and 1 domestic game per week). Qatari players partici-
pated on average in ~12 h of combined soccer-specifi c training 
and competitive play per week (6–8 soccer training sessions, 1 
strength training session, 1–2 conditioning sessions, 1 domestic 
game per week and 2 international club games every 3 weeks). 
All players had a minimum of 3 years prior soccer-specifi c train-
ing. While approval for the study was obtained from the French 
Football Federation (French players) and Aspire Academy (Qatari 
players), these data arose as a condition of selection in which 
player performance is routinely measured over the course of the 
competitive season   [ 58 ]  . Therefore, usual appropriate ethics 
committee clearance was not required; however, the study con-
formed to the ethical standards of the International Journal of 
Sports Medicine   [ 26 ]  . Finally, to ensure team and player confi -
dentiality, all physical performance data were anonymized 
before analysis.

  Table 1    Physical characteristics and performance of highly-trained French and Qatari U15 players. 

    French (U15 

Regional team 

selection)  

  Qatari 

(Aspire)  

  Standardized diff er-

ences for Qatari vs. 

French players  

  Chances for smaller/

similar/greater value for 

Qatari vs. French players  

  Qualitative outcome  

  n    807    64        
  age (y)    15.0 ± 0.3    15.0 ± 0.3     − 0.04 ( − 0.26; 0.17)    11/85/3    likely trivial diff erence  
  month of birth    4.6 ± 3.1    5.6 ± 3.1     + 0.35 (0.15; 0.56)    0/11/89    Qatari likely born later in the year  
  age at PHV (y)    13.9 ± 0.5    14.4 ± 0.6    0.73 (0.51; 0.96)    0/1/97    Qatari very likely mature later  
  APHV (y)    1.1 ± 0.6    0.6 ± 0.7     − 0.47 ( − 0.71; − 0.23)    97/3/0    Qatari very likely less mature 

when tested  
  height (cm)    172.5 ± 6.8    165.7 ± 6.8     − 1.02 ( − 1.24; − 0.79)    100/0/0    Qatari almost certainly shorter  
  body mass (kg)    62.3 ± 7.0    52.5 ± 7.7     − 1.30 ( − 1.54; − 1.06)    100/0/0    Qatari almost certainly lighter  
  10 m (s)    1.81 ± 0.08    1.81 ± 0.07     + 0.03 ( − 0.19;0.24)    4/86/9    likely trivial diff erence  
  10 m adjusted for BM (s)    1.81 ± 0.08    1.77 ± 0.07     − 0.54 ( − 0.85; − 0.24)    97/3/0    Qatari very likely faster  
  10 m adjusted for height (s)    1.81 ± 0.08    1.79 ± 0.07     − 0.33 ( − 0.59; − 0.07)    80/20/0    Qatari very likely faster  
  MSS (km/h)    29.82 ± 1.71    28.94 ± 1.52     − 0.51 ( − 0.72; − 0.31)    99/1/0    Qatari very likely slower  
  MSS adjusted for BM (km/h)    29.75 ± 1.66    29.97 ± 1.25     + 0.18 ( − 0.11; 0.46)    2/54/44    Qatari possibly faster  
  MSS adjusted for height (km/h)    29.78 ± 1.71    29.66 ± 1.32     − 0.05 ( − 0.31; 0.20)    17/77/5    unclear  
  V Vam-Eval  (km/h)    16.8 ± 0.9    16.5 ± 0.9     − 0.29 ( − 0.52; − 0.05)    72/28/0    Qatari possibly slower  
  V Vam-Eval  adjusted for BM (km/h)    16.7 ± 0.9    16.5 ± 0.9     − 0.20 ( − 0.56; 0.17)    50/47/4    Qatari possibly slower  
  V Vam-Eval  adjusted for height (km/h)    16.8 ± 0.9    16.6 ± 0.9     − 0.19 ( − 0.52; 0.13)    49/49/2    Qatari possibly slower  
 Values are mean ± SD for age, month of birth, age at peak height velocity (PHV), age from/to peak height velocity (APHV), height, body mass (BM), 10-m sprint time (10 m), maxi-
mal sprinting speed (MSS) and peak incremental test running speed (V Vam-Eval ), with performance values adjusted for individual body mass (BM), height, or without adjustment 

France

International matches with U15-U16
National teams* International matches with 

youth National team(s)*

U15 Aspire*

All U15 club players

(n=23)

(n=64)

(n~900)

U15 National team
pre-selection*

U15 Regional team selection*

All U15 club players

(n=42)

(n=97)

(n=807)

(n=149269)

Qatar     Fig. 1    Flow chart showing players group alloca-
tion as a function of playing level. *: Only players 
with complete testing data sets were included. 
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        Study overview
  All measurements were taken in April (over 2 [2011–2012] and 
6 [2007–2012] successive years for French and Qatari players, 
respectively). Testing was conducted on a synthetic track which 
allowed the maintenance of standardized environmental condi-
tions (roof covered fi eld [~20 ± 2 °C, ~50 % relative humidity] and 
indoor [22 ± 0.5 °C, 55 % relative humidity] for French and Qatari 
players, respectively). Training contents and load during the 3–5 
days preceding the testing sessions were reduced and well 
standardized. All players were familiar with the physical tests, 
which included a maximal continuous and incremental running 
test (Vam-Eval) to approach MAS and a 40-m sprint with 10-m 
splits to assess acceleration and MSS   [ 10 ]  . For the French players, 
both tests were performed during the same morning testing ses-
sion (10:00–12:00 AM), with the 40-m sprint performed before 
the Vam-Eval. For Qatari players, the Vam-Eval test was per-
formed during a morning training session (8:00 AM), while the 
speed tests during an afternoon session (4:00 PM). Testing ses-
sions were at least 24 h apart.

