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Abstract  The aim of this study was to examine the effect of age on leg muscle power in male soccer players and 
to provide reference data. Male soccer players, all members of competitive soccer clubs and classified into six age 
groups (younger than 10 yr, U10, n = 17; U12, n = 27; U14, n = 70; U16, n = 92; U18, n = 33; older than 18 yr, 
Adults, n=36), participated in our study. They were examined for anthropometric characteristics, body composition, 
and performed the arm-swing countermovement vertical jump (CVJ) as a measure of leg muscle power. A one-way 
analysis of variance revealed significant differences between age groups with respect to CVJ (F5,269 = 76.46, p < 
0.001, η2 = 0.59). Our findings indicated that the older the age group, the higher the CVJ (e.g., 19.8±3.9 cm in U10, 
30.0±5.9 cm in U14 and 41.8±6.0 cm in adult group). This result was in agreement with the significant and large 
correlation coefficient between age and CVJ (r = 0.68, p < 0.001). Although the cross-sectional design of our study 
did not allow inferring causal relationship between age and CVJ, it is reasonable to support that there are large gains 
in leg muscle power with development in soccer players. These gains are accompanied by large increase of FFM 
during the same period. The findings of this study could be useful for coaches and trainers in the context of talent 
identification and training optimization. 
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1. Introduction 
In soccer, performance is influenced in great extent by 

leg muscle power [1]. In adolescence, this parameter of 
physical fitness is important in the context of talent 
identification and training monitoring. For instance, the 
measures of anaerobic power in young players aged 13-16 
yr could partially determine if someone followed a career 
as an international, professional or amateur player in 
adulthood [2]. In spite of the popularity of soccer in 
adolescence, only a few studies have been carried out 
regarding physical traits and motor abilities of these 
athletes in a laboratory setting, especially with regard to 
leg muscle power.  

We have recently investigated the development of 
anthropometric characteristics, body composition, 
physique [3], flexibility [4], isometric muscle strength [5], 
muscle endurance [6], force-velocity characteristics [7], 
performance in Wingate anaerobic test [8] and aerobic 
power in young soccer players [9]. The main findings of 
these studies revealed (a) significant differences between 
adolescent and adult players, (b) differences between the 
players in the lower spectrum and those in the higher 

spectrum of adolescence, and (c) better scores in soccer 
players than in general population. 

Vertical jump has been used as a measure of leg muscle 
power in soccer [10,11,12,13] and to identify bilateral 
differences [14,15]. Moreover, recent research has 
supported an association between vertical jump and sport 
performance; vertical jump correlated with both 10 m and 
30 m sprint time (r = -0.72 and r = -0.60, p < 0.001, 
respectively) [13]. In the case of adolescent players, there 
is limited information on their leg muscle power assessed 
by a vertical jump test. For instance, only one research has 
been ever carried out in a large sample of young players, 
aged 11-17 yr [16]. However, that study was not able to 
identify significant differences among age groups partially 
due to the number of participants (n = 184), and did not 
examine its findings with regard to children and adult 
values. 

New normative data would be helpful to coaches and 
fitness trainers in order to select players and evaluate their 
training. Therefore, the aim of this study was to examine 
two relevant research hypotheses with regard to vertical 
jump; (a) adolescent had higher scores than children and 
lower scores than adult players, (b) players in the lower 
spectrum were outscored by those in the higher spectrum 
of adolescence. 
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2. Methods 
Participants and procedures. In this investigation, a 

descriptive-correlation design was used to examine the 
effect of age on the arm-swing countermovement vertical 
jump (CVJ) across adolescence. Testing procedures were 
performed in the beginning of competition period of 
season 2011-12. Written informed consent was received 
from all players or parents after verbal explanation of the 
experimental design and potential risks of study. Although 
it is difficult to define adolescence in terms of 
chronological age, because of variation in time of its onset 
and termination, it has been suggested to range between 
10 and 22 y in boys [17]. For the purpose of our study, we 
followed this definition. Male soccer players, all members 
of competitive soccer clubs and classified into six age 
groups (younger than 10 yr, U10, n = 17; U12, n = 27; 
U14, n = 70; U16, n = 92; U18, n = 33; older than 18 yr, 

Adults, n=36), participated in our study (Table 1). They 
visited our laboratory once; anthropometric and body 
composition data were obtained followed by the CVJ. 

