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The aims of this study were to analyze the peak physical demands in elite futsal by quantifying the most demanding scenarios of match play and to identify the differences between playing positions (defenders, wingers, and pivots) and the seasonal trend for five different rolling average time windows (30, 60, 120, 180, and 300 s). The most demanding scenarios of external load from distance, speed, acceleration, and deceleration variables were obtained from 14 elite futsal players using a local positioning system during 15 official matches in the premier Spanish Futsal League (2018–2019 season). The results showed an extremely large effect of the time window for all dependent variables in all positional groups. Another important finding of this study was that, in regard to the seasonal trend, only defenders reported clear moderate-large positive trends for high-speed running (>18 km⋅h–1) efforts, high-acceleration efforts, and high-deceleration efforts. Finally, moderate-large individual differences in player means for all dependent variables and clear differences between games for most dependent variables were found, suggesting how likely contextual factors may exert an influence on how “demanding” the most demanding scenarios are. The findings of this study provide coaches and strength and conditioning coaches further knowledge of the peak physical demands in elite futsal competition. This valuable information may lead to a more precise position-specific training prescription.
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INTRODUCTION

Futsal is an intermittent high-intensity indoor team sport involving short, high-intensity actions such as accelerations, decelerations, changes of direction, and sprints with short recovery time between efforts (Yeemin et al., 2016). Competitive matches consist of two 20-min periods characterized by the stoppage of the clock when the ball is out of play resulting in matches usually lasting 70–85% longer than the scheduled 40 min (Barbero-Álvarez et al., 2008). According to its rules, the number of substitutions during futsal matches is unlimited. As in other multidirectional outdoor and indoor team sports, an accurate understanding of the physical demands that players have to face during competition has become increasingly important to inform training program prescription (Gabbett et al., 2012) and periodization to enhance individual and team performance (Akenhead et al., 2016; Aoki et al., 2017) while reducing their susceptibility to non-functional overreaching and likelihood of injury (Bourdon et al., 2017; Fox et al., 2017; Vanrenterghem et al., 2017). Existing research has shown that throughout a competitive season, lower injury rates lead to an increased training and match-play availability of the players which have been associated with improved performance in European Soccer Leagues, International European Cups (Hägglund et al., 2013), and Qatari Professional Football (Eirale et al., 2013).

With the recent availability of wearable microsensor technology and in particular ultra-wideband (UWB) positioning systems in indoor team sports (Serpiello et al., 2018), practitioners have been provided with quantitative data to detect and measure sport-specific movements leading to a greater understanding of the external load demands of the competition (Chambers et al., 2015). Regardless of the team-sport analyzed, most of the studies that focused on defining game activity profiles have used the average of the mean activity performed by the players during competition games (Póvoas et al., 2014; Fox et al., 2018; García et al., 2020; Serrano et al., 2020) without considering the peak physical demands of the competition. For example, in a recent study conducted by Serrano et al., 2020, the influence of the match half and playing position on physical requirements in the Spanish Professional Futsal League was analyzed. Results showed that futsal defenders, pivots, and wingers averaged a relative distance covered per minute of 91 ± 9, 86 ± 6, and 95 ± 10 m.min–1, respectively, during the first half and 92 ± 12, 86 ± 9, and 92 ± 9 m.min–1, respectively, during the second half. Apparently, these results show some harmony with the playing positions’ roles with the pivots being commonly used as a target player during the offensive phase of the game, the defenders commonly marking the pivots in their own territory and wingers performing supporting defensive and offensive runs during the offensive and defensive phases of the game (Ohmuro et al., 2020). Despite this valuable information, this approach may underestimate the most demanding scenarios (MDS) of match play, also referred to as “worst-case scenarios” (Reardon et al., 2017; Cunningham et al., 2018), “most demanding passages” (Martín-García et al., 2018, 2019, 2020; Fernández et al., 2020), and “most intense periods” (Di Mascio and Bradley, 2013).