    Incremental fi eld running test
  A modifi ed version of the University of Montreal Track Test (UM-
TT,   [ 34 ]  ) (i. e., Vam-Eval) was used to approach MAS   [ 7 ]  . The test 
began with an initial running speed of 8.5 km.h  − 1  with consecu-
tive speed increases of 0.5 km.h  − 1  each minute until exhaustion. 
The players adjusted their running speed according to auditory 
signals timed to match 20-m intervals delineated by marker 
cones around a 200-m long track. The test ended when the play-
ers failed on 2 consecutive occasions to reach the next cone in 
the required time. Throughout the test, players were given ver-
bal encouragement by the testers and coaches. The average 
velocity of the last completed stage was recorded as the players’ 
V Vam-Eval  (km.h  − 1 ). If the last stage was not fully completed, the 
V Vam-Eval  was calculated as follows:

  V Vam-Eval  = S + ( t /60 × 0.5) Eq. 1.

  where S is the speed of the last completed stage (in km.h  − 1 ) and 
 t  is the time in seconds of the uncompleted stage. The reliability 
of V Vam-Eval  was assessed prior to the present study in a group of 
65 players of our soccer academy. The typical error, expressed as 
a CV, was 3.5 % (90 % confi dence interval: 3.0; 4.1)   [ 5 ]  .

    Speed tests
  All players performed 2 maximal 40-m sprints during which 
10-m split times were recorded using dual-beam electronic tim-
ing gates (Swift Performance Equipment, Lismore, Australia). 
Ten-meter sprint time (10 m) was used as a measure of accelera-
tion. Maximal sprinting speed (MSS) was defi ned as the fastest 
10-m split time measured during a maximal 40-m sprint   [ 10 ]  . 
Split times were measured to the nearest 0.01 s. Players com-
menced each sprint from a standing start with their front foot 
0.5 m behind the fi rst timing gate and were instructed to sprint 
as fast as possible over the full 40 m. The players started when 
ready, thus eliminating reaction time. Each trial was separated 
by at least 60 s of recovery with the best performances used as 
the fi nal result. As for V vam-eval , the reliability of 10 m and MSS 
was assessed prior to the present study in a group of 65 players. 
The typical error, expressed as a CV, was 2.2 % (1.9; 2.5) and 1.4 % 
(1.2; 1.6) for 10 m and MSS, respectively   [ 5 ]  .

    Statistical analyses
  Data in the text and fi gures are presented as means (SD). All data 
were fi rst log-transformed to reduce bias arising from non-uni-
formity error. Data were then analyzed for practical signifi cance 
using magnitude-based inferences   [ 29 ]  . We used this qualitative 
approach because traditional statistical approaches often do not 
indicate the magnitude of an eff ect, which is typically more rele-
vant to athletic performance than any statistically signifi cant eff ect. 
Between-age group standardized diff erences or Cohen Eff ect Sizes 
(d) (90 % confi dence limits, CL) in the selected performance varia-
bles were calculated using pooled standard deviations. Threshold 
values for d statistics were > 0.2 (small), > 0.6 (moderate), and > 1.2 
(large). Probabilities were also calculated to establish whether the 
true (unknown) diff erences were lower, similar or higher than the 
smallest worthwhile diff erence or change (0.2 multiplied by the 
pooled between-subject standard deviation, based on Cohen’s 
Eff ect Size principle). Quantitative chances of higher or lower dif-
ferences were evaluated qualitatively as follows: < 1 %, almost cer-
tainly not; 1 − 5 %, very unlikely; 5 − 25 %, unlikely; 25 − 75 %, possible; 
75 − 95 %, likely; 95 − 99 %, very likely; > 99 %, almost certain. If the 
chance of both higher and lower values was > 5 %, the true diff er-
ence was assessed as unclear   [ 29 ]  . Otherwise, we interpreted that 
change as the observed chance.
  To examine the specifi c eff ect of body size on group-average 
performance measures, all between-group comparisons were 
performed with or without adjustments for body mass or height 
  [ 40 ]  . Finally, to partial out the eff ect of body size on individual 
performances measures, we used a linear regression allometric 
scaling model   [ 32 ]  . Since more complex modelling (e. g., multi-
ple regression analyses   [ 31 ]  , proportional allometric scaling 
  [ 13 ]  ) did not improve the gain of variance for the fi t between 
dependent and independent variables, a zero-order linear 
regression model was retained for simplicity. Since the eff ect of 
body size on physical performance is likely physical test-specifi c 
  [ 32 ]  , specifi c allometric exponents were calculated for each per-
formance variable. Ten-meter sprint time, MSS and V Vam-Eval  
were used as the dependent variables. Body mass (kg) and height 
(cm) served as independent variables to construct 6 diff erent 
regression models and to identify the scaling exponents for each 
player group. Scaling exponents were not calculated for age and 
APHV since the magnitude of their relationship with perform-
ance were either unclear or lower than the relationships between 
performance and body dimensions. The following steps outline 
the procedures used to construct the model   [ 41   ,  59 ]  . First, nor-
mality of the dependent variables was assessed in the entire 
cohort. Second, a log-linear regression analysis was performed 
on the independent and dependent variables. The slope of the 
regression line (90 % CL) was used as the allometric scaling expo-
nent   [ 32   ,  41   ,  59 ]  . Third, distribution of residuals and the assump-
tion of homoscedasticity were tested by the Anderson-Darling 
normality test and visual inspection of the residuals. The resid-
ual errors should demonstrate a constant variance (homoscedas-
ticity) and a normal distribution, indicating that the model fi ts 
all individuals across the entire range   [ 49 ]  . Fourth and last, inde-
pendence of the power ratio (i. e., allometrically-scaled 10 m, 
MSS and MAS) and independent variable (i. e., body mass, height 
and leg length) was assessed. For an allometric model to be 
deemed appropriate there should be no signifi cant correlation 
between the allometrically-scaled performance measures and 
the independent variable   [ 41   ,  59 ]  .
  Finally, Pearson’s correlation coeffi  cients were also calculated to 
establish the respective relationships between performance 
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measures and both chronological age and APHV. The magnitude 
of the correlations ( r  (90 % confi dence limits)) between test meas-
ures were assessed with the following thresholds: ≤ 0.1, trivial; 
> 0.1–0.3, small; > 0.3–0.5, moderate; > 0.5–0.7, large; > 0.7–0.9, 
very large; and > 0.9–1.0, almost perfect. If the 90 % confi dence 
intervals overlapped small positive and negative values, the mag-
nitude was deemed unclear; otherwise the magnitude was 
deemed to be the observed magnitude   [ 29 ]  . Finally, diff erences 
between the observed and expected birth-date distributions 
were tested with the Chi-Square statistic. Expected birth-date dis-
tributions were estimated to be 25 % for each quarter of the year.

