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Abstract

:

Background: Decision-making in soccer has repercussions and depends on the environment of training or competition. The demands on the players can reveal if the decision-making is similar or different from that required during competition. Objectives: The aim of this study was to assess the physical and physiological responses of players in training matches (TM) and official competition matches (CM) according to the playing position (external defenders, internal defenders, midfielders, and forwards/extremes). Methods: Twenty semi-professional male soccer players and 10 CM (n = 40) and 10 TM (n = 40) were studied using global positioning system technology, and paired and one-way ANOVA tests were carried out to compare physical (distances and number of sprints) and physiological (heart rates) responses with the factors a) match environments (TM and CM) and b) the playing position, respectively. Results: The results revealed that during CM, players covered higher total distance, partial distances, and sprints at different speeds (0–21 km/h) and produced higher physiological responses. Midfielders covered the greatest total distance in both TM (7227.6 m) and CM (11,225.9 m), in comparison to the other playing positions. However, forwards and extremes spent more time (56.8% of the CM [d = 0.78]) at 76% to 84% of their maximal heart rates. Conclusions: First, the physical and physiological responses in TM were significantly lower than in CM. Second, these responses were different according to the playing position, so this study was able to verify the exact amount of variation between the load produced in TM and CM. These results will help the coach and technical staff to design training tasks to complement the responses found in TM.
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1. Introduction


To achieve good sports performance, it is necessary that athletes and coaches take into account aspects related to biomechanics, psychology, physical condition, and technical-tactical aspects, among others [1]. Decision-making is a variable that determines how, when, how much and why an athlete performs an action or behaviour. For this reason, this focus of interest is currently a topic of discussion and research that has impacts on both training and competition. A fundamental aspect is that the athlete can make correct decisions and thus perform optimal physical, technical, and tactical actions [2]. In this case, the impulsivity of the athlete can predetermine the decision-making. It is known that defensive players can be characterized as less impulsive and more concentrated and premeditated than players with an offensive role, so it is estimated that the physical and physiological responses can be differentiated according to the role being played [3].



Currently, soccer is one of the most popular sports in the world, practised by 300 million persons with more than 1.7 million teams throughout the world [4,5]. This popularity has resulted in a considerable rise in the number of research studies with the goal of improving the understanding of demands on players to optimize training time.



To this end, in order to understand the physical and physiological demands required of the soccer player during training matches (TM) and competition matches (CM), global positioning system (GPS) devices were used to measure speed, with high reliability and validity [6]. It has been seen that in TM, the soccer player spends more time at lower levels of speed, while, in CM, more time is spent at higher speeds [7]. Thus, the maximum speed achieved during TM and CM was different. Additionally, different physical responses such as total distance (TD) covered and physiological responses such as heart rate (HR) depend on the playing position [8,9]. Midfielders are players whose position of play is midway between the attacking forwards and the defenders, and they cover higher TD during CM [10].



Soccer matches require different periods of activity that vary in intensity and duration and alternate between periods of incomplete recuperation and scarce activity [11]. In this sense, the decrease in fatigue and increase in sport performance are the objective of training, and the process of recuperation plays an important role. The effect of these training sessions will vary depending on the physical and physiological responses [12].



On the other hand, the level of the teams seems to be determined by the TD covered by the players. In the Premier League, the lowest ranked teams cover more TD at high-speed than do the highest ranked teams [13]. These authors demonstrated that the technical-tactical aspect prevails over physical-physiological responses in terms of sports success. Similarly, repeated sprints sequences depend on the playing position, with a range between 1000–1400 activity changes [14]. Physiologically, midfielders report higher mean heart rate (meanHR) and internal defenders demand lower internal load, in general [1,15]. These studies concluded that players occupying central positions in the field are subjected to higher internal and external loads. The coaches and physical trainers play an important role in attempting to reproduce the physical and physiological demands on players during competition, with the end goal of attaining sport success [16].



In this way, understanding the physical and physiological demands on soccer players will enable the optimization of individual and team performance, thereby determining the level of play [17]. This information is relevant for coaches, physical trainers, and technical staff, in general, as well as for the players themselves, helping them prepare for future matches, could determine their individual needs [18], and more importantly, understand technical staff decisions in the preparation of the training sessions. Therefore, the aim of this study is to assess the physical and physiological responses in TM and CM according to the playing position on semi-professional soccer players.




2. Methods


2.1. Subjects


Twenty semi-professional soccer players (age 24.7 ± 3.9 years, height 181.4 ± 6.0 cm, and weight 77.9 ± 7.0 kg) were the subjects of the present study, which was conducted in the middle of soccer season (weeks 18–32 of 42). The players had an average age that started playing football at a competitive level of 8.4 ± 2.2 years, being 5 and 12, the lower and upper starting ages. All of the players were members of the same team (Third Division in Spain). In total, 10 matches were recorded in each context (40 TM and 40 CM). They were classified into 4 groups based on their playing position: external defenders (ED), internal defenders (ID), midfielders (MI), and forward/extremes (FO), pursuant to the classification established in the studies of Cardenas-Fernandez et al. [19] and Lago–Penas et al. [20] All subjects were informed of the objectives and procedures and completed the corresponding voluntary consent form pursuant to the guidelines established by the Declaration of Helsinki (2016) [21]. The University of Granada Ethics Committee approved the implementation of this study (471/CEIH/2018).