The MDS have been object of recent investigation in different team sports such as rugby union (Reardon et al., 2017; Cunningham et al., 2018), soccer (Duthie et al., 2018; Martín-García et al., 2018), basketball (Ade et al., 2016; Salazar and Castellano, 2019; Alonso et al., 2020; Fox et al., 2020; Vázquez-Guerrero et al., 2020), and rink hockey (Fernández et al., 2020). To the authors knowledge however, no research has investigated the MDS in futsal.

When analyzing the MDS for any external load variable, researchers have used rolling averages for different time epochs (ranging from 30 s to 10 min) (Whitehead et al., 2018) in an attempt to identify the most appropriate training input when designing and developing training drills (Delaney et al., 2017; Vázquez-Guerrero et al., 2020). Also important from a training prescription standpoint is that MDS have been reported to be position-dependent in soccer (Martín-García et al., 2018) and in basketball (Alonso et al., 2020; Fox et al., 2020; Vázquez-Guerrero et al., 2020).

With all this in mind, the aims of the present study were to (1) examine the peak physical demands during elite futsal competition by quantifying the MDS of match play of different relative (per minute) external load variables and (2) identify the differences between playing positions, between five different time windows and the seasonal trend in the MDS of match play for the different external load variables analyzed.



MATERIALS AND METHODS


Design

A retrospective observational study was undertaken to quantify and analyze the positional differences of the MDS of external load of elite futsal players during 15 official matches of the premier Spanish Futsal League Liga Nacional de Fútbol Sala (LNFS) during the 2018–2019 season. An UWB electronic performance tracking system (WIMU PROTM, Realtrack Systems, Almeria, Spain) was used to monitor and collect the external load data.



Subjects

Fourteen professional futsal players (age: 28.8 ± 2.4 years, weight: 73.7 ± 6.2 kg, height: 175.9 ± 5.9 cm) from a Spanish elite team that competes in the LNFS and in the Union of European Football Associations (UEFA) Futsal Champions League were monitored using a local positioning system (WIMU Pro, Almeria, Spain). The players were categorized according to their playing positions into defenders (n = 4), wingers (n = 8), and pivots (n = 2). Goalkeepers were not included in this study. Players that played less than 5 minutes during the match or did not complete the match due to an injury were excluded from this study. A total of 143 observations (31 from defenders, 27 from pivots, and 85 from wingers) were collected. All players were routinely monitored throughout the course of the season and were informed of the purpose of the study and provided their written consent before the study was conducted. The experimental procedures used in this study were in accordance with the Declaration of Helsinki and were approved by the local Ethics and Scientific Committee.



Procedures

All the matches were completed on the same official sport-specific indoor court in similar environmental conditions and played during in-season weeks, after a standard 30-min warm-up consisting of dynamic mobility and individual sport-specific skills such as passing, dribbling, and shooting. Although players were continuously monitored during warm-ups and total match time, the MDS were only analyzed when players were competing on court. All data while the players were resting after substitutions and inactivity time between periods were removed.

Data collection was carried out with a local positioning system (WIMU PROTM, Realtrack Systems SL) and its corresponding software (SPROTM, Realtrack Systems SL, version 946). The devices were placed in the upper part of the back, in tight-fitting harnesses. The WIMU PROTM is equipped with four 3D accelerometers (full-scale out output ranges are ± 16 g, ± 16 g, ± 32 g, and ± 400 g; 100 Hz sample frequency), three gyroscopes (8000°/s full-scale out output range; 100 Hz sample frequency), a 3D magnetometer (100 Hz sample frequency), a global positioning system (GPS; 10 Hz sample frequency), and a UWB (18 Hz sample frequency). The UWB system was installed on the court as follows: 6 antennae with UWB technology were fixed 5 m from the court perimeter line. Recently, the WIMU PRO system presented a high intra-class correlation coefficient (ICC) value for the x-coordinate (0.65), a very high one for the y-coordinate (0.85) and a good technical error of measurement: 2% (Bastida-Castillo et al., 2019).