     Results
 ▼
    French vs. Qatari players
  Anthropometric and performance measures of both player 
groups are presented in      ●  ▶     Table 1  . Compared with French play-
ers, Qatari players were at least likely born later in the year, less 
mature, shorter, lighter, slower and less fi t. However, when 
adjusted for body size, Qatari players were possibly to likely 
faster. In contrast, their V Vam-Eval  remained lower than French 
players after adjustments.

    Allometric models and relationship between variables
  The relationships between players’ physical characteristics and 
performance measures are presented in      ●  ▶     Table 2  . The use of the 
2 independent variables (i. e., body mass and height) as scaling 
variables was successful in meeting all of the statistical criteria. 
Physical performance measures were not clearly (V Vam-Eval  in 
both groups), slightly (10 m for French players) and moderately 
(MSS for French players, 10 m and MSS for Qatari players) cor-
related with body size measures (     ●  ▶     Table 2  ). Body mass tended 
to yield larger correlations with performance variables than 
height. Moreover, given the high level of interrelatedness 
between the 2 anthropometric variables and body mass being 
the most commonly used allometric scaling variable, only data 
scaled for body mass are reported. Correlations with chronologi-
cal age were all trivial and/or unclear for all performance meas-
ures in both groups. Correlations with APHV were only small for 
MSS in French players, and moderate for both 10 m and MSS in 
Qatari players.

       Relative age eff ect
  Physical characteristics and physical performances of players 
divided into groups based on their birth dates are presented 
in      ●  ▶     Table 3  . In both groups, players born early in the selection 
year were highly represented, with a decreasing number of play-

  Table 2    Relationships between physical performance and body size in highly-trained French and Qatari U15 players. 

      Height    Body mass    Chronological age    APHV  

  French (U15 
regional team 
selection)  

  10 m    k =  − 0.24 ( − 0.34; − 0.13)    k =  − 0.08 ( − 0.11; − 0.04)  
  r =  − 0.10 ( − 0.16; − 0.04)    r =  − 0.14 ( − 0.19; − 0.08)    r =  − 0.18 ( − 0.24; − 0.13)    r =  − 0.19 ( − 0.24; − 0.13)  

  MSS    k = 0.35 (0.26; 0.44)    k = 0.17 (0.14; 0.20)  
  r = 0.07 (0.02; 0.13)    r = 0.24 (0.18; 0.29)    r = 0.22 (0.16; 0.27)    r = 0.32 (0.27; 0.37)  

  V Vam-Eval     k = 0.11 (0.02; 0.20)    k =  − 0.01 ( − 0.04; 0.02)  
  r = 0.06 (0.00; 0.12)    r = 0.10 (0.04; 0.16)    r = 0.07 (0.02; 0.13)    r =  − 0.02 (0.08; − 0.04)  

  Qatari (Aspire)    10 m    k =  − 0.40 ( − 0.59; − 0.21)    k =  − 0.13 ( − 0.18; − 0.08)  
  r =  − 0.11 ( − 0.31;0.10)    r =  − 0.47 ( − 0.62; − 0.29)    r =  − 0.41 ( − 0.57; − 0.22)    r =  − 0.47 ( − 0.62; − 0.29)  

  MSS    k = 0.66 (0.43; 0.89)    k = 0.20 (0.14; 0.26)  
  r = 0.14 ( − 0.07; 0.34)    r = 0.55 (0.39; 0.68)    r = 0.52 (0.35; 0.65)    r = 0.58 (0.42; 0.70)  

  V Vam-Eval     k = 0.12 ( − 0.18; 0.41)    k = 0.02 ( − 0.08; 0.08)  
  r = 0.15 ( − 0.06; 0.34)    r = 0.08 ( − 0.13; 0.28)    r = 0.09 ( − 0.12; 0.29)    r = 0.05 ( − 0.16; 0.25)  

 Allometric exponent (k) and correlation coeffi  cient (r (90 % Confi dence limits)) derived from zero-order correlations between measures of body size (height and body mass), 
age, age from/to peak height velocity (APHV) and 10-m sprint time (10 m), maximal sprinting speed (MSS) and peak incremental test running speed (V Vam-Eval ) in French and 
Qatari young soccer players 

  Table 3    Characteristics of highly-trained French and Qatari U15 soccer players as a function of birth dates. 