2.2. Instruments


2.2.1. Physical Demands


GPS technology (SPI-PRO devices, GPSports, Canberra, Australia) along with Team AMS 1.2 software was used in this study. These devices operate at 5 Hz and its validation was performed by Petersen et al. [22] Five categories were established for speed movements, in sprints (S) and in longer distances (D), adopting the criteria established in other studies, but adding a last interval that values sprints over 21 km/h [23]: walking from 0.1 to 7.0 km/h (distances [DW] and number of sprints [SW] covered by walking), running at low-speed from 7.1 to 13.0 km/h (distances [DL] and number of sprints [SL] covered by low-speed), running at medium-speed from 13.1 to 18.0 km/h (distances [DM] and number of sprints [SM] covered by medium-speed), running at high-speed from 18.1 to 21.0 km/h (distances [DH] and number of sprints [SH] covered by high-speed), and sprinting at >21.0 km/h (distances [DS] and number of sprints [SS] covered by sprinting). Moreover, the TD, mean speed, and maximum speed were also collected as physical responses.




2.2.2. Physiological Demands


HR was measured using Polar S610i devices (Polar Electro Oy, Helsinky, Finland). Four categories were established based on theoretical maximum HR (maxHR) [23]: HR1 (HR ≤ 75%), HR2 (HR between 76 and 84%), HR3 (HR between 85 and 89%), and HR4 (HR > 90%). Minimum HR (minHR), meanHR, and maxHR values for each half of the match were obtained by graphic analysis (Polar Precision Performance 5.0 and Team AMS 1.2).





2.3. Procedures


This study used a transversal observational method in order to examine the internal and external loads of the soccer players during CM and TM through GPS technology. Four players were monitored for each TM and for each CM. Ten matches per playing position were recorded. All matches took place in outdoor installations with artificial grass fields and with 11 players on each team. Tactically, the team used a 1-5-3-2 formation, with a variation of 1-4-4-2. The time period recorded was 2 × 45 min. Data for time movement was included only for the players who participated in the entire match. The opposing teams were all at a similar level. Four players were monitored for each TM and for each CM. Ten matches per playing position were recorded. The procedure carried out was as follows. First, a warm-up was developed, exactly the same in duration (volume) and intensity in both contexts. Then, they had a few minutes rest between the warm-up and the match so that the head coach could indicate the basic and specific notions or rules of play. During TM, the coach did not stop the match to explain faults in the play, just as in CM. The rest time carried out between the 2 halves was the same (15 min).




2.4. Statistical Analyses


The statistical package SPSS for Windows version 22 (IBM SPSS Statistic, Chicago, USA) and Microsoft Office Excel (Microsoft Corp., Redmond, Washington, DC, IL, USA) were used. The Shapiro-Wilks test was used to verify normality of variables. Although some variables did not follow a normal distribution, the sample size in each group was adequate (n ≥ 20) to apply the central boundary theorem, which provides normally distributed sample means [24]. Therefore, parametric analyses were performed in this study. A test of repeated measures (paired test) was used to assess the difference between the CM and TM, and subsequently, one-way analysis of variance (ANOVA) was run on the internal and external load variables in relation to playing position. To evaluate the difference between distinct comparisons between groups, a Bonferroni post hoc test was performed. The threshold values for the Cohen effect sizes detected in a t-test (d) are 0.20 for small effects, 0.50 for moderate effects, and 0.80 for large effects. For ANOVA tests, those values (η2) were 0.10 for small effects, 0.25 for moderate effects, and 0.40 for large effects [25]. The level of significance was established at p < 0.05.





3. Results


First, the differences between the TM and CM were analysed. Table 1 shows the values of the physiological response of the players in both CM and TM. There are multiple differences between both environments, except for the variable HR2 (p > 0.05). In CM, the physiological responses were greater, except in HR1 (p = 0.001; d = 0.55).



Furthermore, the physical responses of the players in both CM and TM are shown in Table 2. Multiple differences were found between both environments, in particular, there were significant differences in the TD, DW, DL, DM, DH, DS, SW and SL variables. The remaining variables did not show significant differences (p > 0.05). The physical responses in the CM were higher, except for the maximum speed variable, and the SS variable had similar values in both environments.



On the other hand, taking into account the general differences between TM and CM, the responses of the players in the matches were analysed according to the playing position and the match environments. Table 3 shows the values of the physiological responses of the soccer players in both CM and TM according to the playing positions. There were multiple differences between different playing positions, except for the minHR, meanHR, and maxHR variables (p < 0.05). In the CM, the physiological responses were greater, except in the HR1 and HR2 variables, where it was lower in the CM. For all variables, external defenders could be detected as those players with a higher HR, both in the TM and in CM.



