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Resumo 
 

A presente dissertação aborda as características do jogo de futebol, os 

perfis dos jogadores, as exigências impostas pelo treino e jogo, bem como o 

risco de lesão associado à prática do futebol. Inicialmente, realizou-se uma 

abordagem às exigências físicas e fisiológicas do treino e do jogo. Estudaram-

se os perfis físicos de jogadores de elite e não elite, na tentativa de melhor 

perceber a influência que o treino sistemático e a seleção apresentam nas 

características físicas e fisiológicas dos jogadores. Concomitantemente, foram 

realizados estudos epidemiológicos, no sentido de estabelecer a incidência, 

severidade, etiologia e mecanismos das lesões típicas em futebolistas. 

Observou-se uma grande proporção de lesões do tornozelo, joelho e coxa. A 

maioria das lesões em futebol têm causas multifatoriais, mas alguns fatores de 

risco intrínseco e extrínseco foram detetados. Isto implica que as estratégias 

preventivas devem focar-se essencialmente nos fatores de risco que podem 

ser modificados. Nesta perspetiva, foi realizado um estudo experimental que 

mostrou que as exigências físicas de um jogo de futebol apresentam um efeito 

deletério no equilíbrio unipodal dos jogadores. Isto sugere que os jogadores 

podem e devem treinar o equilíbrio em situações de fadiga, no sentido de 

prevenir lesões articulares. Foi também realizado um estudo de intervenção 

que mostrou que um programa de prevenção de lesões promove o 

desenvolvimento da força muscular dos grupos musculares flexores e 

extensores do joelho, o que concomitantemente reduz o risco de lesão dos 

músculos da coxa. De modo geral, procurou-se dar um contributo para uma 

maior compreensão acerca da fisiologia e medicina do futebol, através do 

estudo das exigências físicas e fisiológicas do treino e do jogo, bem como da 

epidemiologia das lesões em futebol. Assim, os resultados apresentados 

providenciam recomendações práticas para a prescrição e operacionalização 

de programas de treino e preparação mais seguros para jogadores de futebol. 

 
Palavras-chave: FUTEBOL, PREPARAÇÃO, EPIDEMIOLOGIA, LESÃO, 

PREVENÇÃO.  
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Abstract 
 

In the present dissertation, the characteristics of the football game, the 

profiles of the players, the demands imposed by the training and conditioning 

regimens, and the associated risk of training and playing football are placed into 

perspective. First, the physical and physiological demands of the game were 

addressed. The physical profile of elite and non-elite football players was 

assessed in an attempt to understand the influencing role of systematic training 

and selection on the physical and physiological characteristics of the players. 

Further, the work rate of players during practices and games was monitored. In 

addition, one-season epidemiological surveys were prospectively conducted, 

aiming to establish the incidence, severity, aetiology, and mechanisms of 

injuries occurring during training and matches. A high prevalence of ankle, 

knee, and thigh injuries was detected. Most football-related injuries have a 

multifactorial cause, but some intrinsic and extrinsic risk factors were detected; 

this implies that preventive strategies can potentially target modifiable risk 

factors. In this context, we conducted an experimental study showing that the 

demands of match play have a deleterious effect on postural balance. This 

suggests that football players might benefit from balance training under fatigued 

conditions as a strategy to prevent ankle and knee injuries. Additionally, an 

intervention study showed that an injury prevention programme improved 

strength profile of the knee extensor and flexor muscles groups, which might 

reduce the risk of sustaining thigh injuries. Overall, the present work intended to 

further contribute to a deeper understanding of the physiology and medicine of 

football, by investigating the demands of the game, as well as the epidemiology 

of injuries sustained by youth and adult players. Ultimately, these results 

provide recommendations for designing and prescribing optimal and safer 

training and conditioning programmes for football players. 

 

Keywords: SOCCER, CONDITIONING, EPIDEMIOLOGY, INJURY, 

PREVENTION. 
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1. General introduction 
 

Over the past three decades, the football teams started receiving 

systematic support from sports science. Gradually, an ontological body of 

knowledge grew where previously there was reliance on translating the work of 

sports and exercise scientists to the football field (Reilly & Gilbourne, 2003). 

The number of publications on the biology and medicine of football grew 

alongside the popularity of the sport, but two publications were seminal in the 

field: in 1994, Jens Bangsbo (Bangsbo, 1994) published a thesis based on 

fourteen original articles and a summarizing review dealing with the 

physiological demands of football, with a particular focus on the physiological 

response to repeated intense exercise; later, in 1999, Roy J. Shephard 

(Shephard, 1999) published a review article covering the bulk of the football 

literature on the patterns of play and resultant energy demands, nutritional and 

fluid requirements of football, the anatomy and physiology of successful players, 

the influence of environmental stressors, special features of female and youth 

players, optimal training plans, and the incidence and prevention of injuries. 

 Nevertheless, the incessant pursuit for competitive advantage engenders 

questions that require further and deeper experimental investigation. Football 

games are open systems that should never be studied in fully isolated 

laboratory contexts, so that the true understanding of the game is likely to be 

continued indefinitely (Reilly & Gilbourne, 2003). In the present thesis, we 

quested through the game of football from a physiological, epidemiological and 

prophylactic perspective. In this chapter, the rationale for performing the series 

of studies presented in the thesis is described. The next sections provide a brief 

outline over (i) the physical and physiological demands of football, (ii) the 

associated risks of training and playing football, and (iii) injury prevention 

training for football players. 
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1.1. Physical and physiological demands of football 
 

Sports scientists and exercise physiologists have long been attempting to 

describe and explain the principal elements of performance in football. A vast 

literature is now available, and several authors have reviewed the multitude of 

factors that determine performance in football (Ali, 2011; Bangsbo, 1994; 

Bangsbo et al., 2007; Bangsbo et al., 2006; Hoff, 2005; Hoff & Helgerud, 2004; 

Mohr et al., 2005; Reilly, 2005; Reilly et al., 2000; Stolen et al., 2005; Williams & 

Reilly, 2000). Football is a team game, and, despite the multifactorial nature of 

performance, it is clear that football players must possess the optimal fitness to 

cope with the demands of the game. In this section, we have set the scene 

towards an understanding of the physical and physiological demands of football 

play. 

 

 

1.1.1. High-intensity intermittent endurance, the key for football-specific 
physical fitness  

 

To develop football-specific training protocols, it is first necessary to 

understand the workload imposed on football players during a competitive 

match. Several match-analysis methodologies are used to monitor activity 

profiles during football games—from manual video-based motion analysis 

techniques (Bangsbo et al., 1991; Reilly & Thomas, 1976), through 

sophisticated multiple-camera methods (Di Salvo, et al., 2007; Di Salvo et al., 

2009), to global positioning systems (Buchheit et al., 2010b; Harley et al., 

2010). Either one provides detailed descriptions of the intensity of discrete 

activities during match play, position-specific work rate profiles of football 

players, and the occurrence of a reduced work rate among players during 

games. 

Sports scientists and football coaches usually express the overall work 

rate of football players as the total distance covered in a game, irrespective of 

speed, direction, or frequency of the movements performed. Yet there exist 
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differences in the total distance covered during a match at various levels of 

performance—ranging 5.7–13.8 km for adult elite male football players (Di 

Salvo et al., 2007; Mohr et al., 2003; Rampinini et al., 2007a), 9.5–11.3 km for 

elite female football players (Andersson et al., 2010; Krustrup et al., 2005; 

Rampinini et al., 2007a), and 6.2–9.8 km for young football players (Castagna 

et al., 2009; Pereira Da Silva et al., 2007; Rebelo et al., 2012c [Supplementary 

study I])—conclusions regarding a player’s match performance based only on 

the total distance covered must be drawn with caution. Tactical contexts, 

technical actions, playing style, and team formation decisively influence the 

overall work rate of football players (Carling et al., 2008), suggesting that the 

total distance covered during games may not be a fair reflection of performance. 

Although players spend large periods of the game with “off-the-ball” low-

intensity aerobic activities—adjusting their position according to the situation of 

the game—it is well established that football is characterized by prolonged 

intermittent exercise, combining brief periods of maximal or near maximal 

efforts with highly complex and unpredictable movement patterns (Castellano et 

al., 2011; Di Salvo et al., 2007; Mohr et al., 2003). The ability to perform high-

intensity intermittent exercise appears to be of particular importance, as football 

players change the activity pattern every 3–6 s during a game and spend 8–

10% of the total playing time in high-intensity activities (Mohr et al., 2003; 

Bradley et al., 2009). Additionally, explosive bursts of activity other than 

running, including jumping, kicking, tackling, turning, accelerating and 

decelerating, changing pace, and sustaining forceful contractions to maintain 

balance and control of the ball against defensive pressure, exacerbate the 

physical strain imposed on the players and contribute to making football highly 

physiologically demanding (Iaia et al., 2009; Shephard, 1999; Stolen et al., 

2005). 

The relevance of high-intensity intermittent endurance as the key 

component of football-specific fitness is supported by the fact that top-class 

players perform more high-intensity running during a game than sub-elite 

players (Mohr et al., 2003). However, the work rates during match play depend 

on a myriad of intrinsic and extrinsic considerations. For example, players of 
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less successful teams from the English Premier League cover significantly 

greater distances in high-intensity activities than their more successful 

counterparts (Di Salvo et al., 2009), whereas players of the most successful 

teams from Italian Serie A perform more high-intensity activities during a game 

when in possession of the ball compared with players of less successful teams 

(Rampinini et al., 2009). Actually, several other factors—such as tactical 

strategies, the quality of the opposition, changes in positional role, the fitness 

level, the effects of previous games or forthcoming game commitments, 

weather conditions, dehydration, and other intrinsic and extrinsic factors—might 

prime players to vary their activity profiles from game to game (Drust et al., 

2007; Edwards & Noakes, 2009). One should also consider that players often 

control their own work rates as a reflection of their commitment to the team’s 

efforts and their previous experience setting the pace during the game (Drust et 

al., 2007; Edwards & Noakes, 2009; Reilly, 2005). The regulation of self-chosen 

strenuous efforts is also an important product of the training process, as players 

need to learn how and when to adopt pacing strategies to preserve high-

intensity activity later in matches. For example, the tactical implications of an 

early dismissal might increase the overall work rate of outfield players, and this 

is likely to incur higher levels of fatigue towards the end of the game (Carling & 

Bloomfield, 2010). This suggests that players might not always need to reach 

their full physical potential during match play. Nevertheless, it is still debatable 

to what extent central and peripheral dynamic responses to the demands of the 

game—such as accumulation of metabolites in muscles, plasma osmolality, 

substrate availability, body temperature, or dehydration—prevent total 

breakdown of any single peripheral physiological system, either prematurely or 

in the final periods of the game (Edwards & Noakes, 2009). 

Variations in typical activity profile during games are also evident 

between positional roles. Several studies showed that central defenders cover 

less total distance and perform less high-intensity activities than players in other 

playing positions (Bradley et al., 2009; Di Salvo et al., 2007; Rampinini et al., 

2007a). Central midfielders perform more explosive sprints, while forwards and 

fullbacks complete a higher percentage of sprints (Di Salvo et al., 2009). Wide 
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and central midfielders have less time to recover between high-intensity running 

bouts (Bradley et al., 2009), whereas forwards and wingers have a greater 

decline in high-intensity activities with the team in possession of the ball 

towards the end the game (Di Salvo et al., 2009). This should be taken into 

consideration when designing training sessions; the type and amount of high-

intensity training should be specific to the competitive requirements of the 

playing positions to ensure that players will be better adapted to fulfil their 

tactical responsibilities during the actual match play (Di Salvo et al., 2007; Iaia 

et al., 2009). 

Football players need to spend a considerable amount of time training to 

improve their physical capacities (Bangsbo, Mohr, & Krustrup, 2006; Brink et al., 

2010; Hoff, 2005). It is generally advisable to integrate fitness training into a 

holistic preparation process (Reilly, 2005); drills that closely replicate the tactical 

patterns, technical requirements, and physiological intensity of match play offer 

many practical advantages for the development of the optimal components of 

football-specific fitness. In this line, small-sided games have been extensively 

used as a major training modality in football. In fact, coaches and players 

perceive small-sided games as time-efficient drills that concurrently develop the 

demands of competitive match play (Hill-Haas et al., 2011; Iaia et al., 2009; 

Reilly, 2005). Other complementary repeated exercise bouts comprising specific 

movement patterns of match play, changes of speed and direction, as well as 

high-intensity efforts combined with decision-making settings might be the 

preferred strategy for the development of the physical capacities of football 

players. Therefore, the importance of intermittent endurance is not restricted to 

performance in match play, as players also need to sustain high work rates 

throughout training sessions (Reilly, et al., 2000; Stolen et al., 2005; Vaeyens et 

al., 2008). 

Overall, several investigations focused on work rate analysis during 

match play among elite professional players (Bangsbo et al., 2007; Carling et 

al., 2008; Stolen et al., 2005), but few studies focused on the intermittent 

characteristics of youth football matches. Youth elite football players appear to 

have similar activity patterns—but not volume of running—to adults during 
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match play (Castagna et al., 2009; Castagna et al., 2010; Pereira Da Silva et 

al., 2007). Fatigue or reduced performance appears to occur towards the end, 

as well as temporarily during elite adult football matches (Mohr et al., 2003; 

Krustrup et al., 2006b). Since an association between training status and 

physical performance during match play has been suggested for youth football 

players (Buchheit et al., 2010a; Castagna et al., 2009; Castagna et al., 2010), 

we conducted a study that focused on activity profiling at different phases of 

youth football matches (Rebelo et al., 2012c [Supplementary study I]). 

 

 

1.1.2. Player profiling 
 

The demands of performance in football are multifactorial. Football 

performance itself represents a composite of characteristics that primarily 

depend on excellence in game skills and on correct decision-making during the 

course of the game, but not less on several physical and physiological 

indicators, namely moderate-to-high aerobic and anaerobic power, good agility, 

flexibility and muscular development, and the ability of generating power during 

fast movements (Hoff, 2005; Reilly et al., 2000; Svensson & Drust, 2005). 

Players may not excel, but must own or raise their performance skills to a 

reasonably high level across all areas. 

Football is a team sport, and coaches must put focus into the team’s 

overall conditioning work. Still, football coaches must identify individual needs or 

deficiencies that can be improved by training, so as to ensure the specificity of 

the training programme for every single player in the team (Reilly, 2005). But 

how can coaches anticipate the needs of the players? Several fitness tests 

have been developed to detect on the one hand the players’ strengths and 

weaknesses and, on the other hand, to determine the effectiveness of training 

programmes. 

Routinely collected data on morphological characteristics and physical, 

technical, and tactical skills can be matched against those of top-level players 
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(Reilly et al., 2000) or used to distinguish players by competitive level and field 

position (Di Salvo et al., 2007; Mohr et al., 2003; Reilly et al., 2000). 

These discriminatory factors have been systematically studied in adult 

(Bloomfield et al., 2005; Cometti et al., 2001; Sporis et al., 2009) and youth 

players (Gravina et al., 2008; le Gall et al., 2010; Wong et al., 2009). In 

Portugal, several studies have been conducted with youth football players aged 

11–16 years (Coelho et al., 2010; Figueiredo et al., 2009a, 2009b; Malina et al., 

2005; Malina et al., 2000; Malina et al., 2007; Seabra et al., 2012); only few 

have focused on the fitness profile of late adolescent/young adult 17–18-year-

old football players (Ramos et al., 2009). However, approximately 70% of elite 

football players in Europe start their professional careers between 17 and 20 

years of age (Poli & Ravenel, 2009), at which time they are expected to 

compete at the highest level. Given the importance of this age group, we 

conducted a study to analyse the anthropometric characteristics, functional 

capacities, and technical abilities of male under-19 football players by level of 

competition and playing position (Rebelo et al., 2012a [Supplementary study 

II]). 

 

 

1.1.3. Monitoring training status 
 

When planning training sessions, coaches should take into account that 

playing and training affect each individual player differently. Monitoring load, 

recovery, and performance in football players is thus imperative to develop 

performance-enhancing training guidelines. 

Competition provides the best data to evaluate the performance of a 

player, but the myriad of factors that influence performance during match play 

hinders the analysis of each component of the game individually. According to 

Bangsbo (Bangsbo, 1996), there are several good reasons for testing athletes: 

to study the effect of a training programme, to motivate an athlete to train more, 

to give an athlete objective feedback, to make an athlete more aware of the 

aims of the training, to evaluate whether an athlete is ready to compete, to plan 
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short- and long-term training regimens, and to identify the strengths and 

weaknesses of an athlete. Yet several football-specific field tests have been 

developed to monitor performance and evaluate training response, there is no 

exact measure for physical performance in a football match. This stresses the 

fact that individual performance in fitness tests should not be used to predict 

performance in competition. Nonetheless, the training status of a player may 

determine the outcome during competition. Therefore, fitness tests, when used 

in conjunction with physiological data, might be useful tools for monitoring 

changes in performance and for directing training prescription (Svensson & 

Drust, 2005).  

A relevant question when planning training sessions relates to fatigue. In 

fact, football players seem to experience fatigue or impaired performance during 

various phases in a game, mainly after short-term intense periods in both 

halves, and towards the end of the game (Mohr et al., 2005). This highlights the 

importance of endurance capacity for football players. Several endurance-

based tests have been developed to specifically reproduce the physiological 

profile of match play, including incremental treadmill protocols (Drust et al., 

2000), the Hoff test (Hoff et al., 2002), and the Yo-Yo tests (Bangsbo, 1996). 

Test results relate to quality of play during a match, distance covered, time 

spent in high-intensity activities, and number of sprints. 

Upon realization that continuous tests lacked relevance and specificity 

for intermittent team sports such as football (Krustrup & Bangsbo, 2001; 

Krustrup et al., 2003), the Yo-Yo intermittent endurance (Yo-Yo IE) and Yo-Yo 

intermittent recovery (Yo-Yo IR) tests (Bangsbo, 1996) became very popular 

among football coaches, strength conditioning professionals, and sport 

scientists. By reproducing the physiological impact of the game, these tests 

allow to know the ability of players to perform intense intermittent exercise. 

Importantly, the tests can be adopted easily even when time is scarce (e.g. 

during the competitive season), with the additional advantage that all players in 

a team can be tested frequently—rapidly and at low cost (Castagna et al., 2010; 

Stolen et al., 2005; Svensson & Drust, 2005). Several studies focused on the 

physiological response, reproducibility, and application of Yo-Yo tests to elite 
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football (Bangsbo, Iaia, & Krustrup, 2008; Bradley et al., 2011; Castagna et al., 

2010; Krustrup et al., 2003; Krustrup et al., 2006a), with some authors further 

suggesting that both Yo-Yo IR and Yo-Yo IE tests are useful to assess game 

readiness. Indeed, the tests differentiate the intermittent exercise performance 

of players in various competitive standards, stages of the season, and playing 

positions (Bradley et al., 2011; Castagna et al., 2009). 

In short, the Yo-Yo IE test evaluates the ability of an athlete to repeatedly 

perform intense intermittent exercise over a prolonged period of time, whereas 

the Yo-Yo IR test assesses the ability to recover rapidly after intense exercise 

(Bangsbo, 1996). The Yo-Yo tests feature two levels: level 1 was designed for 

untrained or less trained athletes, while level 2 was designed for well-trained 

and elite trained athletes (Bangsbo, 1996). Nevertheless, despite the suitability 

of Yo-Yo IE and Yo-Yo IR level 2 for highly trained players (Aziz et al., 2005; 

Bradley et al., 2011; Krustrup et al., 2006a; Rampinini et al., 2010), level 1 has 

also been broadly applied to elite football players (Chaouachi et al., 2010; 

Krustrup et al., 2003; Metaxas et al., 2005; Mohr et al., 2003). 

Wide application of the Yo-Yo IR test allowed the recognition that the two 

test levels distinguish not only between elite and non-elite, but also between 

levels of physiological response. In Yo-Yo IR level 1 (Yo-Yo IR1), it is 

determined the capacity to carry out intermittent exercise that triggers maximal 

activation of the aerobic system, whereas in Yo-Yo IR level 2 (Yo-Yo IR2), it is 

determined the ability to recover from repeated exercise with a high contribution 

from the anaerobic system (Bangsbo, Iaia, & Krustrup, 2008; Castagna et al., 

2006; Krustrup et al., 2003; Krustrup et al., 2006a). On the other hand, limited 

research exists concerning the Yo-Yo IE test albeit its frequent use in elite 

football clubs. As noted above, Yo-Yo IE level 2 (Yo-Yo IE2) test can be used to 

determine the capacity of elite football players to perform intense intermittent 

exercise (Bradley et al., 2011). However, little information exists on whether 

performance in the Yo-Yo IE2 test can determine the physical match 

performance in youth football, too. 

The Yo-Yo tests have been used as indirect measures of maximal 

oxygen uptake, but their major relevance actually relates to their ecological 
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validity as an indicator of football-specific endurance capacity. Since both Yo-

Yo IE2 and Yo-Yo IR1 seem to elicit maximal aerobic responses, while 

stressing the anaerobic energy system, it would be of interested to further 

understand which test would be better suitable for the evaluation of football-

specific endurance capacity. The tests start at similar speeds, but the 

progressive increase in shuttle-running speed and the active recovery periods 

differ between tests. To our knowledge, no study had examined the relationship 

between Yo-Yo IE2 and Yo-Yo IR1, nor between those field tests and traditional 

laboratory physiological parameters of aerobic fitness. Therefore, we conducted 

a study to understand the association between physical match performance, 

maximal oxygen uptake, and performance in Yo-Yo IE2 and Yo-Yo IR1 tests 

(Rebelo et al., 2012c [Supplementary study I]). 
 

 

1.1.4. Monitoring training load 
 

During a football season, the time available for testing is limited. If field-

testing is not conducted in a regular basis, however, coaches might not detect 

training-induced adaptations, which might occur faster than the time frame 

established for testing. Hence, coaches might feel the need to routinely monitor 

and control the training outcomes, so as to help them design periodization 

strategies that prevent athletes from undertraining or overtraining, and to 

ensure that athletes are in optimal condition for competition (Little & Williams, 

2007). 

Since it is difficult to control training intensity on an individual level during 

group exercises such as small-sided games, football coaches usually apply a 

more general team training prescription (Impellizzeri et al., 2004; Little & 

Williams, 2007; Stagno et al., 2007). Therefore, training drills are arranged 

based on the external training load imposed on the players, i.e. training drills 

are designed based on the duration in minutes/seconds or the number of sets. 

However, this might not reflect the internal training load, which is the actual 

physiological stress imposed on the player (Brink et al., 2010). 
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The increasing availability of technology, such as global positioning 

system (GPS) tracking systems and heart rate monitors, has led to growing 

interest in activity patterns, physical loading, and fatigue development during 

football training. In fact, over the last decade, several studies have been 

conducted to further understand the physiological response to small-sided 

football training, as well as the extent to which different variables (e.g. number 

of players, pitch size, coach encouragement, technical instructions, rule 

changes) influence performance in such drills (Casamichana & Castellano, 

2010; Dellal et al., 2011a, 2011b, 2011c; Hill-Haas Dellal et al., 2011b, 2009; 

Kelly & Drust, 2009; Rampinini et al., 2007b; Rebelo et al., 2011). However, 

little is known about the effect of different ground surfaces on exercise intensity 

during small-sided football games albeit the influence of the field’s surface in 

pace and style of play (Dragoo & Braun, 2010). Artificial turf surfaces are widely 

used as an alternative to natural grass, while it is not uncommon that other 

outdoor surfaces like asphalt or sand are used worldwide for training. Therefore, 

we conducted a study whose purpose was to analyse the influence of the 

playing surface on the movement pattern and aerobic and anaerobic loading, as 

well as fatigue development and perceived exertion during small-sided football 

games (Brito et al., 2012b [Study I]). 

Nevertheless, many of the technological tools that can be used to 

quantify training-induced physiological stress are expensive and might not be 

available to the vast majority of football clubs. As an alternative, subjective 

assessment methods have been used to evaluate perceived exertion of players 

during training sessions. The category ratio scale proposed by Borg, Hassmen 

and Lagerstrom (Borg et al., 1987) is the most commonly used method, and has 

applications in football beyond the originally described (Brink et al., 2010; 

Foster et al., 2001; Gomez-Piriz et al., 2011; Impellizzeri, et al., 2004; Jeong et 

al., 2011; Laurent et al., 2011). 

Recently, visual analogue scale questionnaires started being used to 

monitor perceived exercise exertion (Andersson et al., 2008a; Andersson et al., 

2008b; Bangsbo et al., 2010; Brito et al., 2012b [Study I]; Rupp et al., 2012). 

Other well-established applications of visual analogue scales include measuring 
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pain (Warren, Lowe, & Armstrong, 1999), muscle soreness (Impellizzeri & 

Maffiuletti, 2007; Jonhagen et al., 2009), and perceived exertion during steady-

state exercise (Grant et al., 1999). However, the validity of visual analogue 

scales, as a tool for training load monitoring, had not yet been investigated. We 

therefore conducted a study to evaluate the relationship between perceived 

exertion assessed by a visual analogue scale during football training and 

matches, and other validated methods for monitoring training load (Rebelo et 

al., 2012b [Supplementary study III]). 
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1.2. Epidemiology of football injuries 
 

Football is the most popular sport in the world. The Fédération 

Internationale de Football Association (FIFA) estimated that there are 

approximately 265 million active players worldwide; nearly 8% are youth and 

90% of all players are male (FIFA, 2007). Portugal is not an exception; it has 

been estimated that 547 thousand people (~5% of the population) play football 

at least occasionally. In 2009, the national football association (Federação 

Portuguesa de Futebol [FPF]) recorded approximately 145 thousand players, of 

which 108 thousand were children and adolescents regularly engaged to the 

sport (FIFA, 2007; FPF, 2009). Because of the high participation rates, from 

recreational to professional level, football has also been considered a useful 

tool for promoting an active and healthy lifestyle (Krustrup et al., 2010). 

Nevertheless, the overall risk of injury in competitive football has been 

estimated to be 1000-fold higher than in industrial occupations (e.g. 

construction and mining) traditionally regarded as high risk (Hawkins & Fuller, 

1999). This highlights the need to balance the benefits and risks of playing 

football. The latter, however, might be inevitable—at least to some extent (van 

Beijsterveldt et al., 2011). 

From an economical perspective, with the increasing number of active 

players, there is a growing concern regarding the public health impact of 

football-related injuries. Many of the injuries occurring during football practice 

require medical attention (Delaney et al., 2009; Emery et al., 2006; Giannotti et 

al., 2010; Nelson et al., 2009). The resultant treatment costs are a real problem 

not only for players and clubs, but also for private health insurance companies 

and public health care systems. As an example, the number of players 

registered in the Swiss football association increased by almost 10% from 2003 

to 2007; in 2007, the Swiss accident insurance body registered approximately 

43 thousand football-related injuries with costs of 148 million Swiss francs (~90 

million euros), which represented an increase of 1.7% when compared with 

2003 (Junge et al., 2011). 
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With these figures in mind, several football governing organizations, 

including the International Olympic Committee, FIFA, Union of European 

Football Associations (UEFA), or national football associations (such as the 

English, Swiss, Icelandic, Norwegian, and Danish football associations), 

demonstrated awareness of the health needs of football players and started 

playing an active role in developing and supporting epidemiological research on 

football injuries. Many studies have been conducted ever since to establish the 

extent, aetiology, and mechanisms of football injuries. 

Overall, the studies suggested that, on average, an elite male football 

player sustains approximately one performance-limiting injury per season. The 

incidence of match injuries is, on average, 4–6 times higher than the incidence 

of injuries occurring during training sessions. Football injuries affect mostly the 

lower extremities, specifically the knee, thigh, and ankle. Previous injury is one 

of the most important risk factors for injury. Total incidence as well as type and 

location of injuries differ between male and female players. For youth players, 

the incidence of injuries seems to increase with age. Both low-skill and high-

competitive levels seem to increase injury rate (Giza & Micheli, 2005; Junge & 

Dvorak, 2004; Spinks & McClure, 2007; Wong & Hong, 2005). 

 

 

1.2.1. The consensus statement for studies on football injuries 
 

Variations in definitions and methodologies have made inter-study 

comparisons of football injuries difficult. Countering this limitation, in 2006, an 

Injury Consensus Group working under the auspices of FIFA Medical 

Assessment and Research Centre (F-MARC) established a consensus 

statement on injury definitions and data collection procedures that guarantees 

consistency throughout studies on football injuries (Fuller et al., 2006). F-MARC 

has also developed a framework for managing the risk of injury in football (F-

MARC, 2009), thereby reducing the incidence and the short- and long-term 

consequences of acute and overuse/gradual-onset injuries in football (Figure 1). 

By implementing this injury surveillance methodology, it is now possible to 
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assess the risk level of playing football and consistently compare results from 

studies on football injuries. This might provide stakeholders from different 

countries with evidence-based decisions about the costs and benefits of playing 

football in any environment or level of competition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Framework for managing the risk of injury in football (adapted from F-

MARC, 2009). 

 

F-MARC recommendations have been followed in the most recent 

epidemiological studies with elite adult male (Ekstrand et al., 2011a, 2011b; 

Hagglund et al., 2009a, 2009b; Hagglund et al., 2011), female (Hagglund et al., 

2009a; Hartmut et al., 2010; Jacobson & Tegner, 2007; Tegnander et al., 2008; 

Tscholl et al., 2007b), and youth football players (Aoki et al., 2010; Cloke et al., 

2010; Emery & Meeuwisse, 2010; Froholdt et al., 2009; Junge et al., 2011; 

Rosenbaum et al., 2009; Schiff et al., 2010; Soligard et al., 2008; Steffen et al., 

2008b; Walden et al., 2007). 
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1.2.2. Rationale for conducting epidemiological studies on football 
injuries  

 

The bulk of studies on football injuries has been conducted in 

Scandinavian countries, in the United Kingdom, France, Canada, and the 

Unites States of America; epidemiological investigations from Japan, Germany, 

and Switzerland have also been reported. However, it has been hypothesized 

that the injury patterns vary by geographic region and style of play (Giza & 

Micheli, 2005). 

The competitive and training schedules differ between countries. For 

example, the Danish and Swedish male top football divisions were studied 

prospectively from January to June 2001; Swedish players had greater training 

exposure and a longer preseason period than Danish players, whereas 

exposure to matches did not differ between the two countries. However, the risk 

for injury during training was higher in Denmark than in Sweden, while no 

difference was observed in injury rates during matches. The risk for incurring a 

major injury (absence from football for more than 4 weeks) was also greater in 

Denmark (Hagglund et al., 2005). Another important issue relates to the number 

of matches played per season in European professional football leagues. Top-

level players usually play more matches than lower-standard or amateur 

players. This means that periods of congested match calendar can lead to 

episodes of fatigue, which in turn result in higher injury rates (Dupont et al., 

2010; Ekstrand et al., 2004). 

Players in different geographic regions live in different climatic 

environments; northern European leagues have a long winter brake, whereas in 

south Europe the leagues run from August to May. It is well established that the 

work rate of players during training and match play may vary under different 

climatic conditions—cold, heat, humidity, rain—that might also affect their 

wellbeing and health status (Dvorak & Racinais, 2010; Grantham et al., 2010). 

Nevertheless, a 1-year follow-up of youth players from two European regions 

(the Czech Republic and the Alsace region of France and Germany) showed 

that no substantial differences were observed between players from the two 
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regions in injury incidence, degree of injury severity, or the context in which the 

injuries occurred. However, exposure to training and match play was higher for 

players from the Czech Republic than from the Alsace region. Also, in the 

Czech Republic a higher proportion of injuries was caused by foul play (Junge 

et al., 2000). 

Likewise, the injury risk situations differ between women’s top-level 

tournaments and men’s football matches (Tscholl et al., 2007a, 2007b). 

Interestingly, injury simulations are frequent in football as an attempt to rest or 

gain tactical advantage, but less common among women than among men 

(Rosenbaum et al., 2011; Rosenbaum et al., 2010). Nevertheless, studies have 

suggested that foul play is one of the most important causes of injuries in 

football; so, the style of refereeing is indeed relevant to preserving the safety of 

the players (Andersen et al., 2004; Hawkins & Fuller, 1998). 

All over the world, football players train and compete on different field 

surfaces, such as natural grass or artificial turf. Natural grass is sensitive to 

frequent use and to cold and rainy climate conditions. For this reason, artificial 

turf pitches are now more commonly used. However, the effect of playing in 

different surfaces on injury rates has not been clearly established, and 

confounding variables such as climate and footwear, as well as varying 

definitions of injury, also make it difficult to draw well-founded inferences 

regarding the overall effect of artificial playing surfaces on injury rates (Dragoo 

& Braun, 2010). Although epidemiological investigations indicated no evidence 

of greater risk of injury when football is played on artificial turf compared with 

natural grass surfaces (Aoki et al., 2010; Bjorneboe et al., 2010; Dragoo & 

Braun, 2010; Ekstrand et al., 2006; Fuller et al., 2007a, 2007b; Steffen et al., 

2007; Williams et al., 2011), football players might change their playing style 

due to the field surface. For instance, they perform fewer sliding tackles and 

more short passes during games on artificial turf (Andersson et al., 2008a), 

which could partly explain why some players do still express negative 

impressions towards artificial turf. 

Whatsoever, the style of play may also have an influence on the injury 

patterns. In fact, the singular anthropometric characteristics of elite players from 
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top European leagues—English Premier League, Spanish La Liga, Italian Serie 

A, and German Bundesliga—suggest either that clubs from different leagues 

seek for players with specific physical characteristics, or that the playing styles 

and physical demands, and concomitantly the conditioning methods, differ 

between the leagues (Bloomfield et al., 2005). In general, English and German 

teams are said to play more forthright and physically, levelling out the work rate 

of players during match play; on the other hand, Italian teams tend to be more 

cautious, methodical, and defensive; Spanish teams usually have a more 

technical approach, building the play on short passes and ball-possession 

strategies. UEFA has been following the variation of injury incidence during 

training sessions and matches over consecutive seasons in European elite 

men’s football teams (Ekstrand et al., 2011a, 2011b; Hagglund et al., 2011; 

Walden et al., 2011). Because of confidentiality issues, however, no information 

has been published regarding the differences in injury rates between top-level 

clubs from different geographic regions in Europe. Hence, to our knowledge, no 

study so far has reported the influence of variations in playing style on injury 

rates in football. Nevertheless, the studies from UEFA have provided plentiful, 

homogenous material on male top-level players against which clubs, coaches, 

and researchers worldwide can compare epidemiological data. 