      1 st  quarter    2 nd  quarter    3 rd  quarter    4 th  quarter    Between-group diff erences  

  French (U15 regional 
team selection)  

  n ( %)    354 (44)    246 (30)    132 (16)    74 (9)    Χ 2  3  = 229.9 ( < 0.001)  
  age (y)    15.2 ± 0.1    15.0 ± 0.1    14.7 ± 0.1    14.4 ± 0.1    1 = 2 > 3 > 4  
  month of birth    1.8 ± 0.8    4.9 ± 0.8    8.0 ± 0.8    11.0 ± 0.8    1 > 2 > 3 > 4  
  APHV (y)     + 1.2 ± 0.6     + 1.2 ± 0.6     + 0.8 ± 0.5     + 0.6 ± 0.6    1 = 2 > 3 > 4  
  height (cm)    172.5 ± 6.3    173.4 ± 5.7    171.3 ± 7.2    171.0 ± 7.8    1 = 2 > 3 = 4  
  body mass (kg)    62.5 ± 6.8    63.2 ± 6.5    61.4 ± 7.9    60.4 ± 7.8    1 = 2 > 3 = 4  

  Qatari (Aspire)    n ( %)    18 (28)    22 (34)    15 (25)    8 (13)    Χ 2  3  = 6.7 (0.08)  
  age (y)    15.3 ± 0.1    15.0 ± 0.1    14.8 ± 0.1    14.5 ± 0.1    1 > 2 > 3 > 4  
  month of birth    2.0 ± 0.8    4.9 ± 0.9    7.9 ± 0.8    11.0 ± 0.9    1 > 2 > 3 > 4  
  APHV (y)     + 1.0 ± 0.6     + 0.6 ± 0.6     + 0.5 ± 0.7     + 0.4 ± 0.4    1 > 2 = 3 > 4  
  height (cm)    165.7 ± 7.3    165.4 ± 6.0    165.9 ± 8.6    165.8 ± 4.6    1 = 2 = 3 = 4  
  body mass (kg)    54.1 ± 7.3    52.1 ± 8.1    51.8 ± 9.1    51.5 ± 5.2    1 > 2 = 3 = 4  

 Values are mean ± SD for age, month of birth, age from/to peak height velocity (APHV), height and body mass. Between-group diff erences are quantifi ed based on a clear deci-
sion (i. e., at least possible diff erence) together with a standardized diff erence  ≥ 0.2. All between-group diff erences were small in magnitude, with the exception of Q1 vs. Q3, 
Q1 vs. Q4 and Q2 vs. Q4 for age, Q1 vs. Q4, Q1 vs. Q3 for APHV, and Q2 vs. Q3 and Q2 vs. Q4 for APHV, which were of moderate magnitude. Χ 2  3 : Chi-Square statistics (P-value) 
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ers born in the subsequent quarters. Similarly in both groups 
also, there was a trend for the older players to be more mature, 
taller and heavier than their younger counterparts (     ●  ▶     Table 3  ), 
while they also tended to be faster and fi tter (     ●  ▶     Fig. 2  , left pan-
els). These relative age eff ect-related diff erences in physical per-
formance persisted after adjustments for body mass (scaled 
performance,      ●  ▶     Fig. 2  , right panels).

        Selected vs. non-selected players comparison
  Physical characteristics and physical performances of players 
divided into groups based on their participation to international 
games with national teams are presented in      ●  ▶     Table 4   (French) 
and  5  (Qatari). While international Qatari players tended to be 
more mature at the time of the physical performance tests than 
their non-selected counterparts, there was no substantial diff er-
ence in maturity status between the 3 French players groups. For 
both countries, international players were taller, heavier, faster 
and fi tter than their pre-selected (French) and non-selected 
counterparts (French and Qatari). Results from these between-
group comparisons remained very similar when accounting for 
diff erences in body size.

       Adjustment methods
  For all adjustments for body mass, the eff ect was similar when 
using either (group means adjustments or allometrically-scaled 
values, i. e., between-group diff erences remained the same and 
presented similar magnitudes. For example, in French players 
(     ●  ▶     Table 4  ), the standardized diff erences in MSS between play-
ers selected in National teams and the others was small, consid-
ering either group-mean values adjusted for body mass (d = 0.42) 
or allometrically scaled values (d = 0.51). Similarly, the between 
player group standardized diff erences in V Vam-Eval  were similar: 

d = 0.58 vs. 0.44 for group-mean values adjusted for body mass 
vs. allometrically scaled values, respectively. Finally, in Qatari 
players, the magnitude of the between-group diff erences was 
also similar for group-mean values adjusted for body mass vs. 
allometrically scaled values (     ●  ▶     Table 5  ).

        Discussion
 ▼
   The aim of the present study was to (re)examine the impact of 
body dimensions on locomotor performance in highly-trained 
young soccer players, and to directly compare diff erent adjust-
ment methods. The main fi ndings were as follow: 1) French play-
ers were advanced in maturity, taller, heavier, faster and fi tter 
than their Qatari counterparts. These physical performance dif-
ferences were, at least partly, body size-related since Qatari play-
ers were possibly faster than French players when adjusted for 
body size; 2) a relative age eff ect was observed within both coun-
tries, with the players born in the fi rst quarter being taller, heavier 
and faster than those born during the fourth quarter of the year. In 
this case however, body size diff erence was unlikely a mediator of 
the observed locomotor performance diff erences, since the MSS 
diff erences remained when adjusted for body dimensions (using 
both group means comparisons or allometric scaling); 3) simi-
larly, in comparison with their non-selected counterparts, the 
greater body dimensions of international players were unlikely to 
explain their superior locomotor performances, since these dif-
ferences remained after adjustments for body size; and fi nally, 4) 
both adjustment methods used to partial out the eff ect of body 
size, i. e., either group-mean adjustments or allometric scaling, 
led to similar conclusions.

