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Abstract 
Aim. The aim of this study was to examine and compare the maximal oxygen uptake 

(VO2max) and isokinetic strength of quadriceps and hamstrings muscle groups in soccer 

players of three different divisions. 

Subjects. Twenty four professional players from Division I (mean aged 22.6±5.1 years 

and training experience 13.0±4.4 years, group A), twenty four players from Division II 

(mean aged 23.6±5.2 years and training experience 12.7±4.7 years, Group B), and twenty 

five players from Division III (mean aged 25.4±5.8 years and training experience 

14.3±4.7 years, Group C) participated in this study.  

Methods. All participants underwent anthropometric measurements, body fat 

assessments and performed a maximal exercise testing on treadmill to determine maximal 

oxygen uptake (VO2max) and cardiorespiratory indices. Blood lactate concentrations were 

drawn at 4min and 6min after the end of exercise and mean value was used. Peak torque 

values were measured of the hamstrings (H) and quadriceps (Q) on isokinetic 

dynamometer (CSMI, Humac Norm) at three different angular velocities of 60,180, and 

300°  sec-1 and the ratio H/Q percentage was recorded.  

Results. VO2max was significantly higher in division I compared to division II and III 

(p<0.001). Heart rate (HR) at rest was significantly lower in division I compared to 

division III (p<0.001). Blood lactate concentration was significantly higher in division III 

in comparison to division I and II at the recovery period (p<0.001). Peak torque values of 

quadriceps at angular velocity of 60°  sec-1 was significantly higher in division I 

compared to division III (p<0.05). At the same angular velocity the muscular strength of 

hamstrings was significantly higher  in division I compared to division III (p<0.001) and 

division II showed significantly higher values compared to division III (p<0.05).  

Conclusion. The results of the present study suggest that the higher values in VO2max and 

in the isokinetic muscle strength of soccer players of division I may be due to the higher 

intensity they perform in training and match activities. 

 

Key worlds: soccer, maximal oxygen uptake, isokinetic muscle strength, exercise testing, 

performance. 
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1. INTRODUCTION 

 

Soccer is the word's most popular sport, being played in every nation without 

exception. In recent years, there has been a remarkable expansion of sport science. 

Coaches and soccer players are more open to contemporary scientific approaches to 

prepare for competitions.  

Modern soccer incorporates periods of high intensity exercise interspersed with 

periods of lower intensity exercise. The physiological demands of soccer require players 

to be competent in several aspects of fitness, which include aerobic and anaerobic power, 

muscle strength, flexibility and agility (Ekblom, 1986; Reilly and Doran, 2003; Reilly 

and Thomas, 1976). These fitness components often vary according to the individual 

player, the positional role in the team and the team’s style of play (Bangsbo, 1994; 

Ekblom, 1986; Reilly, 2003). 

 

1.1 Physiological demands 

Cardiorespiratory endurance together with muscular strength and power are 

important in term of basic physiological capacities in soccer. Soccer performance is 

determined by the player’s technical, tactical, physiological and psychological – social 

characteristics. These elements are closely linked to each other, e.g. the technical quality 

of a player may not be utilized if the player’s tactical knowledge is low. The 

physiological factors can be divided into several match performance abilities. These are 

dependent on variables which in part can be evaluated separately.  

Cardiovascular capacity, neural factors and muscle characteristics comprise basic 

components of physiological performance that are determined by both intrinsic biological 

make-up and training status (Bangsbo, 1993; Ekblom, 1986; Reilly and Gildourne, 2003). 

The physiological demands are closely related to the players’ physical capacity as the 

ability to perform prolonged intermittent exercise, the ability to exercise at high intensity 

and to develop a high power output (force). The success of a soccer team depends on its 

ability to choose a playing strategy that fits the physical capacity of the available players. 
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Top-class soccer players, in most cases, have a very high capacity only within some of 

the physical categories. A player with low endurance capacity can compensate this 

weakness by having good capabilities in other areas relevant to soccer, e.g. a high 

technical standards or good sprinting ability. It is important that the player and the coach 

obtain objective information about the player’s physical performance in order to design a 

training plan able to provide useful feedback and motivate the player to train (Bangsbo, 

1994; Metaxas et al., 2006). 

 

1.2 Match activities – Activity profile 

The activity pattern during a soccer match includes rapid turns, accelerations, and 

tackling, sidestepping and game-specific technical skills (Bangsbo, 1994; Ekblom, 1986; 

Reilly and Thomas, 1976; Tumilty, 1993). These activities place great stress on the lower 

limbs and so the development of strength in soccer players is very important (Reilly and 

Doran, 2003). During the match play, the players change activity on average every 5 sec 

and perform approximately 1300 actions, with 200 of these being completed at high 

intensity (Bangsbo et al., 2006). Additionally, many decisive phases during a soccer 

match require players to exercise at high intensity (Bangsbo et al., 2006). 

The typical distance covered by an outfield player at top level during a match is 

10-13 km with that of midfield players being greater than players in the other positions 

(Krustrup et al., 2005; Mohr et al., 2003; Reilly, 1997). However, the majority of the 

distance is covered by walking and low-intensity running, and in terms of energy 

production mainly the high-intensity exercise periods are important. Thus, it is clear that 

the amount of high-intensity exercise separates the top class players from players at a 

lower level. Previous studies showed that the mean distance covered during competitive 

matches was 10.80 km, and the average individual difference between matches was 0.92 

km, with no difference in regard to high intensity activities (Bangsbo et al., 1991). 

Midfielders covered a 10% longer distance (11.4 km) than defenders and forwards, with 

no difference concerning high intensity running.  