On the other hand, very few epidemiological prospective studies of 

football injuries have been conducted in south European countries (Kakavelakis 

et al., 2003; Volpi et al., 2004), and Portugal is not an exception. To describe 

and understand the characteristics of football injuries in Portugal, we conducted 

epidemiological prospective studies in Portuguese youth (Brito et al., 2012c 

[Study III]; Brito et al., 2011b [Study II]) and adult players (Sousa et al., 2012 

[Supplementary study IV]). 
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1.3. Injury prevention in football 
 

Over the last years, the intertwining between science and football has 

had its grounds on minimizing the risks associated with the game by optimizing 

training and playing conditions. The results are good: science has proven its 

ability to help reduce football injuries. 

Injury prevention programmes focus either on the reduction of any injury 

associated with football practice or on a particular type of injury that is 

exceptionally severe or prevalent. To reduce football-related injuries in general, 

multimodal programmes have been shown to be effective. Moreover, preventive 

training appears to be effective for the most prevalent injuries in football, such 

as knee sprains, ankle sprains, and muscle strains (Junge & Dvorak, 2004; 

Kirkendall & Dvorak, 2010). 

Interestingly, a dose-effect relationship has been reported between the 

time spent in preventive training and injury incidence (Kraemer & Knobloch, 

2009). This means that event if players at increased risk of injury are identified 

through questionnaires on injury history, joint and muscle function, anatomical 

screening, or fitness tests, personalized training regimens will not prove 

effective without compliance, i.e. the player’s uptake of the intervention 

programme (Engebretsen et al., 2008; Soligard et al., 2010; Van Tiggelen et al., 

2008). 

 

 

1.3.1. Understanding injury risk factors in football 
 

In Section 1.1., we discuss that football players often face fatigue or 

reduced performance during football training and matches. In this regard, recent 

experimental work has questioned to what extent football-specific fatigue 

negatively affects physical capacities (e.g. muscle strength, flexibility, 

neuromuscular activation, balance, proprioception) with roles in injury 

occurrence. Additionally, in Section 1.2., we discuss the aetiology and 

mechanisms of football injuries. This is a key step for the “sequence of 
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prevention,” since the introduction of preventive measures must be population-

specific and as such based on epidemiological evidence (van Mechelen et al., 

1992). However, the majority of football injuries have a multifactorial origin, 

which might thwart the identification of the mechanisms of injuries and, 

consequently, the actual risk factors. In this section, the injury risk factors in 

football are discussed. 

Muscle injuries comprise a large percentage of all injuries in football; the 

vast majority of injuries affect four major muscle groups of the lower limbs: 

hamstrings, adductors, quadriceps, and calf muscles (Ekstrand et al., 2011a). 

Hamstring strains—the most prevalent muscle injuries in football—generally 

occur during maximal, or close to maximal, speed running movements, and 

mostly during the terminal swing phase of sprinting, when the hamstrings are 

contracting eccentrically (Schache et al., 2010), i.e. the biarticular hamstrings 

are simultaneously lengthening, producing peak force, and absorbing large 

amounts of energy (Schache et al., 2011). Additionally, hamstring strain injuries 

tend to occur towards the end of each half of the match (Ekstrand et al., 2011a, 

2011b). Since fatigue during the match has been associated with decreased 

eccentric strength (Greig, 2008; Greig & Siegler, 2009; Small et al., 2010) and 

flexibility (Small et al., 2009), it is plausible that predisposition to hamstring 

injury be increased by fatigue. 

Epidemiological investigations in football have also consistently reported 

a high prevalence of joint injuries, namely knee and ankle sprains (Ekstrand et 

al., 2011b; Rahnama et al., 2002; Walden et al., 2005). Interestingly, most joint 

sprains also occur in the later stages of each half of the match (Rahnama et al., 

2002). This might be associated with fatigue-related changes in neuromuscular 

control, joint dynamic stability, and postural control (Greig & Walker-Johnson, 

2007; Gribble & Hertel, 2004; Hiemstra et al., 2001). Laboratory experimental 

studies suggested that football players present deficits in postural balance 

during the last 15 min of each half of the match (Greig & Walker-Johnson, 

2007), but, to our knowledge, no study so far had investigated the effects of a 

competitive official match on the balance ability of football players. Field studies 

can have the advantage of more realistically reproducing changes in 
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neuromuscular control and postural stability. Having this in mind, we conducted 

an experimental investigation to explore the effects of an official football match 

on the postural stability of football players (Brito et al., 2012a [Study IV]). 

 

 
1.3.2. Introducing preventive measures 
 

Recently, an international group of experts working under the auspices of 

F-MARC has developed an exercise programme that addresses both preventive 

training and compliance of football coaches and players. Originally, the training 

programme (“The 11”) consisted of exercises of core stability, balance, dynamic 

stabilisation, and eccentric hamstring strength. The effectiveness of “The 11” 

was tested in a countrywide campaign (2004–2008) with Swiss amateur male 

players (Junge et al., 2011), and a significant decrease in injuries during 

matches and training was observed. On the other hand, a one-season 

randomised controlled trial with Norwegian youth female players found no effect 

of “The 11” on injury rate (Steffen et al., 2008c). Additionally, conflicting results 

have been reported regarding the effects of “The 11” in physical performance; 

no effect was observed on a series of performance tests in a group of 

adolescent female football players using the ‘‘The 11’’ as a structured warm-up 

program (Steffen et al., 2008a), whereas performance of “The 11” resulted in 

significant changes in several physical performance abilities in young male 

players (Kilding et al., 2008). Overall, the studies were consistent in suggesting 

modifications to the “The 11” as a means to improve compliance of players and 

coaches, and enhance the preventive effects of the training programme. 

In this quest, F-MARC launched a revised version of the programme 

(“The 11+”) that comprised additional key exercises to provide variation and 

progression in training, and a new set of structured running exercises to make it 

better suited as a comprehensive warm-up programme (Soligard et al., 2008). 

The effectiveness of “The 11+” was proved in youth Norwegian female players, 

and teams that performed “The 11+” at least twice a week had 30–50% fewer 

injured players during the season (Soligard et al., 2008). 
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Briefly, “The 11+” training programme is a comprehensive 

neuromuscular training plan that combines plyometrics, core strengthening, 

balance, resistance and agility training. Therefore, it is expected that “The 11+” 

improves performance and concomitantly reduces the risk of lower extremity 

injury. Since muscular imbalance—mainly on the knee flexor muscle group—is 

a major intrinsic injury risk factor in football (Croisier et al., 2008), it would be of 

interest to further understand whether football players may use “The 11+” 

training regimen to normalise muscle strength imbalances on the lower 

extremities. Moreover, the suitability and effectiveness of “The 11+” injury 

prevention programme in enhancing physical performance in adult male football 

players had not been previously investigated. Therefore, we conducted an 

intervention study to investigate the effects of performing “The 11+” on muscle 

strength balance of the lower extremities in football players (Brito et al., 2010 

[Study V]). 
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1. Structure of the thesis 
 

The present dissertation is organized into five chapters. A survey of the 

literature supporting the aims of the dissertation is provided in Chapter I. The 

main aim of the thesis and the purposes of each study are outlined in Chapter 

II. The studies conducted within the purpose of the thesis are presented in 

Chapter III; additionally, supplementary studies that include decisive information 

necessary for the completion of this thesis are included in the Appendix section. 

In total, nine original studies have been conducted, each of which attempts to 

address specific research questions. The methodological and overall 

discussions are presented in Chapter IV. The main conclusions of the present 

thesis are outlined in Chapter V. 

 

 

2. Aims 
 

The present dissertation aimed to investigate the characteristics of the 

game of football, the profiles of the players, the demands imposed by the 

training and conditioning regimens, and the associated risks of training and 

playing football. Ultimately, the goal was to provide evidence-based 

recommendations for designing and prescribing optimal and safer training and 

conditioning programmes for football players. 
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3. List of original studies 
 

• Study I 

The influence of the playing surface on the exercise intensity of small-sided 

recreational soccer games 

• Study II 

Injuries in youth soccer during the preseason 

• Study III 

Injuries in Portuguese youth soccer players during training and match play 

• Study IV 

Postural stability decreases in elite young soccer players after a competitive 

soccer match 

• Study V 

Isokinetic strength effects of FIFA’s “The 11+” injury prevention training 

programme 
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Reprinted from Human Movement Science, doi: 10.1016/j.humov.2011.08.011, 

Brito, J., Krustrup, P., & Rebelo, A., The influence of the playing surface on the 

exercise intensity of small-sided recreational soccer games, 2012, with 

permission from Elsevier. 
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a b s t r a c t

This study aimed to analyze the influence of the playing surface on
movement pattern, physical loading, perceived exertion, and fati-
gue development during small-sided recreational soccer games.
Time–motion, heart rate, blood lactate, and perceived exertion were
measured for 16 recreational players aged 22 (range: 19–35) yrs.
During 5-a-side soccer games on 3 different field surfaces: sand,
artificial turf, and asphalt. Jump and sprint tests were performed
prior to and after each game. Total distance covered was higher on
asphalt and turf than on sand (3.89 ± 0.04 and 3.73 ± 0.12 vs.
2.59 ± 0.21 km; p < .01), and the number of high-intensity runs
was higher on asphalt than on turf (55 ± 3 vs. 43 ± 3; p < .05), but
not sand (46 ± 6). Mean heart rate (means ± SEM, 160 ± 3 vs.
171 ± 1 b.p.m.) and time > 90% HRmax (20.8 ± 5.1% vs. 44.1 ± 5.0%)
were lower (p < .05) on asphalt than on turf, with intermediate
values for sand. Blood lactate was lower on asphalt than on sand
(2.8 ± 0.3 vs. 4.7 ± 0.6 mmol L!1; p < .05). Perceived exertion was
lower on asphalt than on turf and sand (VAS 0–100: 52 ± 3 vs.
72 ± 3 and 72 ± 3; p < .01). After the game, squat and countermove-
ment jump performances were lower (4.9–8.1%, and 1.9–6.4%,
respectively; p < .001) for all field surfaces, but no changes were
observed in 5- and 30-m sprint performance. Small-sided recrea-
tional soccer games elicit high heart rates, multiple intense actions,
and decreased jump performance for all the investigated playing
surfaces, suggesting that multiple fitness and health benefits can
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be achieved through soccer on sand, artificial turf and asphalt.
Nonetheless, locomotor activities, heart rate, blood lactate levels,
and perceived exertion differ between surfaces.

! 2012 Elsevier B.V. All rights reserved.

1. Introduction

Soccer is a very popular sport, with more than 400 million active players worldwide. Therefore, it
may have great potential as a health-promotion activity for the general population, due to positive
motivational and social factors that promote compliance with the sport (Elbe, Strahler, Krustrup,
Wikman, & Stelter, 2010; Krustrup, Aagaard et al., 2010). There has been an increasing interest in
the effectiveness of regular soccer training as an exercise intervention to be implemented as a perma-
nent health-enhancing leisure activity (Krustrup et al., 2009; Krustrup, Aagaard et al., 2010). It is now
well documented that regular recreational soccer practice—two to three times a week—promotes sig-
nificant cardiovascular and muscular adaptations independent of the level of training, experience,
gender or age (Krustrup et al., 2009; Krustrup, Aagaard et al., 2010). Therefore, recreational small-
sided soccer games are an appropriate alternative to exercises of a continuous nature—such as jogging,
running, cycling, or swimming—for the improvement of cardiovascular fitness (Castagna et al., 2007).

Small-sided soccer games organized for 2–14 players provide a marked physiological response, but
the activity profile seems to be slightly influenced by the number of players (Randers, Nybo et al.,
2010). The mean heart rate during recreational soccer training is commonly above 80% of maximum
heart rate (HRmax), with heart rate values above 90% of HRmax for more than 10% of the total training
time. However, the number of players seems not to unduly influence the heart rate response during
the games (Krustrup et al., 2009; Randers et al., 2010). Additionally, it has been shown that recrea-
tional soccer practice can induce long-term muscular and cardiovascular adaptations even with a re-
duced training frequency, which may have beneficial implications in health (Krustrup, Hansen et al.,
2010; Randers, Nielsen et al., 2010).

The advantages of using small-sided soccer games for cardiovascular training are several; it can be
practiced on almost any surface and within a limited space (Castagna et al., 2007). Soccer is tradition-
ally played as 11-a-side games on natural grass pitches, but is also played as small-sided games (e.g.,
5- and 7-a-side). However, natural grass pitches are sensitive to frequent use and cold climates
(Andersson, Ekblom, & Krustrup, 2008), and thus artificial turf, sand, and asphalt are common all-
weather outdoor surfaces used as an affordable alternative to natural grass. Recreational players usu-
ally train <2–3 h/week during a season, but seasonal variations in the training volume might be ex-
pected due to the geographic and climate differences worldwide (Randers, Nielsen et al., 2010). For
instance, in the northern European countries, less training and match play are carried out outdoors
in wintertime, whereas in southern European countries, futsal (5-a-side soccer) and beach soccer have
become increasingly popular in recent years.

Most studies dealing with recreational soccer were conducted in natural grass surfaces (Krustrup
et al., 2009; Randers, Nybo et al., 2010), and the performance characteristics of different field surfaces
have been thought to influence the pace and style of the sport (Dragoo & Braun, 2010). Hence, little is
known about the effect of different ground surfaces on the exercise intensity and perceived effort dur-
ing recreational soccer games. Therefore, the purpose of this study was to analyze the influence of the
playing surface on the movement pattern, aerobic and anaerobic loading, as well as perceived exertion
and fatigue development during small-sided recreational soccer games.

2. Methods

2.1. Participants

Twenty-four active young male adults who played soccer occasionally at recreational level were
invited to participate in the study. From those, 16 subjects (mean ± SD: age, 22.4 ± 4.4 yrs; height,
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174.1 ± 4.4 cm; weight, 71.3 ± 6.6 kg) were randomly selected to actively take part in the experimental
set-up. Four of the remaining participants were randomly allocated in the teams as goalkeepers. The
remaining 4 participants were randomly assigned as outfield substitute players. Neither goalkeepers
nor outfield substitute players were included in the final data set. The participants had been practicing
recreational soccer 3.1 ± 1.2 times per week during the last three years. All participants were familiar-
ized with the different playing surfaces, prior to the commencement of the study. Written informed
consent was obtained after verbal and written explanation of the experimental procedures. The ethical
committee of the Faculty of Sport, University of Porto granted approval for the study.

2.2. Experimental design

The participants were evaluated during 5-a-side soccer games under 3 surface conditions: sand,
artificial turf, and asphalt. Baseline measurements were completed one week before the
commencement of the study. On two separate days, the participants completed a Yo-Yo intermit-
tent endurance test – level 2 (YY-IET2), squat jump (SJ) and countermovement jump (CMJ) tests
(Digitime 1000, Digitest, Finland), and 5- and 30-m sprint tests (Speed Trap II; Brower Timing
System, Utah, USA).

The YY-IET2 is an intense intermittent exercise performance test, specially developed to evaluate
high-intensity game-specific physical capacity of soccer players (Bangsbo, 1994). The test consists
of repeated 2 " 20-m runs (shuttles) back and forth between the start and finish line at progressively
increased speeds, which were controlled by audio bleeps from a tape-recorder. After each shuttle run
the players were jogging 2 " 2.5 m around a cone. The aim of the test was to perform as many shuttles
as possible. When the player failed twice to reach the finish line in time, the distance covered was
recorded and used as the test result. The test was performed indoors on a wood sports court. Only
one trial was given. During the test, the participants wore heart rate monitors (Polar Team System,
Kempele, Finland).

The SJ and CMJ were performed on a special mat (Digitime 1000, Digitest, Finland). The SJ was
performed with a squat starting position: knees flexed at 90" and hands on hips. From this posi-
tion, the participants made a maximal vertical jump and then landed with straight knees on the
mat. For the CMJ, the participants were standing erect; after flexing the knees to the squat
position, the participant jumped vertically as high as possible maintaining hands on hips. The flight
time was used to calculate the change in the height of the body’s center of gravity (Bosco,
Luhtanen, & Komi, 1983).

Sprint evaluation was accomplished through a speed test that was carried out in a straight 30-m
line (5). The times were measured through 3 pairs of a photoelectric cell system (Speed Trap II,
Browser Timing Systems, Utah, USA), positioned at the starting point, at 5 and 30 m. Participants were
instructed to run as fast as possible from a standing start, 30 cm behind the starting line.

Two trials were given for each jump and sprint test, and the best trial in each test was selected for
analysis. Post-game measurements were carried out immediately after the games. All pre- and post-
game tests were performed on an asphalted track, located within 20 m of the pitch.

After baseline testing, the participants were randomly allocated to 4 teams. Teams were balanced
in terms of players’ weight (means ± SD: 77.4 ± 1.9 kg; 67.5 ± 7.4 kg; 71.1 ± 6.8 kg; and 69.2 ± 6.6 kg;
p > .05). No significant differences were observed in YY-IET2 performance between teams
(1190 ± 171 m; 1300 ± 223 m; 1230 ± 177 m; and 1170 ± 305 m; p > .05). At baseline, teams were also
balanced in terms of jump and sprint performance (SJ: 0.46 ± 0.04 m, 0.39 ± 0.05 m, 0.42 ± 0.05 m, and
0.39 ± 0.06 m; CMJ: 0.43 ± 0.03 m, 0.38 ± 0.04 m, 0.42 ± 0.05, and 0.42 ± 0.06 m; 5-m sprint:
1.12 ± 0.06 s, 1.14 ± 0.06 s, 1.14 ± 0.06 s, and 1.10 ± 0.06 s; 30-m sprint: 4.33 ± 0.05 s, 4.43 ± 0.17 s,
4.40 ± 0.19 s, 4.33 ± 0.18 s; p > .05). The score of the games were 7–5 and 3–5 on sand, 4–4 and 5–4
on artificial turf, and 3–4 and 5–6 on asphalt.

All games were played outdoors between 9 and 11 a.m., under dry conditions. Ambient tempera-
ture (16–20 "C) and humidity (60–75%) were monitored. The wind speed was not assessed. The soft
dry sand games were conducted on a beach soccer pitch and the participants were barefoot. The arti-
ficial turf games were played on a third-generation artificial turf developed especially for soccer that
consists of long and widely spread fibers of polypropylene filled with rubber granules. During artificial
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turf games, the participants wore soccer shoes with rubber studs. The asphalt games were played on a
hard and rough asphalted playground, and the participants wore futsal shoes. The games were played
in random order interspersed by 72 h, with players selected on the same teams against the same oppo-
nents. A total of 6 games were analyzed (2 games per surface condition). The pitch size was kept con-
stant for all surface conditions (length: 40 m, width: 20 m). The goals were 7 " 2 m (width " height).
Each game consisted of 2 " 20 min with a 5-min rest break. Minor rule modifications were used, such
as no offside rule, restart of the game after goal by the goalkeeper, and kick-in awarded to the oppos-
ing side to that of the player who last played or touched the ball. Games were played without referees
or sideline encouragement. The score of the games was prospectively registered by one of the
researchers. Six extra soccer balls were always available near the goalposts and on the side of the pitch
for prompt replacement when the ball left the playing area. The chief investigator was always avail-
able to immediately replace the ball when it was kicked out from the playing area. All players were
encouraged to drink water before the start of the game, during the half-time break, and after the game,
prior to the sprint and jump tests.

2.3. Time–motion analysis

Movement pattern during the games was measured using portable global positioning system (GPS)
units (GPSports SPI Elite, Canberra, Australia). Ten participants used GPS devices, placed into a harness
on the player’s upper back, as recommended by the manufacturers. Based on signals from at least
three Earth-orbiting satellites, the GPS receiver is able to calculate and record data on position, time,
and speed with a time resolution of 5 Hz. The system used the GPS Doppler data, and distances were
calculated from changes in position and subject to the manufacturer’s proprietary algorithm
integrated to reduce measurement error. The data from each receiver were treated and extracted
using proprietary software (GPSports team AMS v1.2.1.12, Canberra, Australia). The software calcu-
lated the total distance covered during a game, the average speed and maximum-speed running at-
tained during the game, and the time spent in seven locomotor categories, which were previously
defined in accordance with Bangsbo, Nørregaard, and Thorsøe (1991). Given that the present study in-
volved playing on a sand surface, which does not empower such rapid movements as those attained
on other surfaces (Pinnington & Dawson, 2001; Zamparo, Perini, Orizio, Sacher, & Ferretti, 1992), the
adopted speed categories were adapted in accord with other studies (Castellano & Casamichana, 2010;
Randers, Mujika et al., 2010; Randers et al., 2010). For data analysis purposes, the following locomotor
categories were adopted: standing (0–2 km/h), walking (sand: 2–4 km/h; turf and asphalt: 2–7 km/h),
jogging (sand: 4–7 km/h; turf and asphalt: 7–9 km/h), low-speed running (sand: 7–10 km/h; turf and
asphalt: 9–13 km/h), moderate-speed running (sand: 10–13 km/h; turf and asphalt: 13–16 km/h),
high-speed running (sand: 13–18 km/h; turf and asphalt: 16–22 km/h), sprinting (sand: >18 km/h;
turf and asphalt: >22 km/h). Later, all running actions performed above 10 km/h on sand, and above
13 km/h on turf and asphalt (moderate-speed running, high-speed running, and sprinting) were
encompassed and defined as high-intensity running. The time spent in each locomotor category dur-
ing the games was presented as the percentage relative to the total playing time. The GPS software
calculated the frequency and duration of high-intensity running and sprinting actions, accordingly
to the specific speed categories defined for each surface condition.

2.4. Heart rate measurements

Heart rate (HR) was recorded at 5-s intervals by short-range radio telemetry (Polar Team System,
Kempele, Finland). The monitors were attached to the participants using an adjustable elastic chest
strap. Data were transferred to a computer using the Polar Precision Performance 4.03 software (Polar
Team System). Maximum heart rate (HRmax), which was determined as the highest value reached dur-
ing the YY-IET2, was used as a standard against which to define five different intensity zones, previ-
ously defined in accordance with Krustrup et al. (2009): <70% HRmax, 70–80% HRmax, 80–90% HRmax,
90–95% HRmax, and >95% HRmax. The software quantified the time spent within each intensity zone
during the games, and data were presented as the percentage relative to the total playing time. The
software also calculated the peak HR, as well as the mean HR values during the games, which were
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expressed in absolute values (beats per min [b.p.m.]), and as the percentage relative to the individual
HRmax (% HRmax).

2.5. Blood lactate

Blood lactate was collected as a physiological indicator of the contribution of anaerobic glycolysis
during exercise. Blood lactate was measured via 5-lL capillary blood samples taken from an earlobe
(Lactate Pro, Arkray Inc., Japan). The analyzer was calibrated according to precision standards and was
routinely assessed by external quality controls.

The accuracy and reliability of the blood lactate analyzer has been assessed elsewhere at differ-
ent lactate concentrations (coefficient of variation ranged between 2.8% and 5.0%), and between
test strips (ICC, r = .999) (Baldari et al., 2009). The participants were asked to temporarily leave
the pitch (#30 s) to sit on a chair positioned 2 m outside from the sideline for collection of the
blood samples. One researcher carefully cleaned, disinfected and dried the subjects’ earlobe before
blood collection, in order to avoid any possible interference due to both sweat and dirt. Then, the
subjects’ skin was punctured with a lancet and the first drop of blood was placed straight on the
strip. One blood sample was taken from each subject in each half of each game in random order.
All samples were collected within 2 min after game activity and analyzed within a few seconds of
the collection. One outfield substitute replaced the subject from whom the blood sample was being
collected.

2.6. Perceived exertion

The perceived exertion, physical effort, and fatigue state were recorded by visual analogue scale
(VAS) questionnaires (Andersson et al., 2008). The questionnaire included four questions, which were
worded to analyze the perceived feeling when playing on each of the three surfaces. The questions
were the following: ‘‘In general, how hard was the game today?’’ (VAS1); ‘‘How do you classify the
effort made during the game?’’ (VAS2); ‘‘How hard physically was the game today?‘‘ (VAS3); ‘‘How
tired are you at the moment?’’ (VAS4). The VAS was anchored by two items with a 100-mm horizontal
line connecting them, and was scored from 0 (not hard/not tired) to 100 (very hard/very tired), but the
participants were unaware of the numbers.

2.7. Statistical analysis

The results are presented as means, standard errors of the mean (SEM), and percentages of
totals. Differences between the three surface conditions on each dependent variable, including heart
rate (peak HR and mean HR, and time spent in each heart rate zone), game activities (total distance
covered, average speed and maximum-speed running attained during the game, number of high-
intensity actions and sprints, average duration of high-intensity actions and sprints, and time spent
in each locomotor category), blood lactate concentration, and VAS scores, were determined by a
one-way ANOVA for repeated measures. The independent variables were the field surface (sand,
artificial turf, asphalt) and time (pre- and post-game). Comparisons between baseline measure-
ments and post-game performances in SJ, CMJ, and 5- and 30-m sprint were determined by a
two-way ANOVA with repeated measures. Significant main effects were subsequently analyzed
using a Bonferroni post hoc test to locate the differences. Correlation coefficients were determined
between the physical test performances and the heart rate, game activities, blood lactate, and VAS
scores in each field surface. Correlation coefficients were tested for significance using Pearson’s
regression test. The magnitude for correlation coefficients were considered as trivial (r < .1), small
(.1 < r < .3) moderate (.3 < r < .5), large (.5 < r < .7), very large (.7 < r < .9), nearly perfect (r > .9), and
perfect (r = 1.0), in accordance with Hopkins’ definitions (Hopkins, 2002). Statistical significance
was set at a = .05. All analyses were conducted with SPSS Statistics 19 (SPSS Inc., an IBM Company,
Chicago, IL, USA).
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3. Results

3.1. Activity profile

The time spent in sprinting was higher on asphalt than on sand and turf (2.2 ± 0.1% vs. 1.2 ± 0.3%
and 1.2 ± 0.2%, respectively; p < .01). The time spent in low-speed running was lower (sand,
23.3 ± 1.3%; turf, 10.8 ± 0.5%; asphalt, 9.8 ± 0.5%; p < .001), but the time spent in jogging was higher
(sand, 37.6 ± 0.5%; turf, 63.0 ± 0.6%; asphalt, 57.6 ± 0.9%; p < .01) on asphalt and turf than on sand
(Fig. 1). The total distance covered, the average speed, and the maximum-speed running were higher
on turf and asphalt than on sand (p < .05; Table 1). The number of sprints performed was higher on
asphalt than on sand and turf (p < .01), but no differences were observed on the average duration of
sprints between the 3 surfaces (Table 1). The number of high-intensity actions was higher on asphalt
than on turf (55 ± 3 vs. 43 ± 3, p < .05), but no differences were observed between asphalt and sand
(Table 1).

3.2. Physiological response

The absolute and relative values of mean HR, as well as the relative peak HR, were lower on asphalt
than on turf (p < .05), whereas no differences were observed in absolute peak HR between the three
surfaces (Table 1). The time spent at 90–95% HRmax was lower on asphalt than on turf (mean ± SEM:
19.7 ± 4.8% vs 37.5 ± 3.7%, respectively; p = .013), while the time spent at 70–80% HRmax was higher on
asphalt than on turf (21.1 ± 2.5% vs. 10.6 ± 2.9%, respectively; p = .015; Fig. 2).

Repeated measurement ANOVA showed a significant main effect on blood lactate values due to the
surface condition, with lower (p < .05) blood lactate concentrations on asphalt than on sand (2.8 ± 0.3
[0.9–5.2] mmol L!1 vs. 4.7 ± 0.6 [range: 0.8–10.2] mmol L!1, respectively; turf, 4.2 ± 0.6 [0.8–11.6]
mmol L!1).

Fig. 1. Heart rate distribution, expressed in percentage of playing time, in selected heart rate zones during 2 " 20 min
recreational soccer games performed on three different field surfaces. Means ± SEM (n = 16) are presented. #Significantly
different from turf, p < .05.
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3.3. Perceived exertion

In general, the participants reported that it was less demanding to play on asphalt than on sand
(VAS1: 47 ± 3 vs. 60 ± 3, respectively; p < .001; Fig. 3). The participants perceived less exertion on as-
phalt than on sand or turf (VAS2: 52 ± 3 vs. 71 ± 3 and 71 ± 3, respectively; p < .001). The participants
also reported that it was less physically demanding to play on asphalt than on sand and turf (VAS3:
52 ± 3 vs. 72 ± 3 and 72 ± 3, respectively; p < .01). After the game, the participants reported they were
less fatigued on asphalt than on sand and turf (VAS4, 50 ± 3 vs. 62 ± 3 and 68 ± 3, respectively; p < .01;
Fig. 3).

Table 1
Maximum and average speed, distance covered, and peak and mean heart rate values during 2 " 20 min recreational soccer games
on three different field surfaces.

Sand Turf Asphalt

Heart rate
Peak HR (b.p.m.) 186 ± 2 188 ± 1 182 ± 2
Peak HR (%HRmax) 95.6 ± 1.0 96.9 ± 0.6 93.3 ± 1.0#

Mean HR (b.p.m.) 165 ± 3 171 ± 1 160 ± 3#

Mean HR (%HRmax) 84.8 ± 1.5 87.8 ± 0.8 82.4 ± 1.3#

Time–motion
High-intensity runs (n) 46 ± 6 43 ± 3 55 ± 3#

Sprints (n) 7 ± 2 13 ± 2 21 ± 2#, *

Duration of sprints (s) 3.3 ± 0.7 2.4 ± 0.1 2.5 ± 0.1
Maximum speed (km/h) 18.1 ± 0.9 22.7 ± 0.6* 22.0 ± 0.4*

Average speed (km/h) 4.0 ± 0.3 5.4 ± 0.2* 5.6 ± 0.1*

Distance covered (m) 2586 ± 208 3726 ± 121* 3895 ± 39*

Means ± SEM are presented (time–motion, n = 10; heart rate, n = 16).
# Significantly different from turf, p < .05.
* Significantly different from sand, p < .05.

Fig. 2. Visual analogue scale (VAS) scores after 2 " 20 min recreational soccer games on different field surfaces. Means ± SEM
(n = 16) are presented. ⁄Significantly different from sand, p < .001. #Significantly different from turf, p < .01.
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3.4. Performance decrements after the game

The SJ performance was 0.415 ± 0.008 m at baseline, and decreased to 0.383 ± 0.013 m,
0.398 ± 0.016 m and 0.387 ± 0.010 m post-game on sand, turf and asphalt, respectively (p < 0.001).
The decrease in SJ showed a large correlation with the average duration of sprints on sand
(r2 = .512, p = .020), and moderate correlations with VAS1 (r2 = .432, p = .006) and VAS2 (r2 = .323,
p = .022) scores on turf. The CMJ performance was 0.412 ± 0.006 m at baseline, and decreased to
0.406 ± 0.013 m, 0.397 ± 0.011 m and 0.387 ± 0.010 m post-game on sand, turf and asphalt, respec-
tively (p < .001). However, when comparing the performance decrements in SJ and CMJ between play-
ing surfaces no significant differences were observed.

The 5-m sprinting time was 1.13 ± 0.01 s at baseline, and 1.14 ± 0.01 s, 1.12 ± 0.02 s and
1.11 ± 0.01 s post-game on sand, turf and asphalt, respectively. The 30-m sprinting time was
4.38 ± 0.02 s at baseline, and 4.44 ± 0.04 s, 4.39 ± 0.04 s and 4.36 ± 0.03 s post-game on sand, turf
and asphalt, respectively. No significant differences were observed in 5- and 30-m sprint performance
from pre- to post-games. Also, no significant main effects were observed in 5- and 30-m sprint perfor-
mance decrements between playing surfaces. The time spent at 80–90% HRmax showed a small, neg-
ative correlation with 30-m sprint performance on turf (r2 = .263, p = .044).

4. Discussion

The present study is the first to compare the activity profile, physical loading and perceived exer-
tion during recreational small-sided soccer games played outdoors on sand, asphalt and artificial turf.
The major findings were, first, that the exercise intensity was high during recreational small-sided
soccer games played at all the investigated surfaces, and second, that the movement pattern, heart
rate, blood lactate response and perceived exertion vary between sand, artificial turf and asphalt.

The duration of the current small-sided games was 2 " 20 min, with a 5-min rest period, whereas
other studies investigated bouts of different duration (Castagna et al., 2007; Rampinini et al., 2007;

Fig. 3. Activity profile during 2 " 20 min recreational soccer games on different field surfaces, expressed as percentage of
playing time in various locomotor modes including standing (St), walking (W), jogging (J), low-speed running (LS), moderate-
speed running (MS), high-speed running (HS), and sprinting (Sp). Means ± SEM (n = 10) are presented. ⁄Significantly different
from sand, p < .05. #Significantly different from turf, p < .05.
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Randers et al., 2010). Therefore, comparisons between studies should be done with caution, since sev-
eral factors—such as the duration, field dimensions, exercise type, and external encouragement—may
affect the physiological responses to small-sided games (Rampinini et al., 2007). Nevertheless, the
mean heart rate in all surfaces was between 80–90% HRmax, with peak heart rates close to maximum,
which is similar to what has been observed for untrained young and middle-aged individuals during
recreational soccer games on natural grass (Randers et al., 2010), as well as during match-play for
experienced competitive soccer (Rampinini et al., 2007), beach soccer (Castellano & Casamichana,
2010), and futsal players (Castagna, D’Ottavio, Granda Vera, & Barbero Alvarez, 2009). Moreover, indi-
vidual heart rate values were higher than 90% HRmax for 21% (asphalt) to 44% (turf) of the total playing
time, which is similar to, or even higher than what has been observed previously (Krustrup et al.,
2010; Randers et al., 2010). These findings underline that small-sided soccer on all investigated sur-
faces can be used as an effective stimulus for the development of the aerobic and anaerobic energy
systems, but also emphasize that, for well-trained subjects, additional effects may be expected for
the games performed on turf and sand rather than on asphalt.

The average blood lactate concentrations of 4–5 mmol L!1 observed for the small-sided games on
sand and turf are similar to what has been reported for untrained individuals during small-sided
games and also in the range of those reported for experienced players during small-sided soccer
games (Rampinini et al., 2007), 11-a-side soccer games (Krustrup et al., 2006), and futsal games
(Castagna et al., 2009), averaging 3.4, 7.9, and 5.3 mmol L!1, respectively. The blood lactate concentra-
tions were of the same magnitude during sand and artificial turf games (#4 mmol L!1), but higher
than playing on asphalt (2.8 mmol L!1). This observation suggests that playing on unstable or soft sur-
faces, such as dry sand or artificial turf, taxes the lactacid anaerobic energetic pathway more than
playing on asphalt. Nonetheless, the time–motion analysis revealed that the recreational players per-
formed more high-intensity actions and sprints on asphalt than on the other two surfaces, suggesting
a high reliance on creatine phosphate utilization. This is supported by the short duration of sprints
(2.5 s per sprint). It should also be emphasized that, in the present study, the blood samples were col-
lected randomly during games, and the influence of the activities preceding the blood sampling was
not analyzed. Moreover, outfield substitutes temporarily (2-min periods) replaced the participant
whom the blood sample was being collected, which might have implications on the intensity of the
game itself and the other players. Since the lactate concentrations are influenced by the activities prior
to the sampling (Bangsbo et al., 1991; Krustrup & Bangsbo, 2001) and no relationship was observed
between blood lactate and muscle lactate during soccer match play (Krustrup et al., 2006), data from
blood lactate measurements should be interpreted with caution. Future studies should control these
variables in order to better understand the influence of the playing surface on the creatine phosphate
utilization and lactate production during recreational soccer.