All the variables selected to describe the external load scenarios were relative to minute. A total of seven variables were analyzed: total relative distance covered (m⋅min–1), high-speed running (HSR) distance (distance covered above 18 km⋅h–1; m⋅min–1), HSR efforts (number of efforts above 18 km⋅h–1; n⋅min–1), high-intensity accelerations efforts (>2 m⋅s–2; n⋅min–1), high-intensity decelerations efforts (<-2 m⋅s–2; n⋅min–1), high-intensity accelerations distance (>2 m⋅s–2; m⋅min–1) and high-intensity decelerations distance (<-2 m⋅s–2; m⋅min–1). A moving average method was used to evaluate the MDS for five different time windows (30, 60, 120, 180, and 300 s), the most used in the bibliography (Whitehead et al., 2018) and the most common time duration on court (the 300-s window) of the players in the analyzed team. The final output database was the maximum point of the rolling average of each game play, for each variable, player, and time window.



Statistical Analysis

To assess the effect of time windows and playing positions, a general mixed linear model was created with Proc Mixed in SAS Studio (University edition, version 9.4, SAS Institute, Cary, NC, United States). The log of each performance indicator was the dependent variable. The fixed effects were: player position (three levels: defender, pivot, and winger), the interaction of player position with the log of the time window (to estimate separate linear effects for each position), and the interaction of player position with the week of the season (to estimate separate linear seasonal trends for each position). The random effects were: player identity (14 levels) and its interaction with the log of the time window (to estimate individual differences in true player means and slopes), with an unstructured covariance matrix to allow their correlation; the game date (15 levels, to allow for differences in game means); and the residuals (with a difference variance allowed for each time window). The seasonal trend was calculated as the predicted mean at the end of the season minus the predicted mean at the beginning of the season. The magnitude of the effect of the time window was calculated as the predicted mean for the 30-s window minus the predicted mean for the 300-s window. Effects and standard deviations were back-transformed to percent units. Differences between playing position groups within each time window were not assessed due to the limited sample size. Uncertainty in the estimates of effects is presented as 90% compatibility limits. Probabilistic decisions about true (infinite-sample) magnitudes accounting for the uncertainty were based on one-sided hypothesis tests of substantial magnitudes (Lakens et al., 2018). The p-value for rejecting a hypothesis of a given magnitude was the area of the sampling t distribution of the effect statistic with values of that magnitude. Hypotheses of substantial decrease and increase were rejected if their respective p-values were less than 0.05. If one hypothesis was rejected, the p-value for the other hypothesis was interpreted as evidence for that hypothesis, since the p-value corresponds to the posterior probability of the magnitude of the true effect in a reference Bayesian analysis with a minimally informative prior (Hopkins and Batterham, 2018, 2019). The p-value is reported qualitatively using the following scale: 0.25–0.75, possibly; 0.75–0.95, likely; 0.95–0.995, very likely; > 0.995, most likely (Hopkins et al., 2009). If neither hypothesis was rejected, the magnitude of the effect was considered to be unclear. Effects with sufficient probability of a magnitude (at least very likely) were deemed clear.



RESULTS

Descriptive statistics of the raw data for all time windows and playing positions are reported in Table 1. Overall, the analyzed time windows for the MDS of all variables displayed the typical trend of a power law which has been previously identified in similar research studies in other sports (Duthie et al., 2018). There was a clear, extremely large effect of the time window for all dependent variables in all positional groups (Table 2). The analysis of the seasonal trend (i.e., as the predicted mean of each variable at the end of the season minus the predicted mean at the beginning of the season) returned varied results, with some unclear effects and some clear effects of moderate to large magnitudes (Table 2).


TABLE 1. Descriptive statistics for the most demanding scenarios of each dependent variable assessed across five time windows.
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TABLE 2. Fixed effects representing the effect of time window and the seasonal trend on all dependent variables for the three positional groups.