There are major individual differences in the physical demands of a player in part 

related to the position in the team. Mohr et al., (2003) studied top-class players and found 
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that the central defenders covered less total distance and high-intensity running than 

players in the other positions, which probably is closely linked to the tactical roles of the 

central defenders and their lower physical capacity (Bangsbo, 1994; Krustrup et al., 2003; 

Mohr et al., 2003). The full-backs covered a considerable distance at a high-intensity and 

by sprinting, whereas they carried out fewer headers and tackles than players in the other 

playing positions. The attackers covered a distance at a high intensity equal to the full-

backs and midfield players, but sprinted more than the midfield players and defenders. 

Furthermore, in the study by Mohr et al., (2003) the attackers had a more marked decline 

in sprinting distance than the defenders and midfield players. 

Earlier studies have shown that midfield players cover a greater distance during a 

game than full-backs and attackers (Bangsbo, 1994; Bangsbo et al., 1991; Ekblom, 1986; 

Reilly and Thomas, 1976). Mohr et al., (2003) observed that players in all team positions 

had a significant decline in high-intensity running towards the end of a match. This 

finding indicates that almost all players in elite soccer utilize their physical capacity 

during a game. Individual differences are not only related to position in the team. Thus, in 

this study within each playing position there was a significant variation in the physical 

demands depending on the tactical role and the physical capacity of the players (Mohr et 

al., 2003). 

 

1.3 Positional role in the team  

Maximal oxygen uptake also varies with playing position, the quality of training 

and the level of competition (Tumilty, 1993) and is sensitive to soccer-specific endurance 

training programmes (Helgerud et al., 2001). Maximal oxygen uptake also seems to be 

related to the total amount of work spent during match-play (Hoff et al., 2002), with 

improvements in VO2max corresponding to increases in the total distance covered during a 

match (Helgerud et al., 2001). 

Maximal oxygen uptake appears to differentiate players of different abilities and 

playing positions and also detect improvements with training. It is not, however, viewed 

as the best indicator of the ability to perform soccer-specific intermittent exercise as 

required in a game. Therefore, VO2max may be useful for describing players in relation to 
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different populations and/or for evaluating changes in fitness when such alterations are 

expected to be large (e.g. pre-season). Mean VO2max of elite soccer players is normally 

reported between 55 and 65 ml/kg/min with few individuals values over 70 ml/kg/min. 

There is some evidence that differences in physiological demands exists among 

offensive, midfield and defensive players, based on presumption of higher endurance 

demands on the more active midfield position (Wilsoff et al., 1998), but other studies did 

not observed significant difference in VO2max between playing position in amateur soccer 

players (Metaxas et al., 2004). Several studies have concluded that midfield layers have 

higher VO2max values when expressed per kilogram of body weight (Reilly, 1994). 

    

1.4 Level of competition 

When comparing match observations of Danish first and second division players 

no difference in the total distance covered during a match was found, but the first division 

players performed more moderate speed (6.1 vs 4.1 %) of total playing time, high speed 

(2.5 vs 1.6 %) and sprint (0.8 vs 0.5 %) running (Bangsbo, 1993). The difference was 

caused by move frequent running at high speed rather than a longer duration of each 

activity. There was no difference between the two groups in VO2max and performance in a 

field test with duration of about 10 min. Thus, it appears that the higher frequency of high 

intensity exercise of the first division players was not due to a greater fitness level, but 

rather that these players had a move efficient utilization of their physical capacity by a 

better choice of tactics. 

 

 

1.5 Variations in fitness level throughout the year 

Fitness testing and evaluation of cardiorespiratory performance can provide all the 

vital information about the effectiveness of a training program, particularly after periods 

of altered training, which may occur during a year. Various measurements of fitness were 

made before and at the end of the pre-season and improvements were observed in most of 

the variables (Reilly and Thomas, 1976). Casajus, (2001) noted a higher VO2max values at 
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the end of the season, while Heller et al., (1991) and Metaxas et al., (2006) reported the 

opposite. They observed twelve top-class Czech players and Greek soccer players, 

respectively and it was found that performance during maximal running was significantly 

higher during the season compared with pre-season measurements, even though the 

players trained 5 times per week and played 1 or 2 games during the season. One reason 

for these improvements in study of Reilly and Thomas, (1976) was probably that the 

physical standard of the players prior to the pre-season training was low, as a result of a 

decrease in the amount of fitness training during the first part of the off-season. 

 

1.6 Blood lactate concentration in soccer 

The concentration of BLa is often used an indicator of the anaerobic lactate acid 

energy production in soccer. Agnevik, (1970) found that the mean BLa concentration 

after a match was about 10 mmol l-1 with a single measurement above 15 mmol l-1 when 

studying Swedish first division players. Similar values were reported by Ekblom, (1986). 

The BLa concentration for first division players were 9.5 and 7.2 mmol l-1 after the first 

and second half, respectively, while the corresponding values for fourth division players 

were 4.0 and 3.9 mmol l-1 (Bangsbo, 1993). 

Average blood lactate concentrations of 2-10mM have been observed during 

soccer games, with individual values above 12mM. These findings indicate that the rate 

of muscle lactate production is high during match play, but muscle lactate has been 

measured in only a single study. In a friendly game between non-professional teams, it 

was observed that muscle lactate rose fourfold (to around 15mmol.kg-1d.w.) compared 

with resting values after intense periods in both halves, with the highest value being 

35mmol.kg-1d.w. (Krustrup et al., 2006). Such values are less than one-third of the 

concentrations observed during short-term intermittent exhaustive exercise (Krustrup et 

al., 2003). An interesting finding in that study was a low correlation coefficient between 

muscle and blood lactate (Krustrup et al., 2006), which can be explained by the lactate 

clearance rate being higher in muscle than in blood (Bangsbo et al., 1993). This also 

means that the blood lactate level can be high even though the muscle lactate 

concentration often observed in soccer (Bangsbo, 1994; Ekblom, 1986; Krustrup et al., 
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2006) may not represent a high lactate production in a single action during the game, but 

rather an accumulated or balanced response to a number of high-intensity activities. This 

is important to take into account when interpreting blood lactate concentrations as a 

measure of muscle lactate concentrations. Nevertheless, based on numerous studies using 

short-term maximal exercise performed in the laboratory and the finding of high blood 

lactate and moderate muscle lactate concentrations during a match play, it can be 

suggested that the rate of glycolysis is high for short periods of time during a game. 

