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The aim of this study was to investigate position-specific endurance performance of soccer players. 136 professional players competing in the 1st and 2nd division in Germany were divided into the positional groups goalkeepers (GK), central defenders (CD), wingers (WI), central midfielders (CM), and forwards (FW). All players performed an incremental treadmill test with blood lactate sampling until exhaustion with the following endurance parameters being obtained: Fixed aerobic threshold (v2mmol/l), fixed anaerobic threshold (v4mmol/l), individual aerobic threshold (vLT), individual anaerobic threshold (vIAT), and maximum velocity (vmax). Results revealed significant differences between GK and all outfield playing positions for all endurance parameters (p ≤ 0.03; ES 0.87–2.19). No significant differences among outfield playing positions were evident for any of the parameters. However, trends were found in favor of the CM compared to the WI (p = 0.11; ES = 0.68) and the FW (p = 0.06; ES = 0.47) relating to vLT as well as in favor of the CM compared to the WI (p = 0.10; ES = 0.56) relating to vIAT. Findings suggest that goalkeepers possess the lowest endurance capacity compared to other playing positions. While outfield players in general showed similar endurance performance, CM seem to possess the highest aerobic capacity of all positions as indicated by all lactate-based thresholds, however, with only small to moderate ES. These findings could lead one to question the appropriateness of current endurance training regimes to prepare all players adequately for their positional match-running demands. Indeed, endurance training of players should be specific to their match-running demands. However, it remains unknown to what extent these demands are position or player specific.
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INTRODUCTION

Soccer is a team sport characterized by intermittent bouts of intense activity. Per match, professional players cover total distances between 10 and 13 km, while the average running intensity is close to the anaerobic threshold (commonly defined as the running velocity at a blood lactate concentration of 4 mmol/l) (Stølen et al., 2005; Sarmento et al., 2014). Out of this distance, 22–24% is spent at higher intensities (i.e., above 15 km/h), leading to a complex interaction of the aerobic and anaerobic energy systems (Dolci et al., 2020). Moreover, research has shown that the running demands differ between playing positions. More specifically, central midfielders, wide defenders, and wide midfielders cover both the greatest total and high-intensity distance, followed by strikers and central defenders (Di Salvo et al., 2007; Bush et al., 2015). Unsurprisingly, regardless of running intensity, lowest distances have been consistently reported for goalkeepers (West, 2018).

According to the complex demands placed upon the players' endurance capacities, monitoring cardiorespiratory fitness is a well-established component of performance assessments in soccer. In this regard, incremental treadmill tests with simultaneous heart rate and blood lactate sampling are considered a gold-standard method (Impellizzeri et al., 2005). Based on lactate threshold concepts, such tests provide detailed insights into the endurance capacities of the players (Faude et al., 2009).

Given the position-specific aerobic and anaerobic endurance demands during matches, it seems plausible that the players' endurance capacity varies according to their position. To shed light on this issue, Schwesig et al. (2019) analyzed the endurance capacities of German soccer players (3rd and 4th division) using different lactate thresholds derived from an incremental treadmill test. The authors found significant differences in endurance capacities only between goalkeepers and outfield players, while no significant differences were reported among the latter (divided into central defenders, central midfielders, wingers, and forwards). A limitation of this study is that the players were tested at the beginning of the pre-season, where peak performance is likely not reached. Moreover, performance level might be biased by how strictly the individual players adhered to the off-season training plans. Therefore, this point of time might not be optimal to investigate if position-specific levels of endurance performance exist. As mentioned before, the study by Schwesig et al. (2019) analyzed 3rd and 4th division teams from Germany. To date, there is no data available reporting such results for the highest German playing levels (i.e., 1st and 2nd division).

Therefore, the aim of this study was to analyze position-specific endurance performance of soccer players competing in the 1st and 2nd division in Germany utilizing lactate-based thresholds by means of an incremental treadmill test. Data were derived either at the beginning of the first half or the second half of the competitive season, where performance is usually at a high level (Castagna et al., 2013; Manzi et al., 2013). The results of this study could reveal if players of different positions are adequately prepared for their positional running demands during matches and aid coaches to prescribe individual training regimes.