[image: Table 2]The analysis of the random effects showed clear, moderate-large individual differences in player means for all dependent variables, unclear differences in the slopes (i.e., the individual slopes representing the effect of the time windows), and clear small-moderate differences in game means (Table 3).


TABLE 3. Random effects (standard deviations) representing individual differences in player means and slopes, and differences in game means.
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DISCUSSION

The present study was designed to determine the positional differences along with the seasonal trend in the peak physical demands of elite futsal competition by quantifying the MDS of match play of different relative (per minute) external load variables between five different time windows in elite futsal competition. With respect to the initial objective of this study, it was found that peak physical demands during elite futsal competition are position-dependent for all time windows analyzed. Additionally, moderate-large individual differences in player means for all dependent variables and clear differences between games for most dependent variables were found. Another major finding of this study was that seasonal trends are also position and variable-dependent.

Our study highlights some interesting results related to both the fixed and random effects. There was a clear, extremely large effect of the time window for all dependent variables in all positional groups (Table 2). Interestingly, relative distance was the dependent variable with the smallest difference between the 30-s and 300-s window (∼65% for all groups), while the HSR distance (∼400-500%) and HSR efforts (∼330-410%) were the dependent variables with the largest differences. These results have important practical applications for training design, as they reflect the importance of knowing to what extent the different physical output targets must be adjusted in relation to the duration of a training drill. For example, for a same given drill performed either as 10 × 30-s repetitions or one whole 300-s exercise, the target for relative distance for the defenders would need to be ∼930 m in each 30-s repetition and ∼560 m for the 300-s drill. Conversely, the high-speed running distance would decrease from ∼235 efforts to ∼40.

Positional differences in the MDS of match play have been previously reported in different team-sports such as football (Hopkins et al., 2009), basketball (Vázquez-Guerrero et al., 2020), and rink hockey (Fernández et al., 2020). It is worth discussing that even though differences between playing position groups within each time window were not assessed due to the limited sample size, the results of this study suggest that peak physical demands are “higher” for defenders and wingers than for pivots for all variables analyzed. In accordance with these results, a previous study conducted by Serrano et al., 2020 reported similar patterns when describing differences across playing positions by evaluating the physical demands of official futsal matches through the traditional approach based on average values. It is possible to hypothesize that these differences may be attributed to the nature of each specific playing-position role with its particular technical and tactical requirements during the offensive (López, 2017; Méndez et al., 2019; Ohmuro et al., 2020) and the defensive phase of the game (López, 2017; Ohmuro et al., 2020). In contrast with the differences found with the pivots, our results showed similar values of the MDS in all dependent variables for defenders and wingers which could be explained by the continuous exchangeability that both playing-positions perform during games (Caetano et al., 2015; Serrano et al., 2020). This combination of findings provides some important support for training prescription, especially when attending to individualized training and rehabilitation programs and return-to-play protocols after injury (Vázquez-Guerrero et al., 2020).

To the best of the authors’ knowledge, this is the first study in elite futsal to compare the MDS of match play across different positions and time windows. However, comparisons of our results with those of other studies performed in other team sports (Martín-García et al., 2018; Salazar and Castellano, 2019; Fernández et al., 2020; Vázquez-Guerrero et al., 2020) reveal some interesting findings. During the MDS of match play, futsal players cover less distance than football players regardless of the position for the 60-, 180-, and 300-s time windows (Martín-García et al., 2018) but more than basketball players (Salazar and Castellano, 2019; Vázquez-Guerrero et al., 2020) only for the 180- and 300-s time windows. A possible explanation for these differences could be the larger playing area of the football field (100 m long and 80 m wide) compared to the futsal and the basketball courts (40 and 28 m long; 20 and 15 m wide respectively). Besides, futsal players cover a lower amount of HSR distance during the MDS of match play than rink hockey players (Fernández et al., 2020) but greater than basketball players in all positions and time windows (Vázquez-Guerrero et al., 2020). It seems important to recall the fact that rink hockey players do not run but rather skate, which may explain the large difference found in these results. Another interesting finding is that futsal players cover higher volume of high intensity acceleration and deceleration distance and perform a greater number of high intensity accelerations and decelerations than basketball players for all positions and time windows. The reason for such differences is not clear but it may be related to the idiosyncrasy of the short stoppages and interruptions during futsal matches (i.e., outsides, corner-kicks) in which players continue to move even when the ball is not in play (Illa et al., 2020).