 

 

 

1.7 Energy production in soccer 

Soccer entails intermittent exercise in which the aerobic energy system is highly 

taxed with average and peak heart rates around 85 and 98 per cent of maximal values, 

respectively (Ali and Farally, 1991; Bangsbo, 1994; Ekblom, 1986; Krustrup et al., 2005; 

Reilly and Thomas, 1979). These values can be ‘converted’ to oxygen uptake using the 

relation between heart rate and oxygen uptake obtained during treadmill running 

(Bangsbo, 1994; Esposito et al., 2004; Krustrup and Bangsbo, 2001; Krustrup et al., 

2005). However, it is likely that the heart rate values during a match lead to an 

overestimation of the oxygen uptake, since a number of factors such as dehydration, 

hyperthermia and mental stress elevate the heart rate without affecting oxygen uptake. 

Taking these factors into account the heart rate measurements during a game seem to 

suggest that the average oxygen uptake is around 70% VO2max. This suggestion is 

supported by measurements of core temperature during a soccer game. The findings of 

core temperatures in the range of 39-40oC during a game also suggest that the average 

aerobic loading during a competitive game is around 70% VO2max (Ekblom, 1986; Mohr 

et al., 2004a). 

Analysis of this information would suggest that VO2max is a useful tool in the 

assessment of soccer players. However, VO2max does not always appear to be a sensitive 

measure of performance in important aspects of soccer match-play (Bangsbo and 
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Lindqvist, 1992) or in the detection of detraining (Bangsbo and Mizuno, 1988). This 

deficiency may be due to discrepancies in the activity patterns, and the underlying 

physiology, associated with soccer match-play and that incorporated in a VO2max test. The 

intermittent exercise pattern, as observed in soccer match-play, often necessitates 

performance at exercise intensities in excess of those achieved during a VO2max test 

(Bangsbo, 1994). As a result, energy must be derived at the onset of exercise from 

substrates and oxygen supplies within the active musculature (Bangsbo et al., 2002; 

Edwards et al., 1973). Such evidence would indicate that the oxidative potential of the 

muscle is important for the performance of intense bouts of intermittent exercise. 

Peripheral adaptations do not; however, appear to be crucial for VO2max, as Henriksson 

and Reitman (1977) demonstrated similar values of aerobic power despite reductions in 

succinct dehydrogenase and cytochrome oxidase following a period of detraining. These 

data would suggest that VO2max may not be a sensitive enough indicator of the ability to 

perform soccer-specific exercise despite observations of a positive relationship with the 

level of play and the covered distance in a match play. 

More important for performance than the average oxygen uptake during a game, 

may be the rate of rise in oxygen uptake during the many short intense actions. A player’s 

heart rate during a game is rarely below 65 per cent of HRmax, suggesting that blood flow 

to the exercising leg muscles is continuously higher than at rest, which means that 

oxygen delivery is high. However, the oxygen kinetics during the changes from low- to 

high-intensity exercise during the game appear to be limited by local factors and depend, 

among other factors, on the oxidative capacity of the contracting muscles (Krustrup et al., 

2004). The rate of rise of oxygen uptake can be changed by intense interval training 

(Krustrup et al., 2004). The observation that elite soccer players perform 150-250 brief, 

intense actions during a game (Mohr et al., 2003) indicates that the rate of anaerobic 

energy turnover is high during periods of the game.  
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1.8 Purpose of physiological testing 

Performance in soccer is the result of a blend of several factors, including genetic 

endowment, training and health status of the individual athlete (MacDougall and Wenger, 

1991; Viru and Viru, 2001). The sports scientist can, through physiological testing of the 

participants, analyse these factors and use the information to provide individual profiles 

of their respective strengths and weaknesses. These data can form the basis for the 

development of optimal training strategies. Further tests can then be used to evaluate the 

impact of these interventions on the physical fitness profile of individual players, thereby 

evaluating the effectiveness of the programme. 

 

 

1.9 Laboratory exercise tests 

Maximal aerobic capacity (VO2max) is the highest amount of oxygen that the body 

can utilize during exhaustive exercise while breathing air at sea level (Astrand and 

Rodahl, 1986). Maximal oxygen uptake is one of the most commonly used indicators of 

aerobic metabolism and power, as it provides an indication of the functional limit of the 

oxygen transport system in individuals (Howley et al., 1995; Sutton, 1992). During a 

soccer match-play, the majority of energy provision is derived from the aerobic energy 

system (Bangsbo, 1994). The determination of a soccer player’s maximal aerobic power 

is therefore important, as the oxygen transport system underpins the ability to play for 90 

min (Bangsbo, 1993) and to recover between short bouts of high-intensity exercise 

(Balsom, et al., 1994a; Balsom, et al., 1994b; Tomlin and Wenger, 2001). When maximal 

aerobic power is evaluated in athletes, it is important that the test resembles the activity 

pattern of the specific sport (Strömme, et al., 1977). Therefore, VO2max tests for soccer 

players should be performed on a treadmill ergometer to enhance the specificity of the 

active musculature to that used in activity patterns in soccer. Such procedures will ensure 

valid assessments of VO2max (Hermansen and Saltin, 1969). Standardized laboratory 

protocols to establish VO2max include continuous and discontinuous exercise modes, both 

of which are used extensively in the assessment of VO2max (Duncan et al., 1997).  
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Table 1 summarizes some of the data reported in the literature for the VO2max of 

elite soccer players. These data suggest that VO2max may be useful in differentiating 

between successful and unsuccessful teams, as teams who perform better in a specific 

league or at a higher standard possess higher VO2max. 

