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 abstract 
 Background:  The aim of the study was to show changes in aerobic and anaerobic capacity and body composition of 

adolescent soccer players in a three-year training cycle. 

 Material and methods:  ‪16 footballers aged 13.4 ±0.25 years took part in the study. Measurements of aerobic fitness were 
performed with the Cooper and PWC170 tests, and anaerobic fitness with the Wingate test. Body 
composition measurements were made with an electronic scale.

 Results:  ‪During the three-year training period, significant changes in PWC170 and VO2max were observed 
depending on the stage of adolescence and the training process. Relative values of anaerobic capacity 
indicators: total work and maximal power over a three-year period increased significantly (Wt from x̄ = 
228.2 ±19.2 J/kg to x̄ = 263.2 ± 19.9 J/kg; Pmax from x̄ = 9.19 ± 0.86 W/kg to x̄ = 10.98 ± 0.55 W/kg.

 Conclusions:  ‪Adolescent soccer players have shown significant changes in their exercise capacity and body 
composition during the three years of the training process. Correlations between selected anaerobic 
fitness indices and fat free mass were significantly positive. 

 Key words:  ‪long term training, soccer players.
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introduction 
The aerobic energy system is dominant during a soccer match and the most 
commonly it is determined by VO2max parameter. According to Hoff [1] and 
Reilly [2], it strongly correlates with the distance covered during the match. Its 
higher value allows the player to run longer and faster and get involved in more 
actions on the pitch [3]. Helgerud et al. [4] confirm that aerobic fitness has an 
impact on young players’ performance. High aerobic capacity allows maintaining 
a high work rate for a long time during the match and minimizing deterioration in 
technical performance during the match [5]. It also helps players recover better 
from high-intensity actions and intermittent exercise after high-intensity efforts 
and intermittent activities typical of playing football [6]. Anaerobic capacity is 
used during very short bursts of moderate to intense effort that can directly affect 
the outcome of a match. The total duration of high intensity efforts is on average 
7 min during the entire match [7]. On average, players perform one sprint or 
acceleration during one minute [8]. The average sprint duration is 2–4 s, and 
90% of all sprints are shorter than 20 m [8–10]. In turn, 45% of all goals scored 
are preceded by a linear sprint, usually without a defender or a ball [11]. For this 
reason, the anaerobic fitness of the body is an extremely important element of the 
player's efficiency and may determine the winning or losing result of a match [12].

Gil et al. [13] draw attention to the mutual relations between physiological 
requirements and the player's body composition and emphasize the importance 
of this factor for the effectiveness of the game. Other authors have also shown 
that higher levels of body fat can negatively affect performance as body mass 
must be moved against gravity and additional metabolic energy is required to 
displace the excess [13–16]. In addition, Rienzi et al. [17] say that excessive 
body fat not only causes earlier fatigue changes that reduce the effectiveness 
of action, but is also associated with deterioration in skills, an increased risk 
of injury and reduced possibilities of training program implementation and 
adaptation. In contrast, Mills et al. [18] and Carling and Orhant [19] draw 
attention to the need to consider the problem of body fat in terms of the position 
occupied on the pitch, not a uniform level for the whole team, as proposed by 
Willmore [20]. Moreover, Leao et al. [21] found that anthropometric pattern is 
observed across the maturation process in each tactical position.

Most of the tests in the field of physical efficiency and body composition concern 
adult elite soccer players. There is little data on adolescent players, especially 
with regard to multi-year training cycles. Therefore, the purpose of this work 
is to show changes in the indicators of aerobic and anaerobic physical fitness 
and body composition in footballers aged 13–16 in a three-year training cycle 
and the correlation that exists between them.

