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Every morning a gazelle wakes up knowing she will have to run faster than the fastest
lion in the savannah if she wants to survive. Every morning a lion wakes up knowing he
needs to run faster than the slowest gazelle in the savannah if he does not want to
starve.

It does not matter if you're a lion or a gazelle. When the sun rises, start running.
African Proverb
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ABSTRACT
Soccer is the most popular sport in the world and is practiced by both men and
women, young people and adults with different levels of specialization. The performance
of a soccer player is dependent on the interaction of many factors, such as: technical,
tactical, psychological, physiological and biomechanical. In recent years, much research
has been conducted on player performance during the game and science has been widely
incorporated into training planning. Changes in performance and physiological response
throughout the game were studied with a focus on the individual differences in physical
stress to which players are exposed in the game.

RESUMO
O futebol é o desporto mais popular do mundo e é praticado tanto por homens
como por mulheres, jovens e adultos, com diferentes níveis de especialização. A
performance de um jogador de futebol está dependente da interação de diversos fatores,
tais como: técnicos, táticos, psicológicos, fisiológicos e biomecânicos. Nos últimos anos,
muita pesquisa foi conduzida sobre a performance dos jogadores durante o jogo e a
ciência tem sido amplamente incorporada no planeamento do processo de treino.
Alterações na performance e resposta fisiológica durante o jogo foram estudadas com
foco nas diferenças individuais relativamente ao stress físico a que os jogadores são
expostos no jogo.

OBJECTIVES
Article 1
The first article had two purposes: (a) to characterize the anaerobic profile, as
measured by Wingate Anaerobic Test (WAnT), in four age groups of soccer players (1214, 14-16, 16-18 and 18-37) playing in different positions (goalkeepers, defenders,
midfielders, forwards); and (b) to analyze inter-individual variability in every position
and age group.
Article 2

XI

The second article had two purposes: (a) evaluate the relationship between
performance variables such as Wingate Anaerobic Test (WAnT), 20m Sprint Test (20m
test) and Vertical Jump Test (VJ), in four age groups of soccer players (12-14, 14-16, 1618 and 18-37) playing in different positions (goalkeepers, defenders, midfielders,
forwards); and (b) to analyze inter-individual variability in every position and age group.

RESULTS
Article 1
There were no statistically significant differences for peak power (Ppeak) between
the different tactical positions (p = 0.160; 𝜂2 = 0.008, no effect). There were also no
significant interactions between age group and tactical positioning (p = 0.117; 𝜂2 = 0.022,
no effect). The comparison between age groups in the mean power (Pmean) variable
revealed statistically significant differences (p = 0.001; 𝜂2 = 0.227, small effect). Posthoc tests revealed no differences between the 16-18 and 18-37 age groups, however there
are differences between the two older age groups and 12-14 and 14-16 age groups. The
highest values of mean power were identified in the 16-18 and 18-37 age groups. The
comparison between tactical positions also revealed differences in the Pmean variable (p
= 0.001; 𝜂2 = 0.043, minimum effect). In particular, goalkeepers were found to have
significantly lower values compared to defenders (p = 0.001), midfielders (p = 0.001) and
forwards (p = 0.003). For the fatigue index (FI) variable there were no statistically
significant differences between age groups (p = 0.065; 𝜂2 = 0.012, no effect). On the other
hand, there were statistically significant differences between tactical positions for the
variable in question (p = 0.001; 𝜂2 = 0.041, minimum effect). Specifically, it was found
that goalkeepers presented significantly higher values of FI compared to the defenders (p
= 0.001) and midfielders (p = 0.001).
Article 2
The analysis of interactions between factors revealed minimum interactions
between age groups and playing positions in Ppeak (p = 0.316; 𝜂𝑝2 = 0.057, minimum
effect), Pmean (p = 0.147; 𝜂𝑝2 = 0.072, minimum effect) and CMJ (p = 0.073; 𝜂𝑝2 = 0.084,
minimum effect), 20-m (p = 0.016; 𝜂𝑝2 = 0.107, minimum effect) and SJ (p = 0.011; 𝜂𝑝2 =
0.112, minimum effect).
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Moderate differences between age groups were found on Ppeak (p = 0.001; 𝜂2 =
0.475, moderate effect), Pmean (p = 0.001; 𝜂2 = 0.477, moderate effect), 20-m (p = 0.001;
𝜂2 = 0.431, moderate effect), SJ (p = 0.001; 𝜂2 = 0.349, moderate effect) and CMJ (p =
0.023; 𝜂2 = 0.370, moderate effect).
Pairwise comparison revealed that 12-14 group had lower values of Ppeak than
14-16 (d = 1.022, minimum effect), 16-18 (d = 1.935, moderate effect) and >18 (d = 2.924,
strong effect); lower values of Pmean than 14-16 (d = 0.936, minimum effect), 16-18 (d =
1.824, moderate effect) and >18 (d = 2.917, strong effect); lower values of 20 meters than
14-16 (d = 1.138, minimum effect), 16-18 (d = 1.933, moderate effect) and >18 (d = 3.640,
strong effect); lower values of SJ than 14-16 (d = 0.175, no effect), 16-18 (d = 0.750,
minimum effect) and >18 (d = 2.081, moderate effect); lower values of CMJ than 14-16
(d = 0.166, no effect), 16-18 (d = 0.844, minimum effect) and >18 (d = 2.033, moderate
effect). The 14-16 age group had lower values of Ppeak than 16-18 (d = 0.899, minimum
effect) and >18 (d = 1.870, moderate effect); lower values of Pmean than 16-18 (d = 0.993,
minimum effect) and >18 (d = 1.994, moderate effect); lower values of 20 meters than 1618 (d = 0.543, minimum effect) and >18 (d = 1.517, moderate effect); lower values of SJ
than 16-18 (d = 0.649, minimum effect) and >18 (d = 1.898, moderate effect); lower values
of CMJ than 16-18 (d = 0.766, minimum effect) and >18 (d = 1.929, moderate effect). The
16-18 age group had lower values of height than >18 (d = 0.954, minimum effect); lower
values of Pmean than >18 (d = 0.895, minimum effect); lower values of 20 meters than
>18 (d = 0.893, minimum effect); lower values of SJ >18 (d = 0.924, minimum effect);
lower values of CMJ >18 (d = 0.922, minimum effect).
No effect between playing positions were found in Ppeak (p = 0.325; 𝜂2 = 0.017,
no effect), Pmean (p = 0.545; 𝜂2 = 0.010, no effect), 20-m (p = 0.078; 𝜂2 = 0.033, no
effect), SJ (p = 0.653; 𝜂2 = 0.008, no effect) and CMJ (p = 0.344; 𝜂2 = 0.016, no effect).
We found a positive association between WAnT and both strength determinants,
after adjusting for age. We observed a significant variation for the squat jump test (B =
3.91, 90% CI: 2.49, 5.32) and for the counter-movement jump test (B = 3.59 , 90% CI:
2.22, 4.95). An inverse significant association was observed between anaerobic capacity
and speed test of the athletes (B = -0.06, 90% CI: -0.10; -0.01), independently of the age.
In addition, and after adjusting for chronological age, the anaerobic capacity
could independently explain a large proportion of the relative speed (19%) and strength
(24-26%).
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CONCLUSIONS
Article 1
Regardless of playing position, there was a significant effect for age in peak power
and mean power that can be supported by different adaptations due to differences in the
training process and in the competitive process, on the other hand, there were no
statistically significant effects for age with respect to fatigue index what can be justified
in the younger age groups by the low values found in the peak power that makes the
amplitude between the maximum and the minimum values very reduced, and in the older
age groups by an increased aerobic capacity. Tests for variance analysis revealed
significant effects for position in mean power and fatigue index what can be an
consequence of the adaptations arising from the activity profile of the players depending
on the positions in which they play, but there were no significant differences in peak
power what can be justified by the intermittent demands of the game, what can means
that peak power is not accurable to predict performance between different positions. Thus,
given the heterogeneity in physiological profile and motor skills in top teams, it is not
considered reliable to identify a capacity that by itself can help predict long-term success,
therefore, the selection of young players for a certain position based on their physiological
ability may be inappropriate.
Article 2
We found that older age groups are superior than the younger age groups in all
performance variables analyzed. It were found significant differences between tactical
positions in all performance variables. The WAnT seems to be able to predict with a good
level the performance of the athletes in the 20m test and VJ.
Keywords: Soccer, Anaerobic Power, WAnT, evaluation and control
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General Introduction
Soccer is the most popular sport in the world and is practiced by both men and
women, young people and adults with different levels of specialization. The performance
of a soccer player is dependent on the interaction of a many factors such as: technical,
tactical, psychological, physiological and biomechanical.
The economic and social impact of soccer has supported the development of the
sport worldwide, which allows the creation of infrastructures, the involvement of
professionals from different sports sciences, and the incorporation of technology that
allows the formation of more and more players refined and of better quality.
In recent years, much research has been conducted on player performance during
the game and science has been widely incorporated into training planning. Changes in
performance and physiological response throughout the game were studied with a focus
on the individual differences in physical stress to which players are exposed in the game.
Currently, the time that each player has to make any impact in the game is very
limited and the margin between success and failure of a team may be very small. During
a 90-minute game, elite players run an average of 10km/h in a predominantly aerobic
regime, with 8 to 10% of this distance being covered in a high-intensity race. Within this
context, high intensity actions are still necessary, for example: jump, shot, sprints and
changes of direction. Games are mostly decided on two versus two situations and in the
final parts of the games. In this context, the physiology of football, especially with regard
to fatigue, has become increasingly important and studied.
The core of this work is centred in the evaluation and characterization of the
anaerobic profile in soccer players. For this, the work is divided into different phases,
such as: literature review, where we make a brief state-of-art about bioenergetic of the
game and the principal evaluation protocols used to assess energy systems in soccer
players; then, two original papers are presented, focused on the evaluation and
characterization of the anaerobic profile in soccer players of different age groups playing
in different positions. We finish with the final conclusions of the information previously
presented.
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1. Characterization of the game
1.1. Game demands

During a game, players travel different distances at different speeds and perform a
variety of motor skills. The vast majority of the actions during the game are of low
intensity (such as standing still, walking or running slowly) while high intensity actions
are less frequent and correspond to only 8 to 10% of the total distance traveled (Carling,
Bloomfield, Nelsen, & Reilly, 2008; E. Rampinini, Coutts, Castagna, Sassi, &
Impellizzeri, 2007; Stolen, Chamari, Castagna, & Wisløff, 2005).
Although the high-intensity actions represent a small fraction of the player's total
activity, they deserve more attention, since it is from these actions that the game outcome
can be changed (Grégory Dupont & McCall, 2016), so that the vast majority of training
focuses on the development of capabilities that can decide the outcome of these moments,
such as accelerations, air confrontations or fast reactions to the loss of ball possession
(Grégory Dupont & McCall, 2016).
Di Salvo et al. (2013) recorded an average of 10.8 km per game in the English League
and other authors recorded maximum distances of 13.8 km in elite games (Di Salvo et al.,
2007; Di Salvo, Pigozzi, González-Haro, Laughlin, & De Witt, 2013; Gregory Dupont et
al., 2010; Stolen et al., 2005). Of these absolute values, the same authors, corroborated
by other studies, recorded distances between 681 and 693 meters of high intensity running
(19.8 to 25.2 km/h) and between 248 and 258 meters of sprint (> 25 km/ h), in a spectrum
between 5 and the 11 sprints per game with 1 to 29 meters distance (Bradley et al., 2013;
Gregory Dupont et al., 2010). Of the number of sprints performed, most were shortdistance (<10m) in comparison to long-distance (> 10m), of which 23-30% was explosive
nature and 69.5 to 77% were progressively reached (Di Salvo, Gregson, Atkinson,
Tordoff, & Drust, 2009; Di Salvo et al., 2010), with velocities close to 32.5km/h in elite
games (Bradley et al., 2013).
The recovery time available between high intensity actions is variable and is a
characteristic dependent on the unpredictability of the game itself, the level of
competition and the difference between the two teams. However, there is evidence that
recovery time between high intensity actions (> 19.8km/h) varies between 51 and 61
seconds, but it is possible to verify recovery times of only 20 seconds, in any case, 98%
of the time the recovery is of an active nature (Dupont & McCall, 2016). More extreme
plays can force players to perform high-intensity actions (> 19.8 km/ h) every 12 seconds
(5 actions in a space of 60 seconds) or every 15 seconds (7 actions in a space of 111
-4-

seconds) (Dupont & McCall, 2016). The frequency of repeated high-intensity efforts (at
least 3 consecutive actions above 19.8 km/ h with a maximum of 20 seconds of recovery
between them) is only 1.1 times per game, and these can usually be moments that define
the game outcome (Dupont & McCall, 2016).

1.2. Activity profile by tactical position
The literature is extensive and clear in the notion that the differences between
positions are too obvious to be overlooked. Perceiving these differences is necessary in
order to develop and optimize the preparation of the athletes by position so that they can
respond effectively to the demands that they are exposed in the context of the game
(Carling, 2013).

1.2.1. Total distance travelled
Regardless of the speed, it is proven that during an elite soccer game, the midfielders
(mostly the central midfielders) are those who travel the longest distance, approximately
12 to 13km. On the other hand, the central defenders are the ones that travel less distances
per game, 10km or less. The lateral defenders, the wingers and the forwards travel
between 10.5 and 11.5km per game (Di Salvo et al., 2007, 2013).

1.2.2. High intensity running
The differences between distance travelled at high intensity and distance covered at
high intensity plus the distance covered in sprint are identical. The wingers typically
travel the longest distance, 900 and 1050 meters, respectively. Already the distances
covered by midfielders, lateral defenders and forwards are of 700 to 765 meters and 900
to 970 meters, respectively. Once again, the central defenders are the ones with the
shortest distance with values below 500 and 700 meters, respectively .(V. Di Salvo et al.,
2007, 2013).

1.2.3. Sprint distance
The wingers and the forwards are the ones that lead the distance covered in sprint (>
25.2km/h), with values between 260 and 350 meters (Andrzejewski, Chmura, Pluta,
Strzelczyk, & Kasprzak, 2013; Di Salvo et al., 2009; Valter Di Salvo et al., 2010). The
midfielders are those that have lower values between 140 at 170 meters. (Andrzejewski
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et al., 2013; V. Di Salvo et al., 2009; Di Salvo et al., 2010). Sprint distance reflects the
accumulation of distance from each sprint and not the actual length of the sprint.

1.2.4. Recovery between high intensity actions
The average recovery time between actions varies between positions as reported in
the literature, with the highest mean recovery time for the central defenders (about 195
seconds) and the shortest for the lateral defenders (116 seconds) (Carling, Le Gall, &
Dupont, 2012). The most common recovery times (~ 61 seconds) were observed more
frequently in central defenders. The lowest frequency of repeated high-intensity efforts
with recovery times less than or equal to 30 seconds and between 31 and 61 seconds was
observed in the central and lateral defenders respectively (Carling et al., 2012).

1.2.5. Factors that contribute to differences between positions
There are many researchers who have focused their attention on game analysis in
order to realize what it is that determines certain positions to travel greater distances and
perform more high intensity actions.
The game context (social, competitive and economic importance, result and
substitutions) seem to play a decisive role in the players physical performance, so much
so that the literature shows that central defenders run less 10 to 17% at high intensity in
games in which his team is winning against the games where his team is losing, as well
as the forwards players who, compared to the games where his team is losing, travel 15%
more at high intensity and achieve 54% more sprint distance (Bradley & Noakes, 2013;
Dupont & McCall, 2016). In games considered critical and of great importance, central
defenders and lateral defenders reduce the distance at high intensity during the second
part of the game. Finally, a substitute after entering the game travels greater total distance
and in high intensity compared to the same period when he performs the 90 minutes
(Bradley & Noakes, 2013; Dupont & McCall, 2016).
Ball possession is another factor that strongly influences the physical performance of
a team throughout the game, in particular the distance travelled in high intensity. When a
team is in possession of a ball, the distance travelled is greater for the lateral defenders
(498 meters), which are followed very closely by the midfielders and the wingers, being
the central defenders (489 meters) and the forwards (331 meters ) who travel the shortest
distance, respectively (Di Salvo et al., 2009). When the team is not in possession of the
ball, the forwards are the ones with the longest distance (566 meters), running almost
-6-

double when compared to when they are in possession of the ball, being that the central
defenders are the ones that travel less distance (179 meters) (Di Salvo et al., 2009).
The tactical organization is one of the factors that also influences the exigency that
certain position will have in the game. A study by Bradley et al. (2011) that compared the
effect of using three distinct tactical organizations (4-4-2, 4-5-1 and 4-3-3) found that
there are significant differences in the distances travelled at high intensity, but only when
the team is in possession of a ball (Bradley et al., 2011). In a 4-4-2 ball possession
situation, forwards, midfielders and defenders travel significantly higher distances in high
intensity running. The forwards who play 4-5-1 or 4-3-3 are 37-68% more high-scoring
when they are out of possession than the forwards who play 4-4-2 (Bradley et al., 2011).
Without ball possession defenders and midfielders travel significantly higher distances at
high intensity than when they are in ball possession (Bradley et al., 2011; V. Di Salvo et
al., 2009).
The championship where a team plays is another determining factor in the differences
between different positions. In a comparison between the English League and the Spanish
League there were clear differences between the demands required for each position in
the different championships. The central defenders and midfielders (defensive or
offensive) of the English League run significantly higher distance in high intensity than
the players of the same positions of the Spanish League. The lateral defenders and wingers
of the English League, compared to those of the Spanish League, run a large percentage
of the total distance in high intensity running, unlike the midfielders (defensive and
offensive) that in the Spanish League have a greater percentage of the total distance in
high-intensity running, although in the English League the players of this position travel
similar distances in attack and defensive actions and the Spanish League players travel
significantly more high-intensity distance in attack actions (Alexandre Dellal et al., 2011).