 

Table 1. Selected data on maximal oxygen uptake of soccer players in the literature.  

Study Players Number of players VO
2
max

Agnevik (1970) Swedish National Team 56.5

Williams et al. (1973) Αberdeen (9) 57.8

Reilly (1975) First English Division 66.0

Smaros (1980) Second Finland Division (8) 63.6

Rhodes et al. (1986) Olympic Team of Canada 58.7

Apor (1988) Hungary Teams

1st place

2nd place

3rd place

5th place

66.6

64.3

63.3

58.1

Bangsbo and Mizuno (1988) Denmark professional players (4) 66.2

Faina et al. (1988) Italian soccers

Amateurs

Professionals

Elite

(17)

(27)

(1)

64.1

58.9

63.2

Bangsbo et al. (1991) Denmark professional players Division I 

and II

(14) 60.6

Bangsbo and Lindquist (1992) Denmark professional players Division I (20) 60.8

Chin et al. (1992) National players of Hong-Kong (24) 59.1

Bangsbo et al. (1993) Denmark professional players Division I 

and II

(14) 60.3

Puga et al. (1993) Portugal professional players Division I 

and II

(16) 61.3

 14 



Wisløff et al. (1998) Νοrway players

Ρosenborg

Τronhaim

(14)

(15)

67.6

59.9

Metaxas et al.(2000) Greek players

Professional

Amateurs

 

(50)

(50)

 

64.5

59.1

Reilly et al. (2000) Denmark players 

Defenders

Midfielders

Attackers

(25)

(21)

(14)

58.7

62.6

60.0

Aziz et al. (2000) National players of Singapure (23) 58.2

Al-Hazaa et al. (2001) National players of Saudi Arabia (23) 56.8

Casajús (2001) Professional Spanish players (15) 65.5

66.4

Helgerud et al. (2001) Elite young players (19) 64.3

Ηοffetal.(2002) Νοrway players

1st Division 

(6) 67.8

Kemi et al. (2003) Νοrway players

1st Division 

(10) 65.6

 

 

1.10 Anaerobic threshold 

The modern soccer is characterized by numerous explosive short exercise bursts 

interspersed by brief recovery periods over an extended period of time (90 minutes). In 

this situation, the activation of both energy systems, the aerobic and the anaerobic, is 

needed to fulfil the muscle energy demands during the game. The anaerobic threshold is 

defined as the highest exercise intensity in terms of HR or VO2 where the production and 

clearance of lactate is equal. There exist several methods to determine anaerobic 

threshold, including measurement of blood lactate and ventilatory measurements.  
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1.11 Test of determination of muscle strength 

Muscle strength is defined as the amount of force or tension that a muscle or 

muscle group exerts against a resistance at a specified velocity during a maximal 

voluntary contraction (Bell and Wenger, 1992). In the laboratory, isokinetic apparatus 

can be used in the assessment of the muscle strength of performers across most sports. 

Isokinetic dynamometry provides a controlled environment in which the neuromuscular 

performance of the joint system can be stressed (Baltzopoulos and Gleeson, 2001; Sapega 

et al., 1982). The muscular force against the motor-driven lever arm, or the torque, is 

measured with the angular velocity controlled when performing movements in the 

vertical plane such as knee flexion and extension (Gransberg and Knutsson, 1983; Sale, 

1991). One of the main advantages of isokinetic dynamometry is the accuracy in 

assessment provided by the constant pre-selected velocity of movement (Iossifidou and 

Baltzopoulos, 1998). Isokinetic systems also permit muscle function tests to be 

completed across a variety of different angular velocities and joint angles.  

There are some methodological limitations associated with isokinetic assessment. 

During the assessment, the relevant muscle group is isolated (e.g. quadriceps), which 

restricts any assessment to the specific joint being examined (Herzog, 1988). The 

isolation of muscle groups will reduce the validity of the measurements to functional 

performance, as the multi-joint movements involved in most sports will not be re-created 

(Kannus, 1994). As a result, isokinetic dynamometry does not fully reflect performance 

in specific movement patterns of the limbs associated with sports such as soccer (Cometti 

et al., 2001). Assessment involving free weights may be more accurate in determining the 

functional strength in a soccer context (Wisloff et al., 1998), as the individual has a 

greater freedom of movement, though such procedures may not be easy to control. 

Despite the application of standardized assessment protocols, data from one trial may not 

be representative of an individual’s maximal isokinetic leg strength, making the validity 

of key variables an important consideration when investigating muscle performance.  

Several trials may be needed to familiarize the participants and to overcome any 

reliability problems during isokinetic measurement (Gleeson and Mercer, 1992). Both 

internal (e.g. positioning of participant, gravitational forces, calibration of dynanometer) 
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and external (e.g. time of day, participant’s limb dominance, participant’s motivation) 

factors may affect test results, so attention must be made to create standardized 

conditions (Kannus, 1994). 

Strength training has been reported to improve kicking performance as a result of 

a resistance training programme (De Proft, et al., 1988; Dutta and Subramanium, 2002), 

highlighting the importance of muscle strength for match-specific actions. Muscle 

strength can also differentiate between age categories, levels of play and playing 

positions. Oberg et al., (1986) reported that players of the Swedish national team and in 

the Swedish First Division had a higher torque value at fast- and slow-speeds for knee 

flexors and extensors than players from Fourth Division clubs. Similar findings were 

reported by Togari et al., (1988) between Japanese elite players and university players. 

Gissis et al., (2003) found that maximal strength about the knee joint was significantly 

greater for young Greek elite players than young age-matched Greek amateur players of a 

similar age. Rochcongar et al., (1988) and Gur et al., (1999) have reported differences in 

the strength of the quadriceps and hamstrings muscles in young and adult soccer players, 

with muscle strength increasing with age. Goalkeepers and defenders were reported to 

have a higher knee extension torque than midfielders and forwards but differences for 

most players were attributed to body size (Oberg et al., 1984). These findings suggest that 

high absolute muscle strength in the lower limbs is an important component of fitness for 

successful soccer play and muscle strength increases with progressive standards of play. 