material and methods 
25 young soccer players aged 13–16 participated to the study. However, for 
different reasons (club changing, illness, etc.) only 16 players completed all the 
tests during the three-year training period. Participants were recruited from a 
secondary school of a soccer profile. During this period, measurements were 
made on nine dates: at the beginning, mid and end of each of the annual training 
cycles. During the first study, the average age was x̄ =13.4 ±0.25 years and the 
last x̄ =16.1 ±0.25 years. The average body weight value was x̄ =46.2 ±7.10 kg 
and x̄ =60.5 ±8.36 kg, respectively, and the body height x̄ =157.8 ±6.55 cm and  
=172 ± 6.39 cm. Players involved in the research were part of the same team 
and participated in the competition of local junior leagues.
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Parents gave written consent for the subjects to participate in training, sports 
competitions and control tests. Every six months the competitors underwent 
periodic medical examinations and had valid athlete's health cards. The 
Bioethics Committee at the Regional Medical Chamber in Gdańsk approved 
the research (KB-3/12).

measurements of aerobic fitness   
PWC170 test (Physical Work Capacity)
The subjects were loaded with a cycloergometer twice for 5 minutes, 
successively, without rest. The intensity of the effort was selected so that the 
player’s heart rate was about 130 bpm during the first effort and 150 bpm 
during the second one. At the last minute of each 5-minute operation, the 
heart rate (HR) was recorded using a Polar Vantage Sport-tester (Finland). 
Monark bicycle ergometer type E-818 (Sweden) was used to load the drivers 
with work. The PWC170 index was determined indirectly by extrapolation using 
a computer program [22, 23].

Cooper test
Participants were familiarized with the test procedures. After a 5–10 minute 
warm-up, the subjects ran on the athletics track of an athletics stadium with a 
gravel surface. They started the test from the starting position from the place 
with the sound signal. The running time was 12 min. Based on the length of the 
distance covered, the approximate amount of maximum oxygen intake VO2max 
(ml/kg/min) was calculated according to the formula: VO2max = (distance in 
meters – 504.9)/44.73 [24].

measurements of aerobic capacity  
Wingate test
The study used a 30-second version of the lower limb test on a Monark 824-
E cycloergometer and the MCE V.2.0 computer program. Study participants 
were informed about how the test was performed. Before starting the test, 
they performed a 10-minute warm-up by pedaling on a cycloergometer at a 
frequency of 60 rpm with a load of 1.2 W/kg. Additionally, between 7 and 10 
minutes of riding they performed three 5-second, rapid accelerations. The 
interval between the warm-up and the Wingate test lasted 10 minutes. At 
that time, the subjects performed stretching and loosening exercises for the 
muscles of the upper and lower extremities. The attempt began with a verbal 
"start" command and consisted of reaching the maximum pace of pedaling 
as soon as possible and maintaining it for the longest possible time within 30 
seconds. After completing the test, the subject continued pedaling for one 
minute with a load of 0.5 W/kg and a frequency of 60/min, and then rested 
in the supine position for 4 minutes (to avoid orthostatic reaction) [25, 26].

anthropometric measurements 
The measurements were taken in the laboratory in the morning. The subjects 
did not participate in training or any physical activity at least 24 hours before 
the measurement. On the day preceding the study, a uniform, easily digestible 
diet was recommended that did not burden the body. Time from eating the 
last meal was a minimum of 2 hours. Participants were informed about the 
method of measurement and its purpose.
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statistical analysis 
Statistical analysis was performed using Statistica version 13.3 (Tulsa, OK, 
USA, 2016). Statistical inference began by checking compliance with the normal 
distribution at 95% confidence using the Shapiro-Wilk test. The significance of 
differences between subsequent tests was checked using analysis of variance 
for repeated measurements (ANOVA). To indicate which results differ from 
each other, Tukey's post-hoc reasonably significant difference (RIR) test was 
used. Feature correlation was demonstrated by calculating the Pearson linear 
correlation coefficient. Values of r ≥ |0.5| were considered significant. The 
strength of compounds was assessed according to the scale: r < 0.3 weak 
correlation; 0.30 ≤ r ≤ 0.60 moderate correlation; r > 0.60 strong correlation. 
The differences were defined as statistically significant for p < 0.05 [28]. 

results 
The level of aerobic capacity of soccer players in a three-year training cycle, 
determined by the PWC170 index, can be considered stable. Only between 
the third and fourth measurements a statistically significant difference was 
observed in the average values of this indicator. Its lowest value x̄ = 13.7 ±3.38 
kgm/kg/min was calculated in the fourth series of tests and the highest one in 
the second x̄ = 18.9 ±4.44 kgm/kg/min (Fig. 1).