1.3. Practical applications by activity profile by tactical position
There are many factors that influence in general and individual the physical
requirement of each position, however, the aim of the soccer is not to notice who runs the
most, who makes more sprints or if a team has more high intensity actions than the other.
The literature points to other factors than physical, such as technical and tactical ability
as the most important to achieve success. Since soccer purpose is to win and not know
who runs more, using this data to help the coach make the best decisions has been a huge
challenge. Often the data is collected, analysed and sent to the coach, but how do they use
-7-

them? How can these data support the coach and boost player performance? Can there be
a connection between these two variables? The teams who run the most, are the teams
that win more?
The distance covered in high intensity in the second half is significantly lower for the
winning team than for the losing team, while there are no significant differences during
the first half (Dupont et al., 2010). This evidence can be justified by the fact that when a
team is ahead in the marker, aims to maintain that advantage in order to win the game.
This means that the team that is at an advantage tries to keep ball possession as long as
possible and the team that is at a disadvantage tries to press as much as possible against
the opponent, resulting in higher intensity actions (Dupont & McCall, 2016). The total
distance travelled at high intensity does not only depend on the physical capacity of the
team, but also on the constraints provoked by the opponent, the technical level and the
tactical organization of both teams, so that teams with better technical and tactical levels
will travel less distance to high intensity (Dupont & McCall, 2016; Stolen et al., 2005),
so that in the English League, the worst-ranked teams travelled more distance in high
intensity and performed more sprints than the best-ranked teams (Di Salvo et al., 2009).
In addition, to focus only on the distances covered is questionable due to the variation
that exists from game to game regardless of the player's position (interindividual
coefficient of variation of 42.7%), between positions (interindividual coefficient of
variation of 24.9 a 40%) and among players with more minutes in each of the positions
(inter-individual coefficient of variation from 36.0 to 52.1%) (Dupont et al., 2010). Team
tactics, time in possession of the ball, the context of the game in relation to the their
importance or international games or between leagues, for example, are all factors that
contribute decisively to this variability of distances travelled, therefore, we have to be
cautious in the interpretation of the data and not ignore the importance that these factors
have in the dynamics of the team (Bradley et al., 2011; Bradley & Noakes, 2013;
Alexandre Dellal et al., 2011; Di Salvo et al., 2013; Gregson, Drust, Atkinson, & Salvo,
2010).
This data can be important and can, for example, help us to: verify the effect that the
game system has on the distance travelled in the team and individually (a), to draw the
individual profile over time (c) to perceive the influence of a substitution in the game and
if the player who replaced a colleague has fulfilled what was expected (d) (Dupont &
McCall, 2016).
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Thus, in addition to this type of data, qualitative data will have to be taken into
account, since, one of the greatest characteristics of an elite player is to be in the right
space at the right time, and the distances travelled are only the consequence so that the
player achieves this goal (Dupont & McCall, 2016).
The training should therefore focus on optimizing mechanisms to develop physical
abilities that allow the player to save effort so that at the right moments can be decisive.
Although we know that not all games or moments in the game oblige a player to act at
the limit of his physical abilities, it is crucial that the player is prepared for the situations
in which he has to do it, as a rule, are the moments that decide the games. In addition, we
have seen that the requirements between positions vary and during the game, not
infrequently, we see players taking positions that are not always the ones that are more
accustomed to playing, having to be prepared for the requirement that it requires. Finally,
and because we have seen that a substitute that comes into play plays a decisive role,
training should be aimed at allowing players with less playing time to be able to respond
effectively to the demands of a football game.

2. Bioenergetic of soccer
A soccer game, given its duration, is mostly dependent on aerobic metabolism,
however, it is in actions that occur in the anaerobic metabolism that most games are
decided. The mean intensity measured by the percentage of maximal heart rate (HRmax)
during the 90 minutes is close to the anaerobic threshold and, in soccer players, it is
usually between 80-90% of HRmax (Stolen et al., 2005). Physiologically, it would be
impossible maintain this intensity during the 90 minutes, hence that between periods of
high intensity recovery periods of low intensity.
Given the nature of the game, it has not yet been possible to accurately and reliably
estimate VO2 values during a soccer game, mainly due to constraints with the use of
certain measurement equipment. Thus, although there is some disagreement about the
accuracy of VO2 estimation through its correlation with heart rate, Stolen et al. (2005),
based on studies by authors that corroborate the validity of the VO2 estimation by its
relation with HR, determined that the VO2 value for an average intensity of 85% of
HRmax would correspond to 75% of VO2max (Stolen et al., 2005). This would
correspond to an average VO2 of 45.0, 48.8 and 52.5 mL/kg/min for a player with a
VO2max of 60, 65 and 70 mL/kg/min. Thus, assuming these values, a player weighing
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75kg will have an energy expenditure of 1519, 1645 and 1772 kcal, respectively, during
a game (Stolen et al., 2005).
In addition to the absolute values of VO2max, it seems that the running economy can
play a determining role in the performance of a soccer player. At a given intensity, VO2
values for athletes with identical VO2max values may be very different and, even in
highly trained athletes, the effort economy in running can vary up to 20%. This variation
in the energy cost may be associated with anatomical parameters, mechanical and
neuromuscular capacity, especially in the efficiency of the stretch shortening cycle
(Stolen et al., 2005). Hoff and Helgerud (2004), cited by Stolen et al. (2005) estimate that
a 5% improvement in running economy can increase by 1000 meters the distance travelled
by a player in 90 minutes (Hoff & Helgerud, 2004; Stolen et al., 2005).

2.1. Aerobic capacity
In a 90-minute game, players can reach 80-90% of their HRmax, which according to
Stolen et al. (2005) will correspond to 70 to 80% of their VO2max, and rarely fall below
65% of their HRmax (Bangsbo, Mohr, & Krustrup, 2006; Stolen et al., 2005). The
literature reports VO2max values for soccer players ranging from 50 to 75 mL/kg/min
(Haugen, Tønnessen, & Seiler, 2013). These data reflect the importance of the aerobic
system during a game, since the ability to recover between repeated efforts and
maintaining high intensity levels is crucial in an elite player. Thus, the more developed
the aerobic capacity, the longer the player will be able to sustain repeated efforts and the
faster he will be able to recover between these efforts (Iaia, Rampinini, & Bangsbo, 2009).
The relationship between VO2max and repetitive sprinting ability (RSA) has not yet been
clearly demonstrated, since, according to Dupont and McCall (2016), there are studies
that prove this relationship as well as others that deny it, and these differences are
probably related to the use of different protocols, especially with the disparate use of the
number of sprints, sprints distance and recovery time, since the aerobic system will have
a more significant participation when the use of a protocol that contemplates sprints in
greater numbers and with longer duration and with brief periods of active recovery
(Grégory Dupont & McCall, 2016).
In addition to VO2max, VO2 kinetics are reported as an important aerobic quality,
related to the ability to maintain performance during repeated efforts in soccer players
(Grégory Dupont & McCall, 2016; Ermanno Rampinini et al., 2009). Tomlin and Wenger
(2001) suggest that higher VO2 values during a sprint result in less dependence on
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anaerobic glycolysis and, therefore, the increased capacity to maintain the power
generated. A rapid adjustment of VO2 at the beginning of the exercise can lead to a
decisive contribution of oxidative phosphorylation and a diminished O2 deficit (Tomlin,
Tomlin, & Wenger, 2001). The optimization of VO2 kinetics allows a better adjustment
of the oxidative processes required in the transition from rest to activity, as is
characteristic of soccer because of its intermittent nature (Rampinini et al., 2009), which
has a great relation with RSA (Dupont et al., 2010). Since there is no significant difference
between VO2max values between professional and non-professional players (Rampinini
et al., 2009), but there are significant differences between the RSA values of professional
players compared to amateur players (Rampinini et al., 2009), we can assume that the
kinetics of VO2 may be a selection factor, since in professional players this capacity is
significantly more developed than in amateur players.
The importance of aerobic capacity in soccer players is also supported by studies
that indicate that there is a significant relationship between aerobic power, final
classification and distance travelled (Krustrup et al., 2003; Krustrup, Mohr, Ellingsgaard,
& Bangsbo, 2005), and that the decline in technical performance is decreased after
exposure to a aerobic training program (Impellizzeri et al., 2008; Ermanno Rampinini et
al., 2008), so that several authors show that, for example, in Hungary and Norway or
internationally level, the teams or national teams that win the most are those made up of
players with better VO2max (Stolen et al., 2005).
Having said that, although VO2max is considered a very sensitive measure for the
success of a soccer player, Reilly et al. (2000) suggests that values >60 mL/kg/min should
be indicated as a minimum limit for elite players and that players below this threshold
will have difficulties reaching the elite of soccer (Reilly, Bangsbo, & Franks, 2000). In
addition, the same author also considers determinant to establish reference values that
could condition the development of the training program, which should be around 70
mL/kg/min in elite athletes, which is close to those seen in elite middle distance endurance
athletes (Haugen et al., 2013), and according to Tønnessen et al. al. (2013) have no logic,
since the aerobic requirement in soccer is not comparable to that of a middle distance
runner (Haugen et al., 2013).
In addition to the above said, the aerobic component seems to be an important factor
in the incidence of injuries in soccer players, since athletes with better aerobic capacity,
particularly at maximum aerobic velocity, tend to have fewer injuries than athletes with
lower aerobic capacity and respond better to changes in acute training load (Blanch &
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Gabbett, 2016; Hulin, Gabbett, Caputi, Lawson, & Sampson, 2016; Malone et al., 2016;
Watson, Brickson, Brooks, & Dunn, 2017; Watson, Brindle, Brickson, Allee, & San,
2017).

2.1.1. Influence of tactical position, age and competitive level on aerobic
capacity
Tønnessen et al. (2013) conducted a 23-year data collection survey of players of all
competitive levels in Norway and found that the mean VO2max values for international
and 1st and 2nd-tier Norwegian athletes were 62 to 64 mL/kg/min, values corroborated
by Reilly et al. (2000) (Reilly et al., 2000; Tonnessen, Hem, Leirstein, Haugen, & Seiler,
2013). No significant differences were reported between senior and junior players in the
relative values of VO2max, but this was not the case for absolute data because of the body
mass of junior players. The difference between professional players and amateur players
has strong statistical significance (Tonnessen et al., 2013).
For the differences between positions, the lateral defenders are those with the best
values (60.53 mL/kg/min), followed by the midfielders (59.53 mL/kg/min), central
defenders (57.58 mL/kg/min), forwards (56.52 mL/kg/min) and goalkeepers (50.85
mL/kg/min), respectively (Manari et al., 2016; Tonnessen et al., 2013).
Generalizing the data collected in this study, the values of VO2max collected are
better in the pre-season than during the season and the end of the season, although they
do not have statistically significant differences. These data are in agreement with the
studies of Heller et al. (1992) and Metaxas et al. (2006), cited by Tønnessen et al. (2013)
and Manari et al. (2016) (Manari et al., 2016; Tonnessen et al., 2013), but are not
corroborated by the studies of Casajus (2001) and Magal et al. (2009), cited by Tønnessen
et al. (2013) (Tonnessen et al., 2013), who found better values of VO2max at the end of
the season than at the beginning, these data can be justified by the training programs used
by the different samples that prioritized the development of different physical capacities
throughout the season (Malone et al., 2016; Manari et al., 2016; Tonnessen et al., 2013;
Watson et al., 2017; Watson et al., 2017).

2.2. Anaerobic capacity
In soccer, anaerobic metabolism plays a key role in actions such as sprint, jump, shot
or tackle. Although aerobic metabolism predominates during play, these explosive and
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short-lived actions, involving a variety of muscular actions, are the most likely to
determine the final outcome of the game.
For 90 minutes, an elite player is involved in about 150 to 250 high-intensity actions
(Bangsbo, Marcello, & Krustrup, 2007) with distances between 15 and 20 meters
(Bangsbo et al., 2006; Osgnach, Poser, Bernardini, Rinaldo, & Di Prampero, 2010). Every
90 seconds a sprint lasts between 2 and 4 seconds (Helgerud, J.; Engeng, L.C.; Wisloff,
U.; Hoff, 2001; Reilly et al., 2000; Stolen et al., 2005) and that constitute 1 to 11% of the
total distance traveled in the game (Stolen et al., 2005), which is equivalent to 0.5 to 3%
of total playing time (Helgerud, J.; Engeng, L.C.; Wisloff, U.; Hoff, 2001; Stolen et al.,
2005). As mentioned before, sprints are of a different nature, and most of the sprints are
within walking distance (0-10m). Thus, the ability to accelerate seems to be more decisive
in soccer players than in long-distance sprints (Dupont & McCall, 2016). In any case,
although not frequent, long-distance sprints occur mainly in the context of game and
should be considered in the training process, since there is a very strong correlation
between the exposure to the maximum speed (sprints of long distance) and the hamstring
injury (Andrzejewski et al., 2013; Barnes, Archer, Hogg, Bush, & Bradley, 2014;
Ekstrand, Waldén, & Hägglund, 2016; Malone et al., 2016).
Regarding the two parts of the game, and in agreement with the activity profile of the
athletes from one part to the other, the lactate concentration is lower in the second half of
the game and is directly related to the work performed up to five minutes before the
collection. The rate of lactate removal is dependent on lactate concentration, activity in
recovery periods, and aerobic capacity of the player (Stolen et al., 2005), so that a player
with higher VO2max values will have lower blood lactate concentrations at submaximal
intensities, due to the optimized ability to recover between repeated high-intensity efforts
through an optimized aerobic response, superior lactate removal capacity and increased
phosphocreatine regeneration (Stolen et al., 2005). In any case, these same players, at
their maximum intensity, will have the same values of blood lactate than a player with
lower VO2max values, at their maximum intensity.

2.2.1. Influence of tactical position, age and competitive level on anaerobic
capacity
Haugen et al. (2013) conducted an investigation over 15 years to determine the
differences between position, competitive level and age, in sprint and vertical jump in
elite Norwegian athletes (Haugen et al., 2013).
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Regarding to sprint, they found that in the 20m test international players are 1.4%
faster than second division players, 2.1% than junior national players, 2.8% of junior
players and 3.8% than amateur athletes (Haugen et al., 2013). Norwegian League players
are 1% faster than second division players, 1.8% faster than junior national players, 2.6%
faster than junior players and 3.5% faster than amateur players (Haugen et al., 2013). At
the same distance, 0-20m, the forwards are 1.4% faster than the defenders, 2.5% of the
midfielders and 3.2% than the goalkeepers. On the other hand, the defenders are 1.1%
faster than the midfielders and 1.8% faster than the goalkeepers (Haugen et al., 2013).
Players over the age of 28 are 2% slower than players between 20-22 years, 1,9% than
players between 23-25 years and 2% slower than players aged 26-28 (Haugen et al.,
2013).
As for vertical jump, the same study by Haugen et al. (2013), found that international
players jumped 11.3% more than junior players. Players from the first and second
Norwegian League and the national team of juniors jump 5-11% more than amateur and
junior players. The midfielders are who jump less, behind the forwards, defenders and
goalkeepers, respectively. No significant differences were found in vertical jump in the
different age groups (Haugen et al., 2013). The literature agrees that vertical jumping is
not an indicator of performance in soccer, with the possible exception of goalkeepers
who, on the one hand, are the ones that jump the most, on the other, are also the slowest
(Haugen et al., 2013; E. Rampinini et al., 2007; Rösch et al., 2000).