The total distance covered during the games was about 4 km, corresponding to an average speed of
#6 km/h, for the games on asphalt and turf, but about 40% lower on sand. The number of sprints per-
formed during the games differed between the surfaces, with players sprinting more on asphalt than
on sand and artificial turf. Furthermore, the sand surface negatively influenced the maximal and aver-
age speed attained. Hence, training on different surfaces may be associated with different training-in-
duced effects on the neuromuscular system. The energy cost of running on sand is greater than on
grass or firm ground surfaces (Pinnington & Dawson, 2001; Zamparo et al., 1992), and the efficiency
of the stretch-shortening cycle is affected on sand, by lowering the reuse of stored elastic energy (Miy-
ama & Nosaka, 2004). Uncompacted dry sand has been associated with low impact forces and long rise
times during running (Barrett, Neal, & Roberts, 1998), which concomitantly reduce the reaction forces
by absorbing part of the applied energy (Bishop, 2003). Therefore, a lower ability to run at high speeds
would be expected on soft dry sand, since the foot-surface relations are affected by the surface’s com-
pliance and instability (Barrett et al., 1998; Giatsis, Kollias, Panoutsakopoulos, & Papaiakovou, 2004).
Nevertheless, despite the lower distances covered and fewer sprints performed, the heart rate and
blood lactate were high for the small-sided games on sand, underlining the mismatch between speed
recordings and actual physiological loading of the players (Osgnach, Poser, Bernardini, Rinaldo, & di
Prampero, 2010), and the importance of using several methodologies to evaluate the intensity and
physical loading of small-sided soccer on different surfaces.
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Interestingly, marked pre- to post-game changes were observed in jump performance, but not in
5- and 30-m sprinting time. To date, few studies have addressed the fatigue development during
training and matches for recreational soccer players. For sub-elite and elite players, sprint perfor-
mance has been reported to be lowered by 2–3% after 90-min games as well as immediately after
very intense periods during games, but usually no speed decrements are observed after the first
45 min of playing time (Krustrup, Zebis, Jensen, & Mohr, 2010; Krustrup et al., 2006; Mohr et al.,
2010). Likewise, repeated jump performance is deteriorated after full 90-min games, whereas single
and repeated jump performance is usually not lowered after 45-min of playing time (Krustrup et al.,
2006; Krustrup, Zebis et al., 2010). The findings of a 5–8% lower jump performance after small-
sided recreational soccer games on all the investigated surfaces clearly indicate a high loading of
the thigh muscles. Nonetheless, it is still an open question as to whether sand games are equally
effective in creating muscle hypertrophy and bone mineralization for untrained individuals as
small-sided games on natural grass (Krustrup et al., 2009). Also, the surface in which the sport is
played has been suggested as an important risk factor in the aetiology of injuries (Ekstrand & Nigg,
1989; Nigg & Yeadon, 1987), but, to our knowledge, no study so far has investigated the incidence
of injuries in beach soccer. Few studies have addressed the incidence of injuries in futsal, and thus
comparison of injury rates in outdoor soccer and futsal have inconsistent results (Junge & Dvorak,
2010). However, recent data from epidemiological studies conducted in soccer revealed that the
overall injury rates on artificial turf surfaces are similar to those on natural grass (Dragoo & Braun,
2010).

The ratings of perceived exertion reported in the present study appear to be slightly higher than
those reported in other studies using VAS questionnaires in recreational soccer (Elbe et al., 2010;
Randers et al., 2010). Interestingly, the mean HR observed on asphalt was lower than on artificial turf,
whereas blood lactate concentrations were lower on asphalt than on sand games. We assumed that it
would be harder to play on sand than on artificial turf or in the asphalted playground, since a lower
ability to run at high speeds on sand (Barrett et al., 1998; Giatsis et al., 2004) would influence the way
recreational players perceive the demands of play on this field surface. Nevertheless, we did not find
any association between the VAS questionnaires and the physiological response during the games, but
the recreational soccer players in the present study commented that it was less demanding to play on
asphalt than on sand or artificial turf. Hence, the data from the present study suggest that the way rec-
reational players perceived the demands of the recreational soccer game was probably related to the
ability/difficulty to run (external load) rather than to the physiological responses (internal load). To
encourage sports participation at the community level, the participants should be able to perform
to the best of their abilities (Stiles, James, Dixon, & Guisasola, 2009). In the interest of providing the
participants with the most favorable playing conditions, further studies are required to better under-
stand the differences in movement patterns, physiological demand, and perceived exertion during rec-
reational soccer games played in different surfaces.

5. Conclusion

Small-sided recreational soccer games on sand, turf, and asphalt all elicit high heart rates, multiple
intense actions and fatigue development. The multi-experimental approach used in the present study
did, however, reveal some differences between the surfaces with regards to running speeds, heart rate,
blood lactate levels, and perceived exertion. Nevertheless, the recreational soccer players overall re-
ported that it was more demanding to play on sand, and less on asphalt. Therefore, the present study
suggests that it would be of value to investigate the effects of a training period with recreational
soccer training on different field surfaces on physical capacity as well as on the cardiovascular and
musculoskeletal health profile.
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BRIEF REPORT

Injuries in Youth Soccer During the Preseason
João Brito, BSc,* António Rebelo, PhD,* José M. Soares, PhD,* André Seabra, PhD,*

Peter Krustrup, PhD,† and Robert M. Malina, PhD‡§

Objective: To evaluate injuries occurring during the preseason in
youth soccer players.

Design: Prospective cohort study over 1 preseason.

Setting: 2009-2010 preseason.

Participants: Subjects were 912 youths aged 12 to 19 years.

Assessment of Risk Factors: The club’s medical staff pro-
spectively recorded all injuries. A reportable injury was defined as by
the consensus statement on soccer injuries. Estimated injury rates per
1000 hours of exposure during the preseason period were calculated.

Main Outcome Measures: Injury rates (injuries per 1000 hours
of soccer exposure) during preseason practices by age group, as well
as prevalence, severity, and type of injuries.

Results: Total incidence was 2.5 injuries per 1000 hours of expo-
sure. Incidence of match and training injuries were 6.7 and 1.8 in-
juries per 1000 hours (P = 0.02), respectively. Injuries were sustained
by 7.2% of players during the preseason, and 79% of the injuries
involved the lower limbs, of which 23% were located to the thigh.
Muscle strains and contusions were the most common injuries and
external trauma the main cause.

Conclusions: No age-related trend in the incidence of preseason
injuries was found. During the preseason training period, athletic
trainers should expect a majority of muscle strains, especially in the
thigh region.

Key Words: youth sports, young athletes, injury epidemiology,
conditioning, adolescents

(Clin J Sport Med 2011;21:259–260)

INTRODUCTION
Soccer is the most popular sport worldwide. Despite

its attractiveness, there is a lack of empirical information on
the incidence of injuries in youth soccer in southern Europe.1

It has been suggested that injuries among youth players occur
more often during the preseason than during the competitive
season.2 Nevertheless, preseason injuries in youth soccer merit
further study. The purpose of this study was to prospectively
evaluate injuries sustained by youth soccer players during
preseason training.

METHODS
A random sample of 40 sub-elite youth Portuguese

soccer teams from several competitive age groups participated
in the prospective cohort study (U13, U15, U17, and U19;
10 teams per age group). The 40 teams included 912 male
players aged 12 to 19 years. The study was approved by the
Research Ethics Committee of the Faculty of Sport, University
of Porto, and by each club. Each club provided written notice
after receiving informed consent from the parents and players.
Data were collected prospectively for 741 players (82.3%)
during the 2009-2010 preseason [approximately 6 weeks from
August through mid-September (39 6 8 days)]. Each team
trained 3 to 4 times per week. Methodological procedures were
consistent with the consensus statement on soccer injuries.3

An injury was defined as any physical complaint occurring
during practice that prevented a player from participating in
training or match play for at least 1 day after the day of the
onset.3 Injury severity was classified by time loss: minimal
(1-3 days), mild (4-7 days), moderate (8-28 days), and severe
(.28 days). Time loss due to injury was prospectively
recorded on a weekly basis by each team’s medical staff
(physiotherapists in 37 teams; coaches in 3 teams) using
a standardized injury report form during the preseason and
during the regular season, if necessary.3 Exposure data were
collected on a team basis. Injury incidence was calculated per
1000 hours of exposure to training and matches. In addition
to descriptive statistics, paired-sample t tests were used. Statistical
significance criterion was 0.05.

RESULTS
Fifty-three injuries (match, 16; training, 37) were sustained

by 7.2% of the players during the preseason. Total exposure was
23 364 hours (training, 20 847 hours; match, 2517 hours). The
estimated total incidence was 2.5 injuries per 1000 hours of
exposure (95% confidence interval, 1.6-3.4). Incidence during
matches [6.8 (2.9-10.6) injuries/1000 hours] was significantly
higher than during training [1.8 (0.9-2.7) injuries/1000 hours]

Submitted for publication January 23, 2010; accepted March 14, 2011.
From the *Centre of Research, Education, Innovation and Intervention in

Sport, Faculty of Sport, University of Porto, Porto, Portugal; †Department
of Exercise and Sport Sciences, Section of Human Physiology, University
of Copenhagen, Copenhagen, Denmark; ‡Department of Kinesiology and
Health Education, University of Texas at Austin, Austin, Texas; and
§Department of Kinesiology, Tarleton State University, Stephenville,
Texas.

The authors report no conflict of interest.
Corresponding Author: João Brito, BSc, Faculty of Sport, University of Porto,

Rua Dr. Plácido Costa, 91-4200.450 Porto, Portugal (jbrito@fade.up.pt).
Copyright ! 2011 by Lippincott Williams & Wilkins

Clin J Sport Med ! Volume 21, Number 3, May 2011 www.cjsportmed.com | 259



(P = 0.02). The highest total incidence occurred in U17 players
[2.8 (0.7-4.9) injuries/1000 hours], followed by U15 [2.7 (0.1-5.3)
injuries/1000 hours], U19 [2.4 (0.9-3.8) injuries/1000 hours], and
U13 [1.9 (0.1-4.5) injuries/1000 hours] players. In U19 and U17
players, match incidence was significantly higher than training
incidence (U19, 7.2 vs 1.7; U17, 11.0 vs 1.4 injuries/1000 hours;
P , 0.05). No differences between match and training inci-
dence were observed in the other age groups (U15, 6.3 vs 2.3;
U13, 1.9 vs 2.0 injuries/1000 hours).

The 53 injuries recorded during the preseason accounted
for a loss of 680 days, that is, absence from training in the
preseason and regular competitive season. Injuries by severity
were as follows: 18 minimal (34%), 6 mild (11%), 21 moderate
(40%), and 8 severe (15%). No recurrent injuries were noted.
The frequency and prevalence of preseason injuries by nature
and location are presented in the Table.

DISCUSSION
The incidence of injury was 2.5 injuries per 1000 hours

of exposure in the prospective study of Portuguese youth
soccer players. The incidence was similar to training incidence
in English academy players during a full season (2.2
injuries/1000 hours)3 but lower than estimates in French
academy players (4.8-5.6 injuries/1000 hours).4,5 The differ-
ence may reflect different ratios of training to match play
exposure during preseason preparation. The studies also differ
in age group composition and competitive level, and it is
possible that training and playing standards in the 40 Portu-
guese clubs were not as high as in studies of more elite
players.3–5 Nevertheless, the studies noted a peak incidence in
the beginning of the season. Nearly 17% of the injuries
sustained by professional players occurred during the pre-
season, and approximately 40% of the players sustained at
least 1 injury during preseason training.6

Fifty-five percent of the injuries were associated with
absence from training for more than 8 days. Hence,
approximately 7% of the players were not available for almost
one-third of preseason training. The skewed distribution of
preseason injuries recorded in this study limited direct

comparison with 22 and 15 to 17 time loss days over a full
season in elite British3 and French4,5 academy players, res-
pectively. Interestingly, time loss was, on average, 22.3 days
per preseason injury in professional soccer players.6

Incidence of injuries, especially match related, in youth
soccer tends to increase with the age of competitors.3,5

Matches played during the preseason are friendly rather than
competitive, which may contribute to the lower time loss and
injury incidence observed in the present study. It would be of
interest to verify whether preseason matches are as competitive
as in-season matches and whether friendly matches present
higher injury risk than normal team-based training.

The thigh was the most affected anatomical region, and
muscle strains were the main cause of injury. Similar data were
reported among professional soccer players during preseason
preparation.6 It has been hypothesized that inappropriate levels
of fitness or unsuitable training programs, which expose
players to a greater risk of thigh strains, overuse, and slight and
minor injuries, may contribute to the high incidence of injuries
in the preseason.6,7 However, given that matches have a higher
incidence of injuries than training, we consider it possible that
risk of injury might not be exclusively related to training but
to premature exposure to competition.

Sample sizes per age group were limited and statistically
too small to reliably identify age-related differences in injury
incidence. However, the study was prospective, and physi-
otherapists were on hand to monitor injuries as they occurred.
The results highlight the need for youth soccer conditioning
programs to consider risk management strategies relative to
the availability of players for the season and to the reduction
of injury risk as the season progresses. These strategies should
consider the growth, maturity status, and behavioral character-
istics of young players and associated interindividual and
intraindividual variation as they progress through adolescence.

ACKNOWLEDGMENTS
J. Brito acknowledges the Fundacxão para a Ciência e

a Tecnologia regarding the grant SFRH/BD/44702/2008.

REFERENCES
1. Kakavelakis KN, Vlazakis S, Vlahakis I, et al. Soccer injuries in childhood.

Scand J Med Sci Sports. 2003;13:175–178.
2. Fuller CW, Ekstrand J, Junge A, et al. Consensus statement on injury

definitions and data collection procedures in studies of football (soccer)
injuries. Clin J Sport Med. 2006;16:97–106.

3. Johnson A, Doherty PJ, Freemont A. Investigation of growth, development,
and factors associated with injury in elite schoolboy footballers:
prospective study. BMJ. 2009;338:b490.

4. Le Gall F, Carling C, Reilly T. Biological maturity and injury in elite youth
football. Scand J Med Sci Sports. 2007;17:564–572.

5. Le Gall F, Carling C, Reilly T, et al. Incidence of injuries in elite French
youth soccer players: a 10-season study. Am J Sports Med. 2006;34:
276–284.

6. Woods C, Hawkins R, Hulse M, et al. The Football Association Medical
Research Programme: an audit of injuries in professional football-analysis
of preseason injuries. Br J Sports Med. 2002;36:436–441.

7. Price RJ, Hawkins RD, Hulse MA, et al. The Football Association Medical
Research Programme: an audit of injuries in academy youth football. Br J
Sports Med. 2004;38:466–471.

TABLE. Frequency (N) and Prevalence (%) of Injuries by
Nature and Location During the Preseason for 741 Players
Aged 12 to 19 Years

Nature N (%) Location N (%)

Muscle strain 13 (25) Thigh 12 (23)

Contusion 13 (25) Foot/toe 9 (17)

Ligament sprain 8 (15) Ankle 7 (13)

Tendon strain 7 (13) Upper body 6 (11)

Blister 2 (4) Knee 5 (9)

Myalgia 2 (4) Lower leg 5 (9)

Low back pain 2 (4) Hip/groin 4 (8)

Fracture 2 (4) Upper limb 3 (6)

Concussion 1 (2) Head/face 2 (4)

Other bone injury 1 (2) — —

Dislocation 1 (2) — —

Hernia 1 (2) — —
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Injuries in Portuguese Youth Soccer Players 
During Training and Match Play
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University, Stephenville, TX; ‡Sport and Health Sciences, St. Luke’s Campus, University of Exeter, 
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Context: Epidemiologic information on the incidence of 
youth soccer injuries in southern Europe is limited.

Objective: To compare the incidence, type, location, and 
severity of injuries sustained by male subelite youth soccer 
players over the 2008–2009 season.

Design: Descriptive epidemiology study.
Setting: Twenty-eight Portuguese male youth soccer teams.
Patients or Other Participants: A total of 674 youth male 

subelite soccer players in 4 age groups: 179 U-13 (age range, 
11–12 years), 169 U-15 (age range, 13–14 years), 165 U-17 (age 
range, 15–16 years), and 161 U-19 (age range, 17–18 years).

Main Outcome Measure(s): Injuries that led to participa-
tion time missed from training and match play prospectively 
reported by medical or coaching staff of the clubs.

Results: In total, 199 injuries reported in 191 players ac-
counted for 14.6 ± 13.0 days of absence from practice. The in-
cidence was 1.2 injuries per 1000 hours of exposure to soccer 
(95% confidence interval [CI] = 0.8, 1.6), with a 4.2-fold higher 
incidence during match play (4.7 injuries per 1000 hours of 
exposure; 95% CI = 3.0, 6.5) than during training (0.9 injuries 
per 1000 hours of exposure; 95% CI = 0.6, 1.3) (F1,673 = 17.592, 

P < .001). The overall incidence of injury did not increase with 
age (F1,673 = 1.299, P = .30), and the incidence of injury dur-
ing matches (F1,673 = 2.037, P = .14) and training (F1,673 = 0.927, 
P = .44) did not differ among age groups. Collisions accounted 
for 57% (n = 113) of all injuries, but participation time missed 
due to traumatic injury did not differ among age groups 
(F3,110 = 1.044, P = .38). Most injuries (86%, n = 172) involved the 
lower extremity. The thigh was the most affected region (30%, 
n = 60) in all age groups. Muscle strains were the most com-
mon injuries among the U-19 (34%, n = 26), U-17 (30%, n = 17), 
and U-15 (34%, n = 14) age groups, whereas contusions and 
tendon injuries were the most common injuries in U-13 players 
(both 32%, n = 8). The relative risk of injury slightly increased 
with the age of the competitors.

Conclusions: The higher incidence of injury during matches 
than training highlights the need for education and prevention 
programs in youth soccer. These programs should focus on 
coach education aimed at improving skills, techniques, and fair 
play during competitions with the goal of reducing injuries.

Key Words: association football, epidemiology, injury inci-
dence, time missed, adolescents

Key Points

increase with age or differ among age groups.

sports.

Soccer is the most popular sport worldwide. Participation 
rates in Portugal are high, with 547 000 registered players, 
of whom approximately 108 000 are children and adoles-

cents.1 Despite its attractiveness at the youth level, empirical 
information on the incidence of injuries in southern Europe is 
limited.2

� 5HJXODU�SDUWLFLSDWLRQ�DQG�WUDLQLQJ�LQ�VRFFHU�KDYH�EHQHÀWV�UH-
lated to physical and mental health, including a broad spectrum 
RI�HIIHFWV�RQ�ÀWQHVV�SHU�VH�DQG�RQ�FDUGLRYDVFXODU�DQG�PXVFXOR-
skeletal variables.3,4 Nevertheless, soccer is a contact or colli-
sion sport with injury risk. Given the high participation rates, 

the prevalence of soccer-related injuries is increasing among 
the youth population,2,4,5 which imposes an economic burden 
on health care systems worldwide.6 Thus, efforts are needed to 
prevent and control injuries, especially injuries that might pre-
clude participation in the game and other wholesome physical 
activities into adulthood, to guarantee the health and safety of 
young soccer players.6,7

 Youth participation in soccer varies from recreational play 
to international competitions. Similarly, skill levels and objec-
tives of participation among youth are diverse, so injury pat-
terns might vary by geographic region and with styles of play. 
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Overall, most injuries in youth soccer are acute, usually af-
fecting the ankle and knee joints and muscles of the thigh and 
calf. The most common injuries are sprains, strains, and contu-
sions.6,8

 The variability in number and characteristics of soccer-
UHODWHG� LQMXULHV� UHSRUWHG� LQ� WKH� OLWHUDWXUH�PLJKW� UHÁHFW� OLPLWHG�
GDWD�DQG�PHWKRGRORJLF�GLVFUHSDQFLHV�UHODWHG�WR�WKH�GHÀQLWLRQ�RI�
injury, study design, and player characteristics.8,9 To our knowl-
edge, injuries among youth soccer players in different age 
groups have not been compared prospectively for a complete 
season with the same study design. Therefore, the purpose of 
our study was to compare the incidence, type, location, and se-
verity of injuries sustained by male subelite youth soccer play-
ers over a single season.

METHODS

Participants and Study Period

 Before the start of the season, 48 youth amateur soccer 
teams for males from the northwest region of Portugal agreed 
to participate in the study. However, over the course of the 
season, 13 teams did not report any information, physiothera-
pists for 5 teams dropped out for professional reasons, and 2 
teams dismissed the coaches in midseason and discontinued 
reporting. Thus, 20 teams withdrew without providing data for 
the study. From an initial sample of 1102 players, 674 play-
ers (61.2%) from 12 to 19 years of age participating in 4 age 
groups (179 U-13 [age range, 11–12 years], 169 U-15 [age 
range, 13–14 years], 165 U-17 [age range, 15–16 years], 161 
U-19 [age range, 17–18 years]) were followed prospectively 
from the preseason (August 2008) until the last training session 
of the competitive season (June 2009). Throughout the season 
of approximately 43 weeks (300 ± 31 days), each team played 
���WR����RIÀFLDO�PDWFKHV�DQG�WUDLQHG���RU���WLPHV�SHU�ZHHN�
 Each club provided written consent after the parents and 
players provided written informed consent, and the Research 
Ethics Committee of the Faculty of Sport, University of Porto, 
approved the study.

Definition of Injury

� 'HÀQLWLRQV��PHWKRGV��DQG�LPSOHPHQWDWLRQ�SURFHGXUHV�ZHUH�
established in accordance with the consensus statement for soc-
cer.9 Participation time missed due to injury was recorded pro-
spectively on a standardized injury report form by a member 
of the team medical or coaching staff (physiotherapists for 26 
teams, coaches for 2 teams). The medical or coaching staffs 
were contacted weekly by telephone or e-mail and questioned 
about all injuries that had occurred in their respective teams dur-
ing the previous week. One member of the research team (J.B.) 
visited the clubs and collected the injury reports at least once 
each month. When necessary, the physiotherapists, coaches, or 
SOD\HUV�ZHUH� FRQWDFWHG� DJDLQ� E\� WHOHSKRQH� WR� FODULI\� VSHFLÀF�
aspects of injuries. The same researcher later registered the in-
IRUPDWLRQ�RQ�D�VSHFLÀF�LQMXU\�GDWDEDVH�WKDW�ZDV�HVWDEOLVKHG�DW�
WKH�8QLYHUVLW\�RI�3RUWR�IRU�VFLHQWLÀF�SXUSRVHV�RQO\�
 An injury was registered if the player could not participate 
fully in training or match sessions the day after the injury.9 A 
SOD\HU�ZDV�FRQVLGHUHG�LQMXUHG�XQWLO�WKH�WHDP·V�PHGLFDO�VWDII��RU�
occasionally the team coach) permitted complete involvement 
in training and availability for match selection. A traumatic 
injury�ZDV�GHÀQHG�DV�DQ� LQMXU\� UHVXOWLQJ� IURP�DQ� LGHQWLÀDEOH�

event (ie, an injury with sudden onset caused by contact or 
collision with another player, the ball, or another object). An 
overuse injury�ZDV�GHÀQHG�DV�DQ�LQMXU\�ZLWK�JUDGXDO�RQVHW��DV-
VRFLDWHG�ZLWK�UHSHWLWLYH�PLFURWUDXPD��DQG�ZLWKRXW�DQ�LGHQWLÀ-
able responsible event. A recurrent injury� ZDV� GHÀQHG� DV� DQ�
injury of the same type and at the same site as an index injury 
WKDW�RFFXUUHG�DIWHU� D�SOD\HU·V� UHWXUQ� WR� IXOO�SDUWLFLSDWLRQ�DIWHU�
WKH� LQLWLDO� LQMXU\�� ,OOQHVVHV�RU� LQMXULHV� WKDW�ZHUH�QRW� UHODWHG� WR�
VRFFHU�ZHUH�QRW�LQFOXGHG��,QMXU\�VHYHULW\�ZDV�FODVVLÀHG�DFFRUG-
ing to participation time missed9: minimal (range, 1–3 days), 
mild (range, 4–7 days), moderate (range, 8–28 days), and se-
vere (>28 days).

Exposure and Incidence of Injury

 Data on match and training exposure were collected on a 
team basis.9 All medical staffs and coaches were contacted each 
week by e-mail to provide information on numbers of partici-
pants and duration of training sessions and matches. The dura-
tions of regular league matches in Portugal were as follows: 
two 30-minute halves for U-13, two 35-minute halves for U-15, 
two 40-minute halves for U-17, and two 45-minute halves for 
U-19. Training sessions usually lasted 90 minutes for all age 
JURXSV��,QFLGHQFH�RI�LQMXU\�ZDV�FDOFXODWHG�DV�WKH�WRWDO�QXPEHU�
of injuries per 1000 hours of play during training and during 
match play and for total exposure.

Statistical Analyses

 We present descriptive and comparative data, including 
PHDQV�� VWDQGDUG� GHYLDWLRQV�� DQG� ���� FRQÀGHQFH� LQWHUYDOV�
�&,V��� 3URSRUWLRQV�ZHUH� DQDO\]HG�XVLQJ� WKH�!2 test where ap-
propriate. For data with small frequencies, a simple qualitative 
descriptive analysis was used. Participation time missed due to 
injury and incidence were analyzed using factorial analysis of 
variance. Where possible, a post hoc Bonferroni multiple-com-
parisons test was conducted on the ranks to isolate differences 
among age groups. All tests were 2-tailed, and the ! level was 
VHW�DW������:H�XVHG�6366��YHUVLRQ�����6366�,QF��&KLFDJR��,/��
for all analyses.

RESULTS

Exposure

 We found 161 850 hours of exposure for all teams, 149 803 
hours of training exposure, and 12 047 hours of match play. 
Total exposure increased with age group but was different 
only between U-19 and U-13 players (F1,673 = 3.115, P = .045). 
Average training exposure also increased with age group but 
was not different among groups (F1,673 = 2.703, P = .07). As 
might be expected, duration of match exposure differed by 
age category, and differences occurred between the U-19 and 
the U-15 and U-13 groups (F1,673 = 11.021, P < .001) (Table 1). 
However, the number of matches throughout the season was 
similar among age groups (U-13 = 33.0 ± 4.6, U-15 = 28.9 ± 4.7, 
U-17 = 30.9 ± 5.5, and U-19 = 32.4 ± 3.7 matches; F1,673 = 1.096, 
P = .37).

Incidence of Injury and Risk Ratio

 Overall, 199 injuries (139 during training, 60 during 
matches) in 191 players (29%) were recorded throughout the 
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season. The relative risk of injury was higher in U-19 play-
HUV� WKDQ� LQ� RWKHU� DJH� JURXSV� �8���� ����� >���� &,� ������ �����
P� ����@��8���� �����>����&,� �����������P < .001], and U-13 = 3.4 
>����&,� �����������P < .001]). The overall incidence of injury 
did not increase with age (F1,673 = 1.299, P = .30).
 The overall incidence was 1.2 injuries per 1000 playing 
KRXUV� �����&,� ������ ����� EXW�ZDV� ORZHU� GXULQJ� WUDLQLQJ� �����
LQMXULHV� SHU� ����� KRXUV� RI� H[SRVXUH�� ����&,� ������ ����� WKDQ�
during matches (4.7 injuries per 1000 hours of exposure; 
���� &,� ������ ����� �F1,673 = 17.592, P < .001). The incidence of 
injury was higher during matches than during training in U-19 
(5.9 fold; P = .01), U-17 (3.4 fold; P = .03), and U-15 (8.7 fold; 
P = .007) but not in U-13 (P� �������:H�GLG�QRW�ÀQG�GLIIHUHQFHV�
in the incidence of injury during matches (F1,673 = 2.037, P = .14) 
and training (F1,673 = 0.927, P = .44) among age groups (Table 2).

Participation Time Missed and Distribution 
Throughout the Season

 The 199 injuries accounted for a loss of 2896 days (ie, ab-
sence from training and match play over the season). Each 
LQMXU\� DFFRXQWHG� IRU� ����� GD\V� ����� &,� ������� ������ DEVHQW�
from training and competition during the season. Participa-
tion time missed due to injury was higher in U-19 (18.0 days) 
than U-13 (9.8 days) players (F3,195 = 3.359, P = .04). Participa-
tion time missed due to match injuries did not differ among 
age groups (F3,53 = 0.674, P = .57), but training injuries were as-
sociated with more time missed among U-19 (19.8 days) than 
among U-17 (11.7 days) (F3,138 = 3.939, P = .02) and U-13 (10.2 
days) (F3,138 = 3.939, P = .04) players (Table 3). The incidence 

of severe injuries was 3 times higher in the U-19 than the U-13 
(F1,673 = 3.498, P = .04) players, whereas the incidence of mini-
mal (slight), mild, or moderate injuries did not differ among 
age groups (F1,673 range, 0.215–1.169; P > .05) (Table 2).
 The overall incidences of injuries and injuries sustained 
in training or competition per month across all age groups 
WKURXJKRXW� WKH� VHDVRQ� DUH� VKRZQ� LQ� WKH� )LJXUH�� ,QFLGHQFH� RI�
injury did not differ between training and matches or among 
age groups over the season (F1,673 range, 1.400–6.913, P > .05). 
The overall incidence was higher in September than in May 
(F1,673 = 26.078, P = .03) and June (F1,673 = 26.078, P = .002) and 
was higher in October than in May (F1,673 = 26.078, P = .03) 
and June (F1,673 = 26.078, P = .004), whereas the incidence of 
injuries during training was higher in September than in May 
(F1,673 = 25.870, P = .006) and June (F1,673 = 25.870, P = .04). We 
observed a peak that was not different in the incidence of match 
injuries (15.3 injuries per 1000 hours of exposure) in October 
(F1,673 = 19.691, P� ������� ,Q� DGGLWLRQ�� NQHH� VSUDLQV� DQG� WKLJK�
strains had the highest incidence in September (0.3 injuries per 
1000 hours of exposure), whereas tendon injuries were most 
common in October (0.8 injuries per 1000 hours of exposure). 
The proportion of injuries sustained during training was higher 
than that during match play in August (!2 = 10.667, P = .001), 
September (!2 = 7.759, P = .005), and November (!2 = 10.714, 
P = .001).

Injury Type, Location, and Circumstance

 Most injuries (86%, n = 172) involved the lower limb. Al-
though the proportion of injuries by type (!2 = 12.761, P = .005) 

Table 1. Total Exposure, Training, and Match Exposure, h (Mean ± SD), Through a Season for 674 Portuguese Youth 
Soccer Players by Competitive Age Group

Age Group

Exposure U-13 (n = 179) U-15 (n = 169) U-17 (n = 165) U-19 (n = 161)

Total, h 4674 ± 1315a 5647 ± 1590 6119 ± 1311 6682 ± 724
Training, h 4311 ± 1291 5277 ± 1552 5666 ± 1282 6147 ± 754
Match, h 363 ± 50a 370 ± 61a 453 ± 81 535 ± 62

a Indicates different from U-19 (P < .05).

Table 2. Incidence of Injury per 1000 Hours for Portuguese Youth Soccer Players by Competitive Age Group (Mean 
[95% Confidence Interval])

Age Group

Injury U-13 U-15 U-17 U-19

Occurrence
 Match play 2.0 (1.3, 5.4) 6.1 (2.8, 9.4)a 3.7 (0.4, 7.0)a 7.1 (3.7, 10.4)a

 Training 0.5 (0.2, 1.2) 0.7 (0.5, 1.4) 1.1 (0.4, 1.8) 1.2 (0.5, 1.9)
Severity
 Minimal 0.2 (0.1, 0.4) 0.3 (0.1, 0.7) 0.2 (0.1, 0.4) 0.2 (0.1, 0.5)
 Mild 0.3 (0.2, 0.7) 0.1 (0.1, 0.4) 0.3 (0.1, 0.8) 0.2 (0.0, 0.5)
 Moderate 0.4 (0.2, 0.5) 0.6 (0.4, 0.7) 0.7 (0.1, 1.4) 1.0 (0.2, 1.8)
 Severe 0.0 (0.0, 0.1) 0.1 (0.0, 0.2) 0.1 (0.0, 0.2) 0.3 (0.0, 0.5)b

Cause
 Trauma 0.4 (0.0, 0.9) 0.6 (0.0, 1.2) 1.0 (0.1, 2.1) 1.1 (0.0, 2.1)
 Overuse 0.3 (0.3, 0.9) 0.6 (0.1, 1.3) 0.7 (0.6, 2.1) 0.8 (0.0, 2.1)
Total 0.6 (0.2, 1.5) 1.1 (0.3, 2.0) 1.4 (0.5, 2.2) 1.7 (0.9, 2.5)

a Indicates different from training (P < .05).
b Indicates different from U-13 (P < .05).
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and location (!2 = 7.955, P = .047) differed among age groups, 
the incidence of injuries by lower limb location did not dif-
fer among age groups (F1,673 range, 0.628–1.838; P > .05). The 
thigh was injured most frequently, followed by the ankle, foot 
or toe, and knee, respectively (Table 4). Four head or face in-
juries (2%), including 1 concussion, were reported. Thigh in-
juries accounted for more days of absence among U-19 (24.0 
days [range, 16.3–31.7 days]) than U-17 (11.6 days [range, 
6.2–17.0 days]) players (F3,56 = 3.818, P = .045), but we did not 
ÀQG�GLIIHUHQFHV�IRU�RWKHU�DJH�JURXSV�DQG�ERG\�ORFDWLRQV��F1,673 
range, 0.422–1.338; P > .05). A higher proportion of muscle 
strains was observed among U-19, U-17, and U-15 players, 
whereas contusions and tendon injuries were the most com-
PRQ�LQMXULHV�LQ�8����SOD\HUV��7DEOH�����/LJDPHQW�VSUDLQV�ZHUH�
observed most often among U-19 players (!2 = 22.8, P = .001). 
Eight recurrent injuries were observed, representing 4% of the 
total. These included 3 thigh strains, 2 ankle sprains, 1 knee 
sprain, 1 meniscus tear, and 1 toe contusion.