1 2 3 4 5 6 7 8 9

Consecutive tests

6

8

10

12

14

16

18

20

22

24

26

28

P
W

C
17

0 
[K

gm
/k

g/
m

in
]

*3-4

 Median
 25%-75% 
 Min-Max

Fig. 1. Quarter deviations and range of PWC170 results in soccer players in a 3-year training cycle 

*statistically significant differences at p < 0.05)

In terms of the VO2max index, statistically significant differences were observed 
only in the first year of football training. Its value was the lowest in the fourth  
x̄ =47.3 ±7.05 ml/kg/min and the highest in the second series of tests x̄  =56.1 
±7.06 ml/kg/min (Fig. 2).

The biggest improvement in the rate of work done for young soccer players was 
observed in the first year of training. For the other study dates, the differences 
in results were statistically significant. In the first study, the participants 
obtained the lowest value of work x̄ =228.2 J/kg and the highest in the seventh 
one x̄ =263.2 J/kg (Fig. 3).
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Fig. 2. Quarter deviations and range spread of soccer players’ oxygen uptake in a 3-year training cycle 

*statistically significant differences at p < 0.05)

Fig. 3. Mean values of total work done during effort by soccer players in a 3-year training cycle 

*statistically significant differences at p < 0.05)

The value of the peak power indicator in the subjects increased significantly 
from x̄ =9.19 W/kg in the first test to x̄ =10.98 W/kg in the eighth test. In the 
last year, a decrease in its growth rate was recorded (Fig. 4).
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Fig. 4. Mean values of peak power in soccer players in a 3-year training cycle 

*statistically significant differences at p < 0.05)

Table 1. The percentage of fat mass and mean active muscle mass values in soccer players over 
a 3-year training period

Parameter Statistical 
Year I Year II Year III

Test I Test II Test III Test IV Test V Test VI Test VII Test VIII Test IX

% FM
 x̄ 9.4*1-3 8.7 7.2*3-4 9.7 8.7 9.2 8.9 8.9 8.5

SD 1.92 2.31 2.12 2.25 2.24 2.04 2.87 2.65 3.11

FFM [kg]
 x̄ 41.8*1-,6,7,8,9 44.0*2-,6,7,8,9 46.0*3-8,9 46.4*4-8,9 50.0 50.4 51.4 54.3 55.2

SD 5.89 5.68 5.94 5.65 5.72 5.64 5.60 5.31 6.79

* statistically significant differences at p < 0.05

Based on the analysis of correlation of the FM index (%) and the indicators of 
aerobic and anaerobic fitness in athletes, only a moderate, positive relationship 
with J/kg in the last year of their training was demonstrated (r = 0.50). In contrast, 
the mass of active tissue (FFM) in the subjects' body positively correlated with 
anaerobic capacity indices, increasing the strength of the compound over time 
(r = 0.70 for total work and r = 0.57 and r = 0.79 for maximal power). There 
was no significant relationship between this somatic parameter and the aerobic 
capacity expressed as PWC170 index, and the oxygen uptake (Table 2).

Table 2. Correlation coefficient values defining the dependence of fat and active mass parameters 
on selected capacity and fitness indicators at the end of each of the three years of training of 
young soccer players

Variable
FM [%] FFM [kg]

Test I Test II Test III Test I Test II Test III

Physical 
capacity

PWC170 [kgm/kg/min] 0.03 -0.01 0.45 -0.12 0.41 0.38

VO2max [ml/kg/min] 0.17 0.12 -0.24 -0.22 -0.30 -0.46

Wt [J/kg] 0.05 -0.01 0.50* 0.44 0.41 0.70*

Pmax [W/kg] 0.10 -0.13 0.32 0.57* 0.57* 0.79*
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discussion 
Long-term studies of the exercise capacity of young soccer players are rarely 
described in the literature. Our research concerned a three-year training 
period in a group of 13–16-year-old soccer players. Based on the results of 
the study, it can be concluded that the discussed oxygen performance of the 
players did not change significantly, and the greatest improvement in results 
was observed in the range of their maximal power. This could probably be 
a result of both the training loads used and the significant increase in their 
active muscle mass.