2.3. Interaction between aerobic and anaerobic energy systems
The interaction and relative contribution of the three energy systems during the
practice of maximal exhaustive exercise is of undeniable interest. Preliminary attempts to
describe the relationship between the energy systems date back to the 1960s and 1970s
and although relevant at the time, were considered misleading. Given the repeated
proliferation of these works, two common mistakes were installed in the scientific
community. First, was to consider that the energy systems respond to the stress imposed
by maximal exercise almost sequentially, and secondly, was that the aerobic system
responds slowly to these demands of energy, having a small role in determining the
performance in short periods of time (Buchheit & Laursen, 2013; Gastin, 2001).
The hydrolysis of ATP represents the immediate source of energy for the occurrence
of muscle contraction. Since muscle ATP concentration is extremely low and its complete
degradation is prevented by regulatory mechanisms, there are highly regulated chemical
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pathways for ATP regeneration, so that muscle contraction does not need to be disrupted
(Prue Cormie, Mcguigan, & Newton, 2011; Gastin, 2001). Therefore, there are three
different processes that in consonance satisfy the energetic requirements of the muscle.
The first process consists in the division of the high energy phosphogen,
phosphocreatine (PCr), that after binding to the ATP stored in the cell, form the ATP-PCr
system. The ATP-PCr system, usually mentioned as anaerobic power, lasts between 3 and
15 seconds during actions that require maximal intent or effort (Zupan et al., 2009) and
provides the immediate energy in the initial phase of that kind of actions, through the
regeneration of ATP at high rates (Gastin, 2001). It can also be explained as the sum of
the maximal metabolic rates involved the different energy transfer systems (Heck, Schulz,
& Bartmus, 2003). The second process consists in the breakdown of carbohydrates,
mainly in the form of muscle glycogen, to pyruvic acid and then lactic acid through
glycolysis, without presence of oxygen (Gastin, 2001). Usually is referred as anaerobic
glycolysis and it has the ability to sustain what remains of the maximal effort (Zupan et
al., 2009). This system is more related to anaerobic capacity, unlike the ATP-PCr system
which is related to anaerobic power (Gastin, 2001; Zupan et al., 2009), and is also defined
by Heck et al. (2003) (Heck et al., 2003) as the sum of all the work to be obtained from
the energy stored in the chemical form. To the set formed by the ATP-PCr system and the
glycolite system, we call the anaerobic system. The capacity of the anaerobic system is
limited by the amount of energy that can be released in a single maximum effort. The end
of the exercise or the forced reduction of its intensity is a result of the rapid reduction of
stored PCr and the accumulation of lactate together with the reduction of pH (Gastin,
2001). The third process is the aerobic system, also known as oxidative metabolism,
capable of producing the highest amounts of ATP, but unlike the anaerobic system, is
unable to respond effectively to energy demands at the beginning of the exercise,
regardless of its intensity , given the limitation in providing oxygen to the muscle by the
respiratory and cardiovascular systems, due to the limitations imposed by oxidative
phosphorylation (Gastin, 2001).
Together, the 3 energy pathways described are able to respond effectively to the high
energy demands imposed during sports events (Buchheit & Laursen, 2013; Gastin, 2001).
Thus, hypothetically, all physical activities derive some energy from each of the three
energy supply processes, and while it is clear that each system is better tuned to provide
energy for different types of activity, it does not mean that it does so exclusively.
Therefore, through the interaction of the differences between capacity and power of each
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of the energy systems, results an efficient and smooth formula to replenish the ATP
(Gastin, 2001).
These facts lead us to reflect on the traditionally imposed idea that aerobic metabolism
plays an insignificant role during high intensity bouts, and seems clear that energy
systems contribute sequentially, but in an overlapping fashion, to the energetic demands
of the activity. In addition, it seems clear that the aerobic system plays a very important
role in the determination of performance during high intensity bouts and can contribute
approximately with same amount of energy as the anaerobic system in maximal efforts
of up to 75 seconds (Gastin, 2001).
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CHAPTER II – GENERAL OBJECTIVES
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General Objectives
The main objective of this work is to collect data that can be objectively applied in
practice, with the aim of improving the quality of training and, thus, increasing the
performance of athletes and teams. For this, it is necessary to characterize soccer players
based on some variables such as age, position and the competitive level, so that coaches
and other professional involved in the development of the player's abilities understand
who they are working with. Thus, within the variable competitive level, players can be
grouped as: youth or senior, first or second division, amateur, semi-professional or
professional, international or non-international, elite or non-elite; within the variable age,
players can be grouped by: rank (under13, under16, under21) or by age groups (12-14,1416,> 18); within the variable position, players can be grouped: generally (goalkeepers,
defenders, midfielders, forwards) or specifically (lateral defenders, central defenders,
wingers). This split is essential so that the results collected can have some practical
relevance, since only this way it is possible to individualize the intervention. It was for
this purpose that it became pertinent to carry out the article 1 where we characterized the
anaerobic profile through the WAnT in four age groups of soccer players (12-14, 14-16,
16-18 and 18-37) playing in different positions goalkeepers, defenders, midfielders,
forwards) and where we analyze inter-individual variability in every position and age
group.
Therefore, it is pertinent to see if in practice it is possible to have access to this
information in a simple and time friendly way and without requiring great material and
human resources, as it requires a test like the WAnT. Since most teams make evaluations
only at the beginning of the season and do not monitor athletes progress on a regular basis
throughout the year, coaches lose a tool to evaluate the success of the training program,
individual player response to training and the state of readiness of athletes in a return to
play phase. Thus, article 2 is directed to the performance evaluation through two field
tests and with greater transfer to the actions that decide the game, compared to the WAnT,
in order to understand if there is any dependence between the vertical jump and the speed
at 20 meters and a laboratory test as the WAnT in four age groups of soccer players (1214, 14-16, 16-18 and 18-37) playing in different positions (goalkeepers, defenders,
midfielders, forwards) while we try to analyze inter-individual variability in every
position and age group.
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PAPER 1
Caracterização do perfil anaeróbio de jogadores de futebol em quatro grupos etários:
estudo transversal
Matos, B., Nikolaidis, P., Lima, R., Bezerra, P., Camões, M., & Clemente, F. M. (2017).
Caracterização do perfil anaeróbio de jogadores de futebol em quatro grupos etários: estudo
transversal. Revista Portuguesa de Ciências do Desporto, 17(S1.A), 164-171.
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Resumo

O presente estudo teve dois objetivos: (a) caracterizar o perfil anaeróbio, medido pelo teste de
Wingate, em quatro grupos etários de futebolistas (12-14, 14-16, 16-18 e 18-37) que jogam em
diferentes posições (guarda-redes, defesas, médios e avançados) e (b) analisar a variabilidade
inter-individual relativa a cada posição e à correspondente faixa etária. Avaliaram-se 680
jogadores de futebol masculino. Independentemente da posição em campo, verificou-se um efeito
significativo da idade no pico de potência (PP) (p = 0,001; ES = 0,304) e potência média (Pm) (p
= 0,001; ES = 0,277). Não se verificaram efeitos estatisticamente significativos da idade na
variável índice de fadiga (IF) (p = 0,065; ES = 0,012). Os testes de análise da variância revelaram
ainda efeitos significativos do fator posição na Pm (p = 0,001; ES = 0,043) e IF (p = 0,001; ES =
0,041). Não se verificaram diferenças estatisticamente significativas na PP (p = 0,160; ES =
0,008).

Palavras-chaves: índice de fadiga, potência, futebol, avaliação e controlo.

Abstract

The current research had two purposes: (a) to characterize the anaerobic profile, as measured by
Wingate test, in four age groups of soccer players (12-14, 14-16, 16-18 and 18-37) playing in
different positions (goalkeeper, defence, medium, advanced); and (b) to analyse inter-individual
variability in every position and age group. A total of 680 male players were evaluated. Regardless
of playing position, there was a significant effect for age in peak power (PP) (p = 0,001; ES =
0,304) and average power (Pm) (p = 0,001; ES = 0,277). There were no statistically significant
effects for age with respect to fatigue index (IF) (p = 0,065; ES = 0,012). Tests for variance
analysis revealed significant effects for position in Pm (p = 0,001; ES = 0,043) and IF (p = 0,001;
ES = 0,041). There were no significant differences in PP (p = 0,160; ES = 0,008).

Keywords: fatigue index, power, football, evaluation and control.
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INTRODUÇÃO

O desenvolvimento dos jogadores em resposta a diferentes estímulos de treino
pode ser influenciado por diferenças na idade e no perfil físico e fisiológico. Durante a
adolescência, as posições em campo, o nível de seleção e competição (local, regional,
nacional ou internacional) e a qualidade do treino podem também afetar o seu
desenvolvimento [18].
Alguns autores têm feito um esforço para perceber a possibilidade de predizer a
habilidade futura de jovens atletas numa modalidade, em particular através da avaliação
de parâmetros relacionados com características físicas e fisiológicas [4,7,12,15], variáveis
psicológicas [10,20] e as duas em simultâneo [16].
Uma limitação das revisões e estudos publicados nesta área é de que apresentam
apenas valores médios e desvios-padrão das variáveis avaliadas que são os valores
estatísticos mais utilizados quando se pretende: perfilar as variáveis de performance dos
atletas e comparar atletas com diferentes perfis. No entanto, não discriminam a
variabilidade inter-individual como reportam Nikolaidis et al. [12].
Apesar de ser menos comum, existem vários estudos que provam diferenças interindividuais de atletas e que enfatizam a necessidade de direcionar a intervenção para as
necessidades dos atletas de acordo com a modalidade que praticam. Em estudos que
procuraram diferenças inter-individuais de atletas, foram reportadas diferenças em
parâmetros físicos e fisiológicos [6,8,11,12,14,15], psicológicos [5] e variáveis técnicotáticas [2].
Especificamente no futebol, existem vários estudos que caracterizam as
exigências fisiológicas do jogo e as características fisiológicas, antropométricas e físicas
dos jogadores. Apesar do metabolismo aeróbio ser o sistema energético predominante do
jogo, as ações mais prováveis de decidir o desfecho do jogo como saltar, sprintar ou
disputar um duelo, são de curta duração e de alta intensidade, portanto, fortemente
dependentes do sistema anaeróbio, tanto láctico como aláctico [1,17].
Assim, afigura-se pertinente que parâmetros relacionados com a capacidade e
potência anaeróbia sejam avaliados em jovens atletas, de forma a monitorizar a
capacidade do atleta e tentar predizer a sua habilidade futura para a modalidade em
apreço. Alguns estudos têm mostrado uma associação significativa entre os parâmetros
determinados pelo teste de Wingate (TW) e a capacidade anaeróbia e alguns autores
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assumem que o trabalho total (Wt), a potência media (Pm) e o índice de fadiga (IF) no
TW podem ser usados para estimar a capacidade anaeróbia [1].
Posto isto, o objetivo deste estudo foi: (a) caracterizar o perfil anaeróbio, medido
pelo teste de Wingate, em quatro grupos etários de futebolistas (12-14, 14-16, 16-18 e 1837) que jogam em diferentes posições (guarda-redes, defesas, médios e avançados) e (b)
analisar a variabilidade inter-individual relativa a cada posição e à respetiva faixa etária.

MATERIAL E MÉTODOS

PARTICIPANTES
Participaram do estudo 680 futebolistas profissionais e amadores distribuídos
pelos seguintes grupos etários: 12-14 (n = 97; 57,72±9,42kg; 1,62±0,09cm;
19,93±2,34IMC; 16,36±4,88%MG), 14-16 (n = 185; 63,00±8,98kg; 1,71±0,07cm;
21,30±2,42IMC; 15,81±4,26%MG), 16-18 (n = 144; 69,11±9,60kg; 1,76±0,06cm;
22,38±2,74IMC; 15,16±3,94%MG) e 18-37 (n = 254; 74,76±7,96kg; 1,78±0,06cm;
23,47±1,84IMC; 14,62±3,62%MG). Todos os jogadores maiores de idade completaram
um consentimento de participação e os encarregados de educação dos jogadores com
menos de 18 anos aprovaram a participação dos atletas no estudo. O presente estudo
seguiu as recomendações da Declaração de Helsínquia para o estudo em seres humanos.

PROCEDIMENTOS
Todos os participantes receberam instrução verbal com a explicação do desenho
experimental do estudo. Todos os testes foram realizados sobre a supervisão de um
fisiologista do exercício experiente e com domínio sobre todos os testes realizados. Os
testes foram conduzidos entre a época 2008 e 2011, em dias da semana entre as 8:00h e
as 14:00h. A ordem dos testes foi igual para todos os grupos, iniciando pelas avaliações
das características físicas e de seguida pela avaliação das características fisiológicas, com
uma duração media de 90 minutos. Todos os atletas realizaram um aquecimento
estandardizado que incluía 10 minutos num ciclo ergómetro e 5 minutos de alongamentos
dinâmicos.

CARACTERISTICAS FISICAS
A altura e o peso foram mensurados através de um estadiómetro (SECA, Leicester,
Reino Unido) e uma balança eletrónica (HD-351, Tanita, Illinois, EUA), respetivamente.
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A percentagem de massa gorda foi calculada pela soma de 10 pregas, avaliadas através
de um lipocalibrador (Harpenden, West Sussex, Reino Unido), através da fórmula
proposta por Parizkova [13]. Foram realizadas, de forma rotativa, três medições de cada
prega, sendo usado o valor médio para a soma das 10 pregas.

CARACTERISTICAS FISIOLÓGICAS
O teste de Wingate foi realizado num ciclo ergómetro (Monark Ergomedics 874,
Monark, Suécia), com uma resistência igual a 7,5% do peso corporal dos atletas. O
hardware mecatrônico registrou cada revolução sendo que o software especializado
(Papadopoulos e Nikolaidis, Atenas, Grécia), calculou o pico e a potência média. A partir
de uma posição estacionária, os participantes foram instruídos a pedalar o mais forte que
conseguissem durante 30 segundos. O teste de Wingate é considerado válido e fiável [3].

ANÁLISE ESTATISTICA
Confirmados os pressupostos de normalidade e homogeneidade da amostra,
procedeu-se à execução do teste de ANOVA two-way seguido do teste de partial eta
squared (𝜂2 ) para o cálculo da dimensão do efeito. O tratamento estatístico executou-se
no software SPSS versão 23, para um p < 0,05.

RESULTADOS E DISCUSSÃO
O teste de análise da variância para a variável pico de potência, comparativo entre
as diferentes faixas etárias, revelou diferenças estatisticamente significativas (p = 0,001;
𝜂2 = 0,304). O teste de post hoc identificou diferenças estatisticamente significativas entre
todas faixas etárias, revelando que os valores médios superiores se associaram à faixa
etária 18-37 e os menores valores médios se registaram na faixa 12-14. Não se verificaram
diferenças estatisticamente significativas para a variável pico de potência entre os
diferentes posicionamentos táticos (p = 0,160; 𝜂2 = 0,008). Não se verificaram,
igualmente, interações significativas entre os fatores faixa etária e posicionamento tático
(p = 0,117; 𝜂2 = 0,022). Os valores descritivos poderão ser verificados na tabela 1.
Tabela 1. Estatística descritiva (média ± desvio-padrão) dos valores obtidos do Wingate para as diferentes faixas
etárias.
12-14 anos de idade

14-16 anos de idade
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16-18 anos de idade

18-37 anos de idade

[M±SD]

[M±SD]

[M±SD]

[M±SD]

Pico de Potência (W)

9,31±1,05b,c,d

10,44±0,92a,c,d

11,04±0,97a,b,d

11,47±0,92a,b,c

Potência média (W)

7,26±1,13b,c,d

8,18±0,86a,c,d

8,72±0,76a,b

8,83±0,80a,b

Índice de fadiga (%)

41,31±9,17

42,56±8,50

42,11±7,75

44,25±5,71

Diferente estatisticamente de 12-14a; 14-16b; 16-18c; e 18-37d para um p < 0,05

A comparação entre faixas etárias na variável de potência média revelou
diferenças estatisticamente significativas (p = 0,001; 𝜂2 = 0,227). Os testes de post hoc
revelaram a inexistência de diferenças entre as faixas 16-18 e 18-37 observando-se, no
entanto, diferenças destas com as de 12-14 e 14-16. Os maiores valores de potência média
foram identificados nas faixas etárias 16-18 e 18-37. A comparação entre
posicionamentos táticos revelou, igualmente, diferenças na variável de potência média (p
= 0,001; 𝜂2 = 0,043). Em particular, verificou-se que os guarda-redes obtiveram valores
significativamente inferiores comparativamente aos defesas (p = 0,001), médios (p =
0,001) e avançados (p = 0,003).
Finalmente, para a variável de índice de fadiga não se verificaram diferenças
estatisticamente significativas entre faixas etárias (p = 0,065; 𝜂2 = 0,012). Por outro lado,
verificaram-se diferenças estatisticamente significativas entre posicionamentos táticos
para a variável em causa (p = 0,001; 𝜂2 = 0,041). Especificamente, verificou-se que os
guarda-redes apresentaram valores significativamente superiores de índice de fadiga,
comparativamente com os defesas (p = 0,001) e médios (p = 0,001).