Protocols and equipment. Height and body mass were 
measured using a stadiometer (SECA, Leicester, UK) and 
an electronic scale (HD-351, Tanita, Illinois, USA), 
respectively. Percent of body fat was calculated from the 
sum of 10 skinfolds using a skinfold calliper (Harpenden, 
West Sussex, UK), based on the formula proposed by 
Parizkova [18]. The participants performed the 
countermovement jumps with arm-swing [19] twice with 
1-min break between the two trials and the best score was 
retained for subsequent analysis. The height of each jump 
was estimated using the Opto-jump (Microgate 
Engineering, Bolzano, Italy) and was expressed as cm. 
Measurements were recorded to the nearest 0.1 cm. CVJ 
has been shown to be a reliable test [20,21]. 

Table 1. Anthropometric data and vertical jump scores of participants. 
 Age groups  
 U10 (n=17) U12 (n=27) U14 (n=70) U16 (n=92) U18 (n=33) Adults (n=36) ANOVA 

Age (yr) 9.1±0.6 10.9±0.7 13.1±0.5 15.0±0.6 17.0±0.5 21.7±3.4 F5,269 = 342.30, p < 0.001 η2 = 0.86 
Weight (kg) 33.6±7.3 42.5±9.0 50.8±9.5 62.6±8.4 66.6±5.9 74.1±8.4 F5,269 = 94.70, p < 0.001, η2 = 0.64 
Height (cm) 137±6 146±7 160±9 171±7 175±6 177±5 F5,269 = 139.14, p < 0.001, η2 = 0.72 
BMI (kg.m-2) 17.8±2.4 19.6±2.7 19.7±2.6 21.2±2.2 21.9±1.8 23.6±2.4 F5,269 = 21.82, p < 0.001, η2 = 0.29 

BF (%) 16.4±4.4 19.3±4.8 16.1±5.1 15.4±3.8 14.4±3.3 15.9±3.5 F5,269 = 83.40, p < 0.001, η2 = 0.08 
FM (kg) 5.7±2.8 8.6±3.8 8.5±4.0 9.8±3.3 9.7±2.8 12.0±3.8 F5,269 = 9.15, p < 0.001, η2 = 0.15 

FFM (kg) 27.8 (4.7) 33.9 (5.4) 42.4 (6.6) 52.8 (6.3) 56.9 (4.3) 62.1 (5.0) F5,269 = 154.08 p < 0.001, η2 = 0.74 
CVJ (cm) 19.8±3.9 22.8±3.6 30.0±5.9 36.1±5.9 40.8±5.6 41.8±6.0 F5,269 = 76.46, p < 0.001, η2 = 0.59 

BMI = body mass index, BF = body fat, FM = fat mass, FFM = fat-free mass, CVJ = countermovement vertical jump. 
Data and statistical analysis. Results were presented as 

mean±standard deviation. The effect of age on CVJ was 
examined by Pearson moment correlation coefficient (r). 
Magnitude of correlation coefficients were considered as 
trivial (r ≤ 0.1), small (0.1 ≤ r < 0.3) moderate (0.3 ≤ r < 
0.5), large (0.5 ≤ r < 0.7), very large (0.7 ≤ r < 0.9) and 
nearly perfect (r ≥ 0.9) and perfect (r = 1). Differences 
between age-groups were assessed using one-way analysis 

of variance. Correction for multiple comparisons was 
undertaken using the Bonferroni method. To interpret 
effect sizes for statistical differences in the ANOVA we 
used eta square classified as small (0.010 < η2 ≤ 0.059), 
medium (0.059 < η2 ≤ 0.138) and large (η2 > 0.138) [22]. 
Significance level was set at alpha = 0.05. Statistical 
analyses were performed using IBM SPSS v.20.0 
statistical software (SPSS Inc., Chicago, IL, USA). 