Isokinetic dynamometry can be used to assess the balance of strength between the 

hamstrings (H) and quadriceps (Q) muscle groups about the knee joint, calculated as 

either the conventional or functional H/ Q ratio (Aagaard et al., 1995; Aagaard et al., 

1998). The conventional H/Q ratio is calculated by dividing maximal knee flexion 

strength by maximal knee extension strength. However, this ratio is calculated at the 

same angular velocity and contraction mode (eccentric, concentric or isometric), which 

does not provide adequate information on agonist – antagonist muscle contraction.  

Therefore, the functional H/Q ratio or dynamic control ratio (DCR) was introduced as a 

descriptor of the agonist – antagonist balance of strength during knee flexion or extension 

(Aagaard et al., 1995). Moreover, the functional H/Q ratio can provide an assessment of 

potential injury risk. It is calculated as maximal eccentric hamstring strength divided by 

 17 



maximal concentric quadriceps strength during extension, or vice versa during flexion 

(Aagaard et al., 1998). The ideal functional H/Q ratio should be 1.0, which indicates that 

the hamstrings can resist as much force as the quadriceps can produce (Graham-Smith 

and Lees, 2002). The ratio can vary with joint angle and, moreover, the value 1.0 may be 

derived from peaks at different angles for concentric and eccentric actions. The ratio 

may, however, have limited practical application in rehabilitation settings, as H/Q ratios 

can be identical for both injured and healthy individuals (Kannus, 1994). This may make 

it difficult to determine optimal H/Q ratios that can be used with injured individuals 

undergoing rehabilitation programmes. Nevertheless, both the conventional and 

functional H/Q ratios, but in particular the latter, may be helpful in identifying the 

functional muscle balance and stability at the knee joint in soccer players (Reilly, 1994; 

Zakas et al., 1995). A high muscle strength relative to the functional H/Q ratio in order to 

stabilize the knee joint is important in the prevention of injury (Orchard et al., 1997), with 

the H/Q ratio ranging between 41 and 81% in soccer players depending on the angular 

velocity of movement (Rahnama et al., 2003b). An ideal H/Q ratio of 60% has been 

suggested (Ekstrand and Gillqvist, 1982). 

There is evidence to suggest that players have a lower H/Q ratio towards the end 

of matches as a result of the fatigue associated with prolonged exercise: Rahnama et al., 

(2003a) reported a reduced H/Q ratio in amateur soccer players at the end of a simulated 

match compared with pre-match values, which may indicate that the H/Q ratio is 

sensitive to fatigue. The H/Q ratio is also sensitive to detect changes in muscle strength 

following preseason training (Kayatekin, 1995). It seems that the H/Q ratio can also 

differentiate between different levels of play, as Cometti et al., (2001) reported that 

French elite players had a higher H/Q ratio than sub elite players at several angular 

velocities between 2.09 and 5.23 rad s-1, except at 5.23 rad s-1. 
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1.12 Purpose of the study 

The aim of this study was to examine and evaluate the cardiorespiratory 

endurance and isokinetic muscle strength of soccer players and to compare the 

performance among three different professional divisions. 
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2. METHODS 

2.1 Participants 

Seventy three male soccer players from divisions I – III of the Greek national 

leagues participated in the study. Twenty four (n=24) professional soccer players 

consisted group A (mean aged 22.6±5.1 years, training experience 13.0±4.4 years), B 

players (n=24) (mean aged 23.6±5.2 years, training experience 12.7±4.7 years) (division I 

and II) and twenty five (n=25) players group C (mean aged 25.4±5.8 years, training 

experience 14.3±4.7 years) (division III), respectively. The groups and the 

anthropometric characteristics of the subjects are demonstrated in table 2.  

Each subject volunteered to participate in the study after being fully informed of 

the nature, risks and benefits of participation in the investigations and signed an informed 

consent form. All participants were non – smokers and did not use any nutritional 

supplements or medications known to affect their performance. They reported no 

musculoskeletal injuries of the lower limbs that would prevent them from performing 

maximal running and maximal isokinetic contractions. Before the study, each subject was 

informed and signed a consent form in accordance with the Declaration of Helsinki. All 

the players within a team were assessed on the same day and the tests were performed in 

the same order. 

 

2.2 Anthropometric measurements 

All participants underwent anthropometric examinations, including body fat 

assessment with skinfold measurements (four-fold method): biceps (S1), triceps (S2), 

suprailiac (S3) and subscapular (S4) by specific calliper (Lafayette, Ins. Co., Indiana, 

USA). Estimation of the body density was calculated according to the Durnin and 

Rahaman, (1967) equation for male adults over 16 years old:  

D = 1.161 – 0.0632 x log(S1+S2+S3+S4) 

The percentage body fat was estimated by the equation of Siri, (1956): 

BF(%) = [(4.95 / D) – 4.5] x 100 
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The height and body weight were measured using an electronic digital scale 

(Seca, Hamburg, Germany). 

 

2.3 Laboratory exercise tests 

All players performed a maximal exercise test on a treadmill (H/P COSMOS, 

Germany) after a ten-minute warm-up and stretching. Participants exercised to 

exhaustion according to a maximal incremental continuous protocol consisted of seven 2-

minute stages. The initial grade and speed were set at 1% and 10km/h, respectively, 

followed by an increase in speed of 2km/h per stage (figure 1). 