Considering the changes in the VO2max in relation to body weight, we observed 
stable levels of our competitors. These results are consistent with Malina et al. 
[29] which in longitudinal studies showed that the relative values of VO2max 
(mL/kg/min) in boys reaches a maximum at around 8 years of age and remain 
relatively stable during puberty [30]. The lack of significant differences in the 
VO2max level is in this case related to an increase in the subjects’ body weight 
during puberty [29, 31, 32]. Welsman et al. [31] report that in boys aged 8–18 
years this indicator is at the level of 48 to 50 ml/kg/min. In the soccer players 
we examined, the values were similar at the beginning of the three-year training 
period and higher at the end (from 47.3 ±7.05 to 56.9 ±8.76 ml/kg/min). It was 
probably a result of relatively high training loads to which the players observed 
by us were subjected (8 training units per week). For comparison, the value 
of the VO2max index of leading European soccer players is even higher and 
amounts to 55–67 ml/kg/min [33]. However, Ekblom [34] report that 60–65 ml/
kg/min is a sufficient value to play at an international level.

PWC170 discussed by us is another indicator characterizing the level of aerobic 
fitness. The players in our study obtained similar relative values as the group 
of footballers - youngsters (17.1 ±3.65 kgm/kg/min), but lower than the cadets 
(19.0 ±2.47 kgm/kg/min), juniors (18.3 ±2.51 kgm/kg/min) or seniors (20.7 
±2.89 kgm/kg/min) tested by Jastrzębski et al. [35].

According to Inbar and Bar-Or [36] in contrast to the relative values of VO2max, 
indicators of anaerobic capacity (maximal power and total work) recorded 
during the Wingate test show a steady increase in males during childhood 
with a rapid increase during puberty. It is associated, among others, with 
the development of muscle tissue under the influence of sex hormones of 
a maturing organism. Further weight gain causes inhibition of the relative 
growth rate [36]. Similar results were obtained by Cempla and Bawelski [37], 
showing a rapid, over 15% increase in the maximal power (Pmax) in boys aged 
12 to 13 years. Also Nikolaidis [38] gives significantly lower Pmax values for 
boys at the lower stage of adolescence.

In the discussed three-year period of football training, the soccer players 
examined by us obtained similar maximal power values to Greek players 
9.56 ±0.68 W/kg tested by Nikolaidis [38]. Bar-Or and Rowland [39] explain 
the low power values obtained by children as the likely effect of low muscle 
mass per unit body weight, as well as worse glycolytic abilities and immature 
neuromuscular coordination. These factors weaken during adolescence and 
disappear during adulthood. In our research, however, in the last year of 
training, a reduction in the value of the total work index (J/kg) in the Wingate 
test was observed. This could have been the result of changes in the intensity 
and volume of training loads towards aerobic exercises.
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During adolescence, in addition to physiological changes, there are also 
structural changes in the human body. The values of the percentage of body 
fat in the footballers we examined during the three years of observation are 
from 7.2 ±2.12% to 9.7 ±2.25%, with lower values recorded at the end of 
each annual training cycle than at the beginning of the annual cycles, after 
the summer break.

There were large discrepancies in FAT (%) scores in youth playing soccer: 
from 10.6 ±1% to 13.6 ±1.2% in French footballers aged 11.5–18 years and 
from 15.8 ±3.75% to 16.61 ±5.22% in Greek footballers aged 13–16 years. 
In addition, among the studies there is no agreement as to the direction of 
changes in body fat content during the adolescent period. Both upward and 
downward trends were found here [40].

During the three-year training period in the studied soccer players, the amount 
of active mass, whose main component is the muscle tissue, was systematically 
increasing. Here the direction of changes was consistent throughout the 
research period. Probably, this was due to ontogenic development of the 
subjects. Nikolaidis and Karydis [40] showed a positive correlation between 
the subjects’ age and FFM in adolescent male soccer players aged 12-20 years. 
Carling and Orhant [20], on the other hand, showed a positive effect of training 
loads on the increase of active mass. Interestingly, they showed FFM increases 
between the beginning and the end of the season but no differences in this 
indicator across three consecutive seasons [20]. The obtained results of this 
indicator in the young footballers examined by us suggest that FFM increases 
both within one cycle and the entire three-year training period occurred as a 
result of both body development and applied training loads.