Table 4 shows the values on the physical responses of the players both in the CM and TM according to the playing positions. It can be observed that the physical responses in the CM are greater, except on the external defender players in the DW, DS, SW, and SS variables; on the internal defender players in DL, DS, SW, and SL; on the midfielder players in DH, DS, SM, SH, and SS; and on the forwards in DW, DS, SW, and SS. The position with a higher TD was the midfielder, in TM (7227.6 m) and CM (11225.9 m). Finally, those with a maximum speed were the forward players, in TM (27.12 km/h) and CM (29.02 km/h).




4. Discussion


The aim of this study was to assess the physical and physiological responses of semi-professional soccer players in TM and CM depending on their playing positions. In this sense, the scientific literature confirms that players demand different internal and external load between training days and official-competition matches [7,8,9]. These demands may also vary according to the position occupied by the soccer players on the pitch based on the system designed by the coaches, and whether or not the team has possession of the ball [26].



On the other hand, during high-intensity actions, e.g., DH, DS, SH, and SS, among others, we can observe that they follow the same trend, with higher values in CM with respect to TM. Considering these results, the responses during TM by the same players are not replicated during CM, possibly due to the environment of the training, player cohesion, and satisfaction with the role on the pitch [27]. This is evident from the degree of arousal activation in players during CM [28], and the inclusion of situation of small-sided games in the trainings at present [29]. These tasks do not allow reaching high-intensity speeds or sprinting (>21 km/h) because of the evident reduced dimensions of the space [23].



The monitoring of distances and speeds has been carried out through studies in several sports, such as soccer [23], orienteering [30], athletics [31,32], cricket [33], rugby [34,35], and tennis [36,37], accepting the reliability of the GPS, and its practical application in most team sports, since errors are relatively scarce and predictable [38]. In addition, the devices used in this study show high reliability in order to measure TD and the distances developed at both low and medium speed [33].



Regarding TD during TM and CM by semi-professional players according to their playing positions, significant differences are observed for all positions (p < 0.05). Hartwig et al. [9], similarly to our study, found differences in the playing positions. The MI position covers the highest TD, both in TM and CM; the FO position achieves the highest maximum speed, both in TM and in CM; defensive players covered the lowest TD in both environments [14]. In addition, it is estimated that differences are found for all playing positions in all sub-categories of sprint in both environments (except in SS). This leads to the conclusion that the playing position has an important role in the influence of the sprint development [39]. This information reveals the specific demands during CM in semi-professional soccer players to prescribe specific trainings reproducing repeated sprint sequences, race distances and speed peaks [39], adapted to the individual demands of the players based on tactical training [40].



Nevertheless, the partial distances covered show a remarkable difference produced by the specific functions of players with different roles. Internal defenders showed lower values of distance at high-speed, while forwards and midfielders presented the highest values of TD, and, physiologically, the midfielder playing position had the lowest meanHR, measured in beats per minute (bpm). However, for the HR4 variable measured in percentage of time, the midfielder players have a value much higher than the rest of positions, becoming the position with the highest physiological demand. On the other hand, the wide differences between internal defenders and midfielders observed in this study could be related to tactical roles and training adaptations. The midfielder players have a liaison role in the team and need to complete quickly medium distance movements compared to the defending players, who practice more planned movements and demand a high concentration [41], with more sensible or prudent decisions than players with a bigger offensive role. Di Salvo et al. [12] indicated that the midfielder has functions to take advantage of the scoring opportunities while they must return to defend themselves when their team loses ball possession. Therefore, coaches should know that players do not train like they compete, and players need more attention during a TM to optimize physical and physiological performance during a CM [42]. For example, the encouragement of technical staff in different parts of the field, the fast inclusion of balls when the game is stopped or modifying the existence of the offside could cause an increase in these demands in a real game.



Certain limitations of this study should be considered. First, the sample size could have been larger in order to generalize the results to a large population such as semi-professional soccer players. In Spain, there are 300 semi-professional teams and a total of 6000 football players. To generalize the results, it would be necessary to propose a future project where teams from different areas are involved. On the other hand, the limitation in the number of GPS devices meant that the number of matches analyzed was greater, which implies that, in this study, it is very important to consider the size of the effect and even the possible coefficient of variation of the dependent variables. In this sense, knowing that the effect size is high, the conclusions have been established from this indicator. Finally, it could compare the responses produced both in their own field and in the opposite field in order to offer more information to coaches and athletes. In this sense, the teams that faced each other were taken into account; there were no notable differences in terms of the general classification, which would have been a contaminating variable.




5. Conclusions


The main finding of this study is that responses during CM are significantly higher than those obtained during TM. Physical (covered distances and sprints) and physiological responses (heart rate) developed by soccer players were different. Therefore, soccer players do not train as they compete. In addition, midfielder and forward players have the highest physical and physiological demands, and less so for internal defenders, which confirms different features influenced by the role assumed in the playing field.