The oxygen uptake (VO2) was determined by means of absolute (ml·min-1) and 

relative values adjusted to body weight (ml·kg·min-1), via an ergospirometric device 

based on breath-by-breath gas analyzing system (Jaeger Oxygen-PRO, Würzburg, 

Germany). The highest value of VO2 was accepted as the maximal oxygen uptake, after 

achieving the stabilization of VO2 for at least five measurements (steady state). The used 

exercise test criteria for achieving VO2max were: 

1. levelling off (plateau) of oxygen uptake with an increase of work rate (Åstrand 

and Rodahl, 1986) 

2. level of concentration of blood lactate >8 mmol·l-1 (Shephard and Åstrand, 1992) 

3. respiratory exchange ratio (VCO2/VO2) superior to 1.0 or 1.1 (Åstrand and 

Rodahl, 1986) and finally, 

4. achieving >90% of the age-adjusted estimated maximal heart rate. 

 

In addition, the following cardiorespiratory indices were determined: exercise 

duration; the maximal pulmonary ventilation (VEmax); the heart rate (HR) was recorded 

during the test by sport tester (Polar, RS 800, Kempele, Finland) connected to the 

ergospirometric system; the heart rate at anaerobic threshold (HRAT); the maximal heart 

rate (HRmax) and the respiratory exchange ratio (RER). 

 

 21 



Figure1. 

 

 

 

2.4 Blood lactate concentration 

Duplicated blood lactate concentrations were drawn from samples of the hand 

fingertips at the 4th and 6th min of recovery using an enzymatic lactate analyzer 

(Boehringer, Mannheim, Germany) and the average value of the two analyses for each 

min was used. 
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2.5 Isokinetic muscle strength 

Warm-up 

Participants performed a standardized warm-up on a Monark cycle ergometer for 

10min with a low resistance at 60 rev/min prior to all strength assessments. This exercise 

was followed by 6 minutes of stretching of the hamstrings and quadriceps muscles. All 

participants performed 5min preliminary test in order to familiarize themselves with the 

equipment and testing procedure.  

 

Testing protocol  

Isokinetic peak torques were measured using Humac/NormTM  dynamometer 

(Model 770, CSMI, Stoughton, MA) with a specially designed program which included 

torque comprehension for the combined weight of the lower leg and level arm of the 

dynamometer at angular velocities of 60, 180, and 300° sec-1 (figure 2). For each angular 

velocity, peak isokinetic torque was recorded simultaneously. Maximum isokinetic 

strength was recorded as the torque of the quadriceps and hamstring muscles at every 1ο 

throughout the whole range of motion. The torque generated by the limb weight and the 

dynamometer arm was extracted from the obtained data. The subjects were seated on the 

chair of the dynamometer, with stabilization straps at the trunk, thigh and tibia to prevent 

extraneous joint movement. The knee to be tested was positioned at 90° of flexion, (0° = 

fully extended knee), to align the axis of the dynamometer lever arm with the distal point 

of the lateral femoral condyle. Subjects were instructed to kick the leg as hard and as fast 

they could through a complete range of motion. Verbal encouragement was given during 

every trial. Three repetitions were carried out at each angular velocity and the best torque 

value was used for the reanalysis. A 30 sec rest period was taken between each trial and a 

60 sec rest period between each velocity measurement. 
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Figure 2. 

 

 

 

 

2.6 Statistical analysis  

All values are expressed as mean ± standard deviation (SD). The assumption for 

normality was examined with Shapiro-Wilk test (n<50).One-way analysis of variance 

(ANOVA) and post-hoc analysis using a Scheffé test was used to determine differences 

of variables between divisions. The statistical analysis was performed via the Statistical 

Package for Social Sciences SPSS (version 16.0, Chicago, Illinois, USA). The level of 

significance was set at p<0.05. 
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3. RESULTS 

 

Height, weight and body fat did not differ between the players of the different divisions 

(Table 2). Skin-fold measurements of soccer players are shown in figure 3.  

 

Table 2. Anthropometric characteristics of soccer players (mean±SD). 

 

 Height (m) Weight (kg) Body fat (%) 

Soccer players 

Division I (n=24) 

Division II (n=24) 

Division III (n=25) 

 (n=73) 

 

1.77 ± 0.06NS 

1.79 ± 0.06 NS 

1.79 ± 0.05 NS

1.79 ± 0.05 

 

73.6 ± 6.3 NS

75.2 ± 7.4 NS

75.8 ± 4.9 NS

74.9 ± 6.3 

 

10.8 ± 1.8 NS

10.8 ± 2.3 NS

9.7 ± 2.0 NS

10.4 ± 2.1 

 

NS: no significant differences between soccer and of the different divisions. 
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Figure 3. Skinfold measurements of soccer players (mean±SD). 

 

Resting heart rate was significantly lower in division I compared to divisions II 

and III (p<0.001). However, no significant differences were found in resting systolic 

(sBPrest) and diastolic blood pressure (dBRrest) as well as in the time to exhaustion 

among the players of different divisions (Table 3). Heart rate at the anaerobic threshold 

(HRAT) was significantly higher (p<0.01) in players of division I compared to division III 

and in players of division II compared to division III (p<0.05) (Table 3). HRmax differed 

among the 3 divisions of soccer players while players in division III had the lowest 

compared to division I (p<0.01) and division II (p<0.05). Maximal oxygen uptake 
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(VO2max), in absolute and relative values was significantly higher fin players of division I 

compared to players of division III (p<0.05, p<0.001) and to division II (p<0.05). The 

RER and the maximal values of blood lactate were significantly higher in players of 

division III compared to players of division I (p<0.001) and II (p<0.05, p<0.001), 

respectively (Table 3).  

 

Table 3. Physical and physiological characteristics of soccer players (mean±SD). 