DISCUSSÃO
As diferenças estatisticamente significativas entre faixas etárias para as variáveis
pico de potência e potência média podem ser suportados por diferentes adaptações
decorrentes das diferenças existentes no processo de treino e no processo competitivo,
tais como, durações do jogo reduzidas em escalões mais jovens, menor volume de treino
semanal nos escalões mais jovens, diferenças maturacionais nos atletas mais novos, anos
de exposição à prática e nível e tipo de treino [19]. Além disto, o impacto fisiológico que
o próprio jogo tem no atleta tende a ser menor nas faixas etárias mais jovens. Wong et al.
[19] reportam que a intensidade do jogo, avaliada pela média da distância total percorrida,
pode variar em ~5km dos sub12 à idade sénior, o que implica uma diferente resposta
fisiológica em termos de resposta cardíaca e concentração de lactato, por exemplo.
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Relativamente à variável índice de fadiga, não foram encontradas diferenças
estatisticamente significativas. Estes dados podem explicar-se pelo facto de que ao não
se verificarem valores altos no pico de potência e potência média nos grupos etários mais
baixos, a diferença entre os valores máximos e mínimos não são também eles elevados,
o que naturalmente resulta num índice de fadiga baixo. Por outro lado, em grupos etários
mais altos, apesar dos valores máximos e mínimos de potência terem uma maior
amplitude, uma capacidade aeróbia aumentada reportada pela literatura, pode justificar a
inexistência de significância estatística relativamente aos valores de índice de fadiga.
Quanto às diferenças por posição, não se verificaram diferenças estatisticamente
significativas no pico de potência, o que vai ao encontro de estudos reportados por Malina
et al. [9] que não encontraram diferenças no perfil anaeróbio por posição, o que pode ser
justificado pela natureza intermitente do jogo, podendo o pico de potência não ser um
fator discriminativo de performance por posição. Quanto à variável potência média,
verificou-se que os guarda-redes apresentaram os valores mais baixos, seguidos por
avançados, defesas e médios. Por outro lado, os guarda-redes são os que apresentaram os
valores mais altos no que trata à variável índice de fadiga, seguidos por defesas e médios.
Os resultados encontrados para estas duas variáveis, potência média e índice de
fadiga, são provavelmente consequência das adaptações decorrentes do perfil de atividade
dos jogadores que ocupam estas posições, dado que os médios são os que percorrem
maiores distâncias no jogo e os guarda-redes os que percorrem menores [17]. Estes dados
confirmam os de Gil et al. [4] que encontraram diferenças, tanto no perfil anaeróbio como
no perfil aeróbio entre diferentes posições.
Face ao exposto, e conhecendo-se a heterogeneidade no perfil fisiológico e de
habilidades motoras em equipas de topo, não se afigura viável identificar uma capacidade
que, por si só, possa ajudar a predizer o sucesso a longo prazo, com elevado nível de
confiança [15]. Portanto, a seleção de jovens para determinada posição baseada na sua
capacidade fisiológica poderá ser desapropriada visto os estudos realizados com o
objetivo de investigar diferenças entre posições e o efeito da idade em determinada
capacidade apresentarem resultados inconsistentes [19].
Assim, de forma a reunir conclusões práticas para a intervenção diária por parte
de treinadores, treinadores de força, nutricionistas ou psicólogos uma avaliação individual
deve ser uma prioridade. A caracterização destes perfis pode resultar em informação
valiosa para ajustar as exigências e constrangimentos das tarefas e, com isso, o estimulo
de treino. Desta forma, a criação de programas de treino pode ser mais direcionada para
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as necessidades dos atletas e as variáveis a considerar na deteção de talentos orientadas
para a especificidade do jogo, resultando num maior sucesso de todo o processo.
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ABSTRACT
Regardless of the competitive level, field position or age of a soccer player, the deciding
actions for the game result impose substantial demands on anaerobic metabolism in order
to mantain and replicate high-intensity actions of short-term exercise. Therefore, the
current research has two purposes: (a) evaluate the relationship between performance
variables such as the Wingate Anaerobic Test (WAnT), 20m Sprint Test and Vertical Jump
Test, amongst four different age groups of soccer players (12-14, 14-16, 16-18 and 1837) playing in different positions (goalkeeper, backward, midfielder, forward); and (b) to
analyse inter-individual variability in every position and age group. A group of 190 soccer
players from various soccer clubs from the region of Athens (age 19.4 ± 5.1 years, weight
69.2 ± 10.8 kg, height 175.8 ± 0.08 cm, BF 14.1 ± 3.8%) voluntarily participated in the
study. We found that older age groups are superior to the younger age groups in all
performance variables analyzed, that there are statistically significant differences between
tactical positions in all performance variables, and that the WAnT seems to be able to
predict to some extent the performance of the athletes in the 20m tests and vertical jump.

Keywords: Soccer, Anaerobic Power, WAnT, Age, Performance
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INTRODUCTION
Many team sports — including soccer — use anaerobic metabolism extensively
during competition (Zupan et al., 2009). Anaerobic activitys occurs without a presence of
oxygen and could be defined as energy expenditure that uses anaerobic pathways,
generally lasts less than 90 seconds, in presence of an strenuous effort (Zupan et al.,
2009). There are three energy sources required to perform anaerobic activities. The first
process consists in the division of the high energy phosphogen, phosphocreatine (PCr),
that after binding to the ATP stored in the cell, form the ATP-PCr system. The ATP-PCr
system, usually mentioned as anaerobic power, lasts between 3 and 15 seconds during
actions that require maximal intent or effort (Zupan et al., 2009) and provides the
immediate energy in the initial phase of that kind of actions (Gastin, 2001). It can also be
explained as the sum of the maximal metabolic rates involved the different energy transfer
systems (Heck, Schulz, & Bartmus, 2003). The second process consists in the breakdown
of carbohydrates, mainly in the form of muscle glycogen, without presence of oxygen
(Gastin, 2001). Usually is referred as anaerobic glycolysis and it has the ability to sustain
what remains of the maximal effort (Zupan et al., 2009). This system is more related to
anaerobic capacity, unlike the ATP-PCr system which is related to anaerobic power
(Gastin, 2001; Zupan et al., 2009), and is also defined by Heck et al. (2003) (Heck et al.,
2003) as the sum of all the work to be obtained from the energy stored in the chemical
form. The third process, usually known as oxidative metabolism, consists on the
combustion, in the presence of oxygen, of carbohydrates, fats and, under special
conditions, proteins. Although the aerobic system is the system with the highest capacity
for ATP production, unlike the anaerobic system, it is unable to respond effectively to
energy needs at the beginning of the exercise, regardless of the intensity to which it is
performed (Gastin, 2001). Together, the 3 energy pathways described are able to respond
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effectively to the high energy demands imposed during sports events (Buchheit &
Laursen, 2013; Gastin, 2001). Gastin (2001) (Gastin, 2001), says that their contrasting
powers and capacities represent not a disadvantage but an advantage since through their
interaction they allow the replenish of the ATP in a smooth and efficient way.
Given the impact of repeated high-sprint bouts on the anaerobic system and the
association to high performance levels, the assessment and monitoring of anaerobic
capacity and power should be prioritized (Andrade et al., 2015; Dardouri et al., 2014;
Heck et al., 2003; Noordhof, Koning, & Foster, 2010). According to Chamari et al.
(2004), sprinting, agility and vertical jumping are closely related and include dynamic
actions that require high muscle power and strength. Additionally, these actions include
the same energy systems, reflecting their closely related demands (Chamari et al., 2004).
Anaerobic tests with different duration characteristics were divided into three
different terms, depending on their duration, resulting in short (~10 seconds),
intermediate (~30 seconds), and long (~ 90 seconds) term tests (Sands et al., 2004). Thus,
different tests can now target different effort characteristics of relatively short duration
and relatively high duration activities. According to Sands et al. (2004) (Sands et al.,
2004) investigations have shown, that different anaerobic tests apparentely measure
different characteristics within the concept of anaerobic power and capacity. The
measurement of the maximally accumulated oxygen deficit (MAOD) (Medbo JI, Mohn
AC, Tabata I, Bahr R, Vaage O, 1988) is still considered a preferred indicator of anaerobic
capacity (Medbo, 1996) although the utilization of oxygen debt as a measure of anaerobic
energy release has already been renounced by some researchers (Bangsbo et al., 1990;
Gastin, 2001). Its use seems to be hampered by the influence of different factors that
stimulate mitochondrial respiration in the post-exercise and by the dissociation between
oxygen consumption during recovery and lactate accumulation and fate (Gaesser &
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Brooks, 1984; Gastin, 2001). Increased body temperature, increased hormonal activity
and increased energy expenditure associated with return to homeostasis are factors
responsible for increased oxygen consumption during recovery and are not directly
associated with the release of anaerobic energy during exercise (Bangsbo et al., 1990;
Gaesser & Brooks, 1984; Gastin, 2001). Moreover, the complexity of the MAOD protocol
makes its use almost exclusively for research studies. Alternative to MAOD, there are
some popular short-duration power tests, such as vertical jump tests (Grassi, Cerretelli,
Narici, & Marconi, 1991; Sargent, 1990), Margaria test (Sands et al., 2004) and the
Wingate Anaerobic Test (WAnT) (Bar-Or, 1987; Heck et al., 2003; Legaz-Arrese,
Munguía-Izquierdo, Carranza-García, & TorresDávila, 2011).
For this purpose the Wingate Anaerobic Test (WAnT) is a valid and reliable
laboratory test (Bar-Or, 1987; Dardouri et al., 2014; Hopkins, Schabort, & Hawley,
2001), and is considered the gold standard for the evaluation of anaerobic metabolism of
athletes (Dardouri et al., 2014; Zupan et al., 2009). Some studies have shown a significant
association between the parameters determined by the WAnT and anaerobic capacity,
whereby total work (Wt), mean power (Pm) and fatigue index (FI) can be used to estimate
the anaerobic capacity (Andrade et al., 2015; Bar-Or, 1987; Bogdanis, Nevill, Boobis, &
Lakomy, 1996). Therefore, the WAnT measures the ability to perform short-term activites
using the ATP-PCr and in intermediate-term activities using the glycolytic systems
(Sands et al., 2004; Zupan et al., 2009).
Besides WAnt, different tests aimed to assess an athlete’s anaerobic power (a
measure of both muscular strength and speed), anaerobic capacity, or both. Some of these
tests are the vertical jump test (Dal Pupo et al., 2013), standing long jump test, Bosco
repeated jumps (Dal Pupo et al., 2013; Sands et al., 2004), or running based protocols
(Andrade et al., 2015; Aziz & Teh, 2004; Dardouri et al., 2014; Keir, Thériault, &
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Serresse, 2013; Meckel, Machnai, & Eliakim, 2009; Zagatto AM, Beck WR, 2009).
Previous data also showed that Ppeak was 9.3 ± 0.2 W·kg-1 in the U-14, 10 ± 0.3 W·kg1 in the U-15, and 10.5 W·kg-1 in the U-16 group; Pmean was 8 ± 0.2 W·kg-1, 8.1 ± 0.2
W·kg-1, and 8.7 ± 0.2 W·kg-1, and FI 27.1 ± 1.9%, 36.8 ± 1.9%, and 35 ± 1.9%,
respectively, with the U-16 group exhibiting significantly greater Ppeak and fatigue than
the U-14 athletes (Vanderford, Meyers, Skelly, Stewart, & Hamilton, 2004), while the
corresponding values in older adults (16-18 years) were 10.6 ± 0.9 W·kg-1, 8.7 ± 0.4
W·kg-1, and 36.3 ± 7.4% (Meckel et al., 2009).
Since no cross sectional studies have investigated the anaerobic profile of soccer
players according to their playing position, age group and level, and there are no crosssectional studies that try to explain how a laboratory based test could predict the values
from field based tests, the current research has two purposes: (a) evaluate the relationship
between performance variables such as the Wingate Anaerobic Test, the 20m Sprint Test
and the Vertical Jump Test, amongst four different age groups of soccer players (12-14,
14-16, 16-18 and 18-37) playing in different positions (goalkeeper, backward, midfielder,
forward); and (b) to analyse inter-individual variability in every position and age group.

METHODS
Study Design and Participants
A group of 190 soccer players from the region of Athens (age 19.4 ± 5.1 yrs, body
mass 69.2 ± 10.8 kg, height 175.8 ± 0.08 cm, BF 14.1 ± 3.8%, see Table 1) voluntarily
participated in the study (Table 1). The participants were from different soccer clubs from
the region of Athens, where they practiced for 4–5 training sessions, each lasting ~90
min, and participated in one soccer match per week. These clubs competed in the third
and fourth national leagues of Greece. The testing procedures were performed during the
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preparation period of seasons 2013–2014, 2014–2015, and 2015–2016. Eligibility criteria
for this study were that the players would be free of injury or illness during the research
analyses. They had been instructed to maintain their routines, similar to those they used
before matches. The institutional review board of Exercise Physiology Laboratory,
Nikaia, Greece, approved this study and all participants provided their written informed
consent. The experiment followed the ethical guidelines for the study of humans as
suggested by the Declaration of Helsinki.

Procedures and protocols
Each participant was tested during two sessions within a week and not on
consecutive days (48 hours interval). The first testing session took place in the laboratory,
where they were examined for anthropometric characteristics (body height, body weight
and skinfold thickness), and completed vertical jumps and the WAnT. During the second
testing session, they were tested on a 20-m sprint in the field. The warm-up included a
10-min submaximal aerobic exercise and 10 min dynamic stretching exercises. Similar
procedures of warm-up before sprinting and high-intensity tests have been used recently
(Mann, Ivey, Brechue, & Mayhew, 2015). This submaximal exercise was performed on
a cycle ergometer in the first session and jogging in the second session.
Body height and weight were measured before warm-up using a stadiometer
(SECA, Leicester, UK) and an electronic scale (HD-351 Tanita, IL, USA), respectively.
Body Fat was estimated by skinfold thickness (Harpenden, West Sussex, UK) at 10 sites
(cheek, wattle, chest I, triceps, sub- scapular, abdominal, chest II, suprailiac, thigh and
calf; BF = −41.54 + 12.636 × logex, where x is the sum of 10 skinfolds) using the
Parizkova formula (Pařízková, 1977). Body height was measured in the early morning.
The skinfold thickness was calculated by a experienced researcher in this procedure.
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Chronological age was calculated using a table of decimals of year. All anthropometric
measurements were performed according to the guidelines of ISAK (Kinanthropometry,
2001).
In the three single vertical jump tests (squat jump – SJ, countermovement jump –
CMJ), participants were asked to jump as high as possible (Aragón Vargas, 2009) over a
photocell platform (Opto-jump, Microgate Engineering, Bolzano, Italy). The three tests
were performed on a randomized order. Two trials were performed for each jump test and
the best one was recorded for further analysis. The height of each jump was calculated
from the flight time (Linthorne, 2001). The players were instructed beforehand in order
to guarantee the proper jump technique.
The WAnT was performed on a cycle ergometer (Ergomedics 874, Monark,
Sweden) (Driss & Vandewalle, 2013). Participants were instructed to pedal as fast as
possible for 30 seconds against a braking force that was determined by the product of
body mass in kg by 0.075. The following three main indices of the WAnT were evaluated:
(a) peak power (Ppeak), (b) mean power (Pmean), and (c) fatigue index (FI). Both Ppeak
and Pmean were expressed in W and W · kg−1. During this test, participants were
encouraged verbally to exert maximal effort. Heart rate response to the WAnT was
monitored by Team Pro (Polar Electro Oy, Kempele, Finland). The experiments in the
laboratory were done in a temperature of ~21°C.
The 20-m sprint test was performed at an outdoor soccer synthetic field. The test
was administered twice and the best trial was recorded for further analysis. Each trial,
starting from a standing position with the front foot placed 0.5 m before the first pair of
photocells, was timed using three pairs of electronic timing gates (Brower Timing
System, Salt Lake City, UT, USA) placed at 0, 10 and 20 m, as well as 1 m above the
ground.
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Statistical Procedures
Cohen’s D (d) was used as the effect size test for comparison between pairs of
months. The following classification of magnitude of d was used (Ferguson, 2009): no
effect (d < 0.41), minimum effect (0.41 < d < 1.15), moderate effect (1.15 < d < 2.70) and
strong effect (d > 2.70). The partial eta squared (𝜂𝑝2 ) has tested the effect size (ES).
Ferguson’s classification for the ES was used (Ferguson, 2009): no effect (ES < 0.04);
minimum effect (0.04 < ES < 0.25); moderate effect (0.25 < ES < 0.64); and strong effect
(ES > 0.64). A generalized linear model was created to test the independent associations
between the Wingate Anaerobic Test (above the mean) and the performance variables of
the 20m Sprint Test (speed), Squat Jump Test (strength) and Counter-movement Jump
Test (strength). We computed beta coefficients with 90% confidence intervals (90% CI)
and R square to describe the amount of variance/prediction on the dependent variable
(speed and strength) among athletes after adjustment for age. All statistical analysis was
performed with IBM SPSS version 19.