Author Contributions


The following statements should be used “conceptualization, A.C.-R. and A.F.; methodology, J.C.F.-G. and A.F.; software, A.C.-R.; validation, A.C.-R.; formal analysis, A.C.-R.; investigation, A.C.-R.; resources, F.J.C.-C.; data curation, A.C.-R.; writing—original draft preparation, A.C.-R.; writing—review and editing, A.C.-R., A.F. and F.J.C.-C.; visualization, A.F.; supervision, J.C.F.-G.; project administration, F.J.C.-C.; funding acquisition, J.C.F.-G. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


We would like to thank all the players of the Loja soccer team who participated in the present study. Also thanks to all the technical staff of the Loja soccer team, mainly to its coach (Diego Delgado Poblete) and its physical trainer (Antonio J. Martínez Retamero). Furthermore, we would like to thank the Faculty of Sport Sciences and Physical Education of the University of Coimbra (Portugal) for its reception and enrichment during the stay.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hevilla-Merino, A.; Castillo-Rodríguez, A. Fluctuation of the Psychological Characteristics of Sports Performance on Young Soccer Players. Basal State vs. Precompetitive. Cuadernos de Psicología del Deporte 2018, 18, 169–178. [Google Scholar]

	



Balagué, N.; Hristovski, R.; Vazquez, P. Ecological dynamics approach to decision making in sport. Training issues. Education Phys. Train. Sport 2008, 71, 11–22. [Google Scholar]

	



Castillo-Rodríguez, A.; Madinabeitia, I.; Castillo, A.; Cárdenas, D.; Alarcón, F. La impulsividad determina el rol desempeñado por los jugadores de futsal. J. Sport Psychol. 2018, 27, 181–188. [Google Scholar]

	



Castillo-Rodriguez, A.; Fernandez-Garcia, J.C.; Chinchilla-Minguet, J.L.; Carnero, E.A. Relationship between muscular strength and sprints with changes of direction. J. Strength Cond. Res. 2012, 26, 725–732. [Google Scholar] [CrossRef] [PubMed]

	



Wong, P.L.; Chamari, K.; Dellal, A.; Wisloff, U. Relationship between anthropometric and physiological characteristics in youth soccer players. J. Strength Cond. Res. 2009, 23, 1204–1210. [Google Scholar] [CrossRef] [PubMed]

	



Coutts, A.J.; Duffield, R. Validity and reliability of GPS devices for measuring movement demands of team sports. J. Sci. Med. Sport 2010, 13, 133–135. [Google Scholar] [CrossRef] [PubMed]

	



Casamichana, D.; Castellano, J. Physical Demands in Semi-Professional Football Players: Is Training Carried out the Same as Competition? Cult. Cienc. Deporte 2011, 6, 121–127. [Google Scholar]

	



Gabbett, T.J. GPS analysis of elite women’s field hockey training and competition. J. Strength Cond. Res. 2010, 24, 1321–1324. [Google Scholar] [CrossRef]

	



Hartwig, T.B.; Naughton, G.; Searl, J. Motion analyses of adolescent rugby union players: A comparison of training and game demands. J. Strength Cond. Res. 2011, 25, 966–972. [Google Scholar] [CrossRef]

	



Martín-López, A.; Mendes, R.S.; Castillo-Rodriguez, A. Internal and external load in training week before to the competition in u-19 high-level soccer players. J. Strength Cond. Res. 2018. [Google Scholar] [CrossRef]

	



Drust, B.; Atkinson, G.; Reilly, T. Future perspectives in the evaluation of the physiological demands of soccer. Sports Med. 2007, 37, 783–805. [Google Scholar] [CrossRef] [PubMed]

	



Impellizzeri, F.M.; Rampinini, E.; Marcora, S.M. Physiological assessment of aerobic training in soccer. J. Sports Sci. 2005, 23, 583–592. [Google Scholar] [CrossRef] [PubMed]

	



Di Salvo, V.; Gregson, W.; Atkinson, G.; Tordoff, P.; Drust, B. Analysis of high intensity activity in Premier League soccer. Int. J. Sports Med. 2009, 30, 205–212. [Google Scholar] [CrossRef] [PubMed]

	



Suarez-Arrones, L.; Torreno, N.; Requena, B.; Saez De Villarreal, E.; Casamichana, D.; Barbero-Alvarez, J.C.; Munguía-Izquierdo, D. Match-play activity profile in professional soccer players during official games and the relationship between external and internal load. J. Sports Med. Phys. Fitness 2015, 55, 1417–1422. [Google Scholar] [PubMed]

	



Bangsbo, J.; Mohr, M.; Krustrup, P. Physical and metabolic demands of training and match-play in the elite football player. J. Sports Sci. 2006, 24, 665–674. [Google Scholar] [CrossRef]

	



Reilly, T.; Morris, T.; Whyte, G. The specificity of training prescription and physiological assessment: A review. J. Sports Sci. 2009, 27, 575–589. [Google Scholar] [CrossRef]

	



Mohr, M.; Krustrup, P.; Bangsbo, J. Match performance of high-standard soccer players with special reference to development of fatigue. J. Sports Sci. 2003, 21, 519–528. [Google Scholar] [CrossRef]

	



Castillo-Rodriguez, A. Anthropometry and Fitness in Amateur Soccer: Can You Optimize Performance? Editorial Académica Española: Berlín, Germany, 2012. [Google Scholar]