French players Qatari players
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    Fig. 2    Raw or allometrically-scaled (body mass) 
physical performance measures of highly-trained 
French and Qatari U15 soccer players as a function 
of birth dates: 10-m sprint time (10 m), maximal 
sprinting speed (MSS) and peak incremental 
test running speed (V Vam-Eval ). Between-group 
diff erences (with Q1, Q2, Q3 and Q4 standing for 
diff erence vs. the fi rst, second, third and fourth 
year quarter, respectively) are quantifi ed based on 
a clear decision (i. e., at least possible diff erence) 
together with a standardized diff erence  ≥ 0.2. All 
between-group diff erences were small in magni-
tude. See      ●  ▶     Table 3   for samples size. 
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   French vs. Qatari players
  Present results showed initially that French players were at least 
likely advanced in maturity, taller, heavier, faster and fi tter than 
their Qatari counterparts (     ●  ▶     Table 1  ). This is, to our knowledge, 
the fi rst time that anthropometric and performance measures of 
French and Qatari young players have been compared. Despite 
the mixed ethnicity of French players, players in both groups 
had clearly diff erent ancestries (e. g., White, Black and North 
African Arabs vs. Middle East Arabs), and were therefore repre-

sentative of clearly diff erent phenotypes. Our results confi rmed 
previous observations with the general population, highlighting 
very large (d = 1.3) inter-ethnicity diff erences in body dimen-
sions   [ 48   ,  55 ]  , which may directly aff ect locomotor performance 
  [ 19   ,  41 ]  . However, when adjusted for either BM or height, Qatari 
players appeared possibly-to-very likely faster than French play-
ers; V Vam-Eval  values remained lower for this latter group (     ●  ▶     Table 
1  ). These data suggest that the smaller body size of Qatari play-
ers is likely responsible for their slower sprinting performance. It 

  Table 5    Physical characteristics and physical performance for highly-trained U15 Qatari soccer players with respect to youth national team selections. 

    U15 Aspire    International 

matches with 

National 

team(s)  

  Standardized diff er-

ences for Internation-

al vs. Aspire players  

  Chances for smaller/

similar/greater value 

for International vs. 

Aspire players  

  Qualitative outcome  

  n    41    23        
  age (y)    15.0 ± 0.2    14.9 ± 0.3     − 0.1 ( − 0.6; 0.3)    39/49/11    unclear  
  month of birth    5.5 ± 2.8    5.9 ± 3.5     − 0.1 ( − 0.5; 0.4)    29/53/17    unclear  
  APHV (y)    0.5 ± 0.7    0.8 ± 0.6     + 0.4 ( − 0.1; 0.9)    1/21/78    international likely more mature  
  height (cm)    164.6 ± 6.9    167.6 ± 6.4     + 0.44 (0.01; 0.86)    1/17/82    international likely taller  
  body mass (kg)    51.7 ± 7.9    54.0 ± 7.3     + 0.31 ( − 0.12; 0.73)    2/31/67    international possibly heavier  
  10 m (s)    1.83 ± 0.08    1.78 ± 0.06     − 0.65 ( − 1.06; − 0.23)    96/4/0    international very likely faster  
  10 m adjusted for height (s)    1.82 ± 0.07    1.79 ± 0.06     − 0.56 ( − 0.99; − 0.12)    92/8/0    international very likely faster  
  10 m adjusted for BM (s)    1.82 ± 0.07    1.79 ± 0.06     − 0.58 ( − 1.00; − 0.15)    93/7/0    international very likely faster  
  10 m (s/kg  − k )    2.99 ± 0.11    2.93 ± 0.09     − 0.55 ( − 0.97; − 0.12)    91/9/0    international very likely faster  
  MSS (km/h)    28.66 ± 1.56    29.45 ± 1.32     + 0.54 (0.12; 0.96)    0/9/91    international likely faster  
  MSS adjusted for height (km/h)    28.79 ± 1.56    29.34 ± 1.32     + 0.41 ( − 0.03; 0.85)    1/20/79    international likely faster  
  MSS adjusted for BM (km/h)    28.76 ± 1.23    29.34 ± 1.24     + 0.46 (0.03; 0.90)    1/15/84    international likely faster  
  MSS (km/h/kg  − k )    13.21 ± 0.55    12.99 ± 0.57     + 0.59 (0.17; 1.01)    0/6/94    international likely faster  
  V Vam-Eval  (km/h)    16.3 ± 0.9    16.7 ± 0.9     + 0.47 (0.00; 0.95)    1/16/83    international likely faster  
  V Vam-Eval  adjusted for height (km/h)    16.3 ± 0.9    16.7 ± 0.9     + 0.42 ( − 0.07; 0.91)    2/20/78    international likely faster  
  V Vam-Eval  adjusted for BM (km/h)    16.3 ± 0.9    16.7 ± 0.9     + 0.45 ( − 0.03; 0.94)    1/18/81    international likely faster  
  V Vam-Eval  (km/h/kg  − k )    15.2 ± 0.8    15.6 ± 0.9     + 0.43 ( − 0.04; 0.91)    1/19/79    International likely faster  
 Values are mean ± SD for age, month of birth, age from/to peak height velocity (APHV), height, body mass (BM), 10-m sprint time (10 m), maximal sprinting speed (MSS) and 
peak incremental test running speed (V Vam-Eval ), with performance values adjusted for either individual height or body mass (BM) or not, or allometrically scaled based on BM 

  Table 4    Physical characteristics and physical performance for highly-trained U15 French soccer players with respect to youth national team selections. 