MATERIALS AND METHODS


Participants

A total of 136 male professional soccer players from three clubs competing in the 1st and 2nd German division (1st division n = 35; 2nd division n = 101; age, 24.5 ± 4.0 years; height, 182.5 ± 6.5 cm; mass, 79.6 ± 7.4 kg) participated. The study was exempt from full ethics review by the institutional review board as the tests were conducted as part of the teams' regular fitness assessments (Winter and Maughan, 2009). All subjects gave written informed consent prior to participation.



Procedures

All players performed a laboratory-based incremental test on a Woodway treadmill (Woodway GmbH, Weil am Rhein, Germany) with a slope of 1%. Players started at a running speed of 6 km/h which was increased by 2 km/h every 3 min. After each stage, there was a break of 30 s in which capillary blood was collected from the earlobe. Heart rate was monitored using a Polar system (Polar Electro Oy, Kempele, Finland) throughout the whole test. Athletes were instructed to complete as many stages as possible, and the test was finished at volitional exhaustion which was determined by a combination of near-to-maximal values for heart rate, lactate concentrations, and ratings of perceived exertion. Blood lactate concentration for each stage was analyzed utilizing Biosen C-Line Sport (EKF-diagnostic GmbH, Barleben, Germany).



Data Analysis

To provide comprehensive insights into the endurance capacities of players, a number of parameters were determined by Ergonizer Software (K. Roecker, Freiburg, Germany) according to Faude et al. (2009).

Fixed aerobic threshold (v2mmol/l): Velocity at a blood lactate concentration of 2 mmol/l

Fixed anaerobic threshold (v4mmol/l): Velocity at a blood lactate concentration of 4 mmol/l

Individual aerobic threshold (vLT): Velocity at which blood lactate concentration begins to rise above baseline levels

Individual anaerobic threshold (vIAT): Velocity at vLT + blood lactate concentration of 1.5 mmol/l

Maximum velocity (vmax): Velocity at the point of volitional exhaustion.

The individual thresholds were calculated in addition to the fixed thresholds, as the latter are influenced by initial blood lactate concentrations which differ between player types (e.g., endurance-oriented players vs. speed-oriented players). In addition, maximum velocity was determined as a measure of complex endurance, covering both aerobic (below the anaerobic threshold) and anaerobic (above the anaerobic threshold) components.

In case a player was tested more than one time (the tests were carried out over a 3-year period), all parameters were derived from the test where the highest maximum velocity was reached. To ensure adequate levels of endurance performance, only tests performed either at the beginning of the first half or the second half of the competitive season, respectively, were considered.

As there were no systematic differences in endurance performance between the players competing in the 1st and 2nd division, all data were analyzed for the whole sample. The playing positions were determined according to Schwesig et al. (2019): Goalkeepers, central defenders, wingers, central midfielders, and forwards. No further distinctions between playing positions were made (e.g., dividing wingers into wide defenders and wide midfielders). As running demands during matches can be affected by the tactical system (Baptista et al., 2019), and these systems differed within and between the teams the players belonged to, a further distinction between playing positions was not possible.



Statistical Analysis

Statistical analysis were performed using SPSS statistical software version 26.0 (SPSS, Inc., Chicago, IL). Mean values and standard deviations (SD) were calculated for the whole sample and the positional groups. One-way analysis of variance (ANOVA) and subsequent Bonferroni post-hoc comparisons were used to determine differences in endurance performance between the five positional groups. In addition, Cohen's d effect sizes (ES) were determined to quantify the magnitude of differences between the positions: 0.2 ≤ ES < 0.5 was considered a small effect; 0.5 ≤ ES < 0.8 was considered a moderate effect; ES ≥ 0.8 was considered a large effect (Cohen, 1988). For all statistical tests, the significance level was set a priori to 0.05.




RESULTS

Descriptive statistics of endurance performance (mean values and SD) separated by playing position are presented in Table 1. Mean differences, ANOVAs, post-hoc comparisons, and associated ES between playing positions for the investigated endurance parameters can be found in Tables 2–4. Significant differences were found between goalkeepers and all outfield playing positions for all endurance parameters (p ≤ 0.03; ES 0.87–2.19). There were no significant differences among outfield playing positions for any of the parameters. However, trends were found in favor of the central midfielders compared to the wingers (p = 0.11; ES = 0.68) and the forwards (p = 0.06; ES = 0.47) regarding vLT as well as in favor of the central midfielders compared to the wingers (p = 0.10; ES = 0.56) regarding vIAT.