	



Cardenas-Fernandez, V.; Chinchilla-Minguet, J.L.; Castillo-Rodriguez, A. Somatotype and body composition in young soccer players according to the playing position and sport success. J. Strength Cond. Res. 2019, 33, 1904–1911. [Google Scholar] [CrossRef]

	



Lago-Penas, C.; Casais, L.; Dellal, A.; Rey, E.; Dominguez, E. Anthropometric and physiological characteristics of young soccer players according to their playing positions: Relevance for competition success. J. Strength Cond. Res. 2011, 25, 3358–3367. [Google Scholar] [CrossRef]

	



WMA Declaration of Helsinki—Ethical Principles for Medical Research Involving Human Subjects. Available online: http://www.wma.net/en/30publications/10policies/b3/index.html (accessed on 1 July 2016).

	



Petersen, C.; Pyne, D.; Portus, M.; Dawson, B. Validity and reliability of GPS units to monitor cricket-specific movement patterns. Int. J. Sports Physiol. Perform. 2009, 4, 381–393. [Google Scholar] [CrossRef]

	



Casamichana, D.; Castellano, J. Time-motion, heart rate, perceptual and motor behaviour demands in small-sides soccer games: Effects of pitch size. J. Sports Sci. 2010, 28, 1615–1623. [Google Scholar] [CrossRef] [PubMed]

	



Altman, D.G. Practical Statistics for Medical Research; CRC Press: New York, NY, USA, 1990; pp. 50–59. [Google Scholar]

	



Ferguson, C. An effect size primer: A guide for clinicians and researchers. Prof. Psychol. Res. Pract. 2009, 40, 532–538. [Google Scholar] [CrossRef]

	



Di Salvo, V.; Baron, R.; Tschan, H.; Calderon Montero, F.J.; Bachl, N.; Pigozzi, F. Performance characteristics according to playing position in elite soccer. Int. J. Sports Med. 2007, 28, 222–227. [Google Scholar] [CrossRef] [PubMed]

	



Carron, A.V.; Bray, S.R.; Eys, M.A. Team cohesion and team success in sport. J. Sports Sci. 2002, 20, 119–126. [Google Scholar] [CrossRef] [PubMed]

	



Gould, D.; Krane, V. The arousal-performance relationship: Current status and future directions. In Advances in Sport Psychology; Horn, T., Ed.; Human Kinetics: Champaign, IL, USA, 1992; pp. 119–141. [Google Scholar]

	



Hill-Haas, S.V.; Coutts, A.J.; Rowsell, G.J.; Dawson, B.T. Generic versus small-sided game training in soccer. Int. J. Sports Med. 2009, 30, 636–642. [Google Scholar] [CrossRef] [PubMed]

	



Larsson, P.; Henriksson-Larsen, K. The use of dGPS and simultaneous metabolic measurements during orienteering. Med. Sci. Sports Exerc. 2001, 33, 1919–1924. [Google Scholar] [CrossRef]

	



Schutz, Y.; Herren, R. Assessment of speed of human locomotion using a differential satellite global positioning system. Med. Sci. Sports Exerc. 2000, 32, 642–646. [Google Scholar] [CrossRef]

	



Terrier, P.; Schutz, Y. Variability of gait patterns during unconstrained walking assessed by satellite positioning (GPS). Eur. J. Appl. Physiol. 2003, 90, 554–561. [Google Scholar] [CrossRef]

	



Petersen, C.J.; Pyne, D.; Dawson, B.; Portus, M.; Kellett, A. Movement patterns in cricket vary by both position and game format. J. Sports Sci. 2010, 28, 45–52. [Google Scholar] [CrossRef]

	



Cunniffe, B.; Proctor, W.; Baker, J.S.; Davies, B. An evaluation of the physiological demands of elite rugby union using Global Positioning System tracking software. J. Strength Cond. Res. 2009, 23, 1195–1203. [Google Scholar] [CrossRef]

	



Suarez-Arrones, L.; Nunez, F.J.; Portillo, J.; Mendez-Villanueva, A. Match running performance and exercise intensity in elite female Rugby Sevens. J. Strength Cond. Res. 2012, 26, 1858–1862. [Google Scholar] [CrossRef] [PubMed]

	



Duffield, R.; Reid, M.; Baker, J.; Spratford, W. Accuracy and reliability of GPS devices for measurement of movement patterns in confined spaces for court-based sports. J. Sci. Med. Sport 2010, 13, 523–525. [Google Scholar] [CrossRef] [PubMed]

	



Reid, M.; Duffield, R.; Dawson, B.; Baker, J.; Crespo, M. Quantification of the physiological and performance characteristics of on-court tennis drills. Br. J. Sports Med. 2008, 42, 146–151. [Google Scholar] [CrossRef] [PubMed]

	



Edgecomb, S.J.; Norton, K.I. Comparison of global positioning and computer-based tracking systems for measuring player movement distance during Australian football. J. Sci. Med. Sport 2006, 9, 25–32. [Google Scholar] [CrossRef]

	