    U15 Regional 

team selection  

  U15 National team 

Pre-Selection  

  Matches with the U15 

National team  

  Between-group diff erence  

  N    710    55    42    
  age (y)    15.0 ± 0.3    15.0 ± 0.2    15.0 ± 0.3    Reg = Pre-Sel = Match  
  month of birth    4.6 ± 3.1    4.4 ± 2.8    4.8 ± 3.5    Reg = Pre-Sel = Match  
  APHV (y)    1.0 ± 0.6    1.1 ± 0.6    1.1 ± 0.5    Reg = Pre-Sel = Match  
  height (cm)    172.3 ± 6.4    172.7 ± 6.2    175.3 ± 5.3    Reg = Pre-Sel < Match  
  body mass (kg)    62.0 ± 7.0    63.9 ± 7.3    65.2 ± 6.8    Reg < Pre-Sel < Match  
  10 m (s)    1.81 ± 0.08    1.78 ± 0.06    1.76 ± 0.06    Reg < Pre-Sel < Match  
  10 m adjusted for height (s)    1.81 ± 0.11    1.79 ± 0.13    1.77 ± 0.12    Reg < Pre-Sel = Match  
  10 m adjusted for BM (s)    1.81 ± 0.11    1.79 ± 0.13    1.77 ± 0.12    Reg < Pre-Sel = Match  
  10 m (s/kg  − k )    2.50 ± 0.11    2.47 ± 0.07    2.45 ± 0.12    Reg < Pre-Sel = Match  
  MSS (km/h)    29.75 ± 1.64    30.21 ± 2.05    30.67 ± 1.95    Reg < Pre-Sel < Match  
  MSS adjusted for height (km/h)    29.76 ± 1.60    30.20 ± 1.67    30.51 ± 1.68    Reg < Pre-Sel < Match  
  MSS adjusted for BM (km/h)    29.77 ± 1.60    30.10 ± 1.60    30.46 ± 1.61    Reg < Pre-Sel < Match  
  MSS (km/h/kg  − k )    14.74 ± 0.77    14.90 ± 0.96    15.06 ± 0.93    Reg < Pre-Sel < Match  
  V Vam-Eval  (km/h)    16.7 ± 0.9    16.9 ± 0.8    17.1 ± 0.7    Reg < Pre-Sel < Match  
  V Vam-Eval  adjusted for height (km/h)    16.7 ± 0.8    16.9 ± 0.9    17.1 ± 0.9    Reg < Pre-Sel < Match  
  V Vam-Eval  adjusted for BM (km/h)    16.7 ± 0.8    16.9 ± 0.9    17.2 ± 0.9    Reg < Pre-Sel < Match  
  V Vam-Eval  (km/h/kg  − k )    17.4 ± 1.0    17.7 ± 0.8    17.9 ± 0.8    Reg < Pre-Sel = Match  
 Values are mean ± SD for age, month of birth, age from/to peak height velocity (APHV), height, body mass (BM), 10-m sprint time (10 m), maximal sprinting speed (MSS) and 
peak incremental test running speed (V Vam-Eval ), with performance values adjusted for either individual height or body mass (BM) or not, or allometrically scaled based on BM, in 
players classifi ed as best regional players (Reg), pre-selected in U15 National team (Pre-Sel) or participating in offi  cial international matches with the U15 National team (Match). 
Between-group diff erences are quantifi ed based on a clear decision (i. e., at least possible diff erence) together with a standardized diff erence  ≥ 0.2. The only diff erence with a 
moderate magnitude was observed for Match vs. Reg 10-m sprint time 
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should however be acknowledged that anthropometric meas-
ures were restricted to BM in the present study; data on body 
composition (e. g., lean BM and % body fat   [ 40 ]  ) would provide 
more detailed interpretations of the present results. Percentage 
of body fat was nevertheless comparable for both groups, or 
even likely lower in Qatari players: values around ~12.5 and 
~9.5 % were previously reported in highly comparable French 
  [ 11 ]   and Qatari   [ 40 ]   players, respectively. Of note, BM as a whole 
measure still remains the more practical variable to collect and 
is therefore the variable that has the greater interest for practi-
tioners. Finally, the negligible impact of body dimensions on 
V Vam-Eval  compared with that on speed-related capacities 
(     ●  ▶     Table 1  ) is consistent with previous fi ndings   [ 19   ,  41 ]   and 
likely related to the fact that BM and associated muscle power 
factors are more determinant for speed-related measures than 
distance running performance   [ 57 ]  . Excessive body dimensions 
can even be detrimental for prolonged running performance 
  [ 54   ,  57 ]  . To conclude, present results confi rm that the benefi cial 
eff ect of body size on speed-related locomotor performance can 
overpower diff erences in phenotypic traits and/or training back-
ground. Since faster players may receive more attention from 
coaches and are generally selected in better teams   [ 21      – 23   ,  25 ]  , 
our results highlight the importance of controlling for potential 
diff erences in body size when evaluating speed-related meas-
ures in diff erent player populations. This may help to reduce the 
exclusion of the youngest and slowest players, whose physical 
potential might only be revealed after puberty   [ 37 ]  .

    Allometric models and relationship between variables
  While adjusting locomotor performances for body mass is of lit-
tle interest with respect to actual on-fi eld performance during 
games (coaches likely simply want the faster athletes regardless 
of body size), failure to consider the positive eff ect of increased 
body dimensions on maximal sprinting and aerobic speeds 
could rule out late-maturing high potential players   [ 37 ]  . One of 
the most promising methods to do so is allometric scaling   [ 32 ]   
(     ●  ▶     Table 2  ). There are however some important points that need 
to be considered for accurate interpretation of the present 
results. Factors such as age, sex, body composition, level of phys-
ical activity, and skill can confound the relationship between 
human movement abilities and body size   [ 32 ]  . We nevertheless 
believe that the potential infl uence of these factors was minimal 
in the present study, since the players tested were representa-
tive of a very homogeneous group in term of training back-
ground and body composition (i. e., low percentage of body fat). 
Within-country analyses showed in both populations that BM 
tended to have the greatest impact on locomotor performance 
when compared to height, chronological age or APHV, especially 
for speed-related measures (     ●  ▶     Table 2  ). This might be explained 
by the fact that BM is a more functional body dimension than 
height (i. e., via muscle mass and associated force production 
capacity during the ground contact phase)   [ 57]  . The greater 
associations between body mass and MSS (exponents of 0.17–
0.20,      ●  ▶     Table 2  ) compared with those for body mass vs. MAS 
(exponents of − 0.01–0.02) are consistent with the idea that dur-
ing weight-bearing activities such as running, the benefi cial eff ect 
of muscle mass on muscle force production capacity that may 
help to reach a faster MSS or MAS has to be balanced with the 
need to carry body weight. For sprinting performance, within 
homogeneous group of athletes, body mass is generally benefi cial 
  [ 57 ]  . However, when considering players diff ering in body shapes, 
locomotor abilities (e. g., coordination, running technique), and/or 