 Overuse injuries accounted for 43% (n = 86) of all injuries, 
whereas the remaining 57% (n = 113) were due to external 
trauma (!2 = 4.226, P = .04). The incidence of overuse and acute 
injuries did not differ among age groups (F1,673 = 0.526, P = .48) 
(Table 2) or between training and match play (F1,673 = 0.475, 
P = .67). However, missed participation time was greater due to 
overuse (25.1 days) than acute (13.0 days) injury among U-19 
players (F1,74 = 13.365, P < .001). Time missed due to acute in-
jury did not differ among age groups (F3,110 = 1.044, P = .38), but 
overuse injuries were associated with more time missed among 
U-19 (25.1 days) than U-17 (12.1 days) players (F3,81 = 4.555, 
P = .007) (Table 3). Most contact injuries (71%, n = 141) in-
volved collisions with other players (!2 = 99.235, P < .001).

DISCUSSION

Incidence of Injury and Severity

 The overall incidence of injury and incidence of training 
and match injuries in subelite youth male soccer players did 
not increase with age per se or among the age groups consid-
ered. The incidence was higher during competition than during 
training except among U-13 players, which is consistent with 
ÀQGLQJV� LQ� RWKHU� VWXGLHV�2,5,10 Although training exposure did 
not differ among age groups, U-13 players, on average, had the 
least amount of exposure in training sessions. The U-13 players 
also had less match and overall exposure than U-19 players. 
The reduced exposure might underlie the lack of difference in 
the incidence of injury in training and matches among U-13 
SOD\HUV��,Q�DGGLWLRQ��PDWFK�LQWHQVLW\�DQG�DJJUHVVLYHQHVV�SURE-
ably increases with age and might underlie the differences in 
the incidence of injury between training and matches observed 
among U-15, U-17, and U-19 players. Nevertheless, the highest 
incidence of severe injury was observed among U-19 players. 
Thus, development and implementation of preventive interven-
tions, such as appropriate rule enforcement and emphasis on 
fair play, are recommended to reduce match-related injury rates 
and encourage the safe participation of children and adoles-
cents in soccer.4

 Subelite youth soccer players generally train and play less 
and at lower intensities than elite youth players. This might 
counteract poor technical skill as a factor in increased predis-
position to injury.4,11�([SRVXUH�FRXOG�SUHVHQW�D�JUHDWHU�LQÁXHQFH�
on injury risk than technical skills.

Table 3. Days of Participation Time Missed Associated With Injury by Occurrence and Cause Among Portuguese Youth 
Soccer Players by Competitive Age Group (Mean [95% Confidence Interval])

Age Group

Injury U-13 U-15 U-17 U-19

Occurrence
 Match play 8.6 (0.7, 16.5) 12.4 (5.5, 19.3) 16.2 (7.4, 25.1) 14.0 (10.7, 17.4)
 Training 10.2 (6.3, 14.0) 14.4 (9.4, 19.3) 11.7 (8.7, 14.8) 19.8 (14.9, 24.6)a,b

Cause
 Trauma 7.9 (4.4, 11.3) 11.3 (5.3, 17.3) 13.2 (8.7, 17.7) 13.0 (10.3, 15.8)c

 Overuse 12.8 (6.2, 19.4) 16.1 (11.0, 21.1) 12.1 (8.2, 16.1) 25.1 (18.0, 32.1)b

Total 9.8 (6.6, 13.1) 13.6 (9.8, 17.5) 12.8 (9.8, 15.8) 18.0 (14.5, 21.4)a

a Indicates different from U-13 (P < .05).
b Indicates different from U-17 (P < .05).
c Indicates different from overuse (P < .001).

Figure. Total incidence of injury and the incidence of injury in train-
ing and match play for Portuguese youth soccer players through-
out the season. Values are expressed as incidence of injuries per 
1000 hours of soccer exposure for all age groups (U-13, U-15, 
U-17, U-19).



 Journal of Athletic Training 195 

not completely stop practice. Although physiotherapists pro-
spectively monitored injuries as they occurred, the incidence 
of minimal and mild injuries might have been underestimated. 
Moreover, most injuries in youth soccer do not need medical 
DWWHQWLRQ�DQG�FDQ�EH�DGGUHVVHG�ZLWK�EDVLF�ÀUVW�DLG�20 Therefore, 
subelite and recreational players might not believe they need to 
avoid regular sport participation due to minor injuries.
 Other authors7,21 also have observed variations in the in-
cidence of injury over the course of a soccer season; injuries 
generally peak after the preseason training period and after a 
midseason break. Our observations of subelite youth players 
were consistent. The incidences of training and match injuries 
were highest in September and October, respectively, and cor-
responded with the preseason and start of the season. Consis-
tent with observations in professional soccer,21 the thigh and 
knee were the most common locations for injuries during the 
preseason. Muscle strains and ligament sprains were the most 
common types of injury, which suggests that at the beginning 
of the training regimen, players might not have reached appro-
SULDWH� OHYHOV� RI� ÀWQHVV�� RU� WKH� WUDLQLQJ� SURJUDP�ZDV� LQDSSUR-
priate or too intense to allow adaptation.7�,Q�3RUWXJDO��VXEHOLWH�
\RXWK�OHDJXHV�ÀQLVK�WKHLU�VHDVRQV�E\�)HEUXDU\�RU�0DUFK��DQG�
this might explain the slight increase in injury rates observed 
from January to March. From April to June, most teams par-
ticipate in short-term tournaments or friendly matches with no 
UHJXODU� RIÀFLDO� FRPSHWLWLYH� H[SRVXUH�� %RWK� PDWFK� DQG� WUDLQ-
ing intensity might be expected to decrease during this period, 
thereby contributing to the reduced incidence of injury during 
the last 3 months of the season.

Injury Type, Location, and Circumstance

 Most reported injuries in our study affected the lower limb, 
which is consistent with reports in other studies of the inci-
dence of injury.2,7 As noted, the thigh was the most common 
site of injury in all age groups. Similar proportions of thigh 

 Age, sex, and competitive level might be important discrim-
inating variables in soccer injuries. Our results indicated that 
the incidence of injury in both training and competition was 
lower for subelite youth players than elite youth male10,12 and 
female13 players and adult soccer players.14,15 However, given a 
lack of epidemiologic studies of youth soccer players in south-
ern regions of Europe, comparisons between our results and 
those reported in studies of elite youth soccer players should 
be made with caution. Variations in the style of play among 
JHRJUDSKLF� DUHDV�PLJKW� LQÁXHQFH� WKH� ULVN� RI� LQMXU\�6 We also 
suggest that when conducting epidemiologic studies of sport 
injuries, researchers should consider additional risk factors, in-
cluding player behaviors and skill level and coaching style.16 To 
our knowledge, only 1 study exists in southern Europe in which 
the authors prospectively reported the incidence and patterns 
of injury among Greek youth soccer players.2 The incidence in 
both training and matches was higher than that observed in our 
VWXG\��+RZHYHU��WKH�GHÀQLWLRQ�RI�injury and the age of partici-
pants were slightly different in the 2 studies. Participants in the 
Greek study were 12 to 15 years of age, whereas participants in 
our study were 11 to 18 years of age.
 Regular recreational soccer practice is indicated as an ef-
fective health-promoting activity,3 but youth soccer still is 
considered to pose a higher risk of injury than other contact 
RU�FROOLVLRQ�VSRUWV��VXFK�DV�ÀHOG�KRFNH\��UXJE\��EDVNHWEDOO��DQG�
American football.4 However, the results of our prospective 
study of subelite youth players did not indicate a higher inci-
dence of injury than other youth sports.16–18 By inference, the 
results suggested that soccer is a safe physical activity for the 
youth at the subelite level.
 Other authors10,19 have reported that most injuries in youth 
soccer players were minor and required no more than 1 week 
RI� DEVHQFH� IURP�SDUWLFLSDWLRQ�� ,Q� FRQWUDVW��ZH�QRWHG�D�KLJKHU�
proportion of moderate injuries across all age groups. The dif-
IHUHQFH�PLJKW�EH�UHODWHG�WR�WKH�GHÀQLWLRQ�RI�injury; many mi-
nor injuries might have gone unreported because players did 

Table 4. Number (Percentage of Total by Age Group) of Injuries by Location and Type Among Portuguese Youth Soccer 
Players by Competitive Age Group

Age Group

Injury U-13 U-15 U-17 U-19 Total

Location
 Head or face 0 (0) 1 (2) 1 (2) 2 (3)   4 (2)
 Upper limbs 1 (4) 2 (5)   6 (11) 5 (6) 14 (7)
 Trunk or spine 1 (4)   6 (15) 1 (2) 0 (0)   8 (5)
 Hip or groin 2 (8)   4 (10) 5 (9) 3 (4) 14 (7)
 Thigh   6 (25) 14 (34) 15 (26) 25 (33)   60 (30)
 Knee   3 (13)   4 (10)   9 (16)   8 (11)   24 (12)
 Lower leg 2 (8) 3 (7)   7 (12) 2 (3) 14 (7)
 Ankle   5 (21)   5 (12) 3 (5) 22 (29)   35 (18)
 Foot or toe   5 (18) 2 (5) 10 (18)   9 (11)   26 (13)
Type
 Fracture 1 (4) 0 (0) 3 (5) 1 (1)   5 (3)
 Dislocation 0 (0) 0 (0) 3 (5) 3 (4)   6 (3)
 Ligament sprain   4 (16)   7 (17) 13 (23) 26 (34)   50 (25)
 Muscle rupture or strain   4 (16) 14 (34) 17 (30) 26 (34)   61 (31)
 Tendon injury   8 (32) 3 (7) 5 (9) 5 (7)   21 (11)
 Contusion   8 (32) 12 (29) 13 (23) 12 (16)   45 (23)
 Other type 0 (0)   5 (12) 3 (5) 3 (4) 11 (6)
Total 25 (13) 41 (21) 57 (29) 76 (38)   199 (100)
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injuries have been observed in academy7 and amateur22 youth 
soccer players. However, in both studies the authors reported 
higher rates of knee injury than we found. Muscle ruptures or 
strains were the most prevalent types of injury and accounted 
for up to 30% (n = 60) of all injuries. The results did not differ 
from those of previously published studies of muscle strains in 
youth soccer players.7,22

 Many researchers have indicated that youth soccer injuries 
affect mostly the knee and ankle.2,4,10 The incidence of knee 
and anterior cruciate ligament injuries tends to be dispropor-
tionately higher in adolescent female than adolescent male soc-
cer players.6 Our results generally are consistent because no 
more than 12% (n = 24) of all injuries affected the knee, and 
RQO\���DQWHULRU�FUXFLDWH�OLJDPHQW�LQMXU\�ZDV�UHSRUWHG��/LJDPHQW�
sprains were observed primarily among the oldest age group 
and most often affected the ankle joint. Almost all ankle in-
juries (97%, n = 21) were due to trauma, and about two-thirds 
(63%, n = 14) involved a collision or tackle with an opponent, 
which was consistent with observations in soccer.23 Higher 
levels of aggressiveness and higher numbers of tackles are ex-
pected among older players, and this might contribute to the 
higher proportion of ankle injuries in the U-19 age group.
 A frequent report among youth soccer players is low back 
pain,24 and hip and groin injuries or pain are very common in 
adult male players.25,26�*LYHQ�RXU�GHÀQLWLRQ�RI�injury and meth-
odologic procedures, we could not address back and groin or 
hip pain. Pain without any apparent injury, and thus without 
participation time missed, was not reported. However, large 
training and match loads and previous injury have been sug-
gested as important contributing factors for hip and groin in-
juries.26 Therefore, the low incidence of injuries we observed, 
supported by the low proportion of knee, ankle (except for the 
older age group), back, and hip and groin injuries, also suggests 
that the nature of the game might be different when played at 
WKH�VXEHOLWH�OHYHO��,QMXULHV�GLIIHU�EHWZHHQ�VXEHOLWH�DQG�HOLWH�OHY-
HOV�RI�FRPSHWLWLRQ�DPRQJ�\RXWK�� ,Q�DGGLWLRQ�� WKH�GHPDQGV�RI�
return to practice and play for young players are not as intense 
as at the more elite and professional levels.7

� ,Q� VXPPDU\�� VRFFHU� LV� D� PRGHUDWH�� WR� KLJK�LQWHQVLW\� FRQ-
tact sport, with most injuries occurring from contact between 
players or between a player and the ground, ball, or goalpost 
rather than overuse.2,4 Contact injuries accounted for up to 
57% (n = 113) of all injuries. Most involved collisions with 
other players, with no differences in cause of injury among age 
groups. The severity of traumatic injuries was less than that 
observed for overuse injuries. Overall, the nature of amateur 
youth soccer, with less aggressiveness and perhaps with more 
respect for rules and fair play than at more elite and profes-
sional levels, also might contribute to the high levels of adher-
ence and popularity of the sport.

CONCLUSIONS

 Children and adolescents should regularly participate in all 
forms of physical activity, and soccer should not be an excep-
WLRQ�EHFDXVH�LW�FDQ�FRQWULEXWH�WR�SK\VLFDO�ÀWQHVV�DQG�SK\VLFDO�
activity strategies for the youth population.4 Soccer practice at-
tracts a large part of the population and can be advocated as 
a health-promoting activity.3 However, like all sports, it is as-
sociated with the risk of injury. The low incidence of injury 
that we observed highlights soccer as a safe activity that can be 
practiced with few harmful consequences.
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a b s t r a c t

Objective: To investigate the effects of an official soccer match on postural stability in youth elite soccer
players.
Design: Single-group pre-post design.
Setting: Competitive soccer match.
Participants: Twenty elite U-19 male soccer players (mean age: 17.7 � 1.0 years) of which 11 completed
the full experimental set-up.
Main outcome measures: Postural stability evaluated by unilateral stance tests for dominant and non-
dominant lower limbs on a force plate under two visual conditions: eyes opened (EO) and eyes closed
(EC).
Results: After the match, the centre of gravity (CoG) sway velocity with EO increased on the dominant
and non-dominant limbs (median [interquartile range], 0.90�/s [0.60e1.10] vs. 1.10�/s [0.60e1.60]; and
0.70�/s [0.50e0.90] vs 1.00�/s [0.70e1.30]; respectively; p < 0.05). The CoG sway velocity with eyes
closed did not change pre- to post-match.
Conclusions: The soccer match decreased the postural stability only when the assessment was conducted
with eyes open.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Soccer is a high demand sporting activity with a high prevalence
of lower limb injuries, namely knee and ankle sprains (Rahnama,
Reilly, & Lees, 2002; Walden, Hagglund, & Ekstrand, 2005). It has
been reported that the majority of those injuries are sustained in
the last third of each half during matches (Rahnama et al., 2002).
The higher number of injuries sustained during the last third of
practice sessions or matches has been associated with changes in
lower limb neuromuscular control and joint dynamic stability due
to fatigue (Hiemstra, Lo, & Fowler, 2001).

In soccer, the physiological mechanisms responsible for fatigue
appear to change during different periods of a match, and may be
attributed to metabolic or neurologic factors controlled peripher-
ally and centrally by the neuromuscular system (Mohr, Krustrup, &

Bangsbo, 2005). Nevertheless, muscle fatigue modifies the
peripheral proprioceptive system by increasing the threshold for
muscleespindle discharge and consequently changing alpha/
gamma co-activation (Ribeiro, Santos, Gonçalves, & Oliveira, 2008).
Therefore, neuromuscular control, as represented through deficits
in postural control, might decrease due to fatigue (Gribble & Hertel,
2004).

Muscle force of the muscles of the ankle, knee, and hip
decreases due to fatigue (Gribble & Hertel, 2004). Additionally,
previous studies with athletes indicated that neuromuscular
control, proprioception, and functional stability are impaired after
fatiguing exercise which might increase the injury risk of muscular
and ligamentous structures, mainly in more dynamic movements
(Greig & Walker-Johnson, 2007; Ribeiro et al., 2008). Indeed,
postural sway was found to predict the susceptibility to ankle
sprain injury, with those with worse postural sway experiencing
a higher number of ankle sprains during a competitive season
(McGuine, Greene, Best, & Leverson, 2000). In soccer, high-level
players experience fatigue in the last 15 min of each half
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(Krustrup, Mohr, & Bangsbo, 2005; Mohr et al., 2005) and players
may also experience deficits in postural balance during the last
15 min of each half of a match, as soccer-specific fatigue have been
suggested to influence functional stability of players in match play
(Greig & Walker-Johnson, 2007). Therefore, reduced postural
stability might explain why injuries tend to occur towards the final
stages of each half of the match.

However, no study so far investigated the effects of a competi-
tive official match on the balance ability of soccer players. Several
studies investigated the impact of fatigue in functional stability and
proprioception in the athletic setting, but most studies used labo-
ratory protocols or simulated soccer matches, which could not
accurately reproduce the real demands of competitive match play
(Greig & Walker-Johnson, 2007; Ribeiro et al., 2008). Indeed, field
studies could have the advantage of reproducing more specifically
the changes in neuromuscular control and postural stability
observed in sport settings. Hence, the purpose of this study was to
investigate the effects of an official soccer match on postural
stability in youth elite soccer players.

2. Methods

2.1. Participants

Twenty elite U-19 male soccer players with a mean age of
17.7 � 1.0 years (range: 16e19 yrs), an average height of
173 � 4 cm (range: 167e179 cm), and an average body mass of
67.4 � 3.8 kg (range: 61.0e73.8 kg), participated in the study.
During the season, the players were training 4 times per week,
1.5 h per session, plus 1 match per week. The study was conducted
in the mid-season. A physician interviewed and examined the
players to guarantee that all participants presented normal knee
and ankle range of motion, no history of previous knee or ankle
surgery, and were not recovering from lower limb injury. Goal-
keepers were excluded from the study, as well as those players not
completing the 90-min game. Limb dominance was assessed by
asking which limb the players used to kick a ball. The study
procedures were in accordance with the ethical standards on
human experimentation. Written informed consent was obtained
from players and parents/guardians. The local Ethics Committee
approved ethical consent.

2.2. Soccer match

In order to closely reproduce the fatigue induced by soccer play,
the subjects were evaluated in an official soccer match (semi-final
of the U-19 league). Prior to the match, the players refrained from
strenuous exercise for 48 h, and arrived at the stadium 2.5 h before
the match. The players performed all the usual procedures before
the game, including the warm-up, and were allowed to drink water
ad libitum. The soccer match took place in the afternoon, at 5 p.m.
The ambient temperature and humidity were 17 �C and 78%,
respectively.

To ensure that the match was sufficiently intense, general
fatigue was assessed at the end of the match using visual analogue
scale (VAS) questionnaires. VAS has shown good reproducibility
and sensitivity for subjective ratings of physical activity (Grant
et al., 1999). The VAS consisted of a horizontal line ranging from
0 to 100, but the players were unaware of the numbers. The players
who completed the soccer match (90 min duration) presented
general fatigue scores of 50.5 � 17.8 units.

2.3. Postural stability assessment

The force plate was placed 25-m away from the soccer pitch, in
an indoor sports hall. All tests were performed during the last
90 min before the warm-up and within 45 min after cessation of
match play. Postural stability was evaluated by a one leg stance test
over a firm surface in a Balance Master System� force plate (Neu-
rocom International, Version 8.2, Clackamas, OR, USA). These
assessments have been used and validated by extensive scientific
and clinical research (Subasi, Gelecek, & Aksakoglu, 2008; Zouita
Ben Moussa, Zouita, Dziri, & Ben Salah, 2009). Moderate to excel-
lent intraclass correlation coefficients were reported for standing
balance tests, suggesting that the single-limb standing balance
tests are appropriate for distinguishing among group performances
(Birmingham, 2000), although the Balance Master System� showed
fair to good reliability for postural parameters in 9e10 year olds
(Geldhof et al., 2006). Additionally, it has been suggested that
minimum difference of 10e30% would be necessary to depict
ameasurable change in a postural sway in order to confidently state
that a true change had occurred (Birmingham, 2000; Rose &
McKillop, 1998).

The unilateral stance (US) assessment quantifies postural sway
velocity by measuring the ability to control the centre of gravity
(CoG) over the base of support during various visual conditions. The
US test consisted of four conditions, each consisting of three 10-s
trials, with 10-s rest periods between sets. For each subject, the
test was completed in approximately 4min. The test was conducted
in the following order: eyes opened (EO) left, eyes closed (EC) left,
EO right, EC right. In each trial, the subject put theweight on the left
or right foot, with eyes opened or eyes closed, maintaining a slight
knee flexion position (10e30�). Subjects were instructed to main-
tain the head, arms and hips in a steady position, but were allowed
to slightly move the arms to assist postural control. After being
informed by the examiner, the subject lifted the foot/leg up, and
stood as steadily as possible for 10 s. During the test, the subjects
were asked to hold still, i.e. to minimize the movement of the CoG.
Foot movements were permitted, although contact between the
raised limb and the stance limb was not (McGuine et al., 2000). If
the subject momentarily (lightly) touched the force platewith their
raised foot before the 10-s trial was complete, data collection
continued, and the trial remained valid. However, if the subjects
lost their balance completely (i.e. fell off the force platform or had
left their foot down on the force plate for more than 1 s), the trial
was stopped and discarded and the subject repeated the trial
(McGuine et al., 2000). The CoG sway velocity, defined as the ratio
of the distance travelled by the CoG (expressed in degrees) to the
time of the trial (10 s), was sampled at a frequency of 20 Hz, and
indicated how well the subject accomplished this
task(NeuroCom�, 2004). Small sway scores reflect greater stability
(thus better postural stability), whereas large scores indicate less
stability. Subjects were removed from further analysis if they did
not complete the full experimental set-up.

2.4. Data analysis

All data were analysed using SPSS 19 (SPSS, Inc., Chicago, Illi-
nois) software. US data (EC and EO) was used to calculate mean EC/
EO ratio. The EC/EO ratio has been used in the literature to reflect
the influence of vision (Lê & Kapoula, 2008). Variables were tested
for normal distributionwith the ShapiroeWilk test. As the variables
were not normally distributed, pre- and post-match differences in
postural stability measurements were calculated using the Wil-
coxon non-parametric test. Statistical significance was set at
p < 0.05 and data are presented as median and interquartile range
(IQR).
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3. Results

From the 20 soccer players that started the study, 9 were
excluded, leaving 11 for statistical analysis. Six players were
excluded because during the match each team performed 3
substitutions, and three players were excluded due to physical
complaints after the match precluding the postural stability
assessment.

3.1. Dominant vs. non-dominant limb

At baseline, CoG sway velocity was 13.8% higher (p ¼ 0.033) on
the D (dominant) limb than on the ND (non-dominant) limb with
eyes opened, but no differences were observed with eyes closed
(Table 1). No significant bilateral differences were observed in the
EC/EO ratio before and after thematch. However, CoG sway velocity
was lower with eyes opened thanwith eyes closed for the D and ND
limb at baseline and after the fatigue protocol (p < 0.001).

3.2. Effect of an official soccer match

After the match, CoG sway velocity with eyes opened was 12.7%
(p ¼ 0.039) and 20.9% (p ¼ 0.003) higher for the D and ND limb,
respectively (Table 1). CoG sway velocity with eyes closed did not
change pre- to post-match. However, the EC/EO ratio decreased by
24.8% on the ND limb (p ¼ 0.006), and by 18.4% on the dominant
limb (p ¼ 0.041) after the match. No significant differences were
observed in CoG sway velocity with eyes opened between D and ND
limbs after the match (p ¼ 0.389).

4. Discussion

To the best of our knowledge, the present study is the first to
describe the effects of fatigue on unilateral stance in young elite
soccer players after an official match. The main findings of the
present study indicate that the soccer match decreased the
unilateral stance only when the assessment was conducted with
EO.

In both rested and fatigued conditions, postural balance was
better with EO comparing with EC. These results are similar to
those reported in previous studies (Bisson, Chopra, Azzi, Morgan, &
Bilodeau, 2010; Garcia, Barela, Viana, & Barela, 2011), and support
the vital contribution of vision for postural stability. This is not
surprising, as postural control results from the interaction between
motor action and sensory information, namely visual, vestibular,
and somatosensory, with vision playing a dominant role
(Vuillerme, Nougier, & Prieur, 2001). The influence of visual infor-
mation for postural stability is corroborated by the EC/EO ratio
observed in the present study.

At rest, the athletes showed better unilateral stance with the
non-dominant limb than with the contralateral limb. The better
results in the non-dominant limb were not in accordance with
a previous study in young basketball players that found no signif-
icant differences between dominant and non-dominant lower limb
(McGuine et al., 2000). Nevertheless, the results observed in soccer
players could be explained by the balance requirements in kicking
activities, which confer better stability to the non-dominant leg.

In soccer, the physiological mechanisms responsible for fatigue
appear to change during different periods of a match, but, overall,
players experience reduced exercise intensity and repeated sprint
performance in the later stages of the game, indicating that most
players utilize their physical potential during a game (Mohr et al.,
2005). Impaired exercise ability in the later stage of the game
may be caused by low glycogen concentrations in a considerable
number of individual muscle fibres (Krustrup et al., 2006), but other
factors such as dehydration and hyperthermia have also been
related with the reduction in exercise intensity and sprint perfor-
mance towards the end of the game (Reilly, 1997).

Postural sway, represented by sway velocity, increased after the
match, indicating that increased postural corrections are needed
with fatigue. These results are similar to those reported in the
literature, indicating a deleterious effect of muscle fatigue on
postural sway during unilateral stance tasks (Bisson et al., 2010;
Gribble & Hertel, 2004; Johnston, Howard, Cawley, & Losse, 1998;
Salavati, Moghadam, Ebrahimi, & Arab, 2007; Springer &
Pincivero, 2009; Vuillerme et al., 2001).

Fromaneuromuscular point of view, eccentric hamstring strength
has been reported to decline (Greig, 2008), and reduced electro-
myographic activity of several major lower-limb muscles such as the
rectus femoris, biceps femoris and tibialis anterior has been observed
after a simulated soccer match (Rahnama, Lees, & Reilly, 2006).
Additionally, decreases in ankle proprioception were observed after
45min of match play, which supports that fatigue may influence the
mechanoreceptors in the muscles around the ankle joint
(Mohammadi&Roozdar, 2010). Postural stancedependson thetimely
response of the major muscle groups (Bennell & Hinman, 2005), and
rapidmuscle forcedevelopment is crucial foroptimal postural control
(Jakobsen, Sundstrup, Krustrup, & Aagaard, 2010). Indeed, when
standing upon one leg, the hamstrings, the tibial and the peroneal
muscles are important effectors for the control of postural sway, by
preventing the body falling anteriorly, laterally or medially, respec-
tively. In addition, it has been reported that muscle fatigue also has
a deleterious effect on the proprioceptive abilities and kinaesthetic
properties of joints, by increasing the threshold of muscle-spindle
discharge, and thus disrupting afferent input of muscle receptors
(Mohammadi & Roozdar, 2010; Ribeiro & Oliveira, 2007). Therefore,
exercise-related deficits inpostural balance in soccermay dependnot
only on decreased strength andneuromuscular activation, but also on
altered somatosensory input towards the end of the game.

From a theoretical point of view, assuming that vision plays
a major role in postural control (Vuillerme et al., 2001), it would be
expected that the deleterious effects of fatigue on postural stance
would be exacerbated with the absence of vision, as subjects would
have to rely more on proprioceptive inputs to control their posture
(Corbeil, Blouin, Begin, Nougier, & Teasdale, 2003). However,
previous studies reported incongruent results. Vuillerme et al.
(2001) showed a pronounced effect of fatigue on postural control
without visual input, but not with visual feedback; Corbeil et al.
(2003) reported that fatigue affected equally postural control
with or without vision; whereas Derave, Tombeux, Cottyn, Pannier,
and De Clercq (2002) observed that fatigue altered postural control
only when visual input was present, which was corroborated by our
results. The inconsistency of the results on the effect of muscle
fatigue on postural stability may be related to methodological

Table 1
Centre of gravity sway velocity of youth soccer players (n ¼ 11), assessed with eyes
open and eyes closed, as well as eyes opened/eyes closed (EC/EO) ratio pre- and
post-match. Data are presented as median (IQR).

Pre-match Post-match

Eyes open (�/s)
Dominant 0.90 (0.6e1.1) 1.1 (0.6e1.6)a

Non-dominant 0.70 (0.5e0.9)b 1.0 (0.7e1.3)a

Eyes closed (�/s)
Dominant 2.3 (0.6e4.0)c 1.9 (1.7e2.1)c

Non-dominant 2.1 (1.1e3.3)c 1.9 (1.3e2.5)c

EC/EO
Dominant 2.7 (1.5e3.9) 1.9 (0.9e3.9)a

Non-dominant 2.7 (1.7e3.7) 1.8 (1.4e2.2)a

a Significantly different pre- to post-match, p < 0.05.
b Significantly different from dominant, p < 0.05.
c Significantly different from eyes open, p < 0.001.

J. Brito et al. / Physical Therapy in Sport 13 (2012) 175e179 177



Author's personal copy

differences across studies, namely different fatiguing protocols,
postural stance used and/or amount of visual input provided
(Bisson et al., 2010). A major difference from our study to those
suggesting that vision can attenuate the effect of fatigue on postural
sway (Bisson et al., 2010; Vuillerme, Burdet, Isableu, & Demetz,
2006; Vuillerme et al., 2001) is the lack of a visual target placed
close to the subject during the postural stability assessment. It was
suggested that in order to attenuate the effect of fatigue the visual
target has to be fairly close to the subject (Bisson et al., 2010).
Vuillerme et al. (2001, 2006) used a visual target placed at 1 m, and
Bisson et al. (2010) placed the visual target at 2.5 m in front of the
subject, at eye level, while in the present study the assessment was
conducted in an open space and no instructions to focus on a visual
target were given to the subjects.

The negative effects of exercise-induced fatigue on the
somatosensory system are well documented (Greig & Walker-
Johnson, 2007; Ribeiro et al., 2008; Vuillerme et al., 2001).
However, in soccer, players rely on the visual system for numerous
playing actions, including controlling the ball with gaze down, and
analysing trajectories of opponents and team partners (Paillard &
Noe, 2006). Therefore, vision is a major factor contributing both
to postural stabilization and match play performance. Thus, the
visual system could be overstressed by the match demands, hence
impairing postural balance.

Several authors suggested that neuromuscular training pro-
grammes should include a balance-training component to reduce
the risk of injury (Emery & Meeuwisse, 2010; Hubscher et al., 2010;
Kraemer & Knobloch, 2009), since soccer-specific skills can be
performed more safely with increased postural control. It has been
advised that prophylactic balance training should be performed
following rather than before the practice session (Gioftsidou et al.,
2006). In fact, when balance training is performed after the soccer
training, the improvements in the balance ability might be greater,
especially in the non-dominant lower limb (Gioftsidou et al., 2006).

A limitation of the present study is the lack of randomization in
the postural assessment test order. Thus, some learning effect could
not be excluded form our results. Nevertheless, in the present
study, unilateral stance with EO decreased by approximately 20%
on the non-dominant limb after the match, which highlights that
athletic coaches and rehabilitation specialists should consider
training postural stability with visual contribution under fatigued
conditions. Further studies are required to assess the timing-
related effect of balance training in unilateral stance with and
without visual input.

5. Conclusions

The results from the present study suggest that postural stability
assessed with eyes opened is reduced after a competitive soccer
match. Additionally, at rest athletes presented better unilateral
stance in the non-dominant lower limb than in the contralateral
limb.
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Abstract. The purpose of this study was to evaluate whether FIFA’s Medical Assessment and Research Centre (F-MARC) injury
prevention programme, “The 11+”, improves isokinetic strength of the knee extensor and flexor muscles in sub-elite soccer
players. Twenty players aged 22.3 ± 4.2 yr performed “The 11+” 3 times a week for 10 weeks. Isokinetic measurements
were performed on the hamstrings and quadriceps muscles on both lower extremities at concentric 60 and 180!/s and eccentric
30!/s. The peak torque (PT) as well as conventional and dynamic control ratios (DCR) were calculated. Hamstrings PT in the
non-dominant limb increased by 14.6%, 15.0% and 14.3% during the above contractions/velocities, respectively (p < 0.05). In
the dominant limb the concentric PT of the quadriceps increased by 6.9% (60!/s) and 8.3% (180!/s) whereas that of the hamstring
increased by 20.4% (60!/s), (p < 0.05). The training programme significantly improved the conventional H/Q ratio at 60!/s by
14.8% and the DCR by 13.8% in the non-dominant limb (p < 0.05). Therefore, the “The 11+” training programme appears to be
adequate and effective for soccer training and conditioning by improving strength and muscle balance around the knee joint.

Keywords: Soccer, training, muscle balance, hamstrings

1. Introduction

FIFA’sMedical Assessment and Research Centre (F-
MARC) developed a structured warm-up programme
(“The 11”) focusing on prevention of the most com-
mon types of injuries in soccer, i.e. ankle and knee
sprains, groin and hamstring strains [7]. Recent studies
showed that such programme has no effect on injury
risk, and no significant effects were observed on dif-
ferent performance variables among adolescent female
soccer players participating in a 10-week intervention
with “The 11”, compared with players who underwent
normal training [15,16]. The same injury prevention
programme was conducted in youth male soccer play-
ers and, despite the improvements in lower limb power

"Address for correspondence: João Brito, Faculty of Sport of the
University of Porto, Rua Dr. Plácido Costa 91, 4200 – 450 Porto,
Portugal. Tel.: +351 225 074 700; Fax: +351 225 500 689; E-mail:
joaobritofernandes@gmail.com.

and speed, most players considered “The 11” beneficial
but not enjoyable in the prescribed format [9].
Therefore, the F-MARC revised the exercise pro-

gramme to improve its preventive effect and gain com-
pliancewith coaches and players [13]. The revised pro-
gramme (“The 11+”) includes additional key exercises
that provide variation and progression,while improving
awareness and neuromuscular control. A randomized
controlled trial was conductedwith this revised version
of the programme among youth female soccer players
and it was concluded that this version could effectively
reduce the risk of injury by about one third and the risk
of severe injuries by as much as a half [13].
Muscular imbalance is one of the most referred in-

trinsic factors in sports injury. However, it is still un-
certain whether strength imbalances are a current con-
tributing factor for injury, or exclusively the conse-
quence of a previous injury that increases the risk of
re-injury, or both. Nevertheless, it seems that normal-
ization of isokinetic parameters, by restoring strength
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balance between agonist and antagonist muscles groups
around the knee joint, significantly decreases the risk
of injury [4].
Players and coaches worldwide have free access to

“The 11+”. So far, the suitability and effectiveness
of “The 11+” injury prevention programme in devel-
oping isokinetic strength in adult male soccer players
has not been investigated. Moreover, previous studies
demonstrated soccer players do not increase isokinetic
strength over the course of the soccer season [10,12].
In this study, we studied the effect of “The 11+” on
muscle strength balance of the lower extremities.