Mendez-Villanueva, A.; Buchheit, M.; Simpson, B.; Peltola, E.; Bourdon, P. Does on-field sprinting performance in young soccer players depend on how fast they can run or how fast they do run? J. Strength Cond. Res. 2011, 25, 2634–2638. [Google Scholar] [CrossRef]

	



Randers, M.B.; Mujika, I.; Hewitt, A.; Santisteban, J.; Bischoff, R.; Solano, R.; Zubillaga, A.; Peltola, E.; Krustrup, P.; Mohr, M. Application of four different football match analysis systems: A comparative study. J. Sports Sci. 2010, 28, 171–182. [Google Scholar] [CrossRef]

	



Silva, B.; Garganta, J.; Santos, R.; Teoldo, I. Comparing Tactical Behaviour of Soccer Players in 3 vs. 3 and 6 vs. 6 Small-Sided Games. J. Hum. Kinet. 2014, 41, 191–202. [Google Scholar] [CrossRef]

	



Clemente, F.M.; Rabbani, A.; Conte, D.; Castillo, D.; Afonso, J.; Truman Clark, C.C.; Nikolaidis, P.T.; Rosemann, T.; Knechtle, B. Training/Match External Load Ratios in Professional Soccer Players: A Full-Season Study. Int. J. Environ. Res. Public Health 2019, 16, 3057. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Paired tests of physiological responses of soccer players in competition matches (CM) and training matches (TM).
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	CM (N = 40)
	TM (N = 40)
	p
	d





	minHR (bpm)
	116.1 ± 14.3
	102.1 ± 18.5
	0.025
	0.53



	meanHR (bpm)
	164.0 ± 7.7
	152.3 ± 13.0
	0.004
	0.48



	maxHR (bpm)
	186.2 ± 8.0
	178.3 ± 9.8
	0.021
	0.46



	HR1 (% time)
	10.2 ± 8.0
	33.9 ± 27.4
	0.001
	0.55



	HR2 (% time)
	32.0 ± 17.5
	35.7 ± 20.4
	0.592
	0.10



	HR3 (% time)
	26.7 ± 9.1
	16.1 ± 10.6
	0.006
	0.48



	HR4 (% time)
	31.1 ± 24.3
	14.3 ± 24.1
	0.070
	0.33







p: significant value; d: effect size; CM: competition match; TM: training match; bpm: beats per minute; minHR: minimum heart rate; meanHR: mean heart rate; maxHR: maximum heart rate; HR1: heart rate covered until 75% (inclusive) of the theoretical maxHR; HR2: heart rate covered from 76% until 84% of the theoretical maxHR; HR3: heart rate covered from 85% until 89% of the theoretical maxHR; HR4: heart rate covered greater than 90% of the theoretical maxHR. 
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Table 2. Paired tests of physical responses of soccer players in CM and TM.
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	CM (N = 40)
	TM (N = 40)
	p
	d





	meanS (km/h)
	6.8 ± 0.6
	6.5 ± 1.0
	0.331
	0.36



	maxS (km/h)
	28.2 ± 2.3
	28.6 ± 3.6
	0.698
	0.41



	TD (m)
	10,022.7 ± 1180.0
	6213.2 ± 933.1
	0.000
	0.80



	DW (m)
	4010.5 ± 509.9
	2578.5 ± 220.9
	0.000
	0.61



	DL (m)
	3467.9 ± 713.7
	2120.9 ± 653.8
	0.000
	0.51



	DM (m)
	1755.0 ± 542.3
	1004.6 ± 407.2
	0.002
	0.42



	DH (m)
	457.3 ± 146.6
	293.0 ± 127.3
	0.011
	0.34



	DS (m)
	332.2 ± 134.3
	216.3 ± 107.1
	0.030
	0.15



	SW (number)
	426.8 ± 46.4
	343.7 ± 75.7
	0.001
	0.57



	SL (number)
	616.8 ± 73.1
	487.2 ± 136.5
	0.002
	0.53



	SM (number)
	292.1 ± 65.7
	239.1 ± 92.5
	0.072
	0.32



	SH (number)
	98.4 ± 19.5
	91.3 ± 38.4
	0.496
	0.12



	SS (number)
	29.0 ± 6.6
	28.9 ± 13.7
	0.993
	0.01







p: significant value; d: effect size; CM: competition match; TM: training match; meanS: mean speed; maxS: maximum speed; TD: Total distance; DW and SW: distance covered and number of sprints run between 0 and 6.9 km/h; DL and SL: distance covered and number of sprints run between 7.0 and 12.9 km/h; DM and SM: distance covered and number of sprints run between 13.0 and 17.9 km/h; DH and SH: distance covered and number of sprints run between 18.0 and 20.9 km/h; DS and SS: distance covered and number of sprints run from 21.0 km/h.
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Table 3. One-way ANOVA of physiological responses of soccer players in TM and CM according to the playing position.
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ED (N = 10)

	
ID (N = 10)

	
MI (N = 10)

	
FO (N = 10)

	
F(1,39)

	
p

	
d






	
minHR (bpm)