 

 Division I 

(n=24) 

 Division II 

(n=24) 

Division III 

(n=25) 

HRrest (b·min-1) 57.5±6.1*** 61.2±10.9 67.4±8.9 

sBprest (mmHg) 122.9±7.0 122.4±6.4 126.2±9.7 

dBprest (mmHg) 61.6±5.9 62.5±7.6 65.4±6.8 

Time (min) 9.50±0.41 9.12±0.68 8.27±0.79 

HRAT (b·min-1) 170.4±7.3** 168.1±4.7# 163.5±6.8 

VO2AT (ml·min-1) 3800±428 3643±461 3488±447 

HRmax (b·min-1) 199.9±4.7** 198.5±6.2# 192.2±10.7 

VO2max (ml·min-1) 4460±386* 4301±423 4172±363f 

VO2max (ml·kg·min-1) 61.13±5.91***,$ 57.27±5.71 55.11±3.93 

RER 1.14±0.07*** 1.16±0.06# 1.21±0.07 

BLmax (mmol·l-1) 8.9±1.7*** 9.1±1.9### 11.6±2.1 

 

$ p<0.05 I vs II 

*: p<0.05 I vs III 
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**: p<0.01 I vs III 

***: p<0.001 I vs III 
#: p<0.05 II vs III 
###p<0.001 II vs III 

 

Peak torque values of quadriceps and hamstring between divisions of soccer 

players are shown in table 4. At angular velocity of 60osec-1, the players of division I had 

significantly higher values of quadriceps compared to the players of division III. 

However, no significant differences were found between the players in divisions II and 

III. Peak torque values of hamstrings at regular velocity of 60osec-1 were significantly 

higher for players in division I compared to players of division II (p<0.05) and division 

III (p<0.001). Furthermore, significantly increased peak torque values were found 

between players of divisions II and III (p<0.05). In the other higher angular velocities of 

180o and 300osec-1 no significant differences were observed among the players of 

divisions I, II, III, respectively (Table 4). 
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Table 4. Comparisons of quadriceps and hamstring peak torques (Nm) at angular 

velocities of 60, 180 and 300o·sec-1 between divisions of soccer players (mean±SD). 

 

 

Soccer players  

 

 

Division I 

 

Division II 

 

Division III 

 

Total (n=73) 

 

Quadriceps 60o·sec-1 

 

 

278.7 ± 31.5*

 

 

270.4 ± 31.4 

 

253.2 ± 27.7 

 

267.3 ± 31.7 

 

Quadriceps 180o·sec-1 

 

 

187.5 ± 27.6 

 

 

180.0 ± 18.5 

 

 

178.8 ± 21.1 

 

 

182.0 ± 22.6 

 

 

Quadriceps 300o·sec-1 

 

 

128.6 ± 14.5 

 

 

123.4 ± 18.2 

 

 

125.2 ± 14.4 

 

 

125.8 ± 15.7 

 

 

Hamstring 60o·sec-1 

 

 

155.5 ± 13.9***

 

 

149.1 ± 19.6#

 

 

136.7 ± 15.0 

 

 

147.2 ± 17.9 

 

 

Hamstring 180o·sec-1 

 

 

114.3 ± 18.0 

 

 

105.6 ± 14.5 

 

 

104.2 ± 13.2 

 

 

107.9 ± 15.7 

 

 

Hamstring 300o·sec-1 

 

 

77.2 ± 14.7 

 

 

73.5 ± 17.0 

 

 

72.3 ± 14.3 

 

 

74.4 ± 15.3 

 
*: p<0.05, I vs III 

***: p<0.001, I vs III 
#: p<0.05, I vsII 
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In figure 4 the hamstring to quadriceps peak torque ratio (H/Q) differences are presented 

between the players from the three divisions. It is shown that no significant difference 

exists between all players. 
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Figure 4. H/Q peak torque ratios for soccer players at three angular velocities 

(mean±SD) 
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4. DISCUSSION 

The aim of this study was to examine and compare the cardiorespiratory capacity 

and isokinetic muscle strength in soccer players of different divisions. The results showed 

that the players of division I had higher VO2 max (absolute and relative values) and 

higher isokinetic muscle strength compared to the other two divisions (II and III). 

Several studies have determined the maximum oxygen uptake for male elite adult 

players and mean values 50-75 ml.kg-1.min-1 have been found (see Table 1). Verstappen 

and Bovens, (1989) were found mean values of 68 and 63 in a Dutch first division and 

59.6 ml.kg-1.min-1 for goalkeepers and central defenders, midfield players and forwords 

were above 60 ml.kg-.min-1. Puga et al., (1993) and Bangsbo and Mizuno, (1988) 

reported values of 66 ml.kg-1.min-1. Most studies of soccer players have reported a large 

variation in VO2max, which is partly associated with the different positions of the players 

within the team. Based on results obtained for Danish elite players, full-backs and 

midfield players appear to have the highest values, and goalkeepers and central defenders 

the lowest (Bangsbo, 1993). Similar findings were obtained by Reilly, (1975) but not by 

Raven et al., (1976). 

The highest values reported using treadmill test were for a German club team 69.2 

(±7.8) ml.kg-1.min-1 (Nowacki et al., 1988). Values for professional players tend to be 

higher than for amateurs, though this can depend on the quality of the training and the 

level of competition. For Swedish recreational players, Ekblom (1986) cited values of 45-

50 ml.kg-1.min-1. 

The values of VO2max in soccer players are similar to those obtained in other team 

sports, but are considerably lower than values fore elite athletes within endurance sports, 

where VO2max levels are higher than 80 ml.kg-1.min-1 (Reilly et al., 1990). The higher 

VO2max that was found in the players of division I in our study may be due to the high 

speed and sprint running they have in training and match. Bangsbo, (1992) did not found 

any difference in the total distance covered during a match in Danish first and second 

division players. The players of division I performed more moderate speed (6.1% vs 

4.1% of the total playing time), high speed and sprint running. The difference was caused 

by more frequent running at high speed rather than a longer duration of each activity. In a 
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field test with duration of about 10 min, there was no difference between the players of 

division I and II in VO2max and performance (Bangsbo, 1992). 