2. Methods

2.1. Study population

Twenty sub-elite male soccer players (mean ± SD:
age 22.3 ± 4.2 yr; height 176.7 ± 6.3 cm; weight
70.1± 5.6 kg) participated in the study that took place
at mid-season. All players were informed regarding
the study procedures and written consent was obtained.
Participants were training 5.9 ± 0.3 hours per week,
plus a weekend match, and had been involved in orga-
nized soccer for 10.7 ± 3.9 years. None of the players
was injured by the time the intervention started.
From the 20 players that started the intervention pro-

gramme, 18 have completed the study. One player suf-
fered a psoas-iliac strain during an official match. An-
other player withdrew the intervention programme due
to personal reasons.

2.2. The intervention programme

The training programme (“The 11+”) developed by
F-MARC consists of three parts: Part 1 – running ex-
ercises at slow speed combined with active stretching
and controlled contacts with another player; Part 2 –
six different sets of exercises including strength, plyo-
metrics and balance exercises, each with three levels of
increasing difficulty; Part 3 – speed running exercises
combinedwith soccer-specificmovementswith sudden
changes in direction.
The intervention programme was carried out three

times a week for ten weeks at the mid-season. Par-
ticipants completed the training programme 2.2 ± 0.7
times per week, resulting in a compliance rate of 73%.

2.3. Testing procedure

Isokinetic measurements were performed bilaterally
on the hamstrings and quadriceps. Assessments were
performed using a Biodex (System II, Chicago, USA).
Measurements were preceded by a 5-min warm-up on
a cycle ergometer and a specific sub-maximal protocol
on the dynamometer in order to familiarize the subjects
with the isokinetic device and test procedure.
Subjects were tested in the seated position with the

back inclined at 85! using stabilization straps at the
trunk, abdomen and thigh to prevent inadequate joint
movements. The arms were held comfortably across
the chest. The axis of the dynamometer lever arm
was aligned with the distal point of the lateral femoral
condyle. A range of knee motion of 90! (0! = full
extension)was provided both for the concentric and the
eccentric tests and a gravity correction procedure was
employed.
The testing protocol consisted of concentric (CON)

exertions of both muscles at 60!/s (3 repetitions) and
180!/s (5 repetitions). Afterwards, same muscles were
tested in eccentric (ECC) mode at 30!/s (3 repetitions).
Testing sets were separated by a 1-min interval of rest.
During the test, visual feedback was given.
The highest peak torque (PT) found during all rep-

etitions was chosen for the calculation of the recip-
rocal and bilateral leg strength differences. The sim-
ple CON and ECC hamstring/quadriceps (H/Q) ratios
were calculated for all angular velocities and contrac-
tion modes. The dynamic control ratio (DCR) [6] was
defined as HECC30!/QCON180!. The 30!/s velocity
was selected because low speed is frequently recom-
mended to optimize familiarization conditions with ec-
centric exercise. However, the DCR proposed in this
work differs from the one used by Croisier et al. [4] in
that 180! rather than 240!/s was applied since the use
of knee angular velocities greater than 180!/s yields
findings that lead to misleading interpretation [5].

2.4. Statistical analysis

The comparisons between pre- and post-intervention
scores were analyzed using paired-sample t-tests. De-
scriptive statistics (Mean ± SD) and percent changes
were calculated for all measurements and the changes
from pre- to post-tests were considered as means with
a 95% confidence interval. Significance was set at p <

0.05.
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Table 1
Isokinetic peak torque, conventional and functional hamstrings/quadriceps ratios [values are mean (± SD)], and percentage of change (!) [values
are mean (95% CI)] from pre- to post-tests

Dominant Non dominant
Pre (Nm) Post (Nm) !% (95% CI) Pre (Nm) Post (Nm) !% (95% CI)

Peak Torque
QCON 60!/s 212.4 (48.4) 222.2 (41.2) 6.9 (0.6 to 13.1)* 205.3 (40.2) 208.7 (52.9) 1.2 ("4.5 to 7.0)
QCON 180!/s 147.2 (39.7) 156.8 (38.9) 8.3 (0.8 to 15.8)* 144.0 (32.1) 149.1 (41.2) 3.2 ("3.5 to 9.9)
QECC 30!/s 238.1 (67.0) 243.4 (76.0) 6.4 ("7.2 to 20.1) 227.4 (64.9) 239.6 (77.0) 7.7 ("3.6 to 18.9)
HCON 60!/s 109.1 (30.0) 124.4 (28.8) 20.4 (1.5 to 39.3)* 105.9 (31.2) 116.3 (26.7) 14.6 (3.8 to 25.3)*
HCON 180!/s 86.5 (22.1) 90.7 (22.0) 6.5 ("3.3 to 16.2) 84.1 (25.0) 91.7 (20.8) 15.0 (0.8 to 29.2)*
HECC 30!/s 129.3 (42.4) 124.7 (36.7) "3.3 ("12.6 to 6.0) 114.3 (31.8) 129.5 (34.5) 14.3 (3.7 to 24.7)*
Ratio (H:Q)
H/QCON 60!/s 0.52 (0.14) 0.55 (0.09) 10.8 ("5.4 to 27.0) 0.51 (0.10) 0.56 (0.6) 14.8 (1.7 to 27.9)*
H/QCON 180!/s 0.62 (0.17) 0.60 (0.13) "0.9 ("10.6 to 8.8) 0.57 (0.10) 0.63 (0.11) "0.9 ("10.6 to 8.7)
H/QECC 30!/s 0.55 (0.10) 0.52 (0.10) "5.9 ("16.5 to 4.7) 0.51 (0.08) 0.56 (0.11) 7.9 ("0.8 to 16.6)
HECC30!/QCON180! 0.93 (0.29) 0.82 (0.20) "8.4 ("18.7 to 1.9) 0.81 (0.25) 0.90 (0.20) 13.8 (1.5 to 26.0)*

Legend: Q, quadriceps; H, hamstrings; CON, concentric; ECC, eccentric. Positive values denote an increase from pre- to post-tests (!). !p <

0.05.

3. Results

In the non-dominant limb hamstrings, the PT in-
creased significantly (p < 0.05) by 14.6%, 15.0% and
14.3% at CON 60!/s, CON 180!/s and ECC 30!/s,
respectively. In the dominant limb, the PT increased
(p < 0.05) by 6.9% and 8.3% during CON 60!/s and
CON 180!/s quadriceps contractions, respectively, and
by 20.4% in the hamstrings at CON 60!/s (Table 1).
Significant pre-intervention absolute PT differences

were found for ECC hamstrings strength (14.9 ±

24.6 Nm; p = 0.02) between the dominant and non-
dominant limbs. However, players presented pre- and
post-intervention bilateral differences in the PT of both
muscles below 15% in all the velocities tested (except
the ECC hamstrings pre- and post bilateral differences
of 15.5% and 17.1%, respectively). No significant pre-
to post-changes were observed in the bilateral strength
differences in any velocity tested.
Although no changes relating to the simple H/Q ratio

and the DCR were indicated for the dominant limb, the
simple H/Q ratio at 60!/s, and the DCR significantly
improved (14.8% and 13.8%, respectively; p < 0.05)
in the non-dominant extremity (Table 1).

4. Discussion

This study indicates that the “The 11+” programme
may improve the isokinetic strength of the hamstrings.
Previous studies demonstrated that isokinetic strength
did not increase over the course of the soccer sea-
son [10,12]. Moreover, and contrary to other inves-
tigations using the previous “The 11” training pro-

gramme [16], the present study revealed that sub-elite
soccer players increased their strength in most isoki-
netic parameters tested.
Low compliance has been reported in several injury

prevention interventions. In a recent randomized con-
trolled trial targeting the reduction of injuries among
male soccer players [8], low adherence to the exercise
programmes (ranging 20–30%) was suggested as the
main reason for the unsuccessful results of the inter-
vention. Our 10-week intervention showed a compli-
ance of 73%. Other studies using F-MARC’s proposal
presented similar or lower compliance levels [9,13,15,
16].
Most of the players reported a progressive increase

in their capacity to sustain the training loads (mainly on
the frontal and side plank and the “Nordic hamstrings”
exercises) during the intervention period. Interestingly,
the most relevant changes on isokinetic strength stan-
dards were found for the PT of the hamstrings on the
non-dominant extremity. Different findings were re-
ported while performing “The 11”, as no significant
differences between control and experimental groups
were observed in the change from pre- to post-test for
any of themaximalCON andECC hamstring or quadri-
ceps strength tests [16]. However, in this case, only the
dominant leg was tested. Therefore, the outcomes of
the present study, in conjunction with the results pre-
sented by Soligard et al. [13], suggest that the addition-
al exercises included in “The 11+” provide variation
and progression that enhance the effectiveness of the
training programme.
The most relevant finding of the present study is

that players improved their functional DCR in the non-
dominant extremity due to the significant increase in
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ECC strength on the hamstrings (p < 0.001) whereas
no significant differences were observed for the dom-
inant limb. Previous studies did not report a side-
vulnerability ofACL injuries and hamstring strains [17,
18]. Although soccer-specific motor skills underlie
clear lateral preference that induce obvious asymmet-
rical reciprocal and bilateral strength differences, our
findings are in accord with other studies in that soc-
cer players appear to present balanced bilateral muscle
strength andH/Q ratios [3,19]. Nevertheless, normaliz-
ing the isokinetic profile of soccer playerswith strength
imbalances significantly reduces hamstrings injury fre-
quency [4], suggesting that hamstring strengthening,
particularly in the eccentric mode, should take part in
classical training regimens in expectation to reduce the
risk of injury.
Soccer is an activity that requires intermittent

explosive-type efforts, such as sprints, jumps, duels,
and kicking,which depends on the efficiency of the neu-
romuscular system, particularly of the lower extremi-
ties [3]. It has been suggested that the magnitude of the
improvement in strength may not be identical in both
the flexors and extensors, favouring in particular the
latter [3]. Interestingly, we observed significant pre- to
post-intervention changes in hamstring strength both in
the non-dominant (p = 0.02) and dominant extremities
(p = 0.008) at CON 60!/s. The improvement of ham-
strings PT significantly influenced (p = 0.014) the ag-
onist/antagonist balance on the non-dominant limb at
CON 60!/s towards a more balanced reciprocal muscle
groups around the knee joint.
Moreover, significant pre-intervention bilateral dif-

ferences were found in the absolute ECC hamstring
PT. Notably, such bilateral differences were normal-
ized with the intervention programme, indicating that
the proposed exercises improve functional balance in
weaker muscle groups. Resistance training may in-
duce specific neural adaptive changes inmuscle recruit-
ment [1]. Moreover, a neural pathway may coactivate
the antagonist muscles during isokinetic muscle con-
tractions [2]. Therefore, it is plausible that, while per-
forming the 10-week training programme, changes in
neuromuscular control could be verified and were not
represented by isokinetic testing, since agonist strength
increments induced by training could be associated
with decreases in antagonist muscle activation, which
is frequently considered as the main mechanism of
strength gain in the early weeks of training [14]. Fu-
ture studies should consider the usefulness of integrat-
ed electromyography to measure the training effects on
neuromuscular control and agonist-antagonist activa-
tion during maximal muscle contraction.

It has been previously reported that no significant
PT changes were observed when “The 11” programme
was combined with low training volume and intensi-
ty, and lack of progression for each of the exercises
of “The 11” was considered the most likely explana-
tion for the outcome [16]. According to collected re-
ports and personal impressions from the players in this
study, it is possible to implement the revised injury pre-
vention programme (“The 11+”) as part of the normal
training regimens of soccer teams. This programme in-
tends to emphasize proper knee alignment and muscle
strength balance during both static and dynamic move-
ments. Taking into account the importance of ham-
string strengthening on restoring normal strength pro-
files and thus decreasing the risk of injury [4], “The
11+” appears to be effective for soccer conditioning.
Further studies are needed in order to investigate the
potential of ”The 11+” on decreasing the incidence of
injuries in soccer players from different age groups and
competitive levels. Moreover, large-scale interventions
should be employed to elucidate the potential of injury-
preventive exercises not only in performance but also
in injury risk [16]. Future studies could also consider
the effectiveness of “The 11+” in rehabilitation after
injury or after knee or ankle surgery.
In conclusion, sub-elite soccer players improved

strength and muscle balance in the knee extensor and
flexormuscles by performing “The 11+” injury preven-
tion programme, suggesting that the programmemight
have the potential to decrease the risk of hamstring and
knee injuries among soccer players.

4.1. Practical applications

Taking into account the importance of hamstring
strengthening on restoring normal strength profiles and
thus decreasing the risk of injury, the “The 11+” train-
ing programme appears to be adequate and effective
for soccer training and conditioning. In order to in-
crease compliance and to combine “The 11+” with nor-
mal training schedules, we suggest the completion of
the programme 3–4 times a week, immediately before
the daily training session, as a warm-up routine. This
strategy targets two main goals: to reduce the injury
risk and to prepare the players for the main training
session (warm-up). Given the importance of injury pre-
vention programmes and the referred problems related
with compliance, soccer coaches should devote great
attention to the need of awareness and education of the
players.
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1. General discussion 
 

In 1992, van Mechelen, Hlobil and Kemper (van Mechelen et al., 1992) 

proposed a four-step theoretical framework for preventing sports injuries: first, 

the prevalence and incidence were determined; secondly, the aetiology and 

mechanisms of injuries were established; thirdly, preventive measures were 

introduced; and finally, the effectiveness of the interventions was assessed. 

Recently, F-MARC updated the framework for managing the risk of injury in 

football and proposed a new sequence for prevention (F-MARC, 2009). The 

new framework includes therapeutic interventions as a key component of 

preventive measures, since previous injury has been consistently reported as a 

major risk factor. 

In the present dissertation, we took one step backward in the injury prevention 

framework, and started by dissecting the football-specific demands of training 

and match play (Figure 2). We are of the opinion that the physical and 

physiological demands of training and playing are key to understand the 

aetiology and mechanisms of injuries. Then, the incidence of injuries and the 

risk factors associated with the game were assessed. Thirdly, we performed 

experimental and intervention studies focusing on risk factors and the possibility 

to prevent the commonest injuries in football players. Ideally, the effectiveness 

of injury prevention strategies should be assessed, too. All these steps are 

important to design a successful training programme that combines injury 

prevention exercises with performance-improving drills. The idea of “training for 

playing” is the motto for players to understand that training is needed for them 

to play at their best. 
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Figure 2. Framework for sport-specific injury prevention and performance 

improvement. 

 
 
1.1. Training for playing 

 

Football training and match play impose a range of demands over the 

players, who must own or acquire the necessary capabilities to cope with the 

specific physical loads of the game. In football, each player is unique (Bangsbo, 

1994), but as a team game, the priority in competition preparation is to harness 

the individual strengths of each player to collectively form an efficient 

competitive unit (Reilly, 2005). Hence, the optimisation of all of the multifactorial 

components of football-specific physical fitness—including aerobic and 

anaerobic power, speed, acceleration and deceleration, muscle strength, agility, 

and flexibility—is an essential feature of player and team preparation. 

No gold-standard training methodology exists; and neither can an idyllic 

top-class football player profile be established. Essentially, physical and 

physiological profiling should be regarded as a means of monitoring players, 

whereas training should focus mostly on technical skills and engagement in 

teamwork (Reilly et al., 2000). 

Besides excellence in game skills and decision-making, elite players 
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must hold moderate-to-high aerobic and anaerobic power, be able to move 

quickly and easily, and generate high torques during fast movements (Reilly et 

al., 2000). Actually, adult elite players mostly differ from amateurs in terms of 

skill performance, muscle strength, sprinting speed, and high-intensity 

intermittent running performance (Cometti et al., 2001; Mohr et al., 2003; Rosch 

et al., 2000; Rostgaard et al., 2008). We investigated the fitness profile of U19 

players (Rebelo et al., 2012a [Supplementary study II]), which is the last 

competitive age group before players start playing at the adult level, and found 

that high-intensity intermittent endurance performance and technical skill are 

major prerequisites to reach the highest competitive levels in youth football. 

Intermittent endurance—a capacity that allows a player to sustain high 

work rates during training sessions and match play (Bradley et al., 2011; 

Castagna et al., 2009; Castagna et al., 2010; Krustrup et al., 2003; Krustrup et 

al., 2005; Mohr et al., 2003)—can be measured via several fitness tests. We 

observed that both Yo-Yo IR1 and Yo-Yo IE2 performances, but not VO2max, 

were associated with the amount of high-intensity activities during youth football 

matches; furthermore, the Yo-Yo IR1 performance was positively associated 

with the amount of sprinting during the game and towards the end of the match 

(Rebelo et al., 2012c [Supplementary study I]). 

Fatigue occurs towards the end of matches as well as temporarily during 

the game, independently of competitive standard and tactical role in the team 

(Bangsbo et al., 2007; Bangsbo et al., 2006; Mohr et al., 2005). As the game 

progresses, and fatigue comes forward, players avoid movements with higher 

energetic cost, namely sprints, backwards and sideways displacements (Rebelo 

et al., 2012c [Supplementary study I]), jumps, accelerations, and decelerations. 

Additionally, and yet the most successful teams perform more high-intensity 

activities during a game when in possession of the ball (Rampinini et al., 2009), 

the quality of performance in gross motor skills, such as involvements with the 

ball, passing, and shooting, is largely constrained by fatigue (Rampinini et al., 

2009; Rostgaard et al., 2008; Russell et al., 2011). Given the importance of 

intermittent endurance and technical skill to succeed in football, we strongly 

suggest that coaches include aerobic and speed-endurance training to improve 
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high-intensity intermittent exercise as well as technical-skilled performance 

during actual match play. 

Interestingly, we also observed smaller, but still significant, differences 

between U19 elite players and their non-elite counterparts in strength, speed, 

agility, and jump performance (Rebelo et al., 2012a [Supplementary study II]). 

Given the trainability of these physical capacities in young adult players (Chelly 

et al., 2009; Gorostiaga et al., 2004; Jovanovic et al., 2011; Kotzamanidis et al., 

2005; Maio Alves et al., 2010; Sedano et al., 2011; Thomas et al., 2009), 

coaches working with young adult players are advised to design fitness training 

programmes that focus on developing the essential power-dependent 

requirements to compete at the highest standard. 

For this purpose, proper periodization during training microcycle should 

warrant adequate physiological stimuli while allowing sufficient recovery time 

before competitive games (Impellizzeri et al., 2004). Concomitantly, a reliable 

assessment of the physical loads related to training and match play is of utmost 

relevance for controlling the training process, particularly for preventing 

undertraining or overtraining  (Little & Williams, 2007). We developed a simple 

and low time-consuming method for daily, individual monitoring of internal 

training load in football based on self-reported perceived exertion (Rebelo et al., 

2012b [Supplementary study III]). The new method, so-called visual analogue 

scale training load (VAS-TL), was sensitive to differences in physical capacity 

and positional role. Overall, players reported higher scores of exercise load 

during matches than in training sessions; additionally, the players who 

presented the highest weekly VAS-TL scores showed the lowest VAS-TL values 

during matches. Since the physical demands of many football-specific 

conditioning drills vary considerably (Brito et al., 2012b [Study I]; Hill-Haas et 

al., 2011; Rebelo et al., 2011), large inter-individual variations in the imposed 

training load are expected. Therefore, we concluded that the VAS-TL method 

might further help football coaches in developing specific periodization 

strategies for individual players and teams. 

Football players need to spend a considerable amount of time improving 

physical capacities, including aerobic endurance, strength, speed, and power; 
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the type and amount of training should answer to the specific technical, tactical, 

and physical demands imposed on each individual player. It is possible that 

moderately fit players give a major contribution to the team’s success due to a 

well-developed tactical sense or a high technical standard (Reilly et al., 2000), 

but coaches should nonetheless be aware that the tactical role assigned to a 

player should take into account the physical capacity of that player. During a 

match, the work rates and technical actions of players vary between positional 

roles (Bangsbo et al., 2006; Di Salvo et al., 2007; Robinson et al., 2011). By 

inference, coaches should also determine the adequate profile for each 

positional role in the team, which may help on the design of training 

programmes that focus both on the characteristics of the individual player and 

the position-specific technical, tactical, and physical demands of match play. 

 
 
1.2. No training, no playing 

 

Given the massive participation rates worldwide, there is a need for high-

quality epidemiological data on injuries and injury prevention in football. But is 

there any preliminary evidence of injury prevention in football? If so, which type 

of injuries should be given priority to? 

In 1983, Jan Ekstrand and colleagues published seminal work on the 

need for injury prevention in football; the series of epidemiological studies dealt 

with the typical injury mechanisms, incidence rates, and the connection 

between training, injuries, and team success (Ekstrand & Gillquist, 1983a, 

1983b; Ekstrand et al., 1983a, 1983b). Injury prevention has been a priority 

ever since. However, the number and characteristics of football-related injuries 

is inconsistent across studies, probably due to limited data and lack of a 

standard definition of injury, study design, and player characteristics. Under the 

auspices of F-MARC, football was the first sport to inspire a think tank that 

paved the way for a consensus statement on injury definitions and data 

collection procedures in studies of football injuries (Fuller et al., 2006). 

On the basis of the consensus statement, several articles reviewed the 
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epidemiology of injuries in football (Alentorn-Geli et al., 2009a; Dragoo & Braun, 

2010; Giza & Micheli, 2005; Junge & Dvorak, 2004; Petersen & Holmich, 2005; 

Walden et al., 2011; Williams et al., 2011; Wong & Hong, 2005); overall, it can 

be summarized that: 

• On average, an elite male football player incurs approximately one 

performance-limiting injury each year; 

• The incidence of injuries that occur during matches is, on average, 4–6 

times higher than the incidence of injuries during training sessions; 

• Football injuries predominately affect the ankle and knee joints, and the 

muscle groups of the thigh region, whereas head injuries are rare; 

• The most common types of injuries are sprains, strains, and contusions; 

• Female players are at a greater risk of sustaining knee injuries, anterior 

cruciate ligament injury in particular, compared to males; 

• Among youth players, the incidence of injuries seems to increase with rising 

age; 

• Low skill and high competitive levels both increase injury rate; 

• There is no evidence of difference in overall injury rates between artificial 

turf and natural grass surfaces, but changing between surfaces may be a 

herald for injury in football. 

The results from our investigations (Brito et al., 2012c [Study III]; Brito et 

al., 2011b [Study II]; Sousa et al., 2012 [Supplementary study IV]) confirm the 

assumption that the epidemiology of injuries can change between different 

geographical regions (Giza & Micheli, 2005). By inference, factors such as 

climate variations, different styles of play and/or training methodologies, playing 

standards, or training conditions and facilities (e.g. coach education, nature and 

quality of playing surfaces, medical support) might all have a vital effect on 

injury patterns. 

Football is a contact sport, but it is perceived to be relatively safe to play. 

Nonetheless, sport- and recreation-related injuries are a major source of 

morbidity, and studies dealing with hospital admissions due to sports and 

recreation injuries show that football is one of the foremost activities resulting in 

injury requiring medical care (Delaney et al., 2009; Emery et al., 2006; Giannotti 



 83 

et al., 2011; Pakzad-Vaezi & Singhal, 2011). It is noteworthy that most of those 

epidemiological studies on football injuries were conducted in Scandinavian 

countries, in the United Kingdom, the United States of America, Canada, 

Australia, or with professional elite male players from European clubs. However, 

figures often correspond to prevalence of injuries reported in hospital 

admissions and insurance report sets. Instead, methodologically sound studies 

should take exposure into account and calculate incidence rates. In the present 

thesis, F-MARC’s theoretical framework for the prevention of sports injuries (F-

MARC, 2009) has been followed. We prospectively identified and estimated the 

risk of training and playing football in the youth and adult male Portuguese 

football population (Brito et al., 2012c [Study III]; Brito et al., 2011b [Study II]; 

Sousa et al., 2012 [Supplementary study IV]); likewise, the aetiology and 

mechanisms of injuries were established. 

The results from our epidemiological investigations clearly show that 

Portuguese football players are mostly affected by muscle strains on the thigh 

region. There is still limited support from randomised controlled trials regarding 

the effectiveness of preventive interventions on decreasing hamstring injury 

rates (Goldman & Jones, 2010, 2011), but evidence-based reports strongly 

advise that modifiable risk factors, including muscular strength imbalance with a 

low hamstring-quadriceps ratio, muscle fatigue, hamstring tightness, insufficient 

warm up, and previous injury (Arnason et al., 2008; Askling et al., 2003; Croisier 

et al., 2008; Petersen & Holmich, 2005), should be carefully followed throughout 

the season. For this purpose, we tested F-MARC’s “The 11+”, an injury-

prevention training programme that includes key exercises focusing on 

neuromuscular control, proper knee alignment, and muscle strength balance 

during both static and dynamic movements (Brito et al., 2010 [Study V]). We 

found that “The 11+” is suitable for football conditioning, i.e. players who 

followed the injury prevention programme twice a week improved strength and 

muscle balance in the knee extensor and flexor muscles. It was inferred that the 

risk of hamstring and knee injuries was thereby potentially decreased. 

 We also observed that knee and ankle sprains do require further 

attention in football training. The causes of injuries are multifactorial; in fact, the 
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majority of injuries are caused by external trauma and are difficult to prevent. 

Nevertheless, multimodal training programmes that include eccentric strength, 

plyometrics, stretching, dynamic balance, body awareness, and core and trunk 

stability exercises appear to be successful in reducing several risk factors (e.g. 

decrease landing forces, decrease dynamic knee varus/valgus moments, and 

increase muscle activation) related with non-contact knee and ankle injury in 

football players (Alentorn-Geli et al., 2009b; Chappell & Limpisvasti, 2008; 

Gilchrist et al., 2008; Kraemer & Knobloch, 2009). 

Fatigue has been reported as a major risk factor for injuries in football; 

football-specific fatigue has been shown to have a deleterious effect on 

strength, neuromuscular control, and joint dynamic stabilization (Greig, 2008; 

Hiemstra et al., 2001; Mohammadi & Roozdar, 2010; Small et al., 2010; Small 

et al., 2009). However, few studies investigated the association between fatigue 

and the risk of sustaining injuries in a real match-play setting. For this purpose, 

we undertook experimental studies dealing with fatigue during actual match 

play. Proprioception, assessed by joint position sense, appeared not to 

decrease upon match-induced fatigue (Brito et al., 2011a), but the demands of 

the game had a deleterious effect on the postural balance abilities of football 

players (Brito et al., 2012a [Study IV]). Strong evidence advises that injury 

prevention training programmes should encompass strength, neuromuscular 

control, and balance exercises (Brito et al., 2009; Giza & Micheli, 2005; 

Hubscher et al., 2010; Junge & Dvorak, 2004; Lerch et al., 2011; Petersen & 

Holmich, 2005). Notwithstanding, there are no time-related guidelines on when 

to embed prophylactic training exercises into the practice sessions. According 

to the law of specificity of training—the specific nature of a training load 

produces its own specific response and adaptations—this is of foremost 

importance; each exercise will produce a very specific response pattern. During 

matches, more injuries occur during the 2nd than during the 1st half; additionally, 

more injuries tend to occur in the last stages of the game (Ekstrand et al., 

2011b; Junge et al., 2004a, 2004b; Rahnama et al., 2002; Sousa et al., 2012 

[Supplementary study IV]; Walden et al., 2007; Woods et al., 2003; Woods et 

al., 2004); this supports the idea that fatigue becomes a major risk factor in the 
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closing periods of a match. By inference, it can be conjectured that training in a 

fatigued state may improve performance in a fatigued state, too. This is not 

consensual, but eccentric strength training conducted post-training significantly 

reduced the negative influence of football-specific fatigue (Small et al., 2009); 

additionally, greater improvement in balance ability was observed when balance 

training was performed after, rather than before, football training (Gioftsidou et 

al., 2006). Consequently, we recommend that the timing for injury prevention 

training, including eccentric strength exercises, core stability, neuromuscular 

control, and balance drills, should vary between training sessions as a strategy 

to improve adaptability to the specific demands of the game. 
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Conclusions 
 

Based on the general conclusions of each of the studies that form this 

dissertation, the following major conclusions can be outlined: 

 

• Overall, football players differ in anthropometric characteristics, physical 

fitness, and technical skills by competitive level and field position. Also, 

football players have a high heart rate loading during match play and a 

decreased running performance towards the end of the game. 

• Nonetheless, the demands of training and playing differ significantly 

between players, for proper periodization and monitoring of training should 

be warranted. In this sense, we developed a sensitive tool to monitor training 

load in football—the VAS-TL method—that can be used in complementarity 

to the usual training load methods, allowing for daily quantification of 

individual training load in football. 

• Small-sided games appear to be an adequate strategy to enhance football-

specific performance; they elicit multiple high-intensity actions independently 

of the playing surfaces, rules, number of players, or pitch size. Additionally, 

fitness tests should be used for monitoring players on a regular basis, given 

that coaches can obtain valid indicators of a player’s ability to perform during 

actual match play. 

• Football is a relatively safe sport, but a certain risk of injury should be 

considered. However, contrary to anecdotal reports, epidemiological 

evidence does not suggest a greater risk of injury when training on third-

generation artificial turf compared with natural grass.  

• The incidence of football injuries during matches is higher than during 

training. The injury incidence during the competitive period is higher than 

during the preseason, when no official matches are played. In fact, the 

demands of the game appear to have a major role on the mechanisms, 

aetiology, and characteristics of the injuries occurring in football. Coaches 

and athletic trainers should expect a majority of muscle strains, especially in 

the thigh region, followed by ankle and knee strains. 
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• Injury prevention strategies should focus on the most prevalent injuries that 

affect the individual player. Although the cause of most injuries is 

multifactorial, time-motion match analysis might aid in the design of injury 

prevention programmes. Given the major influence of football-specific 

fatigue both in performance and injuries, we recommend that injury 

prevention training be performed at varying times (prior to or following 

practice sessions) as a strategy to improve adaptability to the specific 

demands of the game. 
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Abstract
The aims of the study were to (1) analyse the activity profile of youth football players during competitive matches, and (2)
examine the relationship between physical match performance and intermittent exercise performance as well as _VO2max.
Thirty youth male football players, aged 14!17 years, carried out a laboratory treadmill test for determination of _VO2max as
well as the Yo-Yo intermittent recovery level 1 (Yo-Yo IR1) and Yo-Yo intermittent endurance level 2 (Yo-Yo IE2) tests.
Time!motion analysis and heart rate (HR) recordings were performed during two competitive matches per player. Distance
covered during the match was 63119948 (range: 4435!8098) m, of which 12% were high-intensity activities (HIA;
7599437 [374!2062] m), and 5% was backwards running (3099205 [12!776] m). Mean match HR was 168912 (140!
187) bpm, corresponding to 85% (69!91) of maximum HR. The total distance covered in the last 13.3-min period of the
match was 40%, 26% and 17% lower than in the first, second and fourth 13.3-min periods of the match, respectively
(PB0.05). The distance covered in backwards running decreased by 31% and 37% from the first to the last 13.3-min
periods of the first and second half, respectively (PB0.05). The Yo-Yo IR1 was significantly associated with the time spent
with sprinting during the match (r"0.63; P"0.002) and during the last 13.3-min period (r"0.63; P"0.022). Both Yo-Yo
IR1 and Yo-Yo IE2 were correlated with the time spent with match HIA (r"0.56 and r"0.57, respectively; PB0.05). No
significant relationship was observed between _VO2max and match time!motion variables (r"#0.13!0.25; P!0.05) or Yo-
Yo test performances (r"0.09!0.26; P!0.05). In conclusion, youth football players have a high heart-rate loading during
match play and a decreased running performance towards the end of the game. The intermittent exercise capacity, as
determined in the Yo-Yo IR1 test, appears to be a valid indicator of high-intensity exercise performance in youth matches.

Keywords: Time!motion analysis, heart rate, Yo-Yo tests, aerobic capacity, adolescents, association football

Introduction

Adult elite football players cover 9!12 km during an
official match, of which 1.5!3.3 km is high-intensity

running (HIR; Mohr, Krustrup, & Bangsbo, 2003).

Football players demonstrate impaired performance
during various phases in a game; the ability to

perform intense exercise is deteriorated towards the

end of matches, as well as immediately after the most
intense periods of the game (Krustrup, Mohr,

Steensberg, et al., 2006; Krustrup, Zebis, Jensen,

& Mohr, 2010; Mohr, et al., 2003). These data
highlight the importance of intermittent endurance
performance, which is an important physical fitness
component related to the ability to sustain high work
rates throughout training sessions and match play
(Reilly, Bangsbo, & Franks, 2000; Stolen, Chamari,
Castagna, & Wisloff, 2005; Vaeyens, Lenoir, Wil-
liams, & Philippaerts, 2008).

Physical match performance of adult football
players and the relationship between match locomo-
tor activities and physical capacity is extensively
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documented (Krustrup, Mohr, Ellingsgaard, &
Bangsbo, 2005; Mohr et al., 2003), but less exam-
ined and described in youth populations (Carling,
Bloomfield, Nelsen, & Reilly, 2008). Recent studies
with youth football players aged 13!18 years have
suggested an association between training status and
physical performance during match play (Buchheit,
Mendez-Villanueva, Simpson, & Bourdon, 2010;
Castagna, Impellizzeri, Cecchini, Rampinini, &
Alvarez, 2009; Castagna, Manzi, Impellizzeri,
Weston, & Barbero Alvarez, 2010).Under-17 elite
football players cover 5!7 km during an official
match, of which !15% (0.4!1.5 km) with high-
intensity activities (HIA), and the ability to perform
in intermittent fitness tests was related to the total
distance covered, as well as with the distance covered
in HIR (Castagna et al., 2009, 2010). To add further
to the existing data, it would be of interest to study
the running performance in different phases of youth
football matches and to correlate the physical match
performance to a variety of field and laboratory
fitness assessments.

Laboratory and field tests have been widely used
to assess endurance in football players (Castagna,
Impellizzeri, Chamari, Carlomagno, & Rampinini,
2006; Krustrup et al., 2003). Laboratory incremen-
tal treadmill tests are usually used to accurately
measure aerobic power (Metaxas, Koutlianos,
Kouidi, & Deligiannis, 2005) as an indicator of
aerobic fitness levels. However, laboratory tests are
time consuming and require high levels of personal
and technical support and are not football-specific
measurements (Bangsbo, Iaia, & Krustrup, 2008).
Conversely, field tests such as the Yo-Yo intermittent
tests are very practical and have been considered the
most valid approaches to evaluate endurance of
football players (Bangsbo et al., 2008).