RESULTS
Descriptive statistics of performance variables split by age group and playing position
can be found in Table 2.

The analysis of interactions between factors revealed minimum interactions
between age groups and playing positions for Ppeak (p = 0.316; 𝜂𝑝2 = 0.057, minimum
effect), Pmean (p = 0.147; 𝜂𝑝2 = 0.072, minimum effect) and CMJ (p = 0.073; 𝜂𝑝2 = 0.084,
minimum effect), 20-m (p = 0.016; 𝜂𝑝2 = 0.107, minimum effect) and SJ (p = 0.011; 𝜂𝑝2 =
0.112, minimum effect).
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Inter-age group changes
Moderate differences between age groups were found on Ppeak (p = 0.001; 𝜂2 =
0.475, moderate effect), Pmean (p = 0.001; 𝜂2 = 0.477, moderate effect), 20-m (p = 0.001;
𝜂2 = 0.431, moderate effect), SJ (p = 0.001; 𝜂2 = 0.349, moderate effect) and CMJ (p =
0.023; 𝜂2 = 0.370, moderate effect).
Pairwise comparison revealed that the 12-14 group had lower values of Ppeak than
the 14-16 (d = 1.022, minimum effect), 16-18 (d = 1.935, moderate effect) and >18 (d =
2.924, strong effect); lower values of Pmean than the 14-16 (d = 0.936, minimum effect),
16-18 (d = 1.824, moderate effect) and >18 (d = 2.917, strong effect); lower values of 20
meters than the 14-16 (d = 1.138, minimum effect), 16-18 (d = 1.933, moderate effect) and
>18 (d = 3.640, strong effect); lower values of SJ than the 14-16 (d = 0.175, no effect),
16-18 (d = 0.750, minimum effect) and >18 (d = 2.081, moderate effect); lower values of
CMJ than the 14-16 (d = 0.166, no effect), 16-18 (d = 0.844, minimum effect) and >18 (d
= 2.033, moderate effect).
The 14-16 age group had lower values of Ppeak than the 16-18 (d = 0.899,
minimum effect) and >18 (d = 1.870, moderate effect); lower values of Pmean than the
16-18 (d = 0.993, minimum effect) and >18 (d = 1.994, moderate effect); lower values of
20 meters than the 16-18 (d = 0.543, minimum effect) and >18 (d = 1.517, moderate
effect); lower values of SJ than the 16-18 (d = 0.649, minimum effect) and >18 (d = 1.898,
moderate effect); lower values of CMJ than the 16-18 (d = 0.766, minimum effect) and
>18 (d = 1.929, moderate effect).
The 16-18 age group had lower values of Ppeak than the >18 (d = 0.954, minimum
effect); lower values of Pmean than the >18 (d = 0.895, minimum effect); lower values of
20 meters than the >18 (d = 0.893, minimum effect); lower values of SJ >18 (d = 0.924,
minimum effect); lower values of CMJ >18 (d = 0.922, minimum effect).
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Between-playing positions changes
No effect between playing positions was found in Ppeak (p = 0.325; 𝜂2 = 0.017,
no effect), Pmean (p = 0.545; 𝜂2 = 0.010, no effect), 20-m (p = 0.078; 𝜂2 = 0.033, no
effect), SJ (p = 0.653; 𝜂2 = 0.008, no effect) and CMJ (p = 0.344; 𝜂2 = 0.016, no effect).

Prediction of WAnT from 20-m sprint and jump tests
The modelling of the associations of the WAnT with speed (20 m sprint) and
strength (SJ and CMJ) can be seen in Table 3.

DISCUSSION
This study aim to evaluate the relationship between performance variables such
as the WAnT, 20m Sprint Test and Vertical Jump Test, amongst four age groups of soccer
players playing in four different positions and to analyze inter-individual variability for
every position and age group. Assessing the differences among players that play in
different positions is not so simple, since it depends on factors such as the level of
difficulty of the game, the strategy used by the team, the opponent and the demands
imposed by the game on each player, all of which can change from game to game. Taking
this into consideration, the participants in this study were divided into 4 groups: forwards,
midfielders, defenders and goalkeepers. This classification was used in most of the
relevant research (Dieter Deprez et al., 2014; Gil, Gil, Ruiz, Irazusta, & Irazusta, 2007).
The main results for performance variables split by age groups were that there
were moderate differences in Ppeak, 20-m, SJ and CMJ. The older age groups had better
results in all performance variables than the younger age groups but the differences tended
to decrease as the age difference also decreased, which is supported by other studies (P.
T. Nikolaidis, 2011; Slimani & Nikolaidis, 2017a). Concerning age-related performance,
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Nikolaidis (P. T. Nikolaidis, 2011) revealed differences in anaerobic power (Ppeak and
Pmean) between the age groups throughout adolescence, with the age groups in the higher
spectrum of adolescence performing better than those in the lower spectrum. Regarding
speed values, the results are in line with previous studies (Al Haddad, Simpson, Buchheit,
Di Salvo, & Mendez-Villanueva, 2015; P. T. Nikolaidis, Knechtle, Clemente, & TorresLuque, 2016) which found better performance by adults in the sprint tests in comparison
to adolescent football players, while older age groups performed better than younger age
groups, and no differences were observed between the adult groups. In any case, Haugen
et al. (Haugen, Tønnessen, & Seiler, 2013) found that players over the age of 28 are 2%
slower than players between 20-22 years old, 1,9% slower than players between 23-25
years and 2% slower than players between the ages of 26 and 28. Thus, when the players
became older (U-17–U-19), explosive power also became important in discriminating
between the elite attackers from the other field positions (Dieter Deprez et al., 2014;
Slimani & Nikolaidis, 2017a). These results can be supported by different adaptations
due to differences in the training and competitive process, such as reduced game duration
and lower weekly training volume in younger age groups, maturational differences in
younger athletes, years of exposure to practice and level and type of training (P.-L. Wong,
Chamari, Dellal, & Wisloff, 2009). In addition, the physiological impact that the game
has on the athlete tends to be lower in the younger age groups. Wong et al. (P.-L. Wong
et al., 2009) reported that the intensity of the game, assessed by the mean of the total
distance traveled, can vary by 5km from sub12 to senior age, which implies a different
physiological response in terms of cardiac response and lactate concentration, for
example. In the vertical jump, Haugen et al. (Haugen et al., 2013) reported that no
significant differences were found for the different age groups.
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Regarding the performance variable values by position, the forwards had the best
results in Ppeak (879.9 ± 124.1), followed by midfielders (763.6 ± 128.1), defenders
(647.0 ± 126.0 ) and goalkeepers (523.5 ± 107.8); in the Pmean (669.9 ± 86.7), followed
by midfielders (591.2 ± 98.0), defenders (498.0 ± 85.5) and goalkeepers (418.2 ± 84.6);
in 20-m (3.07 ± 0.09), followed by midfielders (3.17 ± 0.14), defenders (3.25 ± 0.17) and
goalkeepers (3.45 ± 0.16); in the SJ (35.4 ± 4.1), followed by midfielders (31.0 ± 6.2),
defenders (27.3 ± 5.0) and goalkeepers (26.5 ± 5.4); and in the CMJ (37.3), followed by
midfielders (33.0 ± 5.5), defenders (29.2 ± 4.6) and goalkeepers (28.5 ± 5.1). These results
may be caused by coaches and technical staff selecting stronger soccer players with the
best physiological attributes for the forward position, reflecting the idea that the success
of a game depends essentially on the quality of the players playing in that position (Gil,
Gil, Ruiz, Irazusta, et al., 2007).
With respect to the values of Ppeak and Pmean, few studies have investigated the
anaerobic profile of soccer players according to their playing position. Nilsson &
Cardinale (Nilsson & Cardinale, 2015) and Tasmektepligil & Ermis (Tasmektepligil &
Ermis, 2016) reported that there was no difference between anaerobic capacities of the
players according to their playing positions. Moreover, another comparison of positional
groups revealed differences between goalkeepers and outfielders, with the latter showing
higher Pmean and lower FI (P. T. Nikolaidis, 2014). These differences may be justified
by the fact that the samples from the researches mentioned are different compared to the
present study. Our sample does not include elite players and covers a very large range of
age groups compared to studies that do not find differences between positions. In elite
athletes the maturational differences, the level and intensity of the game and the quality
of the training can dissipate the existence of differences in the anaerobic capacity that,
given the different demands of each position in the field, would be expected.
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Regarding to the 20-m, the values for forwards are in agreement with those of
other authors who affirm that the forwards are the fastest players (Gil, Gil, Ruiz, Irazusta,
et al., 2007; Slimani & Nikolaidis, 2017b; Stolen, Chamari, Castagna, & Wisløff, 2005)
but the low values found for defenders are not in line with the main findings from other
relvant studies (Gil, Gil, Ruiz, Irazusta, et al., 2007; Stolen et al., 2005). This is in
agreement with most relevant literature, which revealed that sprint performance differs
between playing positions, with higher 5, 10, 20, and 30-m sprint performances recorded
for forwards than defenders and goalkeepers, and lower sprint performance for
goalkeepers than for other positions (Gil, Gil, Ruiz, & Irazusta, 2007; Slimani &
Nikolaidis, 2017b). The values found for the goalkeepers in this test must be interpreted
with caution, since the test does not respect the activity profile of the goalkeeper in the
game given that the distances covered in sprint by the goalkeeper range from 1 to 12m
(Di Salvo & Benito, 2008; Gil, Gil, Ruiz, Irazusta, et al., 2007; Stolen et al., 2005).

For the vertical jump, it was shown that muscular strength is affected by the game
position, with the highest jumps of the SJ and CMJ found among goalkeepers rather than
among the midfielders (Brahim, Bougatfa, & Mohamed, 2013; Malina et al., 2000;
Sporis, Ruzic, & Leko, 2008) and forwards only (Portes, Canhadas, Silva, & de Oliveira,
2015). This was not observed in our study; rather the goalkeepers are those with the lower
jump height. On the other hand, Ben Brahim et al. (Brahim et al., 2013) showed that
midfielders had the lowest SJ and CMJ heights compared with those of defenders and
forwards. Lago-Peñas et al. (Lago-Peñas, Rey, Casáis, & Gómez-López, 2014) and
Pantelis Nikolaidis (Slimani & Nikolaidis, 2017a) say that given the number of actions
that have to contend in the air, the forwards and the defenders are the positions where the
best vertical jump values are reported, since they must be able to jump high in order to
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stop the ball going into the goal or to score a goal. These data are in line with those of the
present study where the forwards are the highest jumpers (Gil, Gil, Ruiz, & Irazusta,
2007; Stolen et al., 2005). The fact that the central and lateral defenders are grouped in
this study may contribute to the fact that defenders do not present jump values similar to
those of the forwards. Sporis et al. (Sporis et al., 2008) and Pivovarniček et al
(Pivovarnicek, Pupis, & Lacena, 2015) did not find significant differences between
positions. This contradiction could be due to the data belonging to different studies with
differences in participant age, competition level, years of practice and high quality
training exposure. The literature agrees that the vertical jump is not an indicator of
performance in soccer, with the possible exception of goalkeepers (Haugen et al., 2013;
Rampinini, Coutts, Castagna, Sassi, & Impellizzeri, 2007; Rösch et al., 2000). The
vertical jumps measured by counter movement jumps in the current study (34.0±5.8 cm)
are lower when compared to those of players split into three age groups of 14 to >17 years
(aprox. 36-42 cm) (P. Nikolaidis, Ziv, Lidor, & Arnon, 2014), players aged between 14
and 21 years (aprox. 40-44cm) (Gil, Gil, Ruiz, Irazusta, et al., 2007) and adult soccer
players playing in the two first French Divisions (aprox. 39-41cm) (Cometti, Maffiuletti,
Chatard, & Maffulli, 2001).
Given that WAnT is the gold standard in the assessment of anaerobic power in
athletes, we also wanted to understand the WAnT ability to predict the values of
performance variables such as speed and vertical jump. Since maturation has an important
contribution in the development of strength and power (D Deprez et al., 2013; Lovell et
al., 2015; Pearson, Naughton, & Torode, 2006), the values were adjusted to the age to
annul the bias of the results by maturation. Since both speed and vertical jump
performance are influenced by different factors, such as maturational state, technique and
strength and power levels, we try to understand the extent to which they could be
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dependent on the values obtained in the WAnT. We found a positive association of both
strength determinants, after adjusting for age. We observed a significant variation for the
squat jump test (B = 3.91, 90% CI: 2.49, 5.32) and for the counter-movement jump test
(B = 3.59, 90% CI: 2.22, 4.95). An inverse significant association was observed between
anaerobic capacity and speed test of the athletes (B = -0.06, 90% CI: -0.10; -0.01),
independent of the age. In addition, after adjusting for chronological age, the anaerobic
capacity could independently explain a large proportion of the relative speed (19%) and
strength (24-26%).
The fact that we are dealing with a very heterogenous sample of athletes that are
not reflective of what the elite represents can limit the comparison of the results with
other works that discriminate the values of some performance variables by age group,
tactical position or competitive level. In addition, in recent years the use of WAnT to
evaluate anaerobic performance in soccer players has been limited, which makes it
difficult to compare data with athletes who are prepared to play the game according to
the demands imposed by the current football standards. For future work, it would be
interesting to compare the values of two similar tests, the WAnT and the Repeated Ability
Sprint Test (RAST), with performance variables such as 20m speed and vertical jump
values in senior athletes that represent the elite, and to realize the extent to which a timefriendly test like the WAnT can match a specific field test like RAST for a sample that
represents the reality imposed by the physical requirement of the current game.