The results regarding the seasonal trends also have important practical applications. While most trends were unclear or only likely substantial and small in magnitude, some clear moderate-large trends were identified. For example, defenders were the only positional group to report clear moderate-large positive trends for HSR efforts, high-acceleration efforts, and high-deceleration efforts. On the other side, wingers reported small decrements in HSR distance. These results may be influenced by contextual factors such as the strength of the opposition; however, this cannot be speculated upon without further investigation.

As mentioned in the results section, the analysis of the random effects returned clear, moderate-large individual differences in player means for all dependent variables; this signifies that independent of the playing position, players differ overall in how “demanding” the MDS are for all variables. This information, in conjunction with the information regarding the positional differences and the seasonal trends, can assist the practitioner to further individualize the training prescription. Similarly, clear differences were found between games for most dependent variables; this difference again points to the likely influence of contextual factors on the MDS, but it also provides practical information to further modify the game preparation. Further research should be undertaken to investigate the influence of the contextual factors in the magnitude of the match-to-match variability of the MDS of match play in elite futsal competition.



CONCLUSION

One of the most significant findings to emerge from this study is the extremely large effect of the time window for all dependent variables in all positional groups. This study has also identified clear differences between games for most dependent variables and moderate-large individual differences in player means for all dependent variables alongside with clear moderate-large positive trends for high-speed running (>18 km⋅h–1) efforts, high-acceleration efforts, and high-deceleration efforts for defenders. With these results, practitioners are provided with some insight regarding to the MDS of match play which may lead to a more precise position-specific training prescription. Evidently peak physical demands of elite futsal competition are very high, and therefore, players’ training program prescription should be properly designed to prepare players for such high demanding exposures. However, practitioners are advised to consider individual variability when attending to positional requirements and adapting these scenarios to the duration of the training drills.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Comitè d’Ètica d’Investigacions Clíniques de l’Administració Esportiva de Catalunya. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

JI contributed to the conception and design of the study, contributed to the data collection and interpretation of results, and contributed to the manuscript writing. DF participated in the design of the study, contributed to the data reduction/analysis and interpretation of results, and contributed to the manuscript writing. FS participated in the design of the study, contributed to the data reduction/analysis and interpretation of results, and contributed to the manuscript writing. All authors have read and approved the final version of the manuscript and agree with the order of presentation of the authors.



ACKNOWLEDGMENTS

The authors gratefully acknowledge to all elite players who participated in the study. The authors also would like to thank all the members of the sports performance area of FC Barcelona for their valuable contribution to this study, as well as the support of the FC Barcelona Innovation Hub. The authors would also like to thank Prof. Will Hopkins from the Institute for Health and Sport (IHES), Victoria University, for his contribution toward the statistical analysis.


ABBREVIATIONS

UWB, ultra-wideband; MDS, most demanding scenarios; LNFS, Liga Nacional de Fútbol Sala; UEFA, Union of European Football Associations; HSR, high-speed running.


REFERENCES

Ade, J., Fitzpatrick, J., and Bradley, P. S. (2016). High-intensity efforts in elite soccer matches and associated movement patterns, technical skills and tactical actions. Information for position-specific training drills. J. Sports Sci. 34, 2205–2214. doi: 10.1080/02640414.2016.1217343

Akenhead, R., Harley, J. A., and Tweddle, S. P. (2016). Examining the external training load of an english premier league football team with special reference to acceleration. J. Strength Cond. Res. 30, 2424–2432.