The best known relationships between physique and physical fitness relate 
to body fat. The authors agree that the adipose tissue has a strong negative 
impact on almost all football activities by treating adipose tissue as passive 
during activities where body mass must be lifted repeatedly against gravity 
[40–45]. Not only high values, but also a very low level of fatness associated 
with malnutrition negatively affects footballer's performance causing metabolic 
dysfunction [46, 47]. That is why it is necessary to look for the optimal fat 
condition, ensuring effective operation on the pitch [48]. However, with the 
growing problem of overweight and obesity in society, including children 
and adolescents, the stabilization of FM at a low level is becoming a major 
problem in order to maintain a high level of football skills. In the footballers we 
examined, no statistically significant correlation was found between body fat 
(FM%) and aerobic fitness indexes (VO2max and PWC170), and the relationships 
were both positive and negative. Probably it was associated with low body fat 
levels. Nikolaidis [41] showed a negative effect of body fat on aerobic power 
(r = -0.21, p = 0.029) in Greek soccer players aged 16–18 years. The weak 
impact of body fat on the aerobic fitness of young footballers is also confirmed 
by Fragoso et al. [49]. The authors noticed differences in the correlation of 
fatness with VO2max. In turn, Till et al. [50] suggest a significant effect of the 
adipose tissue on VO2max, while Mustelin et al. [51] did not show a relationship 
between these variables. In our studies, there were no statistically significant 
correlations of active mass (FFM) with indicators of aerobic fitness. Since 
these relationships are usually negative, it can be assumed that the increase 
in muscle mass may have had a significant impact on the level of the VO2max 
relative to body weight.
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During the three-year study period, no significant correlation was found 
between the subjects’ body fat content and anaerobic fitness indicators, with 
one exception for the total work in the Wingate test (r = 0.50, p < 0.05). This is 
probably due to the low level of body fat throughout the study period. Nikolaidis 
[41] showed a negative relationship between BF% and Pmax in 16–18-year-
old footballers (r = -0.20, p = 0.044). Maciejczyk et al. [49] confirm such 
relationships by examining groups of athletes with similar BMI but different 
tissue composition (BF/lean BM). The authors showed a negative effect of 
body fat on Pmax.

While the adipose tissue is passive, power generation depends primarily on 
muscle tissue, which is the main component of active mass (FFM). Therefore, 
in our studies, the results of young footballers showed significant positive 
correlations between the size of active tissue (FFM) and the results of the 
Wingate test throughout the study period, and this relationship was most 
strongly observed at the age of 16. This is probably a result of increased growth 
of muscle mass during puberty [53]. Similar correlations were demonstrated 
by Nikolaidis [38] in the Ppeak obtained in the Wingate (WanT) test with fat 
free mass (r = 0.94, p, 0.001, R2 = 0.88) in adolescent soccer players. Positive 
correlations between these indicators are also confirmed by Malina and Bielicki 
[30] and Falk and Bar-Ora [54].

The results of this study concerned a three-year training period of 13–16-years-
old soccer players. From the sport education point of view, this age is 
particularly important due to the maturation process. Furthermore, the level 
of aerobic and anaerobic capacity and technical-tactical skills achieved by the 
players at this time is similar to adults. Current research shows the changes 
of the physiological and anthropometric parameters in this crucial period. 
Although, longitudinal projects are always very demanding to the participants 
and researchers, the results of such studies may be very applicable for coaches 
working with young players.

conclusions 
1. In young football players, during a three-year training period, aerobic 

fitness expressed in absolute terms increased during the adolescence, 
while relatively to body weight it remained unchanged.

2. A significant increase in young players’ anaerobic capacity was observed 
during the three-year period of football training.

3. The body fat percentage of soccer players was subject to fluctuations with 
a changeable direction, and the lean mass systematically increased.

4. There were no significant correlations between the indicators of aerobic 
fitness with the amount of fat and lean mass of the examined players, and 
the level of their anaerobic capacity did not show a relationship with fat 
tissue but significantly positively correlated with their active mass.
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