Practical implications
Coaches aiming for the improvement of the training process and the enhancement
of the individual characteristics of athletes throughout their training must take into
account the age group of the athlete and the most appropriate period to promote the
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development of the most determinant physical abilities in the game in adulthood.
Knowing that players born in the first months of the year probably have a physical
advantage due to normative growth and/or biological maturation (D Deprez et al., 2013;
Lovell et al., 2015; Pearson et al., 2006) and have greater playing experience in the early
stages of sports participation (Lovell et al., 2015), development strategies should also be
promoted for younger players that are less biologically mature but equally motivated, in
order to avoid premature de-selection or dropout and the loss of a potentially talented
player who at one point was unable to overcome the limitations stemming from a less
developed maturational state (Lovell et al., 2015). Since it has been implied that coaches
tend to prefer players with advanced physical attributes that allow them to be able to
compete in absolute terms with their relatively older peers (Lovell et al., 2015), and
knowing that the actions which likely decide the outcome of the game are supported by
anaerobic power (Chamari et al., 2004; Gil, Gil, Ruiz, Irazusta, et al., 2007; Haugen et
al., 2013; Stolen et al., 2005; D. P. Wong, Chan, & Smith, 2012), coaches should look to
the values of maximum strength that represent the basis to the ability to express higher
power outputs (P. Cormie, Mcguigan, & Newton, 2011; Haff & Nimphius, 2012). This is
considered to be one of the foundational characteristics underlying successful
performance in a variety of sports activies such as jumping or changing direction
(Chamari et al., 2004; Haff & Nimphius, 2012). Thus, there is a greater probability for
these athletes to be available to train and compete for as much time and as many times as
possible, expressing and developing their maximum technical-tactical potential (de Hoyo
et al., 2014; Engebretsen, Myklebust, Holme, Engebretsen, & Bahr, 2008; Gabbett, 2016).
Existing literature is extensive in the promotion of strength training among soccer players
(Karsten et al., 2016; López-Segovia, Dellal, Chamari, & González-Badillo, 2014; ParejaBlanco et al., 2016; Sabido, HernáNdez-Davó, Botella, Navarro, & Tous-Fajardo, 2017;
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Wisløff, Castagna, Helgerud, Jones, & Hoff, 2004) as a determinant tool in injury
prevention (Askling, Karlsson, & Thorstensson, 2003; de Hoyo et al., 2014; Engebretsen
et al., 2008; Owen et al., 2013, 2015; Schuermans, Danneels, Van Tiggelen, Palmans, &
Witvrouw, 2017; Zouita et al., 2016), performance enhancement (Prue Cormie,
McGuigan, & Newton, 2010; Dellal & Wong, 2013; López-Segovia et al., 2014;
Ronnestad, Kvamme, Sunde, & Raastad, 2008; Suchomel, Nimphius, & Stone, 2016;
Wisløff et al., 2004) and regeneration optimization (Ndlec et al., 2012; Wollin, Thorborg,
& Pizzari, 2016). We also know that athletes who begin strength training later are less
likely to achieve its maximum potential than those who initiate strength training
prematurely (Myer, Lloyd, Brent, & Faigenbaum, 2014). Moreover, the demands
imposed by the game on each position must be taken into account in the training and
selection process of athletes. The evaluation of the athletes can be a way to determine if
the athletes are ready to reach an elite level, since we know that athletes of higher
competitive levels have higher values in performance variables (Carling, 2013; Slimani
& Nikolaidis, 2017a; D. P. Wong et al., 2012) and that these values vary depending on
the position in the field (Brahim et al., 2013; Gil, Gil, Ruiz, Irazusta, et al., 2007; Malina
et al., 2000; P. T. Nikolaidis, 2014; Slimani & Nikolaidis, 2017b; Sporis et al., 2008;
Stolen et al., 2005).

CONCLUSIONS
As previously described, we noticed that there are statistically significant
differences regarding performance variables related to strength and power between
different age groups and different tactical positions. Although the values found are not
fully compatible with what is described in existing literature, we can conclude that: a)
older age groups are superior to the younger age groups in all performance variables
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analyzed; (b) the WAnT, although not specific, seems to be able to predict to some extent
the performance of the athletes in the 20m tests and vertical jump, though it lacks an elite
and homogeneous sample to realize the magnitude of this dependence between WAnT
and specific strength and power tasks of the game; (c) it is necessary to study elite athletes
to realize the ability of the WAnT to discriminate athletes’ performance based on the
physiological requirement that the current game imposes on soccer players.
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Table 1. Characterization of the sample.
N

Weight (kg)

Height (cm)

BMI (kg/m2)

BF (%)

192

69.2 ± 10.8

175.8 ± 0.08

22.3 ± 2.2

14.1 ± 3.8

Table 2. Mean and [90% Confidence Interval] for performance variables split by age
group and playing positions.
SJ (cm)

CMJ (cm)

20-m (s)

Ppeak (W)

Pmean (W)

26.48

29.18

3.41

559.43

448.13

[22.60;30.36]

[25.10;33.26]

[3.29;3.53]

[445.90;672.95]

[364.44;531.81]

27.27

30.21

3.40

533.43

435.37

[22.10;32.44]

[25.81;34.62]

[3.27;3.53]

[439.37;627.49]

[361.76;508.99]

23.63

23.83

3.57

515.75

385.28

[20.11;27.14]

[20.67;26.98]

[3.39;3.75]

[453.35;578.15]

[316.98;453.57]

28.83

31.37

3.37

692.67

551.33

[22.25;35.42]

[27.79;34.94]

[2.93;3.81]

[402.42;982.91]

[351.79;750.87]

26.85

29.08

3.24

668.17

505.60

[24.09;29.61]

[26.38;31.78]

[3.15;3.33]

[577.94;758.40]

[448.32;562.88]

28.56

30.03

3.19

653.04

510.12

[26.49;30.63]

[28.33;31.72]

[3.13;3.24]

[624.11;681.98]

[489.49;530.75]

24.23

26.65

3.39

568.97

424.53

[21.67;26.80]

[23.65;28.85]

[3.23;3.54]

[447.14;690.79]

[350.24;498.83]

27.28

29.95

3.29

788.35

593.33

[22.90;31.65]

[25.10;34.80]

[3.17;3.40]

[556.47;1020.23]

[453.35;733.30]

29.00

31.82

3.20

754.11

578.02

[27.01;30.98]

[29.84;33.79]

[3.15;3.25]

[713.56;794.65]

[542.92;613.12]

32.33

33.93

3.13

744.66

587.68

[29.38;35.27]

[31.23;36.62]

[3.07;3.19]

[698.84;790.49]

[555.11;620.26]

36.57

36.73

3.09

830.67

645.52

[32.47;40.66]

[33.64;39.83]

[2.98;3.19]

[661.56;999.78]

[517.44;773.61]

[12-14 yo]
(N=16)
GK (N=1)
DF (N=4)

MF (N=7)

FW (N=4)
[14-16 yo]
(N=36)
GK (N=3)

DF (N=11)

MF (N=16)

FW (N=6)
[16-18 yo]
(N=47)
GK (N=4)

DF (N=21)

MF (N=16)

FW (N=6)
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[>18 yo]
(N=93)
35.96

37.29

3.10

947.61

698.397

[33.61;38.30]

[34.94;39.63]

[3.03;3.17]

[887.94;1007.29]

[660.30;736.47]

35.96

37.70

3.08

899.90

684.00

[34.68;37.24]

[36.36;39.04]

[3.05;3.10]

[864.30;935.50]

[657.50;710.50]

35.28

37.41

3.07

851.77

649.90

[34.16;36.40]

[36.24;38.58]

[3.05;3.10]

[820.80;882.74]

[628.34;671.46]

34.66

36.02

3.07

895.00

682.33

[32.64;36.68]

[34.15;37.88]

[3.02;3.11]

[812.69;977.31]

[625.84;738.82]

GK (N=7)

DF (N=33)

MF (N=41)

FW (N=12)

Legend. GK: goalkeeper; DF: defender; MF: midfielder; FW: forward; yo: years old;
SJ: squat jump; CMJ: counter-movement jump; 20-m: 20 meters; Ppeak: peak power;
Pmean: mean power.
Table 3. Modelling the associations between Wingate Anaerobic Test and the
performance variables of Speed (20m Sprint Test ) and Strength (SJ and CMJ), after
adjustment for age.
Prediction of speed (20 m sprint test as dependent variable, seconds)
Parameter
Above the mean on Wingate
test (778 W)

Beta (B)

90% CI

R square

-0.06

-0.10 ; -0.01

0.19

Prediction of strength (Squat jump as dependent variable, cm)
Parameter
Above the mean on Wingate
test (778 W)

Beta (B)

90% CI

R square

3.91

2.49; 5.32

0.26

Prediction of strength(counter-movement jump as dependent variable, cm)
Parameter
Above the mean on Wingate
test (778 W)

Beta (B)

90% CI

R square

3.59

2.22; 4.95

0.24

Legend. W: watts; cm: centimeters.
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General discussion
Assessing the differences between players that play in different positions is not so
simple, since it depends on factors such as the difficulty level of the game, the strategy
used by the team, the opponent and the demands imposed by the game on each player,
and all of which can change from game to game. However, the characterization of
individualized profiles in soccer players, taking into account their fitness levels,
particularly those carried out at the expense of the anaerobic metabolism, can result in
valuable information to adjust the demands and limitations of the tasks and, the training
stimulus. Based on that, the planning process of training programs can fit to the athletes
needs and the variables to consider in the detection of talents oriented to the specificity
of the game, resulting in a greater success of the whole process.
Therefore, we tried to understand in article 1, the inter-individual variability
relative to each position and each age group, so we characterized the anaerobic profile of
690 soccer players, having as criteria the performance in the WAnT, evaluated through
the Ppeak, Pmean and FI values. In article 2, we tried to understand the inter-individual
variability relative to each position and each age group, so we characterized the anaerobic
profile of 190 soccer players, having as criteria the performance in the WAnT, vertical
jump and 20m test.
In both interventions, we found statistically differences for performance variables
supported by anaerobic metabolism between the different age groups.
In paper 1, we found statistically significant differences for the Ppeak and Pmean
variables. In paper 2, the main results based on the comparison between age groups
showed moderate differences in Ppeak, 20-m, SJ and CMJ. Regarding age-related
performance, Nikolaidis (2011) revealed differences in anaerobic power (Ppeak and
Pmean) between the age groups throughout adolescence, with the age groups in the higher
spectrum of adolescence performing better than those in the lower spectrum.
Considering speed values, the results are in line with previous studies (Al Haddad,
Simpson, Buchheit, Di Salvo, & Mendez-Villanueva, 2015; Nikolaidis, Knechtle,
Clemente, & Torres-Luque, 2016) which found better performance by adults in the sprint
tests in comparison to adolescent soccer players, while older age groups performed better
than younger age groups, and no differences were observed between the adult groups. In
any case, Haugen et al. (2013) found that players over the age of 28 are 2% slower than
players between 20-22 years old, 1.9% slower than players between 23-25 years and 2%
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slower than players between the ages of 26 and 28. Thus, when the players became older
(U-17–U-19), explosive power also became important in discriminating between the elite
attackers from the other field positions (Deprez et al., 2014; Slimani & Nikolaidis, 2017a).
The results found for Ppeak, Pmean, CMJ and 20m test, can be supported by
different adaptations due to differences in the training and competitive process, such as
reduced game duration and lower weekly training volume in younger age groups,
maturational differences in younger athletes, years of exposure to practice and level and
type of training (Wong, Chamari, Dellal, & Wisloff, 2009). In addition, the physiological
impact that the game has on the athlete tends to be lower in the younger age groups. Wong
et al. (Wong et al., 2009) reported that the intensity of the game, assessed by the mean of
the total distance traveled, can vary by 5km from sub-12 to senior category, which implies
a different physiological response in terms of cardiac response and lactate concentration.
When the variable FI was analyzed, we did not found statistically differences,
which can be explained by the fact that when there were no high values in the Ppeak and
Pmean in the lower age groups, the difference between the maximum and minimum
values is also not high which naturally results in a low FI. On the other hand, in higher
age groups, although the maximum and minimum power values have a greater amplitude,
an increased aerobic capacity reported in the literature may justify the lack of statistical
significance regarding the values of FI.
In the SJ, Haugen et al. (2013) reported no significant differences for the different
age groups. This can be justified by the low values of maximum strength in the lower
limbs or a technical limitation since in CMJ, where motor pattern is more similar to what
occurs in the game, athletes have differences between them.
These data reinforce the idea that we cannot expect that athletes from younger age
groups may perform high intensity actions similarly to older age group athletes, which
means that in the training and competition process, coaches intervention with young
athletes should be meticulous, respecting the maturational state in which they are, not
expecting them to show the same capacity as adults.
Regarding the performance variable values by position, with respect to the values
of Ppeak and Pmean, few studies have investigated the anaerobic profile of soccer players
according to their playing position. In paper 1, there were no statistically significant
differences in Ppeak, which is in line with studies reported by several authors (Robert M.
Malina, Eisenmann, Cumming, Ribeiro, & Aroso, 2004; Nilsson & Cardinale, 2015;
Tasmektepligil & Ermis, 2016), who did not found differences in the anaerobic profile by
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position. These results may be justified by the intermittent nature of the game, pointing
out that peak power probably is not a discriminative performance variable between
positions. For Pmean, it was verified that the goalkeepers presented the lowest values,
followed by forwards, defenders and midfielders. On the other hand, goalkeepers are the
ones who presented the highest values in the variable FI, followed by defenders and
midfielders. The results found for these two variables are probably a consequence of the
adaptations resulting from the activity profile of the players playing these positions, since
the midfielders players are the ones that travel the longest distances in the game and the
goalkeepers are the ones that run less (Stolen et al., 2005). These data are in line with
other studies (Gil, Gil, Ruiz, Irazusta, & Irazusta, 2007; Nikolaidis, 2014) that found
differences, both in the anaerobic and aerobic profile between different positions. On the
other hand, in the paper 2, the forwards had the best results in all the performance
variables comparatively to the other positions, including in the variables Ppeak and
Pmean. These results may be caused by coaches and technical staff selecting stronger
soccer players with the best physiological attributes for the forward position, reflecting
the idea that the success of a game depends essentially on the quality of the players
playing in that position (Gil, Gil, Ruiz, Irazusta, et al., 2007). The differences found in
Ppeak and Pmean between the two interventions may be justified by the fact that the
samples present in both paper 1 and paper 2 and the samples from other relevant
researches mentioned are different.
Regarding to the 20-m, the values for forwards are in agreement with those of
other authors who affirm that the forwards are the fastest players (Gil, Gil, Ruiz, Irazusta,
et al., 2007; Slimani & Nikolaidis, 2017b; Stolen et al., 2005). However, the low values
found for defenders are not in line with the main findings from other relvant studies (Gil,
Gil, Ruiz, Irazusta, et al., 2007; Stolen et al., 2005). This is in agreement with most
relevant literature, which revealed that sprint performance differs between playing
positions, with higher 5, 10, 20, and 30-m sprint performances recorded for forwards than
defenders and goalkeepers, and lower sprint performance for goalkeepers than for other
positions (Gil, Gil, Ruiz, & Irazusta, 2007; Slimani & Nikolaidis, 2017b). The values
found for the goalkeepers in this test must be interpreted with caution, since the test does
not respect the activity profile of the goalkeeper in the game given that the distances
covered in sprint by the goalkeeper range from 1 to 12m (Di Salvo & Benito, 2008; Gil,
Gil, Ruiz, Irazusta, et al., 2007; Stolen et al., 2005).
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For the vertical jump, it was shown that muscular strength is affected by the
playing position, with the highest jumps of the SJ and CMJ found among goalkeepers
rather than among the midfielders (Brahim, Bougatfa, & Mohamed, 2013; R M Malina et
al., 2000; Sporis, Ruzic, & Leko, 2008) and forwards only (Portes, Canhadas, Silva, & de
Oliveira, 2015). This was not observed in our study; rather the goalkeepers are those with
the lower jump height. On the other hand, Ben Brahim et al. (2013) showed that
midfielders had the lowest SJ and CMJ heights compared with those of defenders and
forwards. Lago-Peñas et al. (2014) and Slimani and Nikolaidis (2017a) revealed that
given the number of actions that have to contend in the air, the forwards and the defenders
are the positions where the best vertical jump values are reported, since they must be able
to jump high to stop the ball going into the goal or to score a goal. These data are in line
with those of the present study where the forwards are the highest jumpers (Gil, Gil, Ruiz,
& Irazusta, 2007; Stolen et al., 2005). The fact that the central and lateral defenders are
grouped in this study may contribute to the fact that defenders do not present jump values
similar to those of the forwards. Sporis et al. (2008) and Pivovarniček et al (2015) did not
found significant differences between positions. This contradiction could be due to the
data belonging to different studies with differences in participant age, competition level,
years of practice and high-quality training exposure. The literature agrees that the vertical
jump is not an indicator of performance in soccer, with the possible exception of
goalkeepers (Haugen et al., 2013; Rampinini et al., 2007; Rösch et al., 2000).
Given that WAnT is the gold standard in the assessment of anaerobic power in
athletes, we also wanted to understand the WAnT ability to predict the values of
performance variables such as speed and vertical jump. Since maturation has an important
contribution in the development of strength and power (Deprez et al., 2013; Lovell et al.,
2015; Pearson, Naughton, & Torode, 2006), the values were adjusted to the age to annul
the bias of the results by maturation. Since both speed and vertical jump performance are
influenced by different factors, such as maturational state, technique and strength and
power levels, we tried to understand the extent to which they could be dependent on the
values obtained in the WAnT. We found a positive association of both strength
determinants, after adjusting for age. We observed a significant variation for the squat
jump test (B = 3.91, 90% CI: 2.49;5.32) and for the counter-movement jump test (B =
3.59, 90% CI: 2.22;4.95). An inverse significant association was observed between
anaerobic capacity and speed test of the athletes (B = -0.06, 90% CI: -0.10;-0.01),
independent of the age. In addition, after adjusting for chronological age, the anaerobic
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capacity could independently explain a large proportion of the relative speed (19%) and
strength (24-26%).
The fact that we are dealing with a very heterogenous sample of athletes that are
not reflective of what the elite represents can limit the comparison of the results with
other works that discriminate the values of some performance variables by age group,
tactical position or competitive level. Also, knowing the heterogeneity in physiological
profile and motor skills in top teams, it is not possible to identify a capability that in an
isolated way can help predict long-term success with a high level of confidence (Reilly et
al., 2000). Therefore, the selection of young players for a position based on their
physiological capacity may not be the most appropriate since several studies carried out
with the objective of researching differences between positions and the effect of age on a
given ability have inconsistent results (P.-L. Wong et al., 2009). In addition, in recent
years the use of WAnT to evaluate anaerobic performance in soccer players has been
limited, which makes it difficult to compare data with athletes who are prepared to play
the game according to the demands imposed by the current football standards.
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General conclusion
Coaches aiming for the improvement of the training process and the enhancement
of the individual characteristics of athletes throughout their training must take into
account the age group of the athlete and the most appropriate period to promote the
development of the most determinant physical abilities in the game in adulthood.
Knowing that players born in the first months of the year probably have a physical
advantage due to normative growth and/or biological maturation (Deprez et al., 2013;
Lovell et al., 2015; Pearson et al., 2006) and have greater playing experience in the early
stages of sports participation (Lovell et al., 2015), development strategies should also be
promoted for younger players that are less biologically mature but equally motivated, in
order to avoid premature de-selection or dropout and the loss of a potentially talented
player who at one point was unable to overcome the limitations stemming from a less
developed maturational state (Lovell et al., 2015). Since it has been implied that coaches
tend to prefer players with advanced physical attributes that allow them to be able to
compete in absolute terms with their relatively older peers (Lovell et al., 2015), and
knowing that the actions which likely decide the outcome of the game are supported by
anaerobic power (Chamari et al., 2004; Gil, Gil, Ruiz, Irazusta, et al., 2007; Haugen et
al., 2013; Stolen et al., 2005; D. P. Wong, Chan, & Smith, 2012), coaches should look to
the values of maximum strength that represent the basis to the ability to express higher
power outputs (Cormie, Mcguigan, & Newton, 2011; Haff & Nimphius, 2012). This is
considered to be one of the foundational characteristics underlying successful
performance in a variety of sports activities such as jumping or changing direction
(Chamari et al., 2004; Haff & Nimphius, 2012). Thus, there is a greater probability for
these athletes to be available to train and compete for as much time and as many times as
possible, expressing and developing their maximum technical-tactical potential (de Hoyo
et al., 2014; Engebretsen, Myklebust, Holme, Engebretsen, & Bahr, 2008; Gabbett, 2016).
Existing literature is extensive in the promotion of strength training among soccer players
(Karsten et al., 2016; López-Segovia, Dellal, Chamari, & González-Badillo, 2014; ParejaBlanco et al., 2016; Sabido, HernáNdez-Davó, Botella, Navarro, & Tous-Fajardo, 2017;
Wisløff, Castagna, Helgerud, Jones, & Hoff, 2004) as a determinant tool in injury
prevention (Askling, Karlsson, & Thorstensson, 2003; de Hoyo et al., 2014; Engebretsen
et al., 2008; Malone, Hughes, Doran, Collins, & Gabbett, 2018; Owen et al., 2013, 2015;
Schuermans, Danneels, Van Tiggelen, Palmans, & Witvrouw, 2017; Zouita et al., 2016),
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performance enhancement (Cormie, McGuigan, & Newton, 2010; Dellal & Wong, 2013;
López-Segovia et al., 2014; Malone et al., 2018; Ronnestad, Kvamme, Sunde, & Raastad,
2008; Suchomel, Nimphius, & Stone, 2016; Wisløff et al., 2004) and regeneration
optimization (Ndlec et al., 2012; Wollin, Thorborg, & Pizzari, 2016). We also know that
athletes who begin strength training later are less likely to achieve its maximum potential
than those who initiate strength training prematurely (Myer, Lloyd, Brent, & Faigenbaum,
2014). Moreover, the demands imposed by the game on each position must be taken into
account in the training and selection process of athletes. The evaluation of the athletes
can be a way to determine if the athletes are ready to reach an elite level, since we know
that athletes of higher competitive levels have higher values in performance variables
(Carling, 2013; Slimani & Nikolaidis, 2017a; D. P. Wong et al., 2012) and that these
values vary depending on the position in the field (Brahim et al., 2013; Gil, Gil, Ruiz,
Irazusta, et al., 2007; Malina et al., 2000; Nikolaidis, 2014; Slimani & Nikolaidis, 2017b;
Sporis et al., 2008; Stolen et al., 2005).
Thus, as previously described in paper 1 and paper 2, we noticed that there are
statistically significant differences regarding performance variables related to strength
and power between different age groups and different tactical positions. Although the
values found are not fully compatible with what is described in existing literature, we can
conclude that: a) older age groups are superior to the younger age groups in all
performance variables analyzed; (b) there are differences between different positions
however the results founded do not allow to assure the magnitude of these differences,
since there are significant differences between samples and methods used, which makes
the problem inconclusive; (c) the WAnT, although not specific, seems to be able to predict
to some extent the performance of the athletes in the 20m tests and vertical jump, though
it lacks an elite and homogeneous sample to realize the magnitude of this dependence
between WAnT and specific strength and power tasks of the game; (c) it is necessary to
study elite athletes to realize the ability of the WAnT to discriminate athletes performance
based on the physiological requirement that the current game imposes on soccer players.