The Yo-Yo intermittent recovery level 1 (Yo-Yo
IR1) and Yo-Yo intermittent endurance level 2 (Yo-
Yo IE2) tests are the versions mostly used to assess
endurance in the evaluation of youth football players
(Castagna et al., 2006; Rampinini et al., 2010).
Although the effort in football relies on aerobic and
anaerobic metabolism, the repeated high-intensity
exercise performed during Yo-Yo tests allows a sport-
specific evaluation of players’ physical capacity
(Krustrup et al., 2003; Krustrup, Mohr, Nybo,
et al., 2006). Moreover, it was observed that the
Yo-Yo IR1 is a reliable test and a valid measure of the
ability to perform HIR in football matches (Krustrup
et al., 2003; Reilly, 2006), Thus, the Yo-Yo IR1 may
be regarded as a useful test to assess game readiness
and to guide training prescription in male youth
football players (Castagna et al., 2009). Recent data
has also suggested that the Yo-Yo IE2 test is a
sensitive tool that relates to match performance,
differentiating the intermittent exercise performance

of youth players in various standards, stages of the
season and playing positions (Bradley et al., 2011).

However, it has not yet been investigated in the
same cohort of players whether the maximum
aerobic power and the performance in Yo-Yo IR1
and Yo-Yo IE2 are important determinants of the
physical match performance in youth football. Thus,
the aims of the present study were (1) to analyse the
activity profile of youth football players in various
phases during match play, and (2) to examine the
relationship between physical match performance
and two popular intermittent-exercise field tests as
well as maximal oxygen uptake.

Methods

Experimental approach to the problem

Data were collected during a 4-week period in the
middle of a 9-month competitive season. Anthropo-
metric measurements as well as laboratory and field
tests took place in the first two weeks of the study
period. The players performed an incremental la-
boratory treadmill test (to measure _VO2max), and
two field tests: the Yo-Yo IR1 and the Yo-Yo IE2.
The laboratory and field tests were conducted in
random order and were completed within a 2-week
intermission period in the competitive schedule,
officially imposed by the National Football Associa-
tion. The following 2-week period was devoted to
training and match assessments. Heart rate was
monitored during two official matches, played 2
weeks apart as host team. Time!motion analysis was
performed for the 10 outfield players of each of the
three analysed teams.

Subjects

Thirty-nine regional-level youth football players
from three different teams, competing in the first
division of the U-17 Portuguese football league, were
analysed in this study. Only outfield players were
included. Their age, stature, mass, percentage of
body fat and mean peak heart rate (HR) were
(mean9SD) 15.691.4 years, 169.597.1 cm,
61.5912.5 kg, 14.9%94.1% and 19799 b !min"1,
respectively. During games, one player suffered an
injury and eight players were substituted. Those
players were not considered for further analyses.
Therefore, the final sample included 30 players:
fullbacks (n#7), central defenders (n#7), mid-
fielders (n#8) and forwards (n#8). All players
were interviewed to provide information concerning
the number of years of football practice and hours of
regular training per week. Players were regularly
involved in football for 4.092.6 years. Players and
their parents provided informed consent, and ethical
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consent was approved by the Scientific Committee of
the Faculty of Sport of the University of Porto and
by the club officials. All procedures were conducted
according the declaration of Helsinki.

Match analysis

Each player was filmed and analysed in two con-
secutive matches (80-min duration) separated by 15
days. To avoid interferences of pitch dimensions, all
the videotaped games were restricted to home-played
matches and were filmed by the same group of
researchers. Time!motion analysis was performed
according to the procedures defined elsewhere
(Castagna, D’Ottavio, & Abt, 2003; Mohr et al.,
2003), and the mean data of the two matches was
used for analysis. Each player was filmed close up
during the entire match by digital video cameras
(DCR-HC53E, Sony, Japan) positioned at the side
of the field, at a height of about 15 m, and at a
distance of 30!40 m from the touchline. The
videotapes were later replayed on a monitor for
computerising coding of the activity pattern. Match
activities were determined according to Castagna
et al. (2003): standing (St, speed from 0 to 0.4
km !h"1); walking (W, speed from 0.4 to 3.0
km !h"1); jogging (J, speed from 3.0 to 8.0 km !h"1);
medium-intensity running (MIR, speed from
8.0 to 13.0 km !h"1); HIR (speed from 13.0 to
18.0 km !h"1); sprinting (Sp, speed faster than 18.0
km !h"1); and backwards running (BwR, speed from
5.0 to 15.0 km !h"1). The former activities were later
divided into two locomotor categories: (1) low-
intensity activities, encompassing standing, walking,
jogging, medium-intensity running and backwards
running; and (2) HIA, consisting of HIR, and
sprinting. The frequency and duration of each
activity category were recorded and the data pre-
sented for 13.3-, 40- and 80-min periods of the
match (Mohr et al., 2003). The six 13.3-min
intervals were chosen instead of the common 15-
min periods (Mohr et al. 2003), because U-17
competitive matches have 80-min duration (adult
football matches have 90-min duration). The dis-
tance covered for each activity within each time
interval was determined as the product of the total
time and mean speed for that activity. The total
distance covered during the match was calculated as
the sum of the distances covered during each type of
activity. All the match recordings were analysed by
an experienced observer. In a study by Krustrup and
Bangsbo (2001), it was observed that the coefficients
of variation for test!retest analysis were 1% for total
distance covered, 2% for walking, 5% medium-
intensity running, 3% for HIR and 3% for sprinting
and backwards running. The players’ locomotive
style was analysed and validation tests were per-

formed according to the predetermined locomotor
categories as recommended (Krustrup et al., 2005;
Mohr et al., 2003). The two halves of the match were
analysed in a random order.

Heart rate measurements during the match

HR was recorded continuously during each match at
5-s intervals via short-range radio telemetry (Polar
Team System

TM

, Polar Electro, Kempele, Finland).
To reduce HR recording errors, the players were
asked to check their HR monitors before each match
and at the half-time break of the match. Following
each match, HR data was then downloaded to a
computer using Polar Software (Polar Electro,
Kempele, Finland).

Testing

Performance in prolonged intermittent exercise. The Yo-
Yo IR1 and the Yo-Yo IE2 were performed before the
videotaped matches, two weeks apart, in a random
order. After a 10-min warm up including the first
four running bouts of the test (Krustrup et al.,
2003), the players repeated 2#20 m runs back and
forth between the start and finish line at a progres-
sively increasing speed, controlled by audio bleeps
from a CD-ROM according to the guidelines of
Bangsbo (1996). The test was terminated when the
subjects failed twice to reach the starting line
(objective evaluation) or the participant felt unable
to complete another shuttle at dictated speed (sub-
jective evaluation). The total distance covered during
the Yo-Yo IR1 and the Yo-Yo IE2 was recorded and
represented the test result. Heart rate was measured
during the tests and recorded every 5 s using HR
monitors. The individual maximum HR (HRmax)
was determined as the highest value reached either in
the Yo-Yo IR1, Yo-Yo IE2 and treadmill test or in the
match.

Laboratory treadmill evaluation

Initially, anthropometric measurements were per-
formed, including body height (fixed stadiometer,
Holtain Ltd., UK), body weight and fat percentage
(Tanita

†
, BC-418MA, USA). The laboratory tread-

mill test was performed starting with a warm up at
speeds 6 and 8 km !h"1 in 2.5-min stages followed by
an incremental maximal test. The maximal test
began at a speed of 10 km !h"1, with a stepwise
increase in speed of 1 km !h"1 every 60 s until
exhaustion. After the maximal test, subjects ran at 5
km !h"1 for 5 min. Heart rate was recorded in 5-s
intervals throughout the entire protocol using a Polar
Vantage NV heart rate monitor (Polar Electro Oy,
Kempele, Finland). Oxygen uptake was measured
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during the entire test using a breath-by-breath gas
analysis system (K4b2, Cosmed, Rome, Italy). Be-
fore each testing session, the K4b2 was calibrated
according to the manufacturer guidelines. The vari-
ables selected for the analysis were maximal oxygen
consumption ( _VO2max), peak HR, and speed at-
tained at _VO2max (v _VO2max). Two criteria were
considered for _VO2max determination: (1) plateau
in _VO2 (an increase less than 2.1 ml !kg!1 !min!1

despite an increase in running speed); and (2)
respiratory exchange ratio (RER) greater than 1.10
(Howley, Bassett, & Welch, 1995).

Statistics

Results are presented as mean and standard devia-
tion. Differences between the various phases of the
game (e.g. 13.3-min periods) were tested using
repeated-measures ANOVA. When significant inter-
action was detected, data were subsequently ana-
lysed using a Bonferroni’ spost hoc test. Differences
between the first and the second halves of the were
calculated using a Student paired t-test. The correla-
tion coefficients were determined using Pearson’s
product-moment test. The magnitude for correlation
coefficients were considered as trivial (rB0.1), small
(0.1BrB0.3), moderate (0.3BrB0.5), large
(0.5BrB0.7), very large (0.7BrB0.9), nearly per-
fect (r!0.9) and perfect (r"1.0), in accordance
with Hopkins’ definitions (Hopkins, 2010). Statisti-
cal significance was set at P B0.05.

Results

Activity profile during match play

The total distance covered during the match was
63119948 (4435#8098) m, of which "12%
(7599437, 374#2062 m) were performed at HIA.
Players spent approximately 87% of total match
duration in standing, walking and jogging, while
HIA accounted for 3.1% (Table I). No differences
between halves in the time spent in each movement
category were found (P!0.05).
The total distance covered during the first 13.3-

min period of the match was 11%#29% higher than

in the remaining 13.3-min periods (PB0.05). Ad-
ditionally, the distance covered during the last 13.3-
min period of the match was lower than during the
second and fourth periods (PB0.05; Figure 1(a)).
The distance covered in backwards running de-
creased by 31% and 37% in the last 13.3-min
periods of the first and second halves, respectively,
comparing with the first 13.3-min period of the game
(PB0.05; Figure 1(b)).

Although without statistical significance, the dis-
tance covered in HIA in 13.3-min periods tended to
decrease throughout the game (first period,
1609111 m; second period, 127982 m; third
period, 125988 m; fourth period, 137981 m; fifth
period, 109962 m; sixth period, 91949 m;
P"0.058). The peak distance covered with HIA in
a 13.3-min period was 192997 m, which was 71%
higher than the following 13.3-min periods
(112984 m; PB0.001; Figure 2). Seventy-five
percent of the players had their most intense 13.3-
min period in the first half of the game and 47% of
the players had the most intense exercise period in
the first 13.3-min period of the game. Moreover,
60% of the players had their least intense exercise
period in the first half the game. The average
distance covered in HIA during all the 13.3-min
intervals was 129974 m, which was higher
(P"0.002) than in the 13.3-min period that fol-
lowed the peak period (Figure 2).

Heart rate during match play

Mean HR during the match was 168912 bpm
(range: 140#187). This value corresponded to 85%
(69#91) of HRmax, which was 19899 bpm (176#
213). Players spent 40%911% (14#67), 23%99%
(5#38), and 10%98% (0#28) of the playing time
with the HR between 80%#90%, 90%#95%, and
!95% of the maximal HR, respectively.

Yo-Yo performances and _VO2max

The performance of the Yo-Yo IR1 and IE2 were
14629356 (range: 720#2280) and 11719331
(640#1760) m, respectively. _VO2max was 61.895.6

Table I. Activities performed and distances covered during the match by youth soccer players (mean9SD)

Frequency (n) Duration (s) Total time (%) Distance covered (m)

St 154948 4.591.1 14.495.0 0 (0)

W 382973 6.791.9 53.398.3 21169482 (1269#3359)
J 4419108 2.190.4 19.894.5 20259458 (1090#3095)
MIR 196970 1.690.2 6.592.0 11029371 (619#1794)
HIR 84950 1.390.3 2.391.2 5299312 (215#1461)
Sp 29920 1.490.4 0.890.4 2309135 (88#601)
BwR 87954 1.590.4 3.091.8 3099205 (12#776)

St: standing; W: walking; J: jogging; MIR: medium-intensity running; HIR: high-intensity running; Sp: sprinting; BwR: backwards running.
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(45.6!72.3) ml !min"1 !kg"1. No correlations were
observed between _VO2max and the distance covered
in the Yo-Yo tests (r#0.25!0.63; P!0.05). No
significant differences were observed in peak HR
during the Yo-Yo IR1 and IE2, the incremental
treadmill test and the match (196910; 19899;
191911; and 19799 bpm; respectively;
P!0.05).Midfielders performed better in the Yo-
Yo IE2 than central defenders and forwards
(PB0.05; Table II), whereas, no position-related
differences were observed for Yo-Yo IR1 perfor-
mance and the _VO2max (P!0.05).

Relationship between physical capacity and match
performance

The coefficients of correlation between the distance
covered in the Yo-Yo tests and treadmill test variables
with match activities, as well as HR of the players
during the match are presented in Table III.

Briefly, the Yo-Yo IR1 and the Yo-Yo IE2 tests
showed significant moderate to large correlations

with the time spent in HIR and in HIA during the
match (PB0.05; Figure 3(a)). Both tests also
showed moderate to large correlations with the
mean HR during games (PB0.05; Figure 3(b)).
Additionally, the Yo-Yo IR1 presented large correla-
tions with the time spent in sprinting during the
match (P#0.002; Figure 3(c)) and during the last
13.3-min period of the game (P#0.022; Table III).

No significant correlations were found between
the distance covered in the Yo-Yo tests and the
analysed measures of aerobic power (P!0.05).
From all incremental treadmill test variables, only
v _VO2max showed moderate correlation time spent in
HIR, as well as with mean HR and the time spent
!95% HRmax during games (PB0.05; Table III).
No further correlation was observed between the
treadmill test variables and the activity profile during
the match (P!0.05).

Discussion

This study showed that the HRs were elevated and
that the total distance covered and the amount of
backwards running decreased significantly towards
the end of youth football matches. Yo-Yo IR1 and
Yo-Yo IE2 performances were associated with the
time spent in HIA during the match. Additionally,
the distance covered in the Yo-Yo IR1 was associated
with the time spent in sprinting during the game and
towards the end of the match. In contrast, _VO2max

was not correlated to the activity profile during the
match or to the Yo-Yo test performances.

Figure 1. Total distance (a) and backwards running (b) covered

in six 13.3-min intervals during the match (80-min duration).

means9SD are presented.

*Significantly different from the first 13.3-min interval of the
match (PB0.05). §Significantly different from the last 13.3-min

interval (PB0.05).

Figure 2. Distance covered in high-intensity activity (HIA) in the
13.3-min interval with more HIA (Peak 13.3-min), in the 13.3-

min interval that followed the peak 13.3-min (next 13.3-min) and

the average values of all the 13.3-min intervals (average 13.3-min)
of the match. means9SD are presented.

*Significantly different from the Peak 13.3-min interval

(PB0.001). §Significantly different from the Average 13.3-min

interval (PB0.01).
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As observed in senior elite and non-elite players
(Bangsbo, Norregaard, & Thorso, 1991; Mohr et al.,
2003), it was found that the average HR during
games was !85% of individual HRmax, and that the
HR was at 90%!95%, and "95% of HRmax for
23%, and 10% of the playing time, respectively.
These results show that youth football matches
impose high demands on the cardiovascular system
(Impellizzeri et al., 2006). At the same time, !80%
of match time was spent in low and moderate
intensity activities revealing that in the global picture
of U-17 match physical effort is similar to what has
been observed in adult players.

The distance covered in the last 13.3-period of the
match was lower than in the correspondent first,
second and fourth and periods. Moreover, the
distance covered in backwards running decreased
significantly in last 13.3-min period of the first and
second halves. Such changes might be attributed to
the player’s inability to cope with match tempo in the
first periods of the match. A marked reduction in
total running distance, HIA and backwards and
sideways running towards the end of competitive
games has also been observed for adult elite players
and match officials (Ekblom, 1986; Mohr et al.,
2003). Interestingly, backwards movements were
affected in the last periods of the first and second
halves. Backwards movements are sometimes prefer-
able during match play (e.g. when a defender is

facing the ball while marking the opponent), but
previous studies showed that, compared with for-
ward movements, unorthodox movements, such as
sideways and backwards running, present higher
energetic demand (Reilly & Bowen, 1984). Thus, it
could be suggested that, as the game progresses and
fatigue becomes more pronounced, players restraint
themselves to perform movements with higher en-
ergetic cost, in special, the ones accomplished for
positional adjustments in the field during the match.

The distance covered with HIA after the peak
13.3-min of HIA was lower than in the remaining
intervals of the match. Similar results have been
described in adult soccer players, when results were
analysed in 5-min periods (Mohr et al., 2003). It was
hypothesised that players could experience tempor-
ary fatigue in some periods of the match after being
involved in peak periods of high-intensity exercise.
Interestingly, 75% of the players had their most
intense 13.3-min period in the first half of the game
and 60% of the players had the least intense 13.3-
min interval in the first half of the game. Altogether,
these results suggest that players might have experi-
enced a pronounced reduction in exercise intensity
as a response to temporary fatigue after the most
intense periods of the first half of the match.

Both Yo-Yo tests were associated with the time
spent in HIR and the mean HR during the match.
Positive correlations between performance in the

Table II. Yo-Yo IR1 and Yo-Yo IE2 performance, and _VO2max attained during the incremental treadmill test (mean9SD), as well as results

of ANOVA testing the effects of field position on Yo-Yo tests and _VO2max

Position Effect of position

FB (n"7) CD (n"8) MF (n"8) FW (n"7) Total (n"30) F P h2

Yo-Yo IR1 (m) 14969335 12539231 14829444 15379290 14629356 0.80 0.501 0.06

Yo-Yo IE2 (m) 11309300 9809311 11439274* 10209276 11719331 4.93 0.006 0.32
_vo2max (ml !min#1 !kg#1) 62.493.8 60.399.4 62.696.8 61.892.8 61.895.6 0.31 0.816 0.03

FB: fullback; CD: central defender; MF: midfielder; FW: forward.
*Significantly different from CD and FW (PB0.05).

Table III. Coefficients of correlation between the distances covered in the Yo-Yo tests (Yo-Yo IR1 and Yo-Yo IE2) and the incremental

treadmill test variables, and the locomotor activities and heart rate during matches of U-17soccer players (n"30)

Yo-Yo IR1 Yo-Yo IE2 _VO2max v _VO2max

HIR (distance, m) r"0.56 r"0.45 r"0.00 r"0.45

P"0.010 P"0.030 P"0.996 P"0.036

Sprinting (distance, m) r"0.63 r"0.29 r"0.15 r"0.13
P"0.002 P"0.320 P"0.496 P"0.559

HIA (distance, m) r"0.56 r"0.57 r"0.04 r"0.39

P"0.015 P"0.029 P"0.875 P"0.072

Time sprinting in the last 13.3 min (%) r"0.63 r"0.12 r"0.14 r"0.06
P"0.022 P"0.607 P"0.552 P"0.798

Mean HR (% HRmax) r"0.61 r"0.45 r"-0.13 r"0.49

P"0.004 P"0.046 P"0.540 P"0.017
Time"95% HRmax (%) r"0.37 r"0.05 r"0.25 r"0.44

P"0.106 P"0.807 P"0.253 P"0.035

v _VO2max: maximal speed at _VO2max; HIR: high-intensity running; HIA: high-intensity activity (HIR$ Sprinting).
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Yo-Yo-IR1 (Castagna et al., 2009, 2010) and the
Yo-Yo IE2 (Bradley et al., 2011), and the amount of

HIA performed in the match by youth football

players have been described. In fact, HIA was
suggested to be a precise measure of physical

performance during a football game (Bangsbo et

al., 1991; Ekblom, 1986; Krustrup et al., 2003).
However, only the Yo-Yo IR1 was significantly

associated with the time spent with sprinting during

the game. Altogether, these results suggest that Yo-
Yo IR1 is a better predictor of the ability to perform

maximal intensity exercise during the match than

Yo-Yo IE2. Krustrup et al. (2003) analysed the
physiological response of the Yo-Yo IR1 test in elite

football players and observed that during this

version of the Yo-Yo assessment muscle lactate
increased eightfold and muscle creatine phosphate

and glycogen decreased by 51% and 23%, respec-

tively. The authors concluded that during the Yo-Yo
IR1 the anaerobic energy system was highly taxed.

Overall, it seems that the Yo-Yo assessments’

performance, especially the Yo-Yo IR1 version, is a
more sensitive measure for variations in match
physical performance than _VO2max. This is also
supported by the finding that top-class football
referees improved their Yo-Yo IR1 test performance
by 31% and the amount of HIR during competitive
matches by 23% after 8 weeks of intense inter-
mittent exercise training, with a negligible change in
_VO2max (Krustrup & Bangsbo, 2001).
None of the physical match performance variables

was associated with _VO2max. In contrast with these
results, significant positive correlations were ob-
served between _VO2max of female elite football
players and the amount of HIR during the match
and in the last 15 min of each half of the match
(Krustrup et al., 2005). These results suggest that
physical performance of young football players dur-
ing the match is relatively independent on the
player’s aerobic capacity. Nevertheless, in the present
study, the amount of HIR, as well as the mean HR
(as% HRmax) and the time spent above 95% HRmax

during the match, were related with maximal speed
at _VO2max. Previous studies with top-level male
football players have found significant correlations
between peak speeds reached during an incremental
field test and total distance covered, as well as the
amount of high-intense exercise during games
(Rampinini et al., 2007). These results suggest
that, despite the ability to cover greater distances at
high running speeds during a match that depends on
aerobic fitness, other aerobic-dependent factors than
_VO2max (e.g. ability to recover from high-intensity
intermittent exercise, peak running speed during
incremental tests) can be used to assess specific
physiological components of football performance
and to prescribe individualised physical training for
football players (Rampinini et al. 2007).

Contrary to previous studies with U-13, U-14 and
U-15 football players that did not find significant
differences between positions in the distance covered
in the Yo-Yo tests (Malina, Eisenmann, Cumming,
Ribeiro, & Aroso, 2004; Wong, Chamari, Dellal, &
Wisloff, 2009), in the present study midfield players
performed better in the Yo-Yo IE2 than central
defenders and forwards. In opposition to the afore-
mentioned studies, we did not consider all the
defensive players in the same positional group (i.e.
defenders), but divided them in fullbacks and central
defenders. Also, Portuguese youth teams usually play
in 4:3:3, with no fixed positions for forward players.
During games, elite central defenders and central
forwards perform less maximal work than fullbacks
and midfielders (Di Salvo et al., 2007; Mohr et al.,
2003). Hence, a lower ability to perform intermittent
exercise is expected for the corresponding central
team formations. High match-to-match variability in
performance characteristics has been observed for

Figure 3. Individual relationships between the percentage of time

spent with high-intensity activity (HIA) (a), the mean HR

(presented as% HRmax) (b) and the percentage of time spent
with sprinting (c) during the match, and the distance covered in

the Yo-Yo IR1 and Yo-Yo IE2.
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elite football players, and therefore this inherent
variability means that research requires large sample
sizes in order to detect real systematic changes in
performance characteristics (Gregson, Drust, Atkin-
son, & Salvo, 2010). In the present study, the sample
size is statistically too small to allow match-perfor-
mance comparisons between positional roles. There-
fore, further studies are required to better
understand the influence of different tactical systems
in the position-specific physical demands of match
play.

Conclusion

The present study showed that the Yo-Yo tests
performance correlated with the amount of HIA
performed in games. Moreover, as observed in elite
male players (Krustrup et al., 2003), this study did
not reveal any correlation between maximal oxygen
uptake and match performance. Altogether, the
results of the present study provide evidence that
the performance on the Yo-Yo IR1 and Yo-Yo IE2
tests are good predictors of high-intensity activity
throughout youth male football games. Nevertheless,
the Yo-Yo IR1 test could give a better indication of
the ability to perform maximal exercise during a
match.
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                                      Anthropometric Characteristics, Physical Fitness and 
Technical Performance of Under-19 Soccer Players by 
Competitive Level and Field Position

(under 19, U19), which is the last competitive age 
group before players face challenges associated 
with the highest competitive levels in the sport. 
Evidence suggests that  > 70 % of professional soc-
cer players started their careers at this level 
between 17 and 20 years of age   [ 30 ]  ; thus, it is 
generally expected that youth players at this age 
and stage of development are ready to compete at 
the highest levels, and are also reasonably estab-
lished in a specifi c fi eld position   [ 37 ]  . Neverthe-
less, data for the late adolescent soccer players 
are restricted to elite players   [ 31 ]  ; moreover, 
information regarding the potential position-
specifi c di  ̥erences between elite and non-elite 
players is somewhat underrepresented in the lit-
erature. Therefore, the purpose of this study was 
to compare size, function and skill of male U19 
soccer players by level of competition and play-
ing position.

    Methods
 ̖
    Participants
  180 Portuguese U19 soccer players, from 11 
teams (5 elite, 6 non-elite), were selected and 

        Introduction
 ̖
   Morphological characteristics   [ 2   ,  33 ]   and physi-
cal, technical and tactical skills   [ 11   ,  27   ,  32 ]   suc-
cessfully discriminate soccer players by 
competitive level and fi eld position. Among the 
youngest, elite youth players are taller and heav-
ier than non-elite peers   [ 14   ,  25   ,  26 ]  , and perform 
signifi cantly better on sprinting and jumping 
tests   [ 16   ,  17 ]  , as well as in soccer-specifi c tests of 
dribbling, shooting accuracy and juggling   [ 36 ]  . 
Goalkeepers and defenders are taller and heavier 
than players in other positions   [ 15   ,  25   ,  38 ]  , but do 
not di  ̥er in dribbling, passing and shooting 
accuracy   [ 24 ]  , neither in shooting power, sprint-
ing and intermittent endurance   [ 38 ]  . Central 
defenders and forwards perform better in verti-
cal jump than fullbacks and midfi elders   [ 32 ]  . 
However, the majority of studies have focused 
largely on players 11–16 years of age – an age 
interval when individual di  ̥erences in growth 
and biological maturation are perhaps at their 
greatest   [ 23 ]   – and this might skew prediction of 
success in adolescent soccer players.
  In contrast, there is limited information for older 
or late adolescent players aged 17–18 years 

    Authors     A.     Rebelo    1        ,     J.     Brito    1    ,     J.     Maia    2    ,     M.     J.     Coelho-e-Silva    3    ,     A.     J.     Figueiredo    4    ,     J.     Bangsbo    5    ,     R.     M.     Malina    6    ,     A.     Seabra    7   

                                      Abstract
 ̖
   Anthropometric characteristics, physical fi t-
ness and technical skills of under-19 (U19) 
soccer players were compared by competitive 
level (elite, n = 95; non-elite, n = 85) and playing 
position (goalkeeper, central defender, fullback, 
midfi eld, forward). Fitness tests included 5- and 
30-m sprints, agility, squat jump (SJ) and coun-
termovement jump (CMJ), strength and Yo-Yo 
intermittent endurance test level 2 (Yo-Yo IE2). 
Soccer-specifi c skills included ball control and 
dribbling. Independent of position, elite players 
presented more hours of training per year than 

non-elite players ( d  > 1.2). Stature and body mass 
discriminated elite from non-elite players among 
goalkeepers and central defenders ( d  > 0.6). 
Major di  ̥erences were noted between elite and 
non-elite goalkeepers for SJ, CMJ, Yo-Yo IE2, and 
ball control ( d  > 1.2). Elite central defenders per-
formed better than their non-elite counterparts 
in SJ and ball control tests ( d  > 1.2). Elite players 
presented better agility and Yo-Yo IE2 perform-
ances than non-elite players within all positional 
roles ( d  > 0.6). In conclusion, U19 players di  ̥ered 
in anthropometric characteristics, physical fi t-
ness and technical skills by competitive level 
within fi eld positions.

A  ̶ liations A  ̦ liation addresses are listed at the end of the article
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divided into an elite group (n = 95) competing in the fi rst division 
of the national U19 youth league, and a non-elite group (n = 85) 
competing in a regional division. Players were also classifi ed by 
playing position: goalkeepers (n = 18; elite/non-elite: 9/9), cen-
tral defenders (n = 26; 13/13), fullbacks (n = 27; 14/13), midfi eld-
ers (n = 68; 38/30), and forwards (n = 41; 21/20). Strikers and 
wing position players were combined as “forwards”, since it is 
very common for boys to play both wing and/or striker positions 
at youth level in Portugal. Most teams play with a 4 × 3 × 3 forma-
tion, with rotation of players on the forward line. On the other 
hand, it is not that common for inside midfi elders to play on the 
wing. The study was conducted in accordance with accepted 
ethical standards   [ 19 ]   and was approved by the Scientifi c Com-
mittee of the Faculty of Sport of the University of Porto and by 
the club o  ̦ cials. Players and their parents or legal guardians 
provided informed consent.

    Protocol
  All players were evaluated in December 2008 and January 2009 
at the University of Porto. The protocol included an interview, 
anthropometry, and a series of physical fi tness and soccer-skill 
tests. Players were interviewed regarding the number of years of 
involvement in soccer and hours per week of regular training 
throughout a competitive season. Each player was tested on 2 
occasions within a 1-week period. Anthropometric dimensions 
and soccer-specifi c skills, speed and agility were measured dur-
ing the initial visit. Isokinetic muscular strength, jumping tests 
and intermittent endurance performances were assessed during 
the second visit. With the exception of anthropometry and iso-
kinetic muscular strength, all tests were administered outdoors 
on a soccer fi eld with artifi cial grass. Prior to testing of physical 
capacities and soccer skills, the players performed a 12-min 
warm-up consisting of jogging and stretching exercises, as well 
as familiarization trials of each test. Players wore soccer clothing 
and shoes during all tests.
  Height was measured with a fi xed stadiometer (Holtain Ltd., UK) 
( ± 0.1 cm); body mass and percentage fat with a body fat moni-
tor (Tanita ® , BC-418 MA, USA) ( ± 0.1 kg). Each measurement was 
taken twice and the mean was retained for analysis. Players 
wore light clothing and shoes were removed.
  Speed was evaluated with a 30-m sprint test. Elapsed times were 
measured using 3 pairs of photoelectric cells (Speed Trap II, 
Brower Timing Systems, USA), positioned at the starting line and 
at 5 and 30 m. Players were instructed to run as fast as possible 
from a standing position 30 cm behind the starting line. The bet-
ter (fastest) of 2 trials was retained for analysis.
  Agility was evaluated by the T-test   [ 34 ]  . The subject began with 
both feet 30 cm behind the starting point (A). The player sprinted 
forward 10 m to point B and touched a marker (cone) with the 
right hand, then sprinted 5 m to the left and touched another 
marker (C) with the left hand, then sprinted 10 m to the right 
and touched a third marker (D) with the right hand, and fi nally 
sprinted back to point B and touched the marker with the left 
hand, after which he turned 90 ° and returned to the starting 
point A running through the fi nish line. One pair of photoelectric 
cells was placed at the starting/fi nishing point (A) to record the 
elapsed time. Players were instructed to run as fast as possible. 
The better (fastest) of 2 trials was retained for analysis.
  Jumping height was evaluated with a squat jump (SJ) and a coun-
termovement jump (CMJ) on a special mat (Digitime 1000, Digit-
est, Finland), following the protocol of Bosco et al.   [ 6 ]  . The SJ was 
performed with a squat starting position: knees fl exed at 90 ° 

and hands on hips. From this position, the player made a maxi-
mal vertical jump and then landed with straight knees on the 
mat. For the CMJ, the player was standing erect; after fl exing the 
knees to the squat position, he jumped vertically as high as pos-
sible maintaining hands on hips. 2 trials were given for each 
jump and the better of the 2 trials was retained for analysis.
  Muscular strength was measured as the maximum voluntary 
concentric torque of the quadriceps and hamstring muscles of 
the dominant leg at an angular velocity of 90 ° s  ï 1  using an isoki-
netic dynamometer (Biodex II, USA), as done by others   [ 27 ]  . 3 
maximal voluntary trials were given and the best trial was 
retained for analysis.
  The Yo-Yo intermittent endurance test – level 2 (Yo-Yo IE2) 
required repeated 2 × 20-m runs (shuttles) between the start 
and fi nish line at progressively increased speeds controlled by 
audio bleeps from a tape-recorder; there was a 5-s period of rest 
between runs   [ 3 ]  . The aim of the test was to perform as many 
shuttles as possible. When the player failed twice to reach the 
fi nish line in time, the distance covered was recorded and used 
as the test result. Only 1 trial was given.
  2 soccer-specifi c technical skill tests were adapted from the 
Ghent Youth Soccer Project   [ 36 ]  : ball control and dribbling. In 
the ball control test, the player had to keep the ball in the air 
without using the arms or hands. The score recorded was the 
number of hits of the ball before it fell to the fl oor. 2 trials were 
administered, although the player could start the trial again if he 
failed to contact the ball twice in the initial attempt. In the drib-
bling test, the player was instructed to dribble the ball around 9 
cones (2-m apart) in a slalom fashion from the start to end lines 
and return. The purpose was to complete the drill in the fastest 
time possible without knocking down the cones. If a cone was 
knocked over, the player had to place it upright and continue the 
test. Performance was measured using one pair of photoelectric 
cells, positioned at the start/fi nish line. Players were instructed 
to slalom as fast as possible from a standing position 30 cm 
behind the starting line. The average of the 2 trials for each test 
was used in the analysis. The o  ̦ cial ball of the Portuguese 
Championships (Adidas Europass; 5-size ball) was used in the 
skill tests, with a pressure of 0.8 bar.
  Technical errors of measurement for anthropometry were 
0.24 cm for height, and 0.17 kg for weight. Interclass correlation 
coe  ̦ cients were 0.97 for 5- and 30-m sprints; 0.95 for agility; 
0.97 and 0.89 for SJ and CMJ, respectively; 0.70 and 0.89 for the 
peak torque of the knee extensor and fl exor muscles, respec-
tively; and 0.70 and 0.99 for ball control and dribbling tests, 
respectively. A replicate test was not given for the Yo-Yo IE2.