Table 1. Descriptive results for vLT, v2mmol/l, vIAT, v4mmol/l, and vmax separated by playing position. Results are presented as mean values ± SD.

[image: Table 1]


Table 2. Mean difference, ANOVA, post-hoc test, and ES for fixed thresholds (v2mmol/l and v4mmol/l) between playing positions.
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Table 3. Mean difference, ANOVA, post-hoc test, and ES for individual thresholds (vLT and vIAT) between playing positions.
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Table 4. Mean difference, ANOVA, post-hoc test, and ES for maximum velocity (vmax) between playing positions.
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DISCUSSION

The purpose of this study was to investigate position-specific endurance performance of soccer players competing in the 1st and 2nd division in Germany utilizing lactate-based thresholds by means of an incremental treadmill test.

Our results revealed that goalkeepers possess the lowest endurance capacity of all playing positions, indicated by large ES of up to 2.19. Conversely, no significant differences were observed between the outfield playing positions in any of the endurance parameters in question. Nevertheless, central midfielders achieved the highest values regarding all parameters, yielding small to moderate ES of 0.47–0.68 compared to wingers and forwards regarding vLT and vIAT.

These findings are well in line with recent results of players competing in the 3rd and 4th German division. More specifically, Schwesig et al. (2019) reported goalkeepers to achieve the lowest running velocity at a lactate concentration of 2, 4, and 6 mmol/l. In addition, while no significant differences were evident regarding the outfield positions, central midfielders showed the highest average performance for all lactate concentrations. While further studies investigating positional differences in endurance performance of soccer players have been published, direct comparisons are not possible due to different endurance tests and classifications of positional groups being applied (Sporis et al., 2009; Boone et al., 2012). The same applies to other studies examining endurance capacities of soccer players, which, however, used different procedures as well as age categories and/or did not investigate different playing positions (e.g., McMillan et al., 2005; Ziogas et al., 2011; Hoppe et al., 2013).

The findings of the current study can only partly be explained by the match demands of different positions. Not surprisingly, the running demands placed upon goalkeepers during matches are low (West, 2018), which is reflected by their weak endurance performance in comparison with other positions. Conversely, the endurance capacity of central defenders does not reflect their match-running demands. While match analyses have consistently shown that central defenders cover the lowest total distance and high-intensity distance (Di Salvo et al., 2007; Bush et al., 2015), players of this position possess endurance capacities comparable to the other outfield positions. Also, the superior endurance capacity of central midfielders in comparison with forwards and wingers in the present study does only in parts reflect match-running demands. Indeed, total distance and high-intensity distance during matches of central midfielders are higher compared to forwards. However, running demands for central midfielders are similar for wingers and therefore the differences between central midfielders and wingers regarding vLT and vIAT may be due to other reasons than match demands.

In this regard, it is worth mentioning that differences in endurance capacity among outfield positions (i.e., central midfielders vs. forwards and wingers) were only evident in terms of the individual thresholds (vLT and vIAT) and not for the fixed thresholds (v2mmol/l and v4mmol/l). This finding provides further evidence of the appropriateness of using individualized thresholds. Somewhat surprisingly, very similar performances were found for vmax regarding all outfield positions. This parameter was thought to best reflect the complex aerobic (below the anaerobic threshold) and anaerobic (above the anaerobic threshold) endurance demands placed upon soccer players (Dolci et al., 2020) and has been shown to largely correlate to total running distance and high-intensity distance in a German 2nd division team (Altmann et al., 2018). Nevertheless, in contrast to the submaximal lactate-based thresholds, vmax is highly dependent on motivation and therefore possibly less controllable, which could explain the present results.