	
TM

	
104.6 ± 19.3

	
106.4 ± 26.9

	
108.7 ± 29.2

	
95.4 ± 23.8

	
0.442

	
0.725

	
0.15




	
CM

	
112.0 ± 10.6

	
119.1 ± 4.6

	
116.3 ± 33.3

	
108.2 ± 13.7

	
0.294

	
0.829

	
0.12




	
meanHR (bpm)

	
TM

	
150.7 ± 28.3

	
147.6 ± 32.3

	
145.8 ± 38.3

	
139.6 ± 29.8

	
0.173

	
0.914

	
0.09




	
CM

	
163.3 ± 6.1

	
161.8 ± 3.0

	
151.2 ± 39.7

	
152.7 ± 1.9

	
0.477

	
0.702

	
0.16




	
maxHR (bpm)

	
TM

	
177.1 ± 32.0

	
171.1 ± 36.9

	
162.2 ± 42.7

	
165.0 ± 35.2

	
0.274

	
0.844

	
0.12




	
CM

	
190.0 ± 7.5

	
187.9 ± 8.0

	
166.7 ± 41.5

	
181.4 ± 11.1

	
1.150

	
0.359

	
0.24




	
HR1 (% time)

	
TM

	
20.4 ± 22.6

	
14.3 ± 15.8

	
7.1 ± 7.8

	
33.5 ± 26.0

	
2.408

	
0.089

	
0.33




	
CM

	
9.6 ± 6.9 FO

	
5.8 ± 4.2 FO

	
3.5 ± 3.6 FO

	
19.7 ± 5.1 ED,ID,MI

	
8.200

	
0.002

	
0.55




	
HR2 (% time)

	
TM

	
28.9 ± 5.7

	
31.6 ± 16.3

	
22.4 ± 21.8 FO

	
49.8 ± 18.0MI

	
4.151

	
0.015

	
0.42




	
CM

	
29.0 ± 4.5 MI,FO

	
22.8 ± 6.5 FO

	
14.5 ± 9.7 ED,FO

	
56.8 ± 8.7 ED,ID,MI

	
28.906

	
0.000

	
0.78




	
HR3 (% time)

	
TM

	
29.1 ± 10.4 FO

	
26.4 ± 7.9

	
19.2 ± 8.4

	
15.0 ± 11.0 ED

	
3.681

	
0.024

	
0.40




	
CM

	
33.6 ± 5.1 FO

	
28.9 ± 7.3

	
21.8 ± 9.7

	
20.7 ± 9.0 ED

	
3.271

	
0.050

	
0.38




	
HR4 (% time)

	
TM

	
21.7 ± 13.0 MI

	
27.7 ± 21.2

	
51.4 ± 30.5 ED,FO

	
1.8 ± 3.9 ED,MI

	
8.649

	
0.000

	
0.56




	
CM

	
27.8 ± 10.0 MI,FO

	
42.5 ± 12.9 FO

	
60.2 ± 22.7 ED,FO

	
2.8 ± 4.8 ED,ID,MI

	
15.139

	
0.000

	
0.66








p: significant value; d: effect size; CM: competition match; TM: training match; bpm: beats per minute; minHR: minimum heart rate; meanHR: mean heart rate; maxHR: maximum heart rate; HR1: heart rate covered until 75% (inclusive) of the theoretical maxHR; HR2: heart rate covered from 76% until 84% of the theoretical maxHR; HR3: heart rate covered from 85% until 89% of the theoretical maxHR; HR4: heart rate covered greater than 90% of the theoretical maxHR; ED: external defender; ID: internal defender; MI: midfielder; FO: forward. Bonferroni post hoc (p < 0.05) with playing position as the exponent.
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Table 4. One-way ANOVA of physical responses of soccer players in TM and CM according to playing position.
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ED (N = 10)

	
ID (N = 10)

	
MI (N = 10)

	
FO (N = 10)

	
F(1,39)

	
p

	
d






	
meanS (km/h)

	
TM

	
5.6 ± 1.2

	
5.7 ± 1.2

	
6.4 ± 1.7

	
6.2 ± 1.4

	
0.696

	
0.563

	
0.19




	
CM

	
6.1 ± 0.4

	
6.2 ± 0.3

	
6.5 ± 1.7

	
6.7 ± 0.6

	
0.378

	
0.770

	
0.14




	
maxS (km/h)

	
TM

	
26.9 ± 5.3

	
25.8 ± 5.6

	
23.7 ± 5.5

	
27.1 ± 3.9

	
0.782

	
0.514

	
0.19




	
CM

	
28.5 ± 2.3

	
28.3 ± 1.8

	
24.1 ± 6.2

	
29.0 ± 1.4

	
2.138

	
0.136

	
0.32




	
TD (m)

	
TM

	
5275.6 ± 786.5

	
5790.3 ± 393.1

	
7227.6 ± 53.0

	
6559.2 ± 951.3

	
3.501

	
0.129

	
0.40




	
CM

	
9369.0 ± 1042.8

	
9697.7 ± 431.4

	
11,225.9 ± 673.3

	
10,104.8 ± 1491.5

	
2.710

	
0.080

	
0.36




	
DW (%)