Metaxas et al., (2009) who examined VO2max in absolute and relative values in 

different divisions of soccer and basketball players reported that VO2max was significantly 

lower in division IV for soccer players when compared to the other 3 divisions. However, 

soccer players for division II had significantly lower VO2max in absolute values as 

compared to basketball players. 

Study by Reilly and Thomas, (1976) showed that the players covered a longer 

distance in the first half compared to the second half of a match. Bangsbo, (1993) 

reported that the difference was about 5% or 300m. This difference was caused by more 

low intensity exercise in the first and last 15min in the first half when compared to the 

second half. Match observations of Danish First and Second Division Players showed no 

difference in the total distance covered during a match (Bangsbo, 1993). However, the 

First Division players performed moderate speed (6.1% vs 4.1% of total playing time), 

high speed (2.5% vs 1.6%) and sprint (0.8% vs 0.5%) running.  

Observations by Ekblom, (1986) showed that Swedish players of division I had 

higher blood lactate concentrations and body temperature both at half-time and after a 

match compared to players of lower divisions. Our results from laboratory exercise test 

for the determination of VO2max during short – term maximal exercise showed that our 

players of division I had significantly lower concentration of blood lactate that the 

players of the other divisions. 

In soccer, players perform many different types of activities and the intensity can 

alternate at any time and range from standing still to maximal running. The physiological 

demands of soccer require players to be competitive in several aspects of fitness, whith 

include aerobic and anaerobic power. In soccer the players perform intermittent exercise. 

For elite male players, the total duration of high intensity exercise during a match play is 

about 7 min (Bangsbo et al., 1991). Degradation of CP and to a lesser extent stored ATP, 

provides a considerable amount of energy during the sprint exercise. The remaining 

anaerobic energy is delivered from glycolysis leading to formation of lactate. The CP 

reaction that rebuilds ATB by CP breakdown is activated at the onset of exercise. The CP 
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stores are limited and can last only a few seconds during maximal running if CP was the 

only energy source. It is known that after intense exercise, CP is resynthesized rapidly, 

more than half of the used CP can be replenished within 1 min by utilization of ATP 

produced, from aerobic sources (Sahlin et al., 1992). 

Although the net utilization of CP is quantitatively small during a football match, 

CP has a very important function as an energy buffer, making energy available for the 

muscles during rapid elevations in the exercise intensity. The concentration of lactate in 

the blood is often used as an indicator of the anaerobic lactacid energy production in 

soccer. Agnevik, (1970) found that the mean blood lactate concentration after a match 

was about 10 mmol/l-1 with a single measurement above 15 mmol/l-1, when studying 

Swedish First Division Players. Similar values were obtained by Ekblom, (1986). 

Bangsbo (1993) shows values of both blood and plasma lactate at various time points 

during a competitive match (Bangsbo 1993). 

It seems that some differences exist between first and second half in blood lactate 

concentration. Blood lactate concentrations were lower in the second compared to the 

first half. This was related to the findings that the players covered a shorted distance (4.7 

vs 5.4 Km) and performed less high intensity running (0.83 vs 1.24 Km) in the second 

half, which was also reflected in a lower mean HR of about 10 beats.min-1 (Bangsbo 

1993). 
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5. CONCLUSIONS 

The results of the present study support previous investigations indicating a 

relationship between aerobic endurance, muscle strength and performance in professional 

soccer players. 

Laboratory tests are performed in a controlled environment to reduce the impact 

of extraneous variables. In general, data from a laboratory test provide accurate 

information that is very detailed, although care should be taken with respect to the 

reliability of the equipment. It is recommended that several trials of the same test should 

be performed to increase the reliability of the data. Physical trainers and sports scientists 

can therefore obtain an accurate general physical profile of the individual soccer player if 

extensive testing is conducted. Accurate information on a player’s aerobic power, lactate 

threshold and muscle strength of the lower limbs can help in the setting of individual 

training programmes or form part of a player selection strategy. Access to laboratory 

facilities may be difficult for some soccer clubs and tests are also expensive to 

administer. Testing can also be time-consuming, as numerous visits to the laboratory may 

be required to obtain reliable results. Such tests are also sensitive enough to allow the 

detection of significant changes in the fitness of players. As a result, ergometric test 

procedures may be most effective during specific periods of the season. Pre-season may 

be the time when administration of laboratory tests is most important, as the fitness of 

players needs to be established during this period following de-conditioning in the off-

season. In the competitive season, the administration of such tests may be more difficult 

due to their time-consuming nature and the limitations associated with the data provided. 

Laboratory tests should, therefore, be used in the assessment of general fitness rather than 

soccer-specific fitness.  

It is clear that the data from the assessment of muscle strength in soccer players 

using isokinetic dynamometers can be employed to assess general muscle strength, 

compare positional differences in strength and evaluate the effect of resistance training. It 

is recommended that data for both conventional and functional H/Q ratios should be 

combined to provide a thorough evaluation of knee joint stability and subsequent risk of 

injury in individuals. Test criteria may be improved by taking the angle of occurrence of 

 34 



peak torque into account. Due to the expensive and time-consuming nature of 

accommodating a whole squad for isokinetic assessment, tests should be performed at 

strategic intervals pre-, in- and offseason, especially when monitoring rehabilitation of 

muscle strength in injured players.  

In conclusion, the professional soccer players of division I had higher VO2max 

relative values, respiratory exchange ratio and maximal strength in hamstrings and 

quadriceps muscle groups at 60°/sec (heavy load) compared to Divisions II and III. These 

findings may be attributed to the different intensity of training which is applied at higher 

competitive levels as well as the qualitaty of training (aerobic endurance, strength 

training). Finally, the results of the tests could be used by the trainers in order to 

ameliorate and stabilize the performance through training practice during the competitive 

season.  
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