training background, the relationship between muscle cross-sec-
tional area and muscle strength might be dissociated   [ 28 ]  . The 
relationship between aerobic-related performance and BM is 
more equivocal. While BM was shown not to aff ect performance 
during short events such as 800 and 1 500-m runs   [ 31 ]  , it was 
consistently shown to be detrimental to prolonged running per-
formance (e. g., 5 km to marathon   [ 54   ,  57 ]  ). In fact, there may 
exist a body size optima for any type of running event which 
maximizes the ratio between mass-specifi c aerobic power and 
the musculoskeletal structure required to race at the required 
running speed during the event   [ 57 ]  . The infl uence of body 
dimensions on aerobic performance in young football players is 
therefore also likely to be test specifi c   [ 19   ,  41 ]  . In the present 
study, BM had no clear link with MAS (     ●  ▶     Table 2  , exponent 
− 0.01–0.02), while it had a small and positive eff ect on this vari-
able in a previous study (exponent: 0.22   [ 41 ]  ). The greater eff ect 
of body dimensions in this latter study   [ 41 ]   might be related to 
the larger range of player age (12–18 years old, and hence, MAS 
and body dimensions), which might have increased the magni-
tude of the association between performance and body size. In 
contrast, BM was shown to be detrimental for Yo-Yo test perform-
ance in a group of 13–14-year-old players   [ 19 ]  . These results were 
actually expected, since the Yo-Yo test tends to last longer than 
the incremental test used to assess MAS, and more importantly, it 
includes changes of direction. Large body dimensions have been 
shown to impair the energetic cost of running during changes of 
direction runs in adults   [ 4 ]  .
  The relatively smaller eff ect of chronological age on locomotor 
performances compared with the literature   [ 19 ]   is likely related 
to the limited range of age/pubertal variations in the present 
groups, since all players were born within the same calendar 
year. In contrasts, in Figueiredo’s study   [ 19 ]  , experimental 
groups included players born over 2 calendar years. It is also 
worth noting that the relationship between locomotor perform-
ance and APHV was much larger for Qatari vs. French players 
(r = 0.47–0.55 vs. − 0.14–0.24), which could be related to the 
mixed ethnicity origins of the French group. Indeed, the mixed 
origins of the French players could have induced variations in 
the accuracy of PHV timing estimation   [ 34 ]  , which further dis-
sociated the relationship between maturity and locomotor 
performances. Interestingly also, the exponents were popula-
tion-dependent, irrespective of the locomotor performance 
(     ●  ▶     Table 2  ). These exponents (     ●  ▶     Table 2  ) were also clearly diff er-
ent from those previously reported in a similar Qatari popula-
tion of young soccer players (but including a wider range of 
player ages; 0.33 and 0.22 for MSS and V Vam-Eval , respectively 
  [ 41 ]  ). Taken together, these results confi rm the need to generate 
population-specifi c exponents for appropriate adjustments   [ 32 ]  . 
Further studies comparing maturity timing between diff erent pop-
ulations would help understand better the present results   [ 34 ]  .

    Relative age eff ect
  In both populations, a relative age eff ect was observed, with 
more players born in the early months of the year (     ●  ▶     Table 3  ). 
This uneven birth month distribution is not a new fi nding in 
young soccer players   [ 12   ,  22   ,  38 ]  , and has been reported in many, 
if not all, sports   [ 46 ]  . In a recent study on ice hockey players, it 
was clearly shown that the selections biases related to maturity/
body dimensions and physical performance are actually causal 
mechanisms for this relative age eff ect   [ 14 ]  . The fact that players 
born in the fi rst quarter of the year were also taller and heavier 
that those born during the 2 last quarters (     ●  ▶     Table 3  ,      ●  ▶     Fig. 2  ) is 
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also in agreement with previous results in young soccer players 
  [ 12   ,  22   ,  38 ]  . One interesting fi nding of the present study is how-
ever that the older (and bigger) players had also slightly but sub-
stantially faster locomotor performances than their younger 
counterparts (     ●  ▶     Fig. 2  ). In previous studies   [ 12   ,  38 ]  , such diff er-
ences in physical capacities were also apparent (e. g., d = 0.5 for 
40-m sprint time   [ 12 ]  ), but were partly ignored because the dif-
ferences did not reach statistical signifi cance. The diff erences 
observed both in the present and previous studies are in fact 
substantial and can potentially impact on fi eld physical per-
formance   [ 7   ,  42 ]  . Additionally, when adjusted for body size (both 
with group-means comparisons or when using allometric scal-
ing), the majority of the diff erences in locomotor performance 
remained and the magnitude of the between-group diff erences 
was almost unaff ected (     ●  ▶     Fig. 2  ). This confi rms that the physical 
advantages of the older players might not be (only) mediated by 
their greater body dimensions   [ 16   ,  40 ]  . For example, neural acti-
vation, which can aff ect muscle strength independently of mus-
cle cross-sectional area   [ 30 ]  , could explain the greater scaled 
performance of the older players. Maturation-related diff er-
ences in neuromuscular function and/or metabolism   [ 1 ]  , as well 
as enhanced training and coaching opportunities   [ 38 ]   could pos-
sibly explain these fi ndings. Practically, present results lend sup-
port to previous recommendations   [ 38 ]  , i. e., the need to provide 
greater opportunities to smaller/later maturing talented boys to 
avoid exaggerated rate of drop out. Finally, present results sug-
gest that in homogeneous groups of highly-trained young play-
ers, the infl uence of body dimensions on locomotor performances 
are, although substantial, likely overpowered by other compo-
nents (e. g., training opportunities/history mediated by diff er-
ences in age).