Alonso, E., Miranda, N., Zhang, S., Sosa, C., Trapero, J., Lorenzo, J., et al. (2020). Peak match demands in young basketball players: approach and applications. Int. J. Environ. Res. Public Health 17:2256. doi: 10.3390/ijerph17072256

Aoki, M., Ronda, L., Marcelino, P., Drago, G., Carling, C., Bradley, P., et al. (2017). Monitoring training loads in professional basketball players engaged in a periodized training program. J. Strength Cond. Res. 31, 348–358. doi: 10.1519/JSC.0000000000001507

Barbero-Álvarez, J. C., Soto, V. M., Barbero-Álvarez, V., and Granda-Vera, J. (2008). Match analysis and heart rate of futsal players during competition. J. Sports Sci. 26, 63–73. doi: 10.1080/02640410701287289

Bastida-Castillo, A., Gómez-Carmona, C. D., De la Cruz-Sánchez, E., Reche-Royo, X., Ibáñez, S. J., and Pino Ortega, J. (2019). Accuracy and inter-unit reliability of ultra-wide-band tracking system in indoor exercise. Appl. Sci. 9:939. doi: 10.3390/app9050939

Bourdon, P. C., Cardinale, M., Murray, A., Gastin, P., Kellmann, M., Varley, M. C., et al. (2017). Monitoring athlete training loads: consensus statement. Int. J. Sports Physiol. Perform. 12(Suppl. 2), S2161–S2170. doi: 10.1123/IJSPP.2017-0208

Caetano, F. G., de Oliveira, M. J., Marche, A. L., Nakamura, F. Y., Cunha, S. A., and Moura, F. A. (2015). Characterization of the sprint and repeated-sprint sequences performed by professional futsal players, according to playing position, during official matches. J. Appl. Biomech. 31, 423–429. doi: 10.1123/jab.2014-0159

Chambers, R., Gabbett, T. J., Cole, M. H., Beard, A., and Street, W. (2015). The use of wearable microsensors to quantify sport-specific movements: a systematic review. Sports Med. 45, 1065–1081.

Cunningham, D. J., Shearer, D. A., Carter, N., Drawer, S., Pollard, B., Bennett, M., et al. (2018). Assessing worst case scenarios in movement demands derived from global positioning systems during international rugby union matches: rolling averages versus fixed length epochs. PLoS One 13:e0195197. doi: 10.1371/journal.pone.0195197

Delaney, J. A., Thornton, H. R., Burgess, D. J., Dascombe, B. J., and Duthie, G. M. (2017). Duration-specific running intensities of australian football match-play. J. Sci. Med. Sport 20, 689–694. doi: 10.1016/j.jsams.2016.11.009

Di Mascio, M., and Bradley, P. S. (2013). Evaluation of the most intense high-intensity running period in English FA premier league soccer matches. J. Strength Cond. Res. 27, 909–915. doi: 10.1519/JSC.0b013e31825ff099

Duthie, G. M., Thornton, H. R., Delaney, J. A., Connolly, D. R., and Serpiello, F. R. (2018). Running intensities in elite youth soccer by age and position. J. Strength Cond. Res. 32, 2918–2924. doi: 10.1519/JSC.0000000000002728

Eirale, C., Tol, J. L., Farooq, A., Smiley, F., and Chalabi, H. (2013). Low injury rate strongly correlates with team success in Qatari professional football. Br. J. Sports Med. 47, 807–808.

Fernández, D., Novelles, A., Tarragó, R., and Reche, X. (2020). Comparing the most demanding passages of official matches and training drills in elite roller hockey. Apunts. Educación Física y Deportes 2, 77–80.