    Statistical analysis
  Descriptive statistics [means (SD)] were calculated for the total 
sample by competitive level and fi eld position. Di  ̥erences by 
level and position were tested with two-way analysis of variance 
(ANOVA). Bonferroni adjustments for multiple post hoc compar-
isons were used for signifi cant ANOVA. Standardized di  ̥erences 
in means (e  ̥ect sizes,  d ) were computed for pairwise compari-
sons. E  ̥ect sizes were classifi ed according to Hopkins   [ 21 ]   as 
trivial ( d  < 0.2), small (0.2 <  d  < 0.6) moderate (0.6 <  d  < 1.2), large 
(1.2 <  d  < 2.0), very large (2.0 <  d  < 4.0), nearly perfect ( d  > 4.0), and 
perfect ( d  = infi nite). SPSS 18.0 was used; statistical signifi cance 
was set at p < 0.05.
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     Results
 ̖
   Descriptive statistics for anthropometric and training character-
istics of players by competitive level and fi eld position are sum-
marized in      ̎  ̂      Table 1  . There was no interaction e  ̥ect between 
competitive level and fi eld position in anthropometric and train-
ing characteristics (p > 0.05). Nevertheless, elite goalkeepers and 
central defenders tended to be taller and heavier than non-elite 
players in their respective positions (0.6 <  d  < 1.2). Elite midfi eld-
ers presented moderate di  ̥erences in body mass, but not in 
height compared to non-elite midfi elders. Small di  ̥erences in 
weight and height were observed among fullbacks and forwards. 
Estimated percentage body fat did not vary by competitive level 
within fi eld positions. Independent of position, elite players pre-
sented more hours of training per year than non-elite players 
( d  > 1.2). Large di  ̥erences, favouring elite players, were observed 
for years of practice experience among central defenders 
( d  > 1.2), whereas moderate di  ̥erences were detected among 
goalkeepers and midfi elders (0.6 <  d  < 1.2).
     There was no interaction e  ̥ect between competitive level and 
fi eld position in any of the functional or skill tests (p > 0.05). 
Therefore, e  ̥ect size statistics were calculated for comparisons 
of players by position within competitive level. Functional and 
technical performances of elite and non-elite players by fi eld 
position are summarized in      ̎  ̂      Table 2  . Large to very large e  ̥ect 
sizes were observed only for pairwise comparisons among goal-
keepers and central defenders by competitive level, respectively. 
Elite goalkeepers tended to perform better than the non-elite in 
all tests; di  ̥erences were observed for SJ, Yo-Yo IE2, ball control 
( d  > 1.2), and CMJ ( d  > 2). Moderate di  ̥erences were also noted 
for peak torque of the knee extensor and fl exor muscles, 5- and 
30-m sprint, and agility performances. Elite central defenders 
tended to di  ̥er from the non-elite in SJ and ball control ( d  > 1.2), 
while di  ̥erences for agility and Yo-Yo IE2 performances were 
moderate. Moderate di  ̥erences were also observed within full-
backs in 5- and 30-m sprint, agility and Yo-Yo IE2 performances. 
Elite midfi elders presented moderate di  ̥erences in peak torque 
of the knee fl exor muscles, 5- and 30-m sprint, agility, Yo-Yo IE2, 
and ball control compared to the non-elite midfi elders. Elite for-
wards presented moderate di  ̥erences in peak torque of the 
knee fl exor muscles, agility and Yo-Yo IE2 performances com-
pared to non-elite forwards.

       Discussion
 ̖
   In this study, position-specifi c di  ̥erences in terms of size, func-
tion and skill were noted between elite and non-elite U19 play-
ers. Overall, elite players tended to be taller and heavier than 
non-elite players, but the di  ̥erences in body size discriminated 
primarily goalkeepers and central defenders by competitive 
level. A previous study showed that adult players attaining 
higher levels of play were, on average, di  ̥erentiated from ama-
teur players in height and/or body mass   [ 23 ]  . Studies of adoles-
cent (13–15 years) and adult players showed that defenders and 
goalkeepers tended to be the tallest and heaviest, while mid-
fi elders and forwards tended to be the shortest and lightest 
  [ 15   ,  24   ,  38 ]  . The results were generally expected given the play-
ing demands associated with the respective positions and per-
haps the perceived needs of coaches. Physical contact and 
jumping to contest aerial balls are expected among goalkeepers 
and central defenders. On the other hand, fullbacks, midfi elders   Ta
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and forwards are required to move more skilfully and e  ̦ ciently 
over greater distances throughout the pitch, so that smaller size 
and especially lower mass may be an advantage   [ 8 ]  . It was not 
clear, however, if the size di  ̥erence between elite and non-elite 
players among goalkeepers and central defenders was a function 
of coach/trainer selection per se, di  ̥erential success of taller and 
heavier players, or both.
  Elite players tended to present more years of soccer experience 
and hours of training during the season than non-elite players. 
By inference, total time in systematic practice may be critical 
in the development of youth soccer players. Nevertheless, the 
hours of experience/training accumulated by elite players 
(~2 750 h) were far less than the suggested 10 000 h in models of 
deliberate practice   [ 1   ,  13   ,  20 ]  . It is not known, however, if any 
players in the present study will become top-class players in the 
future. However, performances in physical fi tness and technical 
tests suggested that di  ̥erences between elite and non-elite 
players might be related to training or selection.
  Overall, the sample of elite U19 Portuguese soccer players did 
not perform as well as top-class adult soccer players in the 5-m 
sprint (~0.14 s)   [ 29 ]  , 30-m sprint (~0.07 s)   [ 9 ]  , agility (~0.82 s) 
  [ 10 ]  , SJ and CMJ (~4.7 and ~5.8 cm, respectively)   [ 29 ]  , Yo-Yo IE2 
(~1 200 m)   [ 7 ]  , and in isokinetic strength of knee extensor and 
fl exor muscles (~15 N · m in both limbs)   [ 27 ]  . The reduced fi tness 
of elite U19 players compared with top-class players may refl ect 
insu  ̦ cient time in deliberate training and/or practice, but sam-
pling variation and individual di  ̥erences per se must also be 
considered in evaluating the comparisons. Although elite U19 
players presented, on average, better athletic profi les than non-
elite players, the di  ̥erences between competitive levels were 
not consistently evident within each fi eld position.
  Stature has been consistently reported as a prerequisite for goal-
keepers at the elite level   [ 5 ]  ; greater anaerobic power is also con-
sidered essential for successful goalkeeping   [ 33   ,  35 ]  . Although 
the activities of goalkeepers are not as great as those of fi eld 
players during a match, high-intensity actions (e. g. dives, jumps, 
sprints) are ordinarily decisive to the fi nal score   [ 12 ]  . Observa-
tions in the present study were generally consistent with these 
expectations for goalkeepers. Elite U19 goalkeepers were largely 
di  ̥erentiated from non-elite goalkeepers in stature and body 
mass, and in vertical jump performance; elite goalkeepers also 
tended to present better sprint and agility and higher levels of 
lower-limb strength. Interestingly, elite goalkeepers also dif-
fered from the non-elite in intermittent endurance capacity and 
ball control skill. Given the need of high training exposure, elite 
goalkeepers more likely participate in fi eld-based team drills, 
such as ball possession drills and small-sided games. As a caveat, 
however, it was not clear if the di  ̥erences in fi tness and skills 
between elite and non-elite goalkeepers were due to di  ̥erential 
selection criteria for the position, exposure to training, or both.
  Stature, body mass, vertical jump (squat jump), and technical 
skills also appeared to discriminate elite from non-elite central 
defenders. The observations are generally consistent with coach 
expectations for players in this position, as activities of central 
defenders often involve body contact with opposing players, as 
well as aerial duels to sustain long ball passes and crosses. Addi-
tionally, ball control test scores suggested that elite central 
defenders should have the technical skills to cope with o  ̥ensive 
build up situations. At lower competitive levels, central defend-
ers may be largely engaged in position-specifi c defensive tasks.
  Frequent involvement with the ball and successful performance 
in skill-related activities are important determinants of success   Ta
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in soccer   [ 18   ,  33   ,  36 ]  . In the present study, technical skill was a 
major distinguishing factor among goalkeepers and central 
defenders, respectively, by competitive level, while a moderate 
di  ̥erence was noted between elite and non-elite midfi elders. 
Of interest, di  ̥erences between elite and non-elite forwards in 
both technical skill tests were trivial, suggesting that other fac-
tors (e. g. shooting accuracy, heading, anticipation, among oth-
ers) might be important for this fi eld position at higher levels of 
competition.
  Agility and intermittent endurance appeared to distinguish elite 
from non-elite central defenders, fullbacks, midfi elders and for-
wards. Speed was also a discriminating factor within fullbacks 
and midfi elders by level of competition. By inference, the results 
suggested that elite outfi eld players performed better in tests 
that assessed physical qualities related to the position-specifi c 
demands of match play. Of necessity, soccer players must adapt 
to the physical demands of the game, and moderate to high lev-
els of speed, agility, and aerobic endurance have been described 
as important physiological qualities for elite soccer; the ability 
to tolerate systematic training is also clearly important   [ 33 ]  . Per-
formances of elite relative to non-elite players also suggest a 
need for greater ability to sustain high work rates during a match 
and to recover quickly from all-out e  ̥orts   [ 2   ,  33 ]  . This is particu-
larly relevant since performances on intermittent high-intensity 
tests and distances covered at high-intensity during a match are 
signifi cantly related   [ 4   ,  22   ,  28 ]  .
  In summary, the di  ̥erential experience and training time 
between elite and non-elite players may have contributed to the 
observed di  ̥erences in fi tness and technical skill. Stature, body 
mass and strength appeared to be important discriminant fac-
tors by competitive level among goalkeepers and central defend-
ers, respectively. Agility and aerobic endurance distinguished 
elite from non-elite players within all positions. Better technical 
skills may also be determinants of success among elite compared 
to non-elite goalkeepers and central defenders. In conclusion, 
body size and specifi c physical fi tness and technical skills dif-
fered among U19 players by competitive level and fi eld position. 
These characteristics likely infl uence the selection and training 
of players at younger ages, although it is not clear if this refl ects 
self-selection, selection by coaches, clubs or other o  ̦ cials, or 
some combination of both.
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                                      A New Tool to Measure Training Load in Soccer 
Training and Match Play

and during soccer-specifi c intermittent exercise 
  [ 12 ]  . However, heart rate based-methods for 
quantifying training load are not accurate in the 
di  ̥erentiation of high intensity (and/or short 
duration) exercise above maximal VO 2  (VO 2max ), 
like in several interval-training methods, or in 
training modes such as resistance or plyometric 
training. Additionally, these methods require the 
use of heart rate monitors during soccer training, 
which is not easily feasible since a large number 
of devices are required, and not all the players 
feel comfortable in wearing the device during 
soccer practice. Moreover, heart rate transmit-
ters are not permitted during o  ̦ cial competitive 
matches, which is also a limitation, because the 
match represents a high percentage of the total 
week loading   [ 1   ,  20 ]  . Finally, the calculations 
when using heart rate for training load requires 
technical expertise and is a time consuming 
process.
  Beyond heart rate-based methods, rate of per-
ceived exertion (RPE) could be another option for 
training load monitoring, because it is a simple, 
versatile and cheap method, and correlates with 
heart rate, blood lactate concentrations and 

        Introduction
 ̇
   The monitoring of training load is a key factor for 
the control of the training process in sport. An 
accurate evaluation of training load is paramount 
for the planning and periodization of training, 
especially in the prevention of undertraining or 
overtraining and ensuring that athletes are in an 
optimal condition for competition   [ 24 ]  . This is 
particularly di  ̦ cult to achieve in team sports, 
since many specifi c conditioning drills vary con-
siderably in the number of players involved, and 
the specifi c tactical roles performed by players. 
Indeed, di  ̥erent exercise designs and the diver-
sity of tactical roles among players will lead to 
di  ̥erent physiological demands as well as to 
inter-individual variations in the imposed train-
ing load   [ 6 ]  .
  Banister   [ 4 ]   and Edwards   [ 14 ]   proposed two 
heart rate-based methods for training load moni-
toring. The rationale of heart rate based methods 
to quantify the training load is the observation 
that heart rate presents an almost linear relation-
ship with oxygen consumption (VO 2 ), both at 
steady-state submaximal exercise intensities   [ 3 ]   

    Authors     A.     Rebelo    1        ,     J.     Brito    1    ,     A.     Seabra    1    ,     J.     Oliveira    2    ,     B.     Drust    3    ,     P.     Krustrup    4   ,   5   

  A  ̧ liations       A  ̦ liation addresses are listed at the end of the article

                                      Abstract
 ̇
   An accurate evaluation of training load is para-
mount for the planning and periodization of 
training. The aim of the present study was to eval-
uate the relationship between a new method to 
monitor training load in soccer (Visual Analogic 
Scale training load; VAS-TL), and two established 
heart rate-based methods (TRIMP and Edwards’ 
method). 51 soccer players (age 15.6 ± 0.3 years) 
answered 2 questions to assess perceived exer-
tion and fatigue (VAS1-TL, and VAS2-TL) after 
training sessions and o  ̦ cial matches. Perform-
ance in the Yo-Yo tests, VAS scores and heart 
rate of training sessions and matches, and match 
activity were analysed. We found signifi cant 

correlations (r = 0.60–0.72; p < 0.05) between 
VAS-TL, TRIMP, and the Edwards’ training load 
method, with the highest correlations achieved 
in the matches. Although the di  ̥erent methods 
to monitor training load were correlated with 
the distance covered during the match (r = 0.53–
0.78; p < 0.05), only VAS1-TL was associated with 
high-intensity activities (r = 0.43–0.54; p < 0.05). 
The new VAS-based perceived exertion method 
to monitor training load is easy to apply and is 
sensitive to di  ̥erences in positional role and 
physical capacity. Thus, the applied method may 
be used in addition to the usual training load 
methods, allowing for daily quantifi cation of 
individual training load in soccer.
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VO 2   [ 11 ]  . Furthermore, compared to heart rate-based methods, 
RPE gives a more holistic indication of the global internal load, 
because it is indicative of both psychological and physiological 
stress   [ 28 ]  . That said, Foster and colleagues   [ 18 ]   proposed a 
method to quantify internal training load (session-RPE) based 
on a category ratio scale (CR10-scale;   [ 8 ]  ). These authors multi-
plied the whole training session-RPE score by the duration of the 
training session. However, it was emphasized that session-RPE is 
not a valid substitute of heart rate methods, since only about 
50 % of variance in heart rate was explained by the session-RPE 
score   [ 20 ]  . Therefore, to assess and monitor the acute individu-
al’s training load response, a simple system is needed.
  Visual analogue scale (VAS) questionnaires have been consid-
ered an alternative tool to monitor exercise exertion. Visual ana-
logue scales are presented in a graphic scale, and provide a 
continuous outcome variable   [ 21 ]  , which allows the use of para-
metric statistics for research purposes. Moreover, a strong cor-
relation (r = 0.99; p < 0.05) was found between VAS and the CR10 
Borg’s scale in arm-cranking exercise   [ 9 ]  , and VAS has been used 
both in recreational exercisers   [ 7   ,  22 ]   and elite soccer players   [ 2 ]  .
  Therefore, this systematic assessment of the internal load could 
be useful to guide the training process   [ 25 ]  . For this purpose, 
VAS questionnaires could be a simple method to routinely col-
lect indirect qualitative-quantitative data for training load mon-
itoring. VAS has shown good reproducibility and sensitivity for 
subjective ratings of perceived exertion during steady-state 
exercise   [ 22 ]  . However, the validity of VAS questionnaires as a 
training load monitoring tool has not been investigated. Moreo-
ver, the relationship between VAS scores and heart rate-based 
methods of training load quantifi cation across the di  ̥erent 
weekly training sessions, as well as during o  ̦ cial matches, has 
not been assessed in soccer players. Therefore, the purpose of 
this study was to evaluate the convergent validity of a new 
method of training load monitoring based on VAS scores, and 
two standard heart rate-based methods during soccer practice 
and competition.

    Materials and Methods
 ̇
    Design
  We collected the data for this study during a 4-week period in 
the middle of a 9-month competitive season. The fi rst two weeks 
of the study comprised anthropometric measurements, and 
laboratory and fi eld tests. In order to determine the maximal 
heart rate and the physical capacity of the players, they per-
formed an incremental laboratory VO 2max  treadmill test and two 
fi eld tests: the Yo-Yo intermittent endurance test – level 2 (Yo-Yo 
IE2), and the Yo-Yo intermittent recovery test – level 1 (Yo-Yo 
IR1). The laboratory and fi eld tests were conducted in a random 
order, and were completed within a 2-week period without 
competitive games. The following 2-week period was devoted to 
training and match assessments. We monitored heart rate and 
RPE in each of the 3-weekly training sessions and in 2 o  ̦ cial 
home matches, played two weeks apart. We performed time-
motion analysis for the 10 outfi eld players of each of the three 
analysed teams. We used the relationships between the VAS 
training load (VAS-TL) and the commonly used heart rate based 
training load quantifi cation methods to examine the usefulness 
of the VAS-TL as a method of assessing training load. We col-
lected VAS and heart rate data for 495 individual training ses-

sions and 64 individual matches. We used for each player, a 
minimum of 6 training sessions for collecting VAS and heart rate 
data. We totalled the training loads for each day of the week to 
provide a weekly training load.

    Participants
  We analysed 51 regional level youth soccer players from 3 teams 
competing in the fi rst division of the Portuguese soccer league. 
Their age, height, weight, and percentage of body fat were (mean ± SEM) 
15.6 ± 0.3 years, 168.7 ± 1.5 cm, 61.5 ± 2.2 kg, and 14.9 ± 0.8 %, respec-
tively. We classifi ed players according to their fi eld position: fullbacks 
(n = 13), central defenders (n = 10), midfi elders (n = 14) and forwards 
(n = 14). Goalkeepers were excluded from the analysis. We inter-
viewed all players in order to provide information concerning 
the number of years of soccer practice and hours of regular 
training per week. Players had been regularly involved in soccer 
for 4.0 ± 0.6 years. The study was conducted in accordance with 
recognised ethical standards   [ 19 ]  , and was approved by the Sci-
entifi c Committee of the Faculty of Sport of the University of 
Porto and by the club o  ̦ cials. Players and their parents pro-
vided informed consent.

    Laboratory tests
  The laboratory treadmill test started with a warm-up at 6 and 
8 km·h  ï 1  in 2.5-min stages, followed by a 2-min rest period and 
an incremental maximal test. The maximal test began at a speed 
of 10 km·h  ï 1  for 60 s, with a stepwise increase in speed of 
1 km·h  ï 1  every 60 s until exhaustion. Time to exhaustion, as well 
as speed at exhaustion, were noted. After the maximal test, sub-
jects ran at 5 km·h  ï 1  for 5 min. We recorded heart rate at 5-s 
intervals throughout the entire protocol using a Polar Vantage 
NV heart rate monitor (Polar Electro Oy, Kempele, Finland). We 
measured pulmonary oxygen uptake during all tests using a 
portable breath-by-breath gas analysis system (K4b 2 , Cosmed, 
Rome, Italy). The validity, reliability, and accuracy of the K4b 2  
portable gas analyser have been reported elsewhere   [ 13   ,  26 ]  . 
Before each testing session, we calibrated the K4b 2  according to 
the manufacturer’s guidelines. Three criteria were considered 
for VO 2max  determination: a) plateau in VO 2  (an increase less 
than 2.1 ml·kg  ï 1 ·min  ï 1  despite an increase in running speed); b) 
respiratory exchange ratio (RER) greater than 1.10; or (c) heart 
rate  ± 5 % of age predicted maximal heart rate. We considered 
individual values of maximum heart rate (HR max ) as the peak 
values reached in 5-s periods.

    Field tests
  All the 51 players that participated in the study performed the 
Yo-Yo IE2 and Yo-Yo IR1. After a 10-min warm-up consisting of 
the fi rst four running bouts of the tests, the players carried out 
2 × 20 m runs back and forth between the start and fi nish line at 
a progressively increased speed controlled by audio bleeps from 
a CD player, according to Bangsbo   [ 5 ]  . After each 2 × 20 m run-
ning bout, the players had a 5-s (Yo-Yo IE2, 2 × 2.5 m) or 10-s (Yo-
Yo IR1, 2 × 5 m) active recovery periods. We considered the tests 
ended when the subjects failed twice to reach the starting line 
(objective evaluation) or the participant felt unable to complete 
another shuttle at dictated speed (subjective evaluation). We 
considered the total distance covered during the Yo-Yo IE2 and 
Yo-Yo IR1 as the testing score. We recorded heart rate in 5-s 
intervals by short-range radio telemetry (Team System, Polar 
Electro OY, Kempele, Finland). We administered the Yo-Yo tests 
outdoors on artifi cial turf.
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    Training schedule
  We obtained the content of individual training sessions from the 
coaches. A description and duration of the content of a typical 
weekly schedule is shown in       ̎  ̂     Table 1  . Each player completed 
three training sessions (234 ± 3 min) and one competitive match 
(80 min) per week during the period of training load monitoring.
     The intermittent high-intensity running usually involved 4–5 
repetitions of 60-s runs at 80–90 %HR max  with 60-s rest periods. 
The o  ̦ cial matches lasted 80 min, and were played according to 
the rules of the Fédération Internationale de Football Associa-
tion (FIFA).

    Determination of internal training load
  We determined the internal training load for each player during 
each training session and match by three di  ̥erent methods: 
VAS-TL method, and two heart rate-based methods: Edward’s TL 
and TRIMP.

   VAS-TL
  All players had been familiarized with VAS questionnaires for 
rating perceived exertion before the commencement of the 
study. Each player’s VAS-TL was collected about 30 min after 
each training session or match, to ensure that the perceived 
e  ̥ort referred to the whole session rather than the most recent 
exercise intensity   [ 20 ]  .
  The VAS consisted of a 100-mm horizontal line. The questionnaire 
included two questions. The words “no e  ̥ort at all” or “not 
demanding at all” were placed at the left end of the scale, and 
“maximal e  ̥ort” or “maximally demanding” were placed at 
the right end of the scale, for questions 1 and 2, respectively 
(      ̎  ̂     Fig. 1  ). The VAS was scored from 0 to 10, but the subjects 
were unaware of the numbers. To design which questions to use, 
the players were asked questions about their training load in 
training sessions and matches. Based on their comments, the 
questions used in the study were worded to address the aim of 

the study. We designed the questions to evaluate the perceived 
exertion during the training sessions or match. The questions 
were: “How do you classify the e  ̥ort made during the training 
session (or match) today?” (VAS1) ‘‘How physically demanding 
did you perceive the training session (or match) today?’’ (VAS2).
   VAS-TL is an RPE-based method proposed in this study, and was 
calculated by multiplying the scores obtained in the VAS ques-
tionnaire in one training session or match by its duration in min.

     Heart rate based methods to determine training load
  We used two heart rate-based methods for quantifying training 
load as the criteria of internal training load: the Edwards’ train-
ing load method   [ 14 ]  , and the TRIMP method   [ 4 ]  .
  The heart rate-based method proposed by Edwards   [ 14 ]   to 
determine internal training load involved integrating the total 
volume of the training session with the total intensity of the 
exercise session, relative to fi ve intensity phases. An exercise 
score for each training bout was calculated by multiplying the 
accumulated duration in each heart rate zone by a multiplier 
allocated to each zone (50–60 % HR max  = 1, 60–70 % HR max  = 2, 
70–80 % HR max  = 3, 80–90 % HR max  = 4, and 90–100 % HR max  = 5), 
and then adding up the results.
  The TRIMP method proposed by Banister   [ 4 ]   assumes that each 
exercise bout elicits a training impulse. The TRIMP was deter-
mined using the following formula:

  TRIMP = D · (ǗHR ratio ) · e b · (ǗHR  ratio  ) 
  where D = duration of training session; and b = 1.92

  ǗHR ratio =  (HR ex  ï HR rest ) ï (HR max  ï HR rest )
  where HR rest  = the average heart rate during rest; and HR ex  = the 
average heart rate during exercise.

  To reduce heart rate recording errors, we asked the players to 
check their heart rate monitors before each session, and before 
and at the half-time break of the match. Following each training 
session and match, we downloaded heart rate to a computer 
using Polar Software. We measured the players’ resting heart 
rate during 5 min of seated rest in three di  ̥erent mornings dur-
ing the study period after an overnight fast. We considered the 
individual HR max  as the highest value reached during either an 
incremental treadmill test, the Yo-Yo IE2, the Yo-Yo IR1, or dur-
ing training.

    Match time-motion analysis
  We fi lmed and analysed each player in two consecutive matches 
separated by 15 days. In order to avoid interferences of pitch 
dimensions, we restricted all the videotaped games to home-
matches, and both were fi lmed by the same group of research-
ers.

  Table 1    Contents of the training sessions of a typical weekly program. 

Values represent the average time (min) spent in each type of training. 

    T1    T2    T3    Match  

  jogging    10    10    5    5  

  stretching    7    7    7    3  

  skipping and short sprints    3    3    3    2  

  intermittent high intensity running    –    10    –    –  

  technical drills    25    20    25    5  

  small-sided games    25    20    15    –  

  11 v 11 game    –    20    –    80  

  set pieces a     –    –    15    –  

  total    70    90    70    95  

   T1  training session 1,  T2  training session 2;  T3  training session 3;  a  free kicks, and 

corners  

No effort at all

Not demanding at all

Maximal effort

Maximally demanding

How do you classify the effort made during the training session or match today?

How physically demanding did you perceive the training session or match today?

    Fig. 1    VAS questionnaire, presenting the two 

questions proposed in the present study to evalu-

ate training load. 
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  We performed time-motion analysis according to the procedures 
defi ned elsewhere   [ 10   ,  27 ]  . We fi lmed a close up of each player 
during the entire match using digital video cameras (DCR-HC53E, 
Sony, JAPAN) positioned at the side of the fi eld, at a height of about 
15 m and at a distance of 30–40 m from the touchline. We later 
replayed the videotapes on a monitor for computerizing coding of 
the activity pattern. We determined match activities as previ-
ously reported   [ 10 ]  : standing (ST, speed from 0–0.4 km·h  ï 1 ); 
walking (W, 0.4–3.0 km·h  ï 1 ); jogging (J, 3.0–8.0 km·h  ï 1 ); medium-
intensity running (MIR, 8.0–13.0 km·h  ï 1 ); high-intensity running 
(HIR, 13.0–18.0 km·h  ï 1 ); sprinting (SPR,  > 18.0 km·h  ï 1 ); high-
intensity activity (HIA; HIR + SPR).
  We recorded the frequency and duration of each activity 
throughout the game. We determined the distance covered for 
each locomotor activity as the product of the total time and 
mean speed for that activity. These categories and the corre-
sponding mean speeds were determined after detailed analysis 
of the videotapes using glass pre-markers previously established 
as reference   [ 27 ]  . We calculated the total distance covered dur-
ing a match as the sum of the distances covered during each type 
of activity. An experienced observer analysed all the match 
recordings.

    Measurement variability
  We estimated reliability statistical analyses of all variables using 
a test-retest procedure with a random sub-sample of 10 subjects. 
The intraclass correlation coe  ̦ cients (ICC) of fi eld (distance cove-
red in Yo-Yo tests) and laboratory (VO 2max ) measure ments ranged 
between 0.80 � ICC � 0.97, and 0.75 � ICC � 0.82, respectively.
  Reproducibility of the results obtained by the time–motion 
analysis was determined in a pilot study, in which fi ve matches 
were analysed twice by the same observer. The two analyses 
were separated by one month. No di  ̥erences were observed in 
the test-retest analysis, and the intra-individual di  ̥erences in 
total distance covered were less than 0.3 km (coe  ̦ cient of vari-
ation = 1 %). We observed that the coe  ̦ cient of variation for test-
retest analysis was 2 % for walking, jogging and low-intensity 
running, 5 % for medium-intensity running, 3 % for high-inten-
sity running, and 7 % for sprinting and backwards running. In 
addition, we used Kappa of Cohen coe  ̦ cient to check the relia-
bility of the time-motion variables. The results showed a good 
inter-observer agreement coe  ̦ cient for movement type, stand-
ing (Ǽ = 0.87), walking (Ǽ = 0.86), jogging (Ǽ = 0.91), medium-
intensity running (Ǽ = 0.90), high-intensity running (Ǽ = 0.89), 
sprinting (Ǽ = 0.90), and high-intensity activity (Ǽ = 0.83). Intra-
observer agreement coe  ̦ cients ranged between 0.90 and 0.94.

    Statistical analysis
  A statistical power analysis was performed prior to the start of 
the study, to ensure adequate statistical power with the correla-
tion analysis, and with comparisons between training sessions 
and matches on each dependent variable. Results reported by 
Impellizzeri et al.   [ 20 ]   were used to guide the determination of 
the required sample size for the correlation analysis. In this case, 
for a signifi cance level of 0.05, the sample size required for a sta-
tistical power of 0.95 was 21 subjects. Regarding the compari-
sons between training sessions and matches on each dependent 
variable, for a signifi cance level of 0.05 and a medium-expected 
e  ̥ect size ( > 0.25), the sample size required for a statistical 
power of 0.95 was 36 subjects. Statistical power analysis was 
carried out using G*Power version 3.1.2 for Mac   [ 16 ]  .

  Results are presented as means ± standard errors of mean (SEM). 
To estimate the reliability of the variables analysed coe  ̦ cients 
of variation and intraclass correlation coe  ̦ cients were calcu-
lated. Di  ̥erences between training sessions and matches on 
each dependent variable, including heart rate values, VAS-TL, 
TRIMP and Edwards’s training load (Edwards’ TL), were analysed 
using a one-way ANOVA for repeated measures, followed by 
Bonferroni’s post hoc test. The relationships between VAS-TL 
scores and the 2 heart rate-based methods of training load 
measurement were assessed using Pearson’s product moment 
correlation and multiple regression models. Statistical signifi -
cance was set at p < 0.05 and SPSS Statistics version 19 was used 
for all inferential analyses.

     Results
 ̇
    Training load in training sessions and o  ̧ cial matches
  Training load calculated with VAS-TL, TRIMP and Edwards’ TL 
methods varied signifi cantly (p < 0.05) between training sessions 
and matches, with exception of the TRIMP of the second training 
of the week (      ̎  ̂     Table 2  ). The second training (T2) presented the 
highest training load of the three training sessions of the week, 
while the matches showed the peak training load. Signifi cant 
moderate and large correlations were found between VAS-TL, 
and TRIMP and Edwards’ TL in the fi rst (r = 0.33–0.56; p < 0.001) 
and second (r = 0.56–0.61; p < 0.05) training sessions of the week, 
with large and very large correlations reached in the match 
(r = 0.60–0.72; p < 0.05;       ̎  ̂     Fig. 2  ).

        Correlations between training load and match time-
motion variables
  The distance covered in the match showed large correlations 
with match VAS1-TL, VAS2-TL, and Edwards’ TL (r = 0.53, 
p = 0.034; r = 0.68, p = 0.004; r = 0.67, p = 0.005; respectively) and a 
very large correlation with TRIMP (r = 0.78; p < 0.001), but only 
VAS-TL correlated with high-intensity activities. HIA during the 
match showed large correlation with VAS1-TL (r = 0.54; 
p = 0.010;       ̎  ̂     Fig. 3   a ) and moderate correlation with VAS2-TL 
(r = 0.43; p = 0.044, respectively), while the percentage of total 
time spent in sprint activities presented moderate correlation 
with VAS1-TL (r = 0.44; p = 0.043;       ̎  ̂     Fig. 3   b ).

     Infl uence of fi eld position in training load
  The absolute and relative values of heart rate during training 
sessions and matches are presented in       ̎  ̂     Table 3  . With exception 
of central defenders, mean heart rate values during the match 
were higher than in training sessions (p < 0.05). No di  ̥erences 
between positions were found in heart rate during training ses-
sions and match.
     Players from all fi eld positions showed higher values of training 
load in the match than in training sessions, when training load 
was calculated with VAS-TL and Edwards’ TL methods, but not 
with TRIMP (      ̎  ̂     Fig. 4  ). However, given the low number of sub-
jects of the analysis by fi eld position, it was not possible to con-
fi rm statistically these di  ̥erences. VAS1-TL in the week was 
higher in central defenders than in fullbacks (p = 0.038). As 
depicted in       ̎  ̂     Fig. 4   c , although not statistically di  ̥erent, the 
players who presented the highest VAS1-TL values in the week 
(central defenders and midfi elders), showed the lowest VAS1-TL 
values in the match.
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     Infl uence of endurance capacity in VAS-TL
  Distance covered in the Yo-Yo tests and VO 2max  of the players are 
presented in       ̎  ̂     Table 4  . Midfi eld players presented higher values 
in the Yo-Yo IE2 than central defenders and forwards (p < 0.05). The 
mean value of VO 2max  was 61.8 (range: 45.7–72.3) ml·kg  ï 1 ·min  ï 1 . 
No associations were found between VO 2max  and VAS-TL. Interest-
ingly, the performance in the Yo-Yo IR1 was inversely correlated 
with the match VAS2-TL (r =  ï 0.47, p = 0.024).

        Discussion
 ̇
   The results of this study showed that VAS-TL could be a surro-
gate of TRIMP and Edwards’ TL methods in quantifying exercise 
training in soccer, and thus a good tool to monitor internal train-
ing load during the season. Training load calculated with VAS-TL, 
TRIMP and Edwards’ TL methods varied signifi cantly between 
training sessions and matches. Matches showed the highest 
training load. We found signifi cant correlations between VAS-TL, 
and TRIMP and Edwards’ TL in training, but the higher correla-
tions were reached in the matches. The distance covered in the 
match correlated with match VAS-TL, TRIMP and Edwards’ TL. 
However, only VAS-TL correlated with high-intensity activities. 
Moreover, the performance in the Yo-Yo IR1 was inversely cor-
related with VAS2-TL in the match.

  Table 2    Training load in all training sessions, total week and match, presented in arbitrary units. Values are mean ± SEM. Values within brackets show  % of the 

weekly TL. 

    TL-T1    TL-T2    TL-T3    TL-Week    TL-Match  

  VAS1-TL*    955 ± 83 (31)    1499 ± 106 (48)    656 ± 70 (21)    3103 ± 172    2127 ± 143  

  VAS2-TL*    764 ± 73 (29)    1315 ± 101 (49)    582 ± 55 (22)    2661 ± 151    2177 ± 115  

  TRIMP**    23.6 ± 0.4 (29)    30.8 ± 0.6 (39)    25.5 ± 0.9 (32)    79.8 ± 1.3    31.5 ± 1.0  

  Edward’s TL*    189.2 ± 6.3 (30)    241.2 ± 8.0 (39)    196.6 ± 9.6 (31)    627.1 ± 18.8    339.9 ± 9.0  

   TL  training load;  T1  1 st  training session;  T2  2 nd  training session;  T3  3 rd  training session  

  *Signifi cant di  ̥erences between training sessions and match (p < 0.05)  

  **Signifi cant di  ̥erences between training sessions and match (p < 0.05), with exception to T2  vs.  Match  

    Fig. 2    Correlations between VAS-TL and TRIMP  a , and between VAS-TL 

and Edwards’ TL  b , during the match. 
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    Fig. 3    Correlations between VAS1-TL and HIA  a , and the percentage of 

total time spent with sprinting  b , during the match. 
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  Independent of the method used for the analyses, this study 
showed that the training load varied between the di  ̥erent 
training sessions of the week and the match. The second training 
presented the highest training load of the three weekly training 
sessions, while match showed the peak training load. These 
results showed that, when planning the weekly training sched-
ule, coaches tend to include the training sessions with the high-
est training load in the middle of the week   [ 29 ]  . This strategy 
might be linked to the need of providing adequate time to 
recover after the last match and before the next one. A periodiza-
tion of the training during the week is required in order to avoid 
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    Fig. 4    TRIMP  a , Edwards’ TL  b , VAS1-TL  c , and VAS2-TL  d  scores in all training sessions, in the week, and in the match, by positional role (CD: central 

defender; FB: fullback; MF: midfi elder; FW: forward). Values are means ± SEM. *Signifi cantly di  ̥erent from the total week scores (p < 0.05). # Signifi cantly 

di  ̥erent from FB (p = 0.038). 