    Playing standard
  In the present study, both French and Qatari players selected in 
National teams were taller, heavier, faster and fi tter than their 
non-selected counterparts (     ●  ▶     Table 4    ,   5  ). While these data com-
pare well to the usual diff erences observed between selected 
and non-selected players with respect to youth teams selection 
  [ 22   ,  25 ]   or soccer academies entries   [ 11 ]  , data on young interna-
tional players is limited   [ 23 ]  . More specifi cally, the physical dif-
ferences between players pre-selected in National teams, and 
those who actually played during international games (     ●  ▶     Table 
4  ), have never been investigated. Interestingly, despite the lack 
of diff erence in either age or maturity status, the international 
players competing for France were shown to be taller, heavier, 
faster and fi tter than the 2 other groups. It is diffi  cult to decipher 
whether the greater locomotor performance of the international 
players is the cause or the consequence of their higher playing 
standard. Both the similar maturity status and the likely identi-
cal training schedules (except time spent with the National 
teams) between the diff erent player groups could suggest that 
the superior performance of international players is more 
related to individual physical predispositions (e. g., genetic fac-
tors explaining both greater body dimensions and physical per-
formances). However, a greater training ‘quality’ during training 
sessions in the more skilled players, and hence, a better motiva-
tion and training stimuli for improvement cannot be ruled out. 
In fact, a greater progression in physical capacities has been 
observed within a year in fi rst compared with reserve teams 
(e. g., d =  − 1.2 vs. − 0.1 for 30-m sprint time in fi rst and reserve 
team, respectively)   [ 25 ]  . Importantly, the superior locomotor 
performances of the best players remained substantial after 

adjustments for body size (no change in the magnitude of the 
between-group diff erences, irrespective of the method consid-
ered), suggesting, as discussed above, that the impact of body 
dimensions on physical performance can be overpowered by 
other factors such as genetic make up and training   [ 30 ]  . Taken 
together, these fi ndings also highlight the importance of exam-
ining training history/opportunities when assessing a young 
soccer player’s physical potential   [ 24 ]  .

    Adjustment methods
  Finally, the fact that both body size adjustment methods lead to 
similar conclusions (     ●  ▶     Table 4    ,   5  ) shows that either method 
could be used successfully, with the fi nal decision left to the 
practitioners. This is, to our knowledge, the fi rst time that such a 
comparison has been examined. The calculation behind these 2 
adjustment methods diff ers partially, but they are both based on 
the direct relationship (linear in the present case) between the 
dependent (locomotor performance) and independent (body 
dimensions) variables. The mean body size-adjusted locomotor 
performance corresponds to the locomotor performance value 
that is predicted for the average body size of the population, 
using the linear regression equation derived from the relation-
ship between the 2 variables. When using allometric scaling, the 
dependent variable is adjusted for each player individually (with 
the slope of the relationship between the 2 variables used as the 
scaling exponent, see Methods section for more details). Practi-
cally, the fi rst advantage of allometric scaling is that with this 
method, players can be ranked individually and compared inde-
pendently of their body dimensions (i. e., normalized individual 
performance   [ 32 ]  ). This has likely direct implications from a 
selection/identifi cation perspective, to avoid exclusion of the 
less mature/shorter and smaller players. While case study exam-
ples have limitations, the comparison between 2 French players 
of similar chronological age serves to illustrate the interest of 
allometric scaling. While player A (182 cm, 74.8 kg, + 1.7 years 
from PHV, MSS = 30.1 km/h) is substantially faster than player B 
(168 cm, 50.4 kg, − 0.2 years to PHV, MSS = 28.9 km/h) with 
respect to their actual performance on the fi eld, player B might 
be seen as possibly slightly faster when looking at their normal-
ized performances (14.4 vs. 14.8 km/k/kg 0.32  for player A and B, 
respectively). Importantly also, player B might have ‘more room’ 
for body size changes and concurrent performance improve-
ments than player A, which is probably even more important 
than their actual normalized performances. Predicting future 
locomotor performance in young soccer players is challenging 
  [ 5 ]  , and the consideration of several factors may be needed for 
an appropriate assessment of a player’s ‘true’ potential: the play-
er’s relative age and maturation status at the time of testing, the 
percentage of predicted adult height already reached, the base-
line level and trainability of the quality of interest, and the train-
ing program that can be practically implemented. In practice, to 
facilitate the scaling of locomotor performance for practitioners, 
the use of specifi cally designed spreadsheets is recommended. 
The disadvantages of allometric scaling are, however, that it can-
not be used to compare diff erent populations (since the expo-
nent to control for body size is likely population- and sample 
size dependent   [ 32 ]  ), and it also changes the units of measure 
(e. g., s to s.kg  − exp ).
  To conclude, the present results confi rm that body size explains 
a large fraction of the variation in locomotor performances in 
players with diff erent phenotypes and training volume, with 
body size having a much larger impact on speed-related capaci-
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ties than on peak incremental test speed. However, when con-
sidering more homogeneous player groups, body dimensions 
were unlikely to substantially explain the superior locomotor 
performances of older and/or international players. Results also 
show that BM remains the more powerful and practical measure 
to control for body size diff erences in young soccer players. 
Taken together, present fi ndings confi rm the importance of tak-
ing body dimensions into account when assessing the locomotor 
profi le of young players (and more especially, speed-related 
capacities), as large variation in maturation status are often 
observed during puberty. Present fi ndings showed also that both 
adjustment methods (i. e., group-mean adjustments and allom-
etric scaling) lead to similar conclusions. From a selection/iden-
tifi cation perspective within a homogeneous player group, we 
therefore recommend the use of the allometric method since it 
allows adjustments at the individual level, which is crucial when 
interpreting a young player’s physical test results. Group-mean 
adjustments remain however the only available option when 
comparing diff erent populations. Further research is required to 
improve our understanding of the eff ect of ethnicity on the rela-
tionship between age, maturation, body size, and locomotor 
performance.
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