Fox, J. L., Scanlan, A. T., and Stanton, R. (2017). A review of player monitoring approaches in basketball: current trends and future directions. J. Strength Cond. Res. 31, 2021–2029. doi: 10.1519/JSC.0000000000001964

Fox, J. L., Stanton, R., and Scanlan, A. T. (2018). A comparison of training and competition demands in semiprofessional male basketball players. Res. Q. Exerc. Sport 89, 103–111. doi: 10.1080/02701367.2017.1410693

Fox, J., Conte, D., Stanton, R., Mclean, B., and Scanlan, A. (2020). The application of accelerometer-derived moving averages to quantify peak demands in basketball: a comparison of sample duration, playing role, and session type. J. Strength Cond. Res. [Epub ahead of print]. doi: 10.1519/JSC.0000000000003486

Gabbett, T. J., Jenkins, D. G., and Abernethy, B. (2012). Physical demands of professional rugby league training and competition using microtechnology. J. Sci. Med. Sport 15, 80–86. doi: 10.1016/j.jsams.2011.07.004

García, F., Vázquez-Guerrero, J., Castellano, J., Casals, M., and Schelling, X. (2020). Differences in physical demands between game quarters and playing positions on professional basketball players during official competition. J. Sports Sci. Med. 19, 256–263.

Hägglund, M., Waldén, M., Magnusson, H., Kristenson, K., Bengtsson, H., and Ekstrand, J. (2013). Injuries affect team performance negatively in professional football: an 11-year follow-up of the UEFA Champions League injury study. Br. J. Sports Med. 47, 738–742. doi: 10.1136/bjsports-2013-092215

Hopkins, W. G., and Batterham, A. M. (2018). The vindication of magnitude-based inference. Sportscience 22, 19–29.

Hopkins, W. G., and Batterham, A. M. (2019). A spreadsheet for bayesian posterior compatibility intervals and magnitude-based decisions. Sportscience 23, 5–7.

Hopkins, W. G., Marshall, S. W., Batterham, A. M., and Hanin, J. (2009). Progressive statistics for studies in sports medicine and exercise science. Med. Sci. Sports Exerc. 41, 3–12. doi: 10.1249/MSS.0b013e31818cb278

Illa, J., Fernandez, D., Reche, X., Carmona, G., and Tarragó, J. R. (2020). Quantification of an elite futsal team’s microcycle external load by using the repetition of high and very high demanding scenarios. Front. Psychol. 11:624. doi: 10.3389/fpsyg.2020.577624

Lakens, D., Scheel, A. M., and Isager, P. M. (2018). Equivalence testing for psychological research: a tutorial. Adv. Methods Pract. Psychol. Sci. 1, 259–269. doi: 10.1177/2515245918770963

López, J. V. (2017). UEFA Futsal Coaching Manual. Nyon: Union des Associations Européennes de Football (UEFA).

Martín-García, A., Casamichana, D., Díaz, A. G., Cos, F., and Gabbett, T. J. (2018). Positional differences in the most demanding passages of play in football competition. J. Sports Sci. Med. 17, 563–570.

Martín-García, A., Castellano, J., Diaz, A. G., Cos, F., and Casamichana, D. (2019). Positional demands for various-sided games with goalkeepers according to the most demanding passages of match play in football. Biol. Sport 36, 171–180. doi: 10.5114/biolsport.2019.83507

Martín-García, A., Castellano, J., Villanueva, A. M., Gómez-Díaz, A., Cos, F., and Casamichana, D. (2020). Physical demands of ball possession games in relation to the most demanding passages of a competitive match. J. Sports Sci. Med. 19, 1–9.

Méndez, C., Gonçalves, B., Santos, J., Ribeiro, J. N., and Travassos, B. (2019). Attacking profiles of the best ranked teams from elite futsal leagues. Front. Psychol. 10:1370. doi: 10.3389/fpsyg.2019.01370

Ohmuro, T., Iso, Y., Tobita, A., Hirose, S., Ishizaki, S., Sakaue, K., et al. (2020). Physical match performance of Japanese top-level futsal players in different categories and playing positions. Biol. Sport 37, 359–365. doi: 10.5114/biolsport.2020.96322

Póvoas, S. C., Ascensão, A. A., Magalhães, J., Seabra, A. F., Krustrup, P., Soares, J. M., et al. (2014). Physiological demands of elite team handball with special reference to playing position. J. Strength Cond. Res. 28, 430–442.