  Table 4    Distance covered (m) in the Yo-Yo IR1 and Yo-Yo IE2 tests, and maxi-

mal oxygen consumption (VO 2max ; ml·kg  ï 1 ·min  ï 1 ) of players from di  ̥erent 

positions. Values are means ± SEM. 

    Yo-Yo IR1    Yo-Yo IE2    VO 2max   

  CD    1253 ± 94    980 ± 127    60.3 ± 4.2  

  FB    1496 ± 106    1131 ± 91    63.0 ± 1.1  

  MF    1483 ± 119    1444 ± 83*    59.7 ± 3.4  

  FW    1540 ± 95    1013 ± 86    60.7 ± 1.0  

   CD  central defender;  FB  fullback;  MF  midfi elder;  FW  forward  

  *Signifi cantly di  ̥erent from central defenders and forwards (p < 0.05)  

  Table 3    Average heart rate values (b.p.m.) during all training sessions, the week, and match. Values are means ± SEM. Values within brackets show the percent-

age of HR max . 

    T1    T2    T3    Week    Match  

  CD    148 ± 5 (75)    139 ± 4 (71)    143 ± 5 (73)    144 ± 5 (73)    167 ± 5 (85)  

  FB    147 ± 4 (74)    142 ± 3 (72)    139 ± 4 (70)    143 ± 3 (72)    172 ± 1 (87)*  

  MF    139 ± 2 (72)    140 ± 3 (73)    131 ± 4 (68)    137 ± 2 (71)    163 ± 4 (83)*  

  FW    144 ± 2 (74)    140 ± 5 (72)    133 ± 3 (68)    139 ± 2 (71)    174 ± 4 (87)*  

  total    143 ± 2 (73)    140 ± 2 (72)    136 ± 2 (69)    140 ± 1 (71)    168 ± 2 (85)*  

   CD  central defender;  FB  fullback;  MF  midfi elder;  FW  forward  

   T1  1 st  training session;  T2  2 nd  training session;  T3  3 rd  training session  

  *Signifi cantly di  ̥erent from all training sessions and week (p < 0.05)  
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training and match-related fatigue, and prevent overreaching 
and overtraining   [ 23 ]  . Moreover, as previously described for 
adult male   [ 15 ]   and female players   [ 1 ]  , the present study dem-
onstrated that the match training load represents the main 
training load of the week for youth soccer players. However, it is 
not possible to state if this is a rational option of the coach, or if 
it represents the di  ̦ culty the coaches have to create training 
sessions as demanding as competitive matches. Matches are 
usually accompanied by high levels of psychological stress that 
could infl ate the perceived e  ̥ort of soccer players after the 
match, in comparison with training. In fact, perceived exertion 
has been conceptualized as a psychophysiological phenomenon, 
since exercise-induced alteration in perception covaries with 
a  ̥ective changes   [ 28 ]  . This point needs to be investigated in 
future studies, since it would be expected that training should 
mimic the competition’s training load.
  In the present study, there were signifi cant correlations between 
VAS-TL, TRIMP and Edwards’ TL, in the fi rst and second training 
sessions of the week, with the higher correlations observed in 
the match. However, we observed lower correlations between 
both TRIMP and Edwards’ TL methods, and VAS-TL than those 
reported in previous studies performed with session-RPE in 
male   [ 20 ]   and female soccer players   [ 1 ]  . As the players analysed 
in this study were younger than the subjects from the aforemen-
tioned studies, it could be suggested that youth players might 
have underestimated the e  ̥ort spent in training or matches. In 
fact, previous studies performed in children concerning age-
related preferences in the use of information to form judgements 
of physical competence showed that, as age increases, greater 
emphasis is placed on self-referenced information, such as 
degree of exerted e  ̥ort   [ 30 ]  .
  A relationship between TRIMP and Edwards’ TL methods was 
expected, since both methods use heart rate response to  exercise 
for the calculation of training load. Interestingly, as previously 
observed for session-RPE   [ 20 ]  , VAS-TL correlated signifi cantly 
with TRIMP and Edwards’ TL. Thus VAS-TL could be a valid sur-
rogate of heart rate-based methods for training load monitoring 
in soccer. It might be questioned as to why VAS-TL and the two 
methods of training load quantifi cation did not show any signifi -
cant correlation in the third training session of the week. How-
ever, the third training session included set pieces (      ̎  ̂     Table 1  ), 
which might have been felt by players as low-e  ̥ort and high 
motivational tasks, which could result in a decrease in the train-
ing perceived e  ̥ort. In opposition, the heart rate based methods 
would not have been as sensitive as VAS-TL to evaluate the spe-
cifi c characteristics of the third training session. This possibility 
should not be underestimated, as previous studies referred to 
the importance of psychological factors in perceived e  ̥ort and 
overtraining   [ 28 ]  . Thus, in a quite speculative way, it could be 
hypothesised that using VAS-TL players could give a more global 
picture of the training session than with heart rate based train-
ing load methods. This could be linked to the fact that the RPE 
measures the “whole”, while heart rate measures only a part of 
the “whole”   [ 28 ]  .
  The three methods investigated seem to be valid options to cal-
culate the global training load of the match. However, heart 
rate-based methods might not be as accurate as VAS-TL when 
training involves high-intensity activities. In fact, although the 
distance covered in the match correlated with VAS1-TL, VAS2-TL, 
TRIMP and Edwards’ TL, only the VAS-TL correlated with the per-
centage of time spent in HIA during the match. Heart rate is not 
a good indicator of very high-intensity exercise, such as weight 

training, high-intensity interval training, and plyometric train-
ing   [ 11 ]  , as well as in match-related small-sided soccer games 
  [ 24 ]  . In contrast, VAS-TL is not dependent on heart rate responses 
to exercise, but on the rate of perceived e  ̥ort. Thus, as fatigue in 
a soccer match is strongly related with the ability to perform 
high intensity exercise, the use of perceived exertion-based 
methods — such as VAS-TL — are preferred when the analysis of 
soccer-related fatigue is required. This notion is supported by 
the fi ndings of the present study that HIA and the percentage of 
time spent with sprint activities correlated with VAS-TL.
  Interestingly, the performance in the Yo-Yo IR1 inversely corre-
lated with VAS2-TL in the match. This inverse relationship sug-
gests that players with higher ability to perform high-intensity 
intermittent exercise show a lower perception of the match 
demands. In fact, it has been previously described that higher 
values of physical fi tness are related with lower scores of per-
ceived exertion, for a given exercise intensity   [ 14   ,  17   ,  25 ]  .
  There were some issues that were not su  ̦ ciently analysed in 
the present study that should be fully elucidated in the future. In 
order to improve the reliability of the preliminary conclusions of 
the present study, we recommend analysis of a larger sample of 
soccer players in a higher number of training sessions and 
matches. Moreover, as the workload during soccer match 
presents a high inter-individual variability, the calculations of 
the coe  ̦ cients of association between the Yo-Yo IR1 perform-
ance and VAS-TL should consider the e  ̥ect of the external load 
in VAS-TL scores. This can be accomplished by investigating the 
validity of VAS-TL scores in matches in contrast to standardised 
protocols that simulate the activity pattern characteristic of the 
game of soccer. It is also of interest to investigate the infl uence of 
competitive level and age on the e  ̥ectiveness of VAS-TL as a tool 
for training load monitoring.
  In summary, the results of this study showed that VAS-TL could 
be a surrogate of TRIMP and Edwards’ TL methods in quantifying 
exercise training in soccer, and thus a good tool to monitor inter-
nal training load during the season. Since VAS-TL consists of a 
simple and low-time consuming questionnaire, this tool might 
be used in the routine training periodization plans in soccer. 
However, more studies are required to fully validate the VAS-TL 
method proposed in the present study.
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a b s t r a c t

Background: Epidemiological studies in soccer are important for injury prevention. However, most of the
available information is limited to elite players.
Objective: To determine the epidemiology of injuries in amateur soccer players on artificial turf.
Design: Prospective cohort study during one competitive season (2010e2011).
Setting: Amateur soccer players. Participants: 231 players (aged 24.7; range: 18e38 years).
Main outcome measures: Injury incidence was recorded prospectively according to the consensus
statement for soccer.
Results: 213 injuries were recorded; 57% of the players suffered injuries. Injury incidence was 5.1 (95% CI:
4.3e5.9) injuries/1000 h exposure. Injury incidence was higher in matches than in training (32.2 [95% CI:
23.1e41.3] vs. 2.4 [95% CI: 1.8e3.0] injuries/1000 h; p < 0.001). The thigh (22.1%), knee (20.2%), and ankle
(19.2%) were the most affected regions. The most frequent diagnoses were thigh strain/muscle rupture
(18.3%), and ankle and knee strain/ligament injury (17.3% and 11.3%, respectively). Time-loss due to injury
was 20.3 (95% CI: 16.8e23.73) days. Most injuries (79%) were traumatic; 21% were overuse injuries. Re-
injuries accounted for 10% of all injuries sustained during the season.
Conclusions: Injury incidence in amateur soccer players is higher during matches played on artificial turf
than during training sessions.

! 2012 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, the number of soccer fields with artificial
turf has increased dramatically. Currently, there are over 256
million soccer players of both genders worldwide (FIFA, 2011).
The Fédération Internationale de Football Association (FIFA)
has been encouraging the replacement of natural grass by
artificial turf, arguing that the sport will advance even
further once more fields are available throughout the year
independent of the weather conditions (FIFA, 2011). Beyond the
seasonal advantages, there are financial benefits, such as
reduced maintenance costs and the development of mixed-
use sports facilities in which different events (training or
competition, youth or senior, male or female) can take place
(FIFA, 2011).

However, soccer players frequently voice their criticisms
towards artificial turf; they report more difficulty with ball

control, and perceive higher physical effort when playing on
artificial turf compared to natural grass pitches (Andersson,
Ekblom, & Krustrup, 2008). Additionally, there is a general
perception that the risk of injury is higher on artificial turf than
on natural grass, a feeling that has not been fully confirmed in
epidemiological investigations (Aoki et al., 2010; Bjorneboe,
Bahr, & Andersen, 2010; Ekstrand, Hagglund, & Fuller, 2011;
Ekstrand, Timpka, & Hagglund, 2006; Fuller, Dick, Corlette, &
Schmalz, 2007a, 2007b). Nevertheless, it has been suggested
that men are at greater risk of sustaining ankle sprains on
artificial turf, wherein less muscle strains are expected
(Ekstrand, Hagglund, & Fuller, 2011).

Because of its reduced maintenance costs, artificial turf is
more popular among amateur clubs than in top-level soccer
clubs. Still, most of the available epidemiological information is
limited to elite, professional soccer players (Fuller et al., 2007b),
yet elite players are far less than 1% of all soccer players
worldwide (Engebretsen, Myklebust, Holme, Engebretsen, &
Bahr, 2010; FIFA, 2011). Therefore, the aim of the present
study was to prospectively determine the epidemiology of
injuries on artificial turf in amateur soccer players during one
competitive season.

* Corresponding author. Rua S. José, 3, Santa Bárbara, 9600-414 Ribeira Grande,
Portugal. Tel.: !351 914 748 544.

E-mail address: pedromrdesousa@yahoo.com (P. Sousa).

Contents lists available at SciVerse ScienceDirect

Physical Therapy in Sport

journal homepage: www.elsevier .com/ptsp

1466-853X/$ e see front matter ! 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ptsp.2012.05.003

Physical Therapy in Sport xxx (2012) 1e6

Please cite this article in press as: Sousa, P., et al., Injuries in amateur soccer players on artificial turf: A one-season prospective study, Physical
Therapy in Sport (2012), http://dx.doi.org/10.1016/j.ptsp.2012.05.003

mailto:pedromrdesousa@yahoo.com
www.sciencedirect.com/science/journal/1466853X
http://www.elsevier.com/ptsp
http://dx.doi.org/10.1016/j.ptsp.2012.05.003
http://dx.doi.org/10.1016/j.ptsp.2012.05.003
http://dx.doi.org/10.1016/j.ptsp.2012.05.003


2. Methods

2.1. Participants

The present study was conducted in the Azores islands,
Portugal. Before the start of the season, eleven male senior amateur
teams, competing at the regional level, were invited and accepted
to participate in the study. The teams were followed during the
2010e2011 soccer season, which runs from August to May. Inclu-
sion criteria were playing and training on third-generation artificial
turf grounds, with long grass-like fibres filled with sand and rubber
particles (FIFA, 2011). The initial sample consisted of 231 players,
with an average age of 24.7 " 4.6 years (range: 18e38 years). 192
players had the right leg as preferred kicking leg and 39 players had
the left leg as dominant. Leg dominance was assessed as the leg
preferred to kick a ball. Regarding the field positions, 27 (12%) were
goalkeepers, 76 (33%) defenders, 66 (29%) midfielders, and 62 (27%)
were forwards.

2.2. Definitions of injury and data collection procedures

The definitions of injury and the procedures for data collection
followed the recommendations of the consensus statement for
studies on soccer injuries (Fuller et al., 2006). An injury was
registered if the player could not fully take part in training sessions
or matches the day following the injury. A re-injury was defined as
an injury of the same type and at the same site as an index injury
occurring within two months of a player’s return to full participa-
tion from the index injury (Ekstrand, Hagglund, & Walden, 2011;
Fuller et al., 2006). A traumatic injury was reported as an injury
resulting from a specific, identifiable event; overuse injuries were
considered as those caused by repeated micro-trauma without
a single, identifiable event responsible for the injury (Fuller et al.,
2006).

In order to ensure greater reliability in data collection, an
instruction manual was created with the different definitions and
procedures to be followed during data collection. The manual was
delivered to the person responsible for the registration of injuries of
each club. In 5 teams, the team’s physiotherapist prospectively
recorded the data on injuries; in 3 clubs, this procedure was done
by one member of the coaching staff; and in 3 clubs, the recordings
were performed by one member of the research team, who
personally visited the clubs on a weekly basis, since the clubs did
not have a dedicated medical department. Because of the risk for
recall bias associated with retrospective recordings of injuries
(Bjorneboe, Florenes, Bahr, & Andersen, 2011), throughout the
season, one member of the research team had weekly contact with
all clubs, either by phone, e-mail, or personally. Exposure to
training and match play was recorded individually for each player
by the coaching staff of each team (Hagglund, Walden, Bahr, &
Ekstrand, 2005). In the beginning of the study, a database was
created, where all information about the players (field position,
limb dominance, and age) was recorded. The same member of the
research team made all the records on the database.

Players whowere injured at the start of the study were included
on the survey, but those injuries were not recorded. Only injuries
that occurred in games or practices were recorded. All injuries that
occurred under other circumstanceswere not included in the study.
Information about the players who entered and left the clubs
during the season was recorded, and those players were also
included in the study. During the study, seven players were later
assigned to teams, whereas thirteen players left the clubs due to
personal reasons. The players that were still injured by the end of
the season were followed, and the contact with these players, or

with the teams’ physiotherapists, wasmaintained as recommended
elsewhere (Fuller et al., 2006; Hagglund, Walden, Bahr et al., 2005).

2.3. Statistical analyses

Data were processed using Excel Microsoft Excel (Windows 7,
Microsoft Corporation, Redmond, Washington, USA) and PASW
Statistics 18 (SPSS, Chicago, IL, USA). All quantitative variables were
analyzed using a one-way factorial analysis of variance, and were
presented as mean values (SD). The c2 test was used to analyze
ordinal variables. Injury incidence was expressed as the number of
injuries per 1000 h of exposure, and presented with 95% confidence
intervals (CI). Significance was set at p < 0.05.

3. Results

3.1. Exposure and injury incidence

Total exposure was 43,872 h (38,554 h of training and 5318 h of
match play). During the season, 213 injuries were recorded; 92
occurred during training sessions and 121 during matches
(c2 # 3.98; p # 0.047). One hundred and thirty-six (57%) of the 238
players suffered at least one injury throughout the season. The
mean injury incidence was 5.1 injuries/1000 h exposure (95% CI:
4.3e5.9). Injury incidence was higher in matches than in training
(32.2 [95% CI: 23.1e41.3] vs. 2.4 [95% CI: 1.8e3.0] injuries/1000 h;
p < 0.001). No differences were observed in injury incidence
between positional roles (p # 0.251): goalkeepers (3.2 injuries/
1000 h [95% CI: 1.6e4.8]), defenders (5.0 injuries/1000 h [95% CI:
3.6e6.3]), midfielders (5.5 injuries/1000 h [95% CI: 4.0e7.0]), and
forwards (5.8 injuries/1000 h [95% CI: 4.2e7.4]).

Two hundred and three injuries (95% of all injuries) occurred
during the competitive period, whereas only 10 injuries (5%)
occurred during the preseason. The mean injury incidence during
the competitive period was higher than during the preseason (5.6
[95% CI: 4.8e6.5] vs. 2.7 [95% CI: 1.0e4.5] injuries/1000 h;
p < 0.004). February and March were the months with the highest
occurrence of injuries, followed by November; fewer injuries
occurred in August, December, and May (Fig. 1).

During matches, injuries occurred mostly during the 2nd half
compared to the 1st half (41 vs. 69 injuries; c2 # 7.12; p # 0.008).
Additionally, more injuries occurred in the last two 15-min periods
of the game than in the remaining 15-min periods (c2 # 2.09;
p # 0.001; Fig. 2). Only 1 (0.7%) injury was recorded in extra-time,
and 9 (4%) pain cases were reported after the game. During training
sessions, 62 (67%) injuries occurred during small-sided games/
playing drills, 19 (21%) during practice/friendly matches, 3 (3%) in
fitness exercises, and 1 (1%) in a technical drill. Seven (8%) pain
cases were recorded after training.

Fig. 1. Distribution of training and match injuries troughout the season.
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3.2. Location, type and severity of injuries

The majority of injuries affected the lower extremity (181
[85%]), followed by the upper limbs (15 [7%]), trunk (13 [6%]), and
head/neck (4 [2%]). The thigh (47 [22%]) and the knee (43 [20%])
were the most affected regions, followed by the ankle (41 [19%]),
foot/toe (20 [9%]), hip/groin (17 [8%]), and the lower leg/Achilles
tendon (13 [6%]). Overall, sprain/ligament injury was the com-
monest injury (71 [33%]), followed by strain/muscle rupture (53
[25%]), and contusion (34 [16%]). The most frequent diagnoses
(Table 1) were thigh strain/muscle rupture (39 [18%]), ankle and
knee strain/ligament injury (37 [17%] and 24 [11%], respectively),
foot/toe contusion (10 [5%]), and lower leg strain/muscle rupture (7
[3%]). Sixteen percent of all injuries (33) were confirmed by
complementary examination; 19 by radiography, 8 by ultrasonog-
raphy, and 6 by magnetic resonance imaging. Four players needed
surgery (pelvis/sacrum, wrist, knee, and foot/toe) the location and
diagnosis of injuries on the lower limbs are shown in (Table 2).

Injuries in the lower extremities more often affected the
dominant compared to the non-dominant limb (66 vs. 34%;
c2 # 17.28; p < 0.001). Injuries that resulted from body-contact
situations affected significantly more the dominant limb
(c2 # 7.45; p # 0.006). Similarly, injuries that resulted from non-
contact situations, including running actions, affected signifi-
cantly more the dominant compared with the non-dominant limb
(c2 # 9.05; p # 0.003).

The mean time-loss due to injury was 20.3 days (95% CI:
16.8e23.7). Moderate injuries were the most common (86 injuries
[40%]), followed by mild injuries (62 [29%]). Severe injuries (47)

accounted for 22% of all injuries, whereas 18 (9%) were minimal
injuries. Three knee injuries were season-ending injuries.

Most injuries (168 [79%]) were traumatic, and 45 (21%) were
overuse injuries. Traumatic injuries occurred mostly during
matches than in training sessions (63 vs. 37%; c2 # 11.52;
p < 0.001); on the other hand, more overuse injuries occurred in
training than in matches (62 vs. 38%; c2# 5.0; p# 0.025). The main
contact mechanism was contact with other player (82 [49%]), fol-
lowed by contact with the surface (27 [16%]), with the ball (19
[11%]), fall under ownweight (2 [1%]), and contact with other object
(2 [1%]). Injuries that resulted from contact with an other player
occurred mostly during matches than in training sessions (70 vs.
30%; c2 # 12.48; p < 0.001), and affected predominantly the ankle
(25 [30%]), knee (18 [22%]), foot/toe (11 [13%]), and the thigh (9
[11%]). During matches, 20 (35%) of the injuries that resulted from
body contact were considered foul play, while 37 (65%) were not
sanctioned by the referee. Interestingly, injuries with contact with
an other player occurred significantly more during the 2nd than the
1st half of the games (c2 # 5.07; p # 0.024).

Re-injuries (22) accounted for 10% of all injuries sustained
during the season. Forty-five percent of the re-injuries occurred
during matches and 55% occurred during training sessions
(c2# 0.18; p# 0.60). Sixteen re-injuries (73%) were traumatic; 6 re-
injuries (27%) were due to overuse. Forty-one percent of all re-
injuries were sprains/ligament injuries, 36% were strains/muscle
rupture, 14% lesion of meniscus or cartilage, and 9% were unspec-
ified hip/groin pain.

4. Discussion

This one-season prospective study on male amateur soccer
revealed that the injury incidence on third-generation artificial-turf
is (i) higher in matches than during training sessions, and (ii) lower
during the preseason than during the competition period. To our

Fig. 2. Number of injuries during the course of the match, distributed by 15-min
periods, including warm-up and half-time break (n # 111).

Table 1
Number of injuries in each body location.

Location Total (%)

Head/neck
Head/face 2 (0.9)
Neck/cervical spine 2 (0.9)

Trunk
Abdomen/thoracic spine 4 (1.8)
Pelvis/lower back/sacrum 9 (4.2)

Upper limbs
Shoulder/clavicle 5 (2.3)
Upper arm 1 (0.4)
Elbow 1 (0.4)
Forearm 0 (0)
Wrist 3 (1.4)
Hand/fingers 5 (2.3)

Lower limbs
Hip/groin 17 (8.0)
Thigh 47 (22.1)
Knee 43 (20.2)
Lower leg/achilles 13 (6.1)
Ankle 41 (19.2)
Foot/toe 20 (9.4)

Total 213 (100.0)

Table 2
Location and diagnosis of injuries on the lower limbs.

Location Injury type Number (%)

Hip/groin Muscle rupture/strain 6 (2.8)
Unspecified hip/groin pain 6 (2.8)
Tendon injury 2 (0.9)
Sprain/ligament injury 2 (0.9)
Contusion 1 (0.5)

Thigh Muscle rupture/strain 39 (18.3)
Contusion 7 (3.3)
Tendon injury 1 (0.5)

Knee Sprain/ligament injury 24 (11.3)
Tendon injury 6 (2.8)
Lesion of meniscus or cartilage 5 (2.3)
Contusion 4 (1.8)
Inflammation 3 (1.4)
Other bone injuries 1 (0.5)

Lower leg/Achilles Muscle rupture/strain 7 (3.3)
Contusion 2 (0.9)
Tendon injury 1 (0.5)
Other injuries 2 (0.9)
Inflammation 1 (0.5)

Ankle Sprain/ligament injury 37 (17.3)
Contusion 2 (0.9)
Other bone injuries 1 (0.5)
Other injuries 1 (0.5)

Foot/toe Contusion 10 (4.6)
Fracture 3 (1.4)
Tendon injury 2 (0.9)
Sprain/ligament injury 2 (0.9)
Inflammation 2 (0.9)
Luxation/subluxation 1 (0.5)
Total 181 (85%)
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knowledge, this is the first study to analyze the distribution of
injuries in adult male amateur soccer players who regularly train
and play matches on artificial turf.

Against all anecdotal criticisms towards playing soccer on arti-
ficial turf, no previous epidemiological evidence has reported
a greater risk of injury in third-generation artificial turf compared
with natural grass (Aoki et al., 2010; Bjorneboe et al., 2010;
Ekstrand, Hagglund, & Fuller, 2011; Ekstrand et al., 2006; Fuller
et al., 2007a, 2007b). Changing between surfaces may be
a precursor for injury in soccer (Williams, Hume, & Kara, 2011), but,
in the present study, all teams trained and competed on artificial
turf. More injuries occurred during matches, compared to training
sessions; this has been related to greater physical, psychological,
and mental demands during the former (Hagglund, Walden, &
Ekstrand, 2005). The injury rate during training (2.4 injuries/
1000 h) was in the range reported for adult male players both on
natural grass and artificial turf (2.4e4.3 injuries/1000 h; Dupont
et al., 2010; Ekstrand et al., 2006; Fuller et al., 2007b; Hawkins &
Fuller, 1999). However, the injury rate during matches (32.2
injuries/1000 h) was slightly higher than that found in previous
studies with non-elite (18.8e25.4 injuries/1000 h; Agel, Evans,
Dick, Putukian, & Marshall, 2007; Fuller et al., 2007a; Kordi,
Hemmati, Heidarian, & Ziaee, 2011) and professional players
(27.7e30.5 injuries/1000 h; Ekstrand, 2008; Hagglund, Walden, &
Ekstrand, 2005; Hawkins & Fuller, 1999; Walden, Hagglund, &
Ekstrand, 2005). Interestingly, during matches, more injuries
occurred during the 2nd than during the 1st half; additionally, most
injuries occurred in the last 30 min of the game. This supports the
idea that, also on artificial turf, fatigue becomes a risk factor mainly
by the end of the matches (Hawkins & Fuller, 1999; Tsiganos,
Sotiropoulos, & Baltopoulos, 2007).

Previous studies with professional soccer players training and
competing on natural grass surfaces found that training injuries
peak during the preseason, whereas match-related injuries are
greatest at the start of the competitive period (Hawkins, Hulse,
Wilkinson, Hodson, & Gibson, 2001). In the present study,
however, only 5% of all injuries occurred during the preseason, and
February/March was the period with the highest occurrence of
injuries, followed by November. In February andMarch, the leagues
were in the final decisions, and the intensity of playmight be higher
than in other periods of the season (Morgan & Oberlander, 2001).
Also, the high occurrence of injuries in November might be
explained by the fact that the weather worsened due to the rains,
eventually affecting the characteristics of the pitches. This should
be further investigated since artificial turf has been advised
primarily because it can be used throughout the year indepen-
dently of the weather conditions (FIFA, 2011). On the other hand,
fewer injuries were observed in August, December, and May. In our
study, the teams started the practices in August, and ended in May.
The lower number of matches and trainings during Christmas time
might explain the fewer injuries in December; also, fewer games
were played in August and May, which might explain the lower
number of injuries observed at the start, as well as at the end of the
season (Hawkins & Fuller, 1999; Hawkins et al., 2001; Walden et al.,
2005).

4.1. Location, type, and severity of injuries

The thigh, knee, and ankle were the most affected body loca-
tions, which supports the reports on natural grass surfaces and
professional, amateur, and college male soccer players (Ekstrand,
Hagglund, & Fuller, 2011; Ekstrand, Hagglund, & Walden, 2011;
Ekstrand et al., 2006; Fuller et al., 2007a, 2007b; Hawkins et al.,
2001; Kordi et al., 2011; Tsiganos et al., 2007; Walden et al.,
2005). Overall, the high rate of lower-extremity injuries suggests

the need for increasing injury-prevention training load. Indeed, the
incidence of lower limb injuries in adult male players can be
reduced by preventive interventions, namely by soccer-specific
neuromuscular, balance, and proprioceptive training programs
(Askling, Karlsson, & Thorstensson, 2003; Croisier, Ganteaume,
Binet, Genty, & Ferret, 2008; Junge et al., 2011; Petersen,
Thorborg, Nielsen, Budtz-Jorgensen, & Holmich, 2011). To this
end, coaches and players need better education regarding injury
prevention training and must be willing to include such strategies
as part of regular training programs (Junge, Rosch, Peterson, Graf-
Baumann, & Dvorak, 2002).

Similarly to that observed for natural grass, the present study
confirmed that strains, sprains, and contusions are the most
common types of injury in soccer (Junge & Dvorak, 2004). As
previously reported for elite players (Arnason, Tenga, Engebretsen,
& Bahr, 2004; Hawkins & Fuller, 1999; Hawkins et al., 2001;
Walden et al., 2005), the most frequent diagnoses were thigh
strains. Therefore, a limitation of the present study was that
quadriceps and hamstrings injuries were all reported as injuries to
the thigh muscles. Still, strong epidemiological evidence exists
that supports the need for performing eccentric neuromuscular
training as a powerful prophylactic strategy to reduce the risk for
hamstring strains in soccer players (Askling et al., 2003; Petersen
et al., 2011).

The high proportion of ankle sprains found in amateur players
also suggests that amateur teams should improve focus on
improving rehabilitation after injury, and on implementing
adequate return-to-play guidelines (Engebretsen, Myklebust,
Holme, Engebretsen, & Bahr, 2008). In fact, Ekstrand (2008) re-
ported lower risk of ankle sprains and the need for a shorter
rehabilitation period after injury among professional soccer
players, suggesting that top-level teams have a thorough knowl-
edge of optimal treatment and prevention of ankle sprains. Still, in
soccer, severe injuries affect predominantly the knee (Agel et al.,
2007; Arnason et al., 2004; Walden et al., 2005; Walden,
Hagglund, & Ekstrand, 2006), and this was confirmed in this
investigation. It has been suggested that structured training
programs, which emphasize neuromuscular and proprioceptive
training, offer encouraging evidence for the prevention of knee
injuries (Junge & Dvorak, 2004). Therefore, we suggest that
amateur team training and competing on artificial turf give further
attention to neuromuscular and proprioceptive training as a mean
to prevent ankle and knee injuries.

The overall time of absence due to injury has been reported to
range from 10 to 24 days (Hagglund, Walden, & Ekstrand, 2005;
Hassabi et al., 2010; Hawkins & Fuller, 1999; Hawkins et al., 2001).
Our results are in the range of those reported for male adult players
training and competing on natural grass. Regardless of the surface,
however, re-injuries account for 7e30% of all injuries in soccer
(Ekstrand et al., 2006; Hagglund, Walden, & Ekstrand, 2005;
Hawkins & Fuller, 1999; Hawkins et al., 2001; Walden et al., 2005),
and more often occur in training sessions than in matches
(Ekstrand et al., 2006; Hagglund, Walden, Bahr et al., 2005;
Hagglund, Walden, & Ekstrand, 2005; Hawkins & Fuller, 1999;
Hawkins et al., 2001; Walden et al., 2005). Overall, our reports on
amateur players training and competing on artificial turf support
that, in soccer, re-injuries might frequently occur during the
rehabilitation process due to premature return to activity and
inadequate recovery (Hawkins & Fuller, 1999).

We recorded more moderate and mild injuries. In fact, severe
injuries are the least common in male adult soccer (Dupont et al.,
2010; Ekstrand, 2008; Fuller et al., 2007a, 2007b; Hagglund,
Walden, & Ekstrand, 2005; Walden et al., 2005). Interestingly, in
the present study, we recorded more severe than minimal injuries.
Recently, Hagglund, Walden, and Ekstrand (2009a) found a higher
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proportion of moderate and severe injuries in female than in male
elite players. According to the authors, this might be explained by
several reasons: the female players have a regular job besides
soccer; there tends to be less medical support in female clubs and
a delayed diagnosis and/or less optimal rehabilitation of injured
players could lead to more severe injuries; the number of
playersdespecially high-skilled playersdin a squad is often lower
in female clubs, meaning that they have less possibility to rotate
players and avoid over-playing; and finally, defining injury severity
by the number of days lost from soccer means that factors such as
player motivation, time of the season, importance of a specific
match, etc., could contribute to an overestimation of time absence
from practice. These might be some of the reasons as to why we
observed a higher proportion of severe vs. minimal injuries. Indeed,
all players in our study held a regular job besides soccer, and it is
plausible that the relative importance of a specific match associated
with a poor rehabilitation process could have led to more severe
injuries.

As previously reported (Brophy, Silvers, Gonzales, &
Mandelbaum, 2010; Faude, Junge, Kindermann, & Dvorak, 2006;
Hassabi et al., 2010; Hawkins & Fuller, 1999; Hawkins et al., 2001),
injuries in the lower extremity, resultant from both body contact
andnon-contact situations, affectedmostly the dominant compared
to the non-dominant side. When playing on artificial turf, fewer
sliding tackles are expected (Andersson et al., 2008), but the
dominant lower limb is still at increased risk of injury, mainly
because it is preferentially used for kicking, pushing off, jumping,
and landing (Murphy, Connolly, & Beynnon, 2003), and because it is
themain point of attack of the playerwho is in possession of the ball
(Faude et al., 2006). Nonetheless, the proportion of traumatic (79%)
and overuse (21%) injuries observed on artificial turf was similar to
the values reported onnatural grass (Arnasonet al., 2004;Hagglund,
Walden, & Ekstrand, 2009b).

Because we used a time-loss definition (Fuller et al., 2006),
many overuse injuries might not have been reported; some injuries
might have had a sudden onset, although the injury may have
actually been the result of a long-term process (Bahr, 2009). On the
other hand, the high number of traumatic injuries reflects the
characteristics of the sport (Jacobson & Tegner, 2007); additionally,
traumatic injuries occur more frequently in matches than in
training sessions (Azubuike & Okojie, 2009; Fuller et al., 2007a,
2007b; Hagglund et al., 2009b; Hassabi et al., 2010). The main
contact mechanism was contact with an other player, occurring
significantly more in matches than in training sessions; addition-
ally, match injuries resultant from player-to-player contact
occurred significantly more in the 2nd than in the 1st half. Fatigue
and lack of concentration on match play towards the end of the
match are expected (Arnason et al., 2004), but it is also plausible
that the intensity and frequency of contact situations is greater
towards the end of the game, when players increase their efforts to
achieve goals (Arnason et al., 2004; Hagglund et al., 2009b).

5. Conclusions

The present study showed that injury incidence in adult male
amateur soccer players is higher duringmatches played on artificial
turf than during training sessions. The most frequent diagnoses
were thigh strain/muscle rupture, followed by ankle strain/liga-
ment injury and knee strain/ligament injury. A high proportion of
the injuries were traumatic, and the main contact mechanism was
contact with an other player. The novel epidemiological data herein
provided contributes to the better understanding of injury inci-
dence on artificial turf. The proper education of coaches and players
might allay their fears concerned that training and competing on
artificial turf increases the risk of injury.
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