	
TM

	
45.2 ± 7.3 MI

	
45.2 ± 4.6 MI

	
31.2 ± 4.1 ED,ID

	
37.6 ± 7.8

	
8.401

	
0.000

	
0.55




	
CM

	
41.3 ± 4.0

	
45.9 ± 5.5 MI

	
32.0 ± 4.2 ID

	
36.1 ± 7.5

	
5.153

	
0.012

	
0.46




	
DL (%)

	
TM

	
31.2 ± 4.3 MI

	
35.9 ± 2.9

	
38.9 ± 4.2 ED

	
34.9 ± 5.4

	
4.391

	
0.012

	
0.43




	
CM

	
33.6 ± 2.3

	
35.0 ± 1.9

	
39.6 ± 5.0

	
35.2 ± 6.1

	
1.721

	
0.205

	
0.29




	
DM (%)

	
TM

	
15.1 ± 3.0 MI

	
13.7 ± 2.9 MI

	
21.5 ± 3.8 ED,ID

	
18.1 ± 3.6

	
7.811

	
0.001

	
0.53




	
CM

	
16.6 ± 2.3

	
13.9 ± 4.1 MI

	
21.8 ± 4.9 ID

	
19.4 ± 3.5

	
3.749

	
0.034

	
0.40




	
DH (%)

	
TM

	
4.6 ± 0.8 ID

	
3.0 ± 0.7 ED,MI,FO

	
5.2 ± 1.8 ID

	
5.6 ± 1.0 ID

	
7.692

	
0.001

	
0.54




	
CM

	
4.9 ± 0.4

	
3.1 ± 0.8FO

	
4.7 ± 1.9

	
5.6 ± 0.5 ID

	
4.748

	
0.016

	
0.45




	
DS (%)

	
TM

	
3.9 ± 1.3

	
2.3 ± 0.9

	
3.1 ± 2.5

	
3.9 ± 1.6

	
1.702

	
0.190

	
0.29




	
CM

	
3.6 ± 1.0

	
2.2 ± 0.5

	
2.0 ± 1.1 FO

	
3.8 ± 1.5 MI

	
3.425

	
0.045

	
0.39




	
SW (%)

	
TM

	
71.9 ± 6.0 MI

	
69.1 ± 3.7 MI

	
56.1 ± 4.2 ED,ID

	
64.4 ± 8.2

	
10.348

	
0.000

	
0.59




	
CM

	
68.6 ± 2.8 MI

	
69.0 ± 3.7 MI

	
56.8 ± 3.5 ED,ID

	
63.1 ± 8.6

	
5.135

	
0.012

	
0.46




	
SL (%)

	
TM

	
19.5 ± 4.1 MI

	
23.5 ± 2.7

	
29.6 ± 3.0 ED

	
24.2 ± 5.8

	
7.800

	
0.001

	
0.54




	
CM

	
21.8 ± 2.0 MI

	
23.4 ± 1.8

	
29.7 ± 3.5 ED

	
24.7 ± 6.5

	
3.320

	
0.049

	
0.38




	
SM (%)

	
TM

	
6.2 ± 1.7 MI

	
5.9 ± 1.5 MI

	
11.1 ± 2.4 ED,ID

	
8.4 ± 2.4

	
10.590

	
0.000

	
0.59




	
CM

	
7.0 ± 1.1 MI

	
6.1 ± 2.0 MI

	
11.0 ± 2.8 ED,ID

	
9.1 ± 2.4

	
4.968

	
0.014

	
0.45




	
SH (%)

	
TM

	
1.5 ± 0.3

	
1.0 ± 0.2 MI,FO

	
2.2 ± 1.0 ID

	
2.0 ± 0.6 ID

	
6.742

	
0.002

	
0.51




	
CM

	
1.6 ± 0.1

	
1.0 ± 0.3 FO

	
1.9 ± 0.9

	
2.0 ± 0.4 ID

	
3.673

	
0.036

	
0.40




	
SS (%)

	
TM

	
1.0 ± 0.4

	
0.6 ± 0.3

	
1.1 ± 0.9

	
1.1 ± 0.5

	
1.572

	
0.219

	
0.28




	
CM

	
1.0 ± 0.3

	
0.6 ± 0.2

	
0.7 ± 0.4

	
1.1 ± 0.4

	
2.724

	
0.081

	
0.35








p: significant value; d: effect size; CM: competition match; TM: training match; meanS: mean speed; maxS: maximum speed; TD: Total distance; DW and SW: distance covered and time of sprints run between 0 and 6.9 km/h; DL and SL: distance covered and time of sprints run between 7.0 and 12.9 km/h; DM and SM: distance covered and time of sprints run between 13.0 km/h and 17.9 km/h; DH and SH: distance covered and time of sprints run between 18.0 and 20.9 km/h; DS and SS: distance covered and time of sprints run from 21.0 km/h; ED: external defender; ID: internal defender; MI: midfielder; FO: forward. Bonferroni post hoc (p < 0.05) with playing position as the exponent.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijerph-17-00756


  
    		
      ijerph-17-00756
    


  




  





media/file0.png