 

Figure 1. Differences in countermovement vertical jump (CVJ) between age groups. Error bars represent standard error. *p < 0.001, †p < 0.01 
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3. Results 
The basic characteristics of participants can be seen in 

Table 1. Briefly, our sample was consisted by U10 (6%), 
U12 (10%), U14 (26%), U16 (34%), U18 (12%) and adult 
soccer players (13%). There were significant differences 
between age groups for age, weight, height, BMI, BF and 
CVJ. The older the age group, higher values were 

recorded. The relationship between age groups and age 
with CVJ can be found in Figure 1 and Figure 2. Taking 
into account the eta square as a measure of effect size, 
there was a large effect of age groups on CVJ. 
Accordingly, there was a large correlation between age 
and CVJ (r = 0.68, p < 0.001). We found also a large 
correlation of CVJ with weight and fat-free mass (Figure 
3). 

 

Figure 2. Relationship between age and countermovement vertical jump (CVJ) in participants. Dashed lines represent upper and lower 95% confidence 
intervals of the mean 

 

Figure 3. Relationship of countermovement vertical jump (CVJ) with fat mass, fat-free mass and total body weight 
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4. Discussion 
The main finding of this study was that age is a very 

important factor on leg muscle power and this relationship 
seems to be attenuated after the age of 18 yr. There was no 
difference in CVJ between U18 and adult players. The 
smallest statistical difference was observed between U10 
and U12, while the largest difference was between U12 
and U14, followed by that between U14 and U16. 

Compared with previous data on French soccer players 
[16], participants had lower score; 22.8 vs. 31.0 cm in 
U12, 30.0 vs. 34.3 cm in U14, 36.1 vs. 41.2 cm in U16 
and 40.8 vs. 45.5 cm in U18. While there was a consistent 
difference between these two studies, both revealed 
important increase across this range of age (~79% vs. 
~47%). The trend of CVJ increase during adolescence was 
similar with that reported in a recent study [23], which 
reported values of 24.2 cm, 27.7 cm, 32.6 cm, 36.7 cm and 
36.7 cm in U11, U13, U15, U17 and U19 soccer players 
(~52%), respectively, as well as consistently higher values 
in trained than in untrained controls.  

The similar values in CVJ between U18 and adults 
were in agreement with previous research [23,24]. For 
instance, the members of Italian national teams U17, U20 
and U21 had similar CVJ (40.9 cm, 40.2 cm and 40.3 cm, 
respectively) [24]. Our interpretation for this finding is 
that muscle leg power does not discriminate between 
matured players independently from whether they are 
adults or in the highest spectrum of adolescence. Previous 
research which compared elite and non-elite players by 
playing position found higher CVJ in elite players only in 
the case of goalkeepers [25] showing that this fitness 
parameter does not discriminate players by performance 
level. The exception in the case of goalkeepers might be 
attributed to that they usually have higher vertical jump 
values when compared to outfielders [26]. 

From a physiological point of view, the large gains in 
CVJ were explained from the increase in FFM across 
adolescence. This finding confirmed previous research 
that suggested a large correlation between FFM and CVJ 
in 7-13 yr boys [27] and the directly proportional changes 
in FFM and CVJ in 11-16 yr boys [28]. Therefore, an 
increase of leg muscle power should be expected during 
growth independently from the stimulus of soccer training.  

5. Conclusions 
Although the cross-sectional design of our study did not 

allow inferring causal relationship between age and CVJ, 
it is reasonable to support that there are large gains in leg 
muscle power with development in soccer players. These 
gains are accompanied by large increase of FFM during 
the same period. The findings of this study could be useful 
for coaches and trainers in the context of talent 
identification and training optimization. 
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