- 77 -

- 78 -

CHAPTER VI – GENERAL REFERENCES
- 79 -

- 80 -

General references
Al Haddad, H., Simpson, B. M., Buchheit, M., Di Salvo, V., & Mendez-Villanueva, A.
(2015). Peak match speed and maximal sprinting speed in young soccer players:
Effect of age and playing position. International Journal of Sports Physiology and
Performance, 10(7), 888–896. https://doi.org/10.1123/ijspp.2014-0539
Andrzejewski, M., Chmura, J., Pluta, B., Strzelczyk, R., & Kasprzak, A. (2013). Analysis
of sprinting activities of professional soccer players. Journal of Strength &
Conditioning Research, 8(March), 2134–2140.
Askling, C., Karlsson, J., & Thorstensson, a. (2003). Hamstring injury occurrence in elite
soccer players after preseason strength training with eccentric overload. Scand J Med
Sci Sports, 13(4), 244–250. https://doi.org/10.1034/j.1600-0838.2003.00312.x
Bangsbo, J., Marcello, F., & Krustrup, P. (2007). Metabolic Response and Fatigue in
Soccer Muscle Creatine-Phosphate Utilization in Soccer. International Journal of
Sports

Physiology

and

Performance,

2,

111–127.

https://doi.org/10.1123/ijspp.2.2.111
Bangsbo, J., Mohr, M., & Krustrup, P. (2006). Physical and metabolic demands of
training and match-play in the elite football player. Journal of Sports Sciences,
24(7), 665–674. https://doi.org/10.1080/02640410500482529
Barnes, C., Archer, D. T., Hogg, B., Bush, M., & Bradley, P. S. (2014). The evolution of
physical and technical performance parameters in the english premier league.
International

Journal

of

Sports

Medicine,

35(13),

1095–1100.

https://doi.org/10.1055/s-0034-1375695
Blanch, P., & Gabbett, T. J. (2016). Has the athlete trained enough to return to play safely?
The acute:chronic workload ratio permits clinicians to quantify a player’s risk of
subsequent injury. British Journal of Sports Medicine, 50(8), 471–475.
https://doi.org/10.1136/bjsports-2015-095445
Bradley, P. S., Carling, C., Archer, D., Roberts, J., Dodds, A., Di Mascio, M., …
Krustrup, P. (2011). The effect of playing formation on high-intensity running and
technical profiles in English FA Premier League soccer matches. Journal of Sports
Sciences, 29(8), 821–830. https://doi.org/10.1080/02640414.2011.561868
Bradley, P. S., Carling, C., Gomez Diaz, A., Hood, P., Barnes, C., Ade, J., … Mohr, M.
(2013). Match performance and physical capacity of players in the top three
competitive standards of English professional soccer. Human Movement Science,

- 81 -

32(4), 808–821. https://doi.org/10.1016/j.humov.2013.06.002
Bradley, P. S., & Noakes, T. D. (2013). Match running performance fluctuations in elite
soccer: Indicative of fatigue, pacing or situational influences? Journal of Sports
Sciences, 31(15), 1627–1638. https://doi.org/10.1080/02640414.2013.796062
Brahim, M. Ben, Bougatfa, R., & Mohamed, A. (2013). Anthropometric and Physical
Characteristics of Tunisians Young Soccer Players. Advances in Physical Education,
3(3), 125–130.
Buchheit, M., & Laursen, P. B. (2013). High-Intensity Interval Training , Solutions to the
Programming Puzzle Part I : Cardiopulmonary Emphasis. Sports Medicine, 43, 313–
338. https://doi.org/10.1007/s40279-013-0029-x
Carling, C. (2013). Interpreting physical performance in professional soccer match-play:
Should we be more pragmatic in our approach? Sports Medicine, 43(8), 655–663.
https://doi.org/10.1007/s40279-013-0055-8
Carling, C., Bloomfield, J., Nelsen, L., & Reilly, T. (2008). The Role of Motion Analysis
in

Elite

Soccer.

Sports

Medicine,

38(10),

839–862.

https://doi.org/10.2165/00007256-200838100-00004
Carling, C., Le Gall, F., & Dupont, G. (2012). Analysis of repeated high-intensity running
performance in professional soccer. Journal of Sports Sciences, 30(4), 325–336.
https://doi.org/10.1080/02640414.2011.652655
Chamari, K., Hachana, Y., Ahmed, Y. B., Galy, O., Sghaier, F., Chatard, J., … Wisloff,
U. (2004). Field and laboratory testing in young elite soccer players. British Journal
of Sports Medicine, 38, 191–196. https://doi.org/10.1136/bjsm.2003.004374
Cormie, P., Mcguigan, M. R., & Newton, R. U. (2011). Developing Maximal
Neuromuscular - Part 1: Biological basis of Maximal Power Production. Sports
Medicine, 41(1), 17–38.
Cormie, P., Mcguigan, M. R., & Newton, R. U. (2011). Developing Maximal
Neuromuscular Power - Part 2: Training Considerations for Improving Maximal
Power

Production.

Sports

Medicine,

41(1),

17–39.

https://doi.org/0112-

1642/11/0001-0017
Cormie, P., McGuigan, M. R., & Newton, R. U. (2010). Adaptations in athletic
performance after ballistic power versus strength training. Medicine and Science in
Sports

and

Exercise,

42(8),

1582–1598.

https://doi.org/10.1249/MSS.0b013e3181d2013a
de Hoyo, M., Pozzo, M., Sanudo, B., Carrasco, L., Gonzalo-Skok, O., Dominguez-Cobo,
- 82 -

S., & Moran-Camacho, E. (2014). Effects of a 10-week In-Season Eccentric
Overload Training Program on Muscle Injury Prevention and Performance in Junior
Elite

Soccer

Players.

Int

J

Sports

Physiol

Perform,

46–52.

https://doi.org/10.1123/ijspp.2013-0547
Dellal, A., Chamari, K., Wong, D. P., Ahmaidi, S., Keller, D., Barros, R., … Carling, C.
(2011). Comparison of physical and technical performance in European soccer
match-play: FA Premier League and La Liga. European Journal of Sport Science,
11(1), 51–59. https://doi.org/10.1080/17461391.2010.481334
Dellal, A., & Wong, D. P. (2013). Repeated sprint and change–of–direction abilities in
soccer players: effects of age group. Journal of Strength & Conditioning Research,
27, 2504–2508. https://doi.org/10.1519/JSC.0b013e31827f540c
Deprez, D., Coutts, A. J., Fransen, J., Deconinck, F. J. A., Lenoir, M., Vaeyens, R., &
Philippaerts, R. (2013). Relative Age, Biological Maturation and Anaerobic
Characteristics in Elite Youth Soccer Players. International Journal of Sports
Medicine, 34(10), 897–903. https://doi.org/10.1055/s-0032-1333262
Deprez, D., Fransen, J., Boone, J., Lenoir, M., Philippaerts, R., & Vaeyens, R. (2014).
Characteristics of high-level youth soccer players: variation by playing position.
Journal

of

Sports

Sciences,

414(July

2014),

1–12.

https://doi.org/10.1080/02640414.2014.934707
Di Salvo, V., Baron, R., González-Haro, C., Gormasz, C., Pigozzi, F., & Bachl, N. (2010).
Sprinting analysis of elite soccer players during European Champions League and
UEFA Cup matches. Journal of Sports Sciences, 28(14), 1489–1494.
https://doi.org/10.1080/02640414.2010.521166
Di Salvo, V., Baron, R., Tschan, H., Calderon Montero, F. J., Bachl, N., & Pigozzi, F.
(2007). Performance characteristics according to playing position in elite soccer.
International Journal of Sports Medicine, 28(3), 222–227. https://doi.org/10.1055/s2006-924294
Di Salvo, V., & Benito, P. J. (2008). Activity profile of elite goalkeepers during football
match-play. The Journal of Sports Medicine and Physical Fitness, 48(4), 443–446.
Di Salvo, V., Gregson, W., Atkinson, G., Tordoff, P., & Drust, B. (2009). Analysis of
high intensity activity in premier league soccer. International Journal of Sports
Medicine, 30(3), 205–212. https://doi.org/10.1055/s-0028-1105950
Di Salvo, V., Pigozzi, F., González-Haro, C., Laughlin, M. S., & De Witt, J. K. (2013).
Match performance comparison in top English soccer leagues. International Journal
- 83 -

of Sports Medicine, 34(6), 526–532. https://doi.org/10.1055/s-0032-1327660
Dupont, G., & McCall, A. (2016). Targeted Systems of the Body for Training. In Soccer
Science (p. 221:245). Human Kinetics.
Dupont, G., Nedelec, M., McCall, A., McCormack, D., Berthoin, S., & Wisløff, U.
(2010). Effect of 2 soccer matches in a week on physical performance and injury
rate.

The

American

Journal

of

Sports

Medicine,

38(9),

1752–1758.

https://doi.org/10.1177/0363546510361236
Ekstrand, J., Waldén, M., & Hägglund, M. (2016). Hamstring injuries have increased by
4% annually in men’s professional football, since 2001: a 13-year longitudinal
analysis of the UEFA Elite Club injury study. British Journal of Sports Medicine,
50(12), 731–7. https://doi.org/10.1136/bjsports-2015-095359
Engebretsen, A. H., Myklebust, G., Holme, I., Engebretsen, L., & Bahr, R. (2008).
Prevention of Injuries Among Male Soccer Players: A Prospective, Randomized
Intervention Study Targeting Players With Previous Injuries or Reduced Function.
The

American

Journal

of

Sports

Medicine,

36(6),

1052–1060.

https://doi.org/10.1177/0363546508314432
Gabbett, T. J. (2016). The training-injury prevention paradox: should athletes be training
smarter

and

harder?

British

Journal

of

Sports

Medicine,

1–9.

https://doi.org/10.1136/bjsports-2015-095788
Gastin, P. B. (2001). Energy System Interaction and Relative Contribution During
Maximal Exercise. Sports Medicine, 31(10), 725–741.
Gil, S. M., Gil, J., Ruiz, F., Irazusta, A., & Irazusta, J. (2007). Physiological and
anthropometric characteristics of young soccer players according to their playing
position: relevance for the selection process. Journal of Strength and Conditioning
Research, 21(2), 438–445. https://doi.org/10.1519/R-19995.1
Gil, S. M., Gil, J., Ruiz, F., & Irazusta, J. (2007). Physiological and anthropometric
characteristics of young soccer players according to their playing position: relevance
for the selection process. Journal of Strength and Conditioning Research, 21(2),
438–445. https://doi.org/10.1519/R-19995.1
Gregson, W., Drust, B., Atkinson, G., & Salvo, V. D. (2010). Match-to-Match Variability
of High-Speed Activities in Premier League Soccer. International Journal of Sports
Medicine, 31(4), 237–242. https://doi.org/10.1055/s-0030-1247546
Haff, G. G., & Nimphius, S. (2012). Training Principles for Power. The Journal of
Strength

&

Conditioning
- 84 -

Research,

34(6),

2–12.

https://doi.org/10.1519/SSC.0b013e31826db467
Haugen, T. A., Tønnessen, E., & Seiler, S. (2013). Anaerobic performance testing of
professional soccer players 1995-2010. International Journal of Sports Physiology
and Performance, 8(2), 148–156.
Heck, H., Schulz, H., & Bartmus, U. (2003). Diagnostics of anaerobic power and
capacity.