Reardon, C., Tobin, D. P., Tierney, P., and Delahunt, E. (2017). The worst case scenario: locomotor and collision demands of the longest periods of gameplay in professional rugby union. PLoS One 12:e0177072. doi: 10.1371/journal.pone.0177072

Salazar, H., and Castellano, J. (2019). Most demanding passages in basketball: a preliminary study. Sports Perform. Sci. Rep. 1, 2–3.

Serpiello, F. R., Hopkins, W. G., Barnes, S., Tavrou, J., Duthie, G. M., Aughey, R. J., et al. (2018). Validity of an ultra-wideband local positioning system to measure locomotion in indoor sports. J. Sports Sci. 36, 1727–1733. doi: 10.1080/02640414.2017.1411867

Serrano, C., Felipe, J. L., Garcia-Unanue, J., Ibañez, E., Hernando, E., Gallardo, L., et al. (2020). Local positioning system analysis of physical demands during official matches in the spanish futsal league. Sensors 20:4860. doi: 10.3390/s20174860

Vanrenterghem, J., Nedergaard, N. J., Robinson, M. A., and Drust, B. (2017). Training load monitoring in team sports: a novel framework separating physiological and biomechanical load-adaptation pathways. Sports Med. 47, 2135–2142. doi: 10.1007/s40279-017-0714-2

Vázquez-Guerrero, J., Ayala, F., Garcia, F., and Sampaio, J. (2020). The most demanding scenarios of play in basketball competition from elite under-18 teams. Front. Psychol. 11:552. doi: 10.3389/fpsyg.2020.00552

Whitehead, S., Till, K., Weaving, D., and Jones, B. (2018). The use of microtechnology to quantify the peak match demands of the football codes: a systematic review. Sports Med. 48, 2549–2575. doi: 10.1007/s40279-018-0965-6

Yeemin, W., Dias, C. S., and Fonseca, A. M. (2016). A systematic review of psychological studies applied to futsal. J. Hum. Kinet. 50, 247–257. doi: 10.1515/hukin-2015-0162


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Illa, Fernandez, Reche and Serpiello. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Positional Differences in the Most Demanding Scenarios of External Load Variables in Elite Futsal Matches



		INTRODUCTION



		MATERIALS AND METHODS



		Design



		Subjects



		Procedures



		Statistical Analysis







		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/cover.jpg
frontiers
in Psychology

Positional Differences
in the Most Demanding
Scenarios of External Load
Variables in Elite Futsal Matches









OPS/images/logo.jpg
’ frontiers
in Psychology





OPS/images/fpsyg-12-625126-t003.jpg
Intercept Time window 30/300 Date

Relative distance 5.7 + 2.3%; large™ 2.3 £ 3.2%; unclear 2.0 £+ 0.9%; small**
Distance HSR 23 + 10%; moderate™ 4.5 £+ 11%; unclear 11 £ 5%; small**

HSR efforts 19 + 8%; moderate™ 7.0 £ 12%; unclear 11 £+ 5%; moderate™
High accelerations distance 12 £ 5%; large™ 3.7 £ 5.4%; unclear 2.9 + 1.8%; small*

High accelerations efforts 12 + 5%; large™ —3.0 £ 3.2%; unclear 4.9 £ 2.1%; small**
High decelerations distance 11 £ 5%; large™ 2.2 + 5.0%; unclear 4.9 £ 2.1%; small**
High decelerations efforts 11 £ 5%; large™ 2.1 £ 5.1%; unclear 6.4 + 2.6%; moderate™

Data presented as standard deviatior +90% compatibility interval, with magnitude-based decision.

Intercept = individual differences in player true means; Time window 30/300 = predicted mean for the 30-s window minus the predicted mean for the 300-s window;
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HSR, high-speed running. * = Likely, ™ = very likely.
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