The main strengths of this study are the broad sample size of professional soccer players competing in the 1st and 2nd German division and the use of the exact same procedures and equipment for all players. Moreover, only tests performed either at the beginning of the first half or the second half of the competitive season were analyzed. This approach ensures adequate levels of endurance performance and limits possible bias compared to pre-season testing. In addition, a number of parameters were analyzed to account for the complex demands placed upon the players' endurance capacities. The main limitation of the current study is that team tactics were not accounted for when interpreting the results, as tactics can affect the match demands of different playing positions (Baptista et al., 2019). In particular, the tactical system differed both within and between the teams the players involved in this study belonged to. This circumstance might have an impact on their endurance capacity and therefore on the results of the current study. Moreover, as the test where the highest maximum velocity was reached was used in case a player was tested more than one time, an overestimation of the endurance capacities of the players in question might be possible. In addition, previous studies provided more specific data such as percentiles for each position which might give strength and conditioning coaches additional insights and can support judging players (Schwesig et al., 2019). Nevertheless, such details are not included in the present analyses as they were not the main aim of the current study. In general, this study could have benefitted from examining the relationship between endurance capacity and match-running performance (Aquino et al., 2020). However, our study design did not allow for a reliable and comparable analysis in this regard (players belonged to different teams with different tactical formations; endurance test results were taken from different seasons and different points of time during the seasons, etc.).

Aside from that, our results suggest that outfield players of different positions possess rather similar endurance capacities. These findings could lead one to question the appropriateness of current endurance training regimes to prepare all players adequately for their positional match-running demands, which might be particularly relevant when considering wingers. Although players of these positions possess similar or even lower endurance capacities compared to other outfield playing positions, along with central midfielders, they cover both the greatest total and high-intensity distance of all positions during matches (Di Salvo et al., 2007; Bush et al., 2015). Bearing in mind that the composition of the total external load likely differs between these positions (e.g., wingers commonly cover a larger total sprinting distance than central midfielders) (Di Salvo et al., 2007; Bush et al., 2015; Dolci et al., 2020), the internal load (e.g., heart rate, lactate levels, ratings of perceived exertion) of wingers might be increased in order to account for their positional demands. In turn, when considering a longer period of time, this could yield higher levels of fatigue, and increased risk of illness and injury (Jones et al., 2017).

It is well-known that speed demands (e.g., number of sprints, total sprinting distance) during matches have dramatically increased both in the long-term (1966–2010) (Wallace and Norton, 2014) and short-term (2006–2013) (Barnes et al., 2014) with wide positions demonstrating the most pronounced increases in speed demands (Bush et al., 2015). These findings are also supported by the fact that sprint performance over various distances (linear-sprint test) increased over the recent years (Haugen et al., 2013), while endurance performance (incremental treadmill test) has remained stable (Tønnessen et al., 2013). As a consequence, it can be assumed that typical physical preparation practices might be rather speed- than endurance-focused. In turn, this could lead to coaches delivering less position-specific endurance sessions, possibly explaining the finding of this study that outfield players possess rather similar endurance capacities.

However, there might be additional reasons which might further explain the similarities of outfield players' endurance capacities in the current study. Along with previous findings by Altmann et al. (2018) that endurance capacity is related to total and high-intensity distance covered during matches, the question of the existence of player-specific match-running performance arises. Specifically, it might be worthwhile to not only investigate positional dependencies of running performance during matches but also to analyze to what extent this running performance is player specific. As such, it could be investigated if players who act in different positions rather maintain or adapt their running performance depending on the position they are instructed to play.



CONCLUSION

Given the position-specific match-running demands in soccer, this study investigated the endurance capacity of soccer players according to their position by means of an incremental treadmill test. Based on a sample of 136 soccer players from the 1st and 2nd German division, the present study revealed that goalkeepers possess the lowest endurance capacity in comparison with other playing positions. While outfield players showed similar endurance performance in general, central midfielders seem to possess the highest aerobic capacity (indicated by all lactate-based thresholds) of all positions. Nevertheless, regarding the latter, the differences between outfield positions are of only small to moderate magnitude. In the context of fatigue, risk of illness, and injury, these findings could lead one to question the appropriateness of current endurance training regimes to prepare all players adequately for their positional match-running demands. However, as actual training regimes of the teams as well as risk of injury and illness were not investigated in this study, this can only be speculated. Moreover, while endurance training of players should indeed be specific to their running demands during matches, it remains unknown to what extent these demands are not only position but also player specific. As this study investigated the endurance capacities of a large sample of professional soccer players (n = 136) in a standardized way, the results can also serve as benchmark values for different positions.
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