European

Journal

of

Sport

Science,

3(3),

1–23.

https://doi.org/10.1080/17461390300073302
Helgerud, J.; Engeng, L.C.; Wisloff, U.; Hoff, J. (2001). Aerobic Endurance Training
Improves Soccer Performance. Medicine & Science in Sports & Exercise, 74(1), 8–
8. https://doi.org/10.1080/07303084.2003.10608354
Hoff, J., & Helgerud, J. (2004). Endurance and Strength Training for Physiological
Considerations, 34(3), 165–180.
Hulin, B. T., Gabbett, T. J., Caputi, P., Lawson, D. W., & Sampson, J. A. (2016). Low
chronic workload and the acute:chronic workload ratio are more predictive of injury
than between-match recovery time: a two-season prospective cohort study in elite
rugby league players. British Journal of Sports Medicine, (October), bjsports-2015095364. https://doi.org/10.1136/bjsports-2015-095364
Iaia, F. M., Rampinini, E., & Bangsbo, J. (2009). High-intensity training in football.
International Journal of Sports Physiology and Performance, 4(3), 291–306.
https://doi.org/10.1017/CBO9781107415324.004
Impellizzeri, F. M., Rampinini, E., Maffiuletti, N. a, Castagna, C., Bizzini, M., & Wisløff,
U. (2008). Effects of aerobic training on the exercise-induced decline in shortpassing ability in junior soccer players. Applied Physiology, Nutrition, and
Metabolism, 33(6), 1192–1198. https://doi.org/10.1139/H08-111
Karsten, B., Larumb-Zabala, E., Kandemir, G., Hazir, T., Klose, A., & Naclerio, F.
(2016). The effects of a 6-week strength training on critical velocity, anaerobic
running distance, 30-M sprint and Yo-Yo intermittent running test performances in
male

soccer

players.

PLoS

ONE,

11(3),

1–10.

https://doi.org/10.1371/journal.pone.0151448
Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A., …
Bangsbo, J. (2003). The Yo-Yo intermittent recovery test: Physiological response,
reliability, and validity. Medicine and Science in Sports and Exercise, 35(4), 697–
705. https://doi.org/10.1249/01.MSS.0000058441.94520.32
Krustrup, P., Mohr, M., Ellingsgaard, H., & Bangsbo, J. (2005). Physical demands during
- 85 -

an elite female soccer game: Importance of training status. Medicine and Science in
Sports

and

Exercise,

37(7),

1242–1248.

https://doi.org/10.1249/01.mss.0000170062.73981.94
Lago-Peñas, C., Rey, E., Casáis, L., & Gómez-López, M. (2014). Relationship between
performance characteristics and the selection process in youth soccer players.
Journal of Human Kinetics, 40(March), 189–99. https://doi.org/10.2478/hukin2014-0021
López-Segovia, M., Dellal, A., Chamari, K., & González-Badillo, J. J. (2014). Importance
of Muscle Power Variables in Repeated and Single Sprint Performance in Soccer
Players. Journal of Human Kinetics, 40(1), 201–11. https://doi.org/10.2478/hukin2014-0022
Lovell, R., Towlson, C., Parkin, G., Portas, M., Vaeyens, R., & Cobley, S. (2015). Soccer
player characteristics in English lower-league development programmes: The
relationships between relative age, maturation, anthropometry and physical fitness.
PLoS ONE, 10(9), 1–14. https://doi.org/10.1371/journal.pone.0137238
Malina, R. M., Eisenmann, J. C., Cumming, S. P., Ribeiro, B., & Aroso, J. (2004).
Maturity-associated variation in the growth and functional capacities of youth
football (soccer) players 13-15 years. European Journal of Applied Physiology,
91(5–6), 555–562. https://doi.org/10.1007/s00421-003-0995-z
Malina, R. M., Reyes, M. E. P., Eisenmann, J. C., Horta, L., Rodrigues, J., & Miller, R.
(2000). Height , mass and skeletal maturity of elite Portuguese soccer players aged
11 – 16 years Height , mass and skeletal maturity of elite Portuguese soccer players
aged

11

±

16

years.

Journal

of

Sports

Sciences,

18(9),

685–693.

https://doi.org/10.1080/02640410050120069
Malone, A. S., Hughes, B., Doran, D. A., Collins, K., & Gabbett, T. J. (2018). Can the
workload–injury relationship be moderated by improved strength, speed and
repeated-sprint

qualities?

Journal

of

Science

and

Medicine

in

Sport.

https://doi.org/10.1016/j.jsams.2018.01.010
Malone, S., Owen, A., Newton, M., Mendes, B., Collins, K. D., & Gabbett, T. J. (2016).
The acute:chonic workload ratio in relation to injury risk in professional soccer.
Journal

of

Science

and

Medicine

in

Sport,

0(0),

646–648.

https://doi.org/10.1016/j.jsams.2016.10.014
Manari, D., Manara, M., Zurini, A., Tortorella, G., Vaccarezza, M., Prandelli, N., …
Galli, D. (2016). VO2Max and VO2AT: athletic performance and field role of elite
- 86 -

soccer

players.

Sport

Sciences

for

Health,

12(2),

221–226.

https://doi.org/10.1007/s11332-016-0278-9
Myer, G. D., Lloyd, R. S., Brent, J. L., & Faigenbaum, A. D. (2014). How Young is “Too
Young” to Start Training? ACSMs Health Fitness Journal, 17(5), 14–23.
https://doi.org/10.1519/JSC.0b013e31825c2b8f.An
Ndlec, M., McCall, A., Carling, C., Legall, F., Berthoin, S., & Dupont, G. (2012).
Recovery in Soccer: Part I-post-match fatigue and time course of recovery. Sports
Medicine, 42(12), 997–1015. https://doi.org/10.2165/11635270-000000000-00000
Nikolaidis, P. T. (2011). Anaerobic Power across Adolescence in Soccer Players. Human
Movement, 12(4), 342–347. https://doi.org/10.2478/v10038-011-0039-1
Nikolaidis, P. T. (2014). Short-term power output and local muscular endurance of young
male soccer players according to playing position. Collegium Antropologicum,
38(2), 525–531.
Nikolaidis, P. T., Knechtle, B., Clemente, F., & Torres-Luque, G. (2016). Reference
values for the sprint performance in male football players aged from 9–35 years.
Biomedical Human Kinetics, 8(1), 103–112. https://doi.org/10.1515/bhk-2016-0015
Nilsson, J., & Cardinale, D. (2015). Aerobic and anaerobic test performance among elite
male football players in different team positions. LASE Journal Of Sport Science,
6(2), 73–92. https://doi.org/10.1515/ljss-2016-0007
Osgnach, C., Poser, S., Bernardini, R., Rinaldo, R., & Di Prampero, P. E. (2010). Energy
cost and metabolic power in elite soccer: A new match analysis approach. Medicine
and

Science

in

Sports

and

Exercise,

42(1),

170–178.

https://doi.org/10.1249/MSS.0b013e3181ae5cfd
Owen, A., Dunlop, G., Rouissi, M., Chtara, M., Paul, D., Zouhal, H., & Wong, D. P.
(2015). The relationship between lower-limb strength and match-related muscle
damage in elite level professional European soccer players. Journal of Sports
Sciences, 414(September), 1–6. https://doi.org/10.1080/02640414.2015.1064155
Owen, A., Wong, D., Dellal, A., Paul, D., Orhant, E., & Collie, S. (2013). Effect of an
Injury Prevention Program on Muscle Injuries in Elite Professional Soccer. Journal
of

Strength

and

Conditioning

Research,

27(12),

3275–3285.

https://doi.org/10.1519/JSC.0b013e318290cb3a
Pareja-Blanco, F., Suarez-Arrones, L., Rodríguez-Rosell, D., López-Segovia, M.,
Jiménez-Reyes, P., Bachero-Mena, B., & González-Badillo, J. J. (2016). Evolution
of Determinant Factors of Repeated Sprint Ability. Journal of Human Kinetics,
- 87 -

54(1). https://doi.org/10.1515/hukin-2016-0040
Pearson, D. T., Naughton, G. A., & Torode, M. (2006). Predictability of physiological
testing and the role of maturation in talent identification for adolescent team sports.
Journal

of

Science

and

Medicine

in

Sport,

9,

277–287.

https://doi.org/10.1016/j.jsams.2006.05.020
Pivovarnicek, P., Pupis, M., & Lacena, M. (2015). A level of jump abilities of elite Slovak
soccer players at different positions in field. Journal of Physical Education & Sport,
15(1), 53–56. https://doi.org/10.7752/jpes.2015.01009
Portes, L. A., Canhadas, I. L., Silva, R. L. P., & de Oliveira, N. C. (2015). Anthropometry
and fitness of young elite soccer players by field position. Sport Sciences for Health,
11(3), 321–328. https://doi.org/10.1007/s11332-015-0243-z
Rampinini, E., Coutts, A. J., Castagna, C., Sassi, R., & Impellizzeri, F. M. (2007).
Variation in top level soccer match performance. International Journal of Sports
Medicine, 28(12), 1018–1024. https://doi.org/10.1055/s-2007-965158
Rampinini, E., Impellizzeri, F. M., Castagna, C., Azzalin, A., Bravo, D. F., & Wisløff, U.
(2008). Effect of match-related fatigue on short-passing ability in young soccer
players. Medicine and Science in Sports and Exercise, 40(5), 934–942.
https://doi.org/10.1249/MSS.0b013e3181666eb8
Rampinini, E., Sassi, A., Morelli, A., Mazzoni, S., Fanchini, M., & Coutts, A. J. (2009).
Repeated-sprint ability in professional and amateur soccer players. Applied
Physiology Nutrition and Metabolism-Physiologie Appliquee Nutrition Et
Metabolisme, 34(6), 1048–1054. https://doi.org/10.1139/h09-111
Reilly, T., Bangsbo, J., & Franks,

a. (2000). Anthropometric and physiological

predispositions for elite soccer. Journal of Sports Sciences, 18(9), 669–683.
https://doi.org/10.1080/02640410050120050
Ronnestad, B. R., Kvamme, N. H., Sunde, a, & Raastad, T. (2008). Short-term effects of
strength and plyometric training on sprint and jump performance in professional
soccer players. Journal of Strength and Conditioning Research / National Strength
&

Conditioning

Association,

22(3),

773–780.

https://doi.org/10.1519/JSC.0b013e31816a5e86 [doi]
Rösch, D., Hodgson, R., Peterson, T. L., Graf-Baumann, T., Junge, A., Chomiak, J., &
Dvorak, J. (2000). Assessment and evaluation of football performance. The
American

Journal

of

Sports

https://doi.org/10.1177/28.suppl
- 88 -

Medicine,

28(5

Suppl),

S29-39.

Sabido, R., HernáNdez-Davó, J. L., Botella, J., Navarro, A., & Tous-Fajardo, J. (2017).
Effects of adding a weekly eccentric-overload training session on strength and
athletic performance in team-handball players. European Journal of Sport Science,
1391(February), 1–9. https://doi.org/10.1080/17461391.2017.1282046
Schuermans, J., Danneels, L., Van Tiggelen, D., Palmans, T., & Witvrouw, E. (2017).
Proximal Neuromuscular Control Protects Against Hamstring Injuries in Male
Soccer Players. The American Journal of Sports Medicine, 36354651668775.
https://doi.org/10.1177/0363546516687750
Slimani, M., & Nikolaidis, P. T. (2017a). Anthropometric and Physiological
Characteristics of Male Soccer Players According to their Competitive Level,
Playing Position and Age Group: A Systematic Review. Journal of Sports Medicine
and Physical Fitness, (November). https://doi.org/10.23736/S0022-4707.17.079506
Slimani, M., & Nikolaidis, P. T. (2017b). Anthropometric and Physiological
Characteristics of Male Soccer Players According to their Competitive Level , ....
The

Journal

of

Sports

Medicine

and

Physical

Fitness,

(November).

https://doi.org/10.23736/S0022-4707.17.07950-6
Sporis, G., Ruzic, L., & Leko, G. (2008). Fitness Profiling in Soccer: Physical and
Physiologic Characteristics of Elite Players. Journal of Strength & Conditioning
Research, 22(2), 559–566. https://doi.org/10.1519/JSC.0b013e3181b3e141
Stolen, T., Chamari, K., Castagna, C., & Wisløff, U. (2005). Physiology of soccer: An
update. Sports Medicine, 35(6), 501–536. https://doi.org/10.2165/00007256200535060-00004
Suchomel, T. J., Nimphius, S., & Stone, M. H. (2016). The Importance of Muscular
Strength in Athletic Performance. Sports Medicine. https://doi.org/10.1007/s40279016-0486-0
Tasmektepligil, M. Y., & Ermis, E. (2016). The Evaluation of Anaerobic Power Values
and Sprint Performances of Football Players Playing in Different Positions.
Anthropologist, 19(2), 355–359. https://doi.org/10.1080/09720073.2014.11891969
Tomlin, D., Tomlin, D. L., & Wenger, H. A. (2001). The Relationship Between Aerobic
Fitness and Recovery from High Intensity Intermittent Exercise Fitness and
Recovery from High Intensity Intermittent Exercise, 31(October), 1–11.
https://doi.org/10.2165/00007256-200131010-00001
Tonnessen, E., Hem, E., Leirstein, S., Haugen, T., & Seiler, S. (2013). Maximal Aerobic
- 89 -

Power Characteristics of Male Professional Soccer Players, 1989-2012.
International Journal of Sports Physiology and Performance, 8(3), 323–329.
Watson, A., Brickson, S., Brooks, M. A., & Dunn, W. (2017). Preseason Aerobic Fitness
Predicts In-Season Injury and Illness in Female Youth Athletes. The Orthopaedic
Journal of Sports Medicine, 5(9), 1–7. https://doi.org/10.1177/2325967117726976
Watson, A., Brindle, J., Brickson, S., Allee, T., & San, J. (2017). Preseason Aerobic
Capacity Is an Independent Predictor of In-Season Injury in Collegiate Soccer
Players. Clinical Journal of Sport Medicine, 27(3), 302–307.
Wisløff, U., Castagna, C., Helgerud, J., Jones, R., & Hoff, J. (2004). Strong correlation
of maximal squat strength with sprint performance and vertical jump height in elite
soccer

players.

Br

J

Sport.

Med,

38(3),

285–288.

https://doi.org/10.1136/bjsm.2002.002071
Wollin, M., Thorborg, K., & Pizzari, T. (2016). The acute effect of match play on
hamstring strength and lower limb flexibility in elite youth football players.
Scandinavian

Journal

of

Medicine

and

Science

in

Sports,

1–7.

https://doi.org/10.1111/sms.12655
Wong, D. P., Chan, G. S., & Smith, A. W. (2012). Repeated-Sprint and Change-ofDirection Abilities in Physically Active Individual and Soccer Players: Training and
Testing Implications. Journal of Strength & Conditioning Research, 26(9), 2324–
2330. https://doi.org/10.1519/R-14944.1
Wong, P.-L., Chamari, K., Dellal, A., & Wisloff, U. (2009). Relationship Between
Anthropometric and Physiological Characteristics in Youth Soccer Players. Journal
of

Strength

and

Conditioning

Research,

23(4),

1204–1210.

https://doi.org/10.1519/JSC.0b013e31819f1e52
Zouita, S., Zouita, A. B. M., Kebsi, W., Dupont, G., Ben Abderrahman, A., Ben Salah, F.
Z., & Zouhal, H. (2016). Strength Training Reduces Injury Rate in Elite Young
Soccer Players During One Season. Journal of Strength and Conditioning Research
/

National

Strength

&

Conditioning

Association,

30(5),

1295–307.

https://doi.org/10.1519/JSC.0000000000000920
Zupan, M., Arata, A., Dawson, L., Wile, A., Payn, T., & Hannon, M. (2009). Wingate
Anaerobic Test peak power and anaerobic capacity classifi cations for men and
women intercollegiate athletes, 2598–2604.